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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 
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lungs of moribund mice infected with M .  tu-  
berculosis HB7Rv. The  infection was caused 
by  intravenous injection into white mice of 
15-20 g of 0.2 ml of a 6-day-old culture of 
HsiRV. The cells were separated from the 
lungs by differential centrifugation described 
elsewhere(3). For experiments, both the 
H : 3 7 R ~  and LH:;,Rv cells after separation 
from the respective media were washed twice 
in a 0.111 phosphate buffer, pH 7.2, contain- 
ing Tween-80 O.OjCY,, and suspended in the 
same buffer to the desired density as meas- 
ured in a Coleman Jr. spectrophotometer. A 
standard curve relating optical density to dry 
weight of the bacteria was prepared for each 
strain. Dry  weight was obtained by weigh- 
ing the standard suspensions dried a t  105" 
for 24 hours. In  the experiments on uptake 
of C'' glucose, the cells a t  the end of experi- 
ment were centrifuged off, washed and placed 
on 2 cm2 aluminum disks, dried, weighed and 
counted. The counts were corrected to in- 
finite thickness. Oxygen consumption of 
H , J 7 R ~  and LH:<;.Rv cells was measured by 
the conventional M'arburg technic. Tn ex- 
periments with C14 labeled glucose, the cen- 
ter well contained a 15% solution of C0,- 
free KOH, and expired CI4O2 was trapped di- 
rectly into this solution. At the end of ex- 
periment, contents of the center well were 
qtian titatively removed in to stoppered tubes 
to which a known amount of carbonate car- 
rier was added. The carbonate was precipi- 
tated by dropwise addition with stirring of 
an  excess of 1 2 f h  BaC12. The barium car- 
bonate was centrifuged in stoppered tubes 
and washed several times to remove all traces 
of alkali. The washed BaC1-'O:, precipitate 
was dried in vacuo, and the dry powder 
mounted on disks 0.3 cm2 and counted a t  in- 
finite thickness in thin end-window Geiger- 
Muller tube. Specific radiolactivi ties were 
obtained by direct comparison with a poly 
/C14 / methacrylate standard ( 1 pc,'g) ob- 
tained from the Radiochemical C'entre, Amer- 
sham, Bucks. Standard error in all determin- 
ations did not exceed 59. [Jniformly la- 
beled / ( ' I r r /  glucose was obtained from the 
Radiochemical C'entre, Amersham, Hucks. 

Uptake of CI4 glucosc by I l . j7Rv 
and L€I,,,Rv celh. Our preliminary experi- 

Results. 

TABLE I. Uptake of O4 Glucose by Non-Prolifer- 
ating Suspensions of H,,Rv and  LH,,Rv. 

Q4 glucose taken 

Cells pcuries pmoles pmries pmoles 
Cli glucose added UP 

H:,,Rv 8.0 100.0 .40 5.0 
I i H,,Rv 8.0 100.0 .64 8.0 

Reaction mixture contained : bacterial cells, 40 
nig (dry  wt)  ; CI4 glucose as indicated; 0 . 1 ~  phos- 
phate buffer pI€ 7.2, 2.5 nil ;  Tween-80, O.OS./b final 
coric.; final ro l  10 nil; time of incubation 30 min. 

ments on respiration of in vivo and in vitro 
grown tubercle bacilli showed that both 
H:3 iR~  and LH:jiRv cells had a similar rate of 
endogenous respiration with Qo2 ranging 
from 8 to 10.. The respiratory respoase of 
H 3 7 R ~  cells to glucose varied from experi- 
ment to experiment averaging 30% over that 
of the endogenous. On the other hand, the 
response of LHX7Rv cells to glucose only oc- 
casionally exceeded 5% over the endogenous. 
These results confirmed the findings of Segal 
and Bloch ( 1 ) . To determine whether the low 
or even complete lack of respiratory response 
to glucose displayed by LH3,Rv cells reflect- 
ed impermeability of these cells to glucose, 
we studied the uptake of C1* glucose by LH::, 
Rv cells and compared i t  to that of in vitro 
grown cells. For this purpose, 40 mg of dry 
weight of H : ( i R ~  and LHliiRv cells were 
added to duplicate 100 ml conical flasks con- 
taining C14 glucose, phosphate buffer and 
Tween-80 and the mixture incubated for 30 
minutes in a shaker a t  37". At the end of in- 
cubation time the celIs were removed by cen- 
trifugation, washed twice with water and 
finally measured for radioactivity. The re- 
sults of a typical experiment are shown in 
Table I. L H 3 i R ~  cells take up C1' glucose 
in considerable amounts, exceeding those 
taken up by the H,,Rv cells. The amount of 
C1* glucose taken up by  L H 3 7 R ~  cells in 30 
minutes was 8 pmoles as compared to 5 
pmoles taken up by H:;;.Rv cells under iden- 
tical experimental conditions. These results 
show clearly that in vivo grown tubercle [xi- 
cilli are readily permeable to glucose and 
therefore, permeability is not the factor re- 
sponsible for lack of res1)iratory response of 
LHti7Kv cells to this substrate. 

Utilization of C1$ glucose by  HJ,Kv mall 
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TABLE 11. Utilization of O4 Glucose by LH,,Rv and H,,Rv Cells. 
_. - 

Respiration 
r-Q~2-, rate, increase Total CO, expired Radio activ- 

over endoge- (pmoles) 0402 ity of V402 
Clells Endogenous Glucose nous (%) Endogenous Glucose (pmoles) from total 

3L7J3v 9.11 11.30 24.0 8.48 10.50 2.30 22.0 
11 H37R~r 9.50 9.75 2.6 8.48 8.67 3.21 37.0 

Each Warburg vessel contained: bacterial cells, 7.0 mg (dry wt) ; 100 @moles of phosphate 
buffer, pH 7.2; 20 pmolcs of CI4 glucose of total radioactivity 1.66 pcuries; 0.2 ml of C0,-free 
KOH, 15% sol in centor well; final vol 2.2 nil; time of reaction 3 hr. 

LHtjr  Rzl cells. After we had shown that 
glucose was readily taken u p  by the in V ~ V I ; ~  

grown cells, we next performed experiments 
designed to ascertain whether these cells mi-- 
dize this CI4 glucose. In these experiments 
we determined respiration rate as well as glu- 
cose utilization by both H 3 7 R ~  and LH37Rv 
cells. For determination of the extent of glu- 
cose oxidation, H 3 7 R ~  and L H 3 7 R ~  cells were 
allowed to respire in presence of C14 glucose 
until approximately 10 pmoles of COZ were 
evolved, then radioactivity content of the ex- 
pired P 4 O 2  was determined. Results of 21 

typical experiment are illustrated in Table 
11. The QoL of the endogenous respiration of 
both lH:3iR~ and LHH7Rv cells was about 9. 
Presence of CI4 glucose in the reaction mix- 
ture resulted in an increase of respiration rate 
of H::.;Rv cells by 24% over that of the en- 
dogenous, while the respiratory response of 
IJH:jiRv cells to the added glucose amounted 
only 1.0 2.6(% over the endogenous. Radio- 
activity measurements of the expired CO:J 
revealed that in the case of HSiRv cells, 22%) 
of total CO:! was radioactive. The radioactiv- 
ity folund in COs expired by LHR7Rv cells 
amounted to 37% of the total. Results of 
this experiment show unequivocally that iiz 
vivo grown tubercle bacilli oxidize the exoge- 
nous glucose to a greater extent than those 
groiwn, in viiro. Moreover, these results indi- 
cate that the lack of respiratory response to 
glucose by in v i m  grown tubercle bacilli is 
apparent but not real, being caused by sup- 
pression of their endogenous respiration by 
glucose. I t  is apparent that the added C'll 

glucose was without effect on endogenous res- 
piration of HS7Rv cells, since the arnoiunt of 
glucose utilized could be wholly accounted for 
hy their increased rate of respiration in its 
presence. 

Discussion. The experiments described 
here were performed to elucidate the mechan- 
ism involved in producing the differences in 
response to glucose by in vivo and in vitm 
grown tubercla bacilli. The experiments oa 
uptake and utilization of CI4 glucose by in 
viva grown cells have ruled out both the per- 
meability factor and the inability of in viva 
grown bacteria to oxidize exogenous glucose 
a s  possible causes of the lack of respiratory 
response to glucose. It was assumed there- 
fore, that other factors might be responsible 
for this effect; i.e., saturation of the respira- 
tory enzymes involved in glucose oxidation 
by the endogenous substrates or suppression 
of endogenous respiration of LH,,Rv cells by 
glucose. One way of distinguishing between 
these two possibilities would be to determine 
the respiratory response of LHR7Rv cells to 
glucose at  different levels of depletion of the 
endogenous substrates. This approach is 
however not feasible since Segal and Bloch 
(: 1) showed that endogenous respiration of 
LH,,Rv cells was stable over 20 hour period 
with no response to glucose during that time. 
Another approach to this problem would be 
testing the respiration of cell-free extracts of 
IJHH7Rv freed of endogenous substrates by 
dialysis. Unfortunately, this approach seems 
also impractical since we have shown ( 2 , 3  ) 
that LH37Rv cells are coated with a respira- 
tory inhibitor. Disintegration of LHs7Rv 
cells bfrings this inhibitor in contact with its 
respiratory enzymes, thus causing a colmplete 
abolishment of any electroln transfer activity 
that may have been present in LHR7Rv ex- 
tracts. The results of these experiments also 
indicated that the inhibitor of the electron 
transport system, present on the cell surface 
of in vivo grown tubercle bacilli does not in- 
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terfere with glucose uptake or its utilization 
by these cells. 

Summary. I t  was shown that iiz zlivo 
grown tubercle bacilli are readily permeable 
to glucose and oxidize i t  to an even greater 
extent than those grown in vitro. I t  was 
therefore concluded that the apparent lack of 
respiratory response to glucose by in PLGCCV 
grown tubercle bacilli was not due to either 
permeability factor or to inability of these 
cells to oxidize exogenous glucose. Possible 

causes for the apparent lack of respiratory 
response of L H 3 7 R ~  cells to glucose are dis- 
cussed. 
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Cultivation of Two Strains of Killer Paramecium aurelia in Axenic 
Medium.* (26194) 

ANTHONY T. SOLDO (Introduced by P. L. Perlman) 
Biological Research Division, Srhering Corp. ,  Bloomfield, N .  J .  

Certain strains of Paramecium contain 
particles, kappa. in their cytoplasm which 
are essentially independent genetic units 
capable of undergoing mutation and self-re- 
production. Kappa-bearing paramecia (kill- 
ers) are capable of killing other particle-free 
paramecia (sensitives) and are resistant to 
the action of a toxic agent which they pro- 
duce( 1). 

As pointed out by Stock, et a l . ( 2 ) ,  destruc- 
tion of kappa by chemical means without in- 
jury to the host indicates a degree of selec- 
tivity on the part of the agent tested. Of 
over 70 purines and pyrimidines tested by 
these workers, only 2-6 diaminopurine was 
found to reduce the kappa content of killers; 
certain antibiotics have also been reported to 
have this effect(3). The foregoing experi- 
ments were carried out with bacterized cul- 
tures. Hence, the role played by these bac- 
teria cannot be adequately evaluated and the 
need for axenic (bacteria-free) cultures is 
emphasized. 

Reexamination of the kappa system in 
axenic medium for its possible application to 
screening potential anti-cancer agents forms 
the basis of a future investigation. As a pre- 

*Work done under Government contract to  the 
CCNSC, Nat. Cancer Inst., N.I.H. The author wishes 
to thank Mrs. Rae Woods for technical assistance. 

liminary step this paper reports successful 
development of an axenic medium for 2 killer 
stocks of Paramecium aurelia. 

Materials and methods. 1) Stock cultures. 
Killer stocks 51 and 299 of Paramecium au- 
relia and a corresponding sensitive strain of 
stock 51 were used. Stock 299, a recently 
discovered killer, contains particles somewhat 
larger than kappa, called lambda(4). Cul- 
tures were obtained from Dr. T. M. Sonne- 
born of Indiana University, and maintained 
at  27°C in a 0.15% infusion of Cerophyl 
(Cerophyl Labs, Kansas City, Mo.) previ- 
ously inoculated ( 1-2 days) with Aerobacter 
uerogcnes; transfers \\ere made at  intervals 
of 48 hours, In  this manner the organisms 
were maintained a t  approximately one fission 
per day and kappa content ranged from 200 
to 500 particles per cell. Mass cultures were 
prepared by doubling the volume with Cero- 
phyl infusion until approximately I to 2 1 of 
culture were obtained. Population densities 
approximated 500-1000 animals per ml. 2 )  
Sterilization of killer paramecia. After a 
number of attempts at sterilization using an- 
tibiotics in combination with several washing 
procedures, the following method gave satis- 
factory results. Mass cultures of the ciliates 
(usually 1 or 2 1) were twice filtered through 
cotton to remove accumulated debris, concen- 


