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Quantitative Measurement of Growth of Mycobacterium tuberculosis. 
Effect of Streptomycin."f 

DOROTHY G. SMITH. (Introtluced by Selnian A. Waksman.) 
F Y O ~ L  t h e  S e w  J(>Y.w!/ . i ~ \ r i ( * ~ ~ / / l i r t i ~  I:'l'/Jf i*i t ) ic j l t  Stcrtion, New Bru?tswick, S.tJ. 

Quantitative estimation of the growth of 
Mycobucterium tuberculosis has been seri- 
ously handicapped by lack of simple. accurate. 
and safe methods of measurement. For this 
reason, the determination of the normal cul- 
ture cycle of this organism. the rate of growth. 
and the in vitro effects of growth-promoting 
and growth-inhibiting substances has been 
difficult. Visual approximation of groxth 
and weighing of pellicles with all the con- 
comitant danger due to handling of the cul- 
ture have been the only available,, though 
unsatisfactory, methods. These were danger- 
ous, or they involved technical difficulties 
and inaccuracies, as pointed out by 1Iueller.' 

Recently. J-oiimans2 measured the nornial 
culture cycle. growth rate. and generation 
time of the H37Rv strain of the virulent 
human type tubercle bacilli by means of 
micro- K j  elda hl nitrogen de term ina t ions. He 
suggested the use of this procedure in the 
evaluation of the efficacy of chemotherapeutic 
agents upon the organism of t 11 berculosis. 
Because of the complexity of this test. its 
use for mass determinations may be ques- 
tioned. 

Dubois:; suggested the possibility of mak- 
ing use of nephelometric measurements in 
establishing the value of the oil of chaul- 
moogra and its derivatives on the growth of 
avian bacilli in Kirchner's medium.' Homo- 
geneous growth in ,this medium, contrary to 
the usual result obtained with cultures of 

mycobacteria, was reported. 
L)ubos,J using a modification of the Kirch- 

ner formula, developed a medium in which 
hoth the pathogenic and the saprophytic va- 
rieties of mycobacteria produce a diffuse type 
of growth. At times, human bacilli form 
microscopic clumps of loosely packed cells, 
which can be readily dispersed by moderate 
>haking to form a uniformly turbid suspen- 
\ion. Such uniformly diffused growth fa- 
cilitates accurate turbidimetric measurements. 

Since none of the existing procedures was 
satisfactory for safe and accurate determina- 
tion of growth of mycobacteria, advantage 
was taken of the uniform turbidity produced 
in Dubos' medium to develop a suitable 
method for estimating the growth of these 
organisms. This method found special ap- 
plication in the study of the effect of strep- 
tomycin upon the growth of this organism. 

Procedure. Stock cultures of M .  tuber- 
(-ulosis mium (ATCC No.  7992), an  avirulent 
>train of M .  tubercuh i s  var. hominis KO. 
007. a virulent strain of A4. tuberculosis var. 
hominis H3 7Rv, and a streptomycin-resistant 
strain of M .  tuberculosis var. homilzis H37Rv 
obtained from I>r. G. P. Y,oumans were 
maintained on glycerol-nutrient agar slants 
and in Dubos' medium:j For the growth of 
virulent human varieties, 0.2% bovine serum 
albumin (fraction V)  was added to the me- 
dium. The  ages of the cultures varied de- 
pending on their rate of growth, namely, 7 
days for M .  avium and M .  tuberculosis No. 
607 and 3 to 5 weeks for M .  tuberculosis 
H3 7Rv and H37Rv streptomycin-resistant. 

For purposes of inoculation, a homogeneous 
suspension of cells was made in a simplified 
modification of Dubos' medium, which was 
incapable of supporting significant growth 
and consisted only of the salt mixture plus 

5 I>al)os, R. J., and Davis, B. J)., J .  E s p .  Med.,  
1946, 83, 409. 
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MGM. CELL MATERIAL PER ML. 
Fro. 1. 

Turbidimetric Measurement of Suspensions of Mycobacterium tubcrcdosis  Xo. 6 0 i .  

Tween 80.: The purpose of this Tween-salt 
solution was to avoid, as much as possible, 
the introduction of nutrients when inoculat- 
ing nutritionally-deficient media. 

The suspension was prepared as follows: 
Growth from an agar slant was added to a 
small amount of the Tween-salt mixture and 
shaken with sterile glass beads. This result- 
ed in a homogeneous suspension which could 
be diluted to the desired density. If cul- 
tures grown in Dubos’ medium were used, 
they were diluted or were used undiluted, 
depending upon their density. Turbidimetric 

: Tween 80 is a polyethylene derivative of sor- 
bitan monooleate and acts as a detergent in this 
medium. 

readings of suspensions containing weighed 
amounts of cells have shown that 1 mg of 
cells (wet weight) per milliliter of fluid 
formed a suspension which gave turbidi- 
metric readings of 100-105 on a Klett-Sum- 
merson colorimeter. A certain amount of 
growth of the organism was suspended in 
the medium and adjusted to give a reading 
of 100. Further dilution was made with 
the Tween-salt solution until the required 
concentration of cells was obtained. 

The experiment was now set up by seeding 
the media with 4.5 ml ,portions of a suspen- 
sion of bacterial cells in test tubes. For 
controls, 5-ml amounts were used; for the 
study of the effect of streptomycin, 0.5-m1 
portions of the various concentrations of drug 
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were added to 4.5 ml of the seeded medium. 
The cultures were incubated a t  37’C. and 
turbidimetric readings were made at  frequeiit 
intervals. In media with estreniely low i iu-  

tritive value, some firm clumps of cells were 
formed after 10 to 2 1 daj-s of incubatioii. 
depending on the rate of growth of  the ail-  
ture. S o  clumping was ol)servetl in L)ul)os’ 
medium even after 6 weeks‘ incubation. 

The tubercle bacilli can be p r o w  on fairlj- 
simple media. Dilbos’ medium. consistiiic oi 
RH2P04, Na2HI’0, 12H.J). M g S 0 4  * 7H,O. 
sodium citrate, ‘Tween 80, an enzymatic di- 
gest of casein, dextrose, vegex (a  vegetable 
extract), and bovine serum-albumin. is rather 
complex and supports abundant growth of 
the human pathogenic strains of mycobacteria 
as well as of the saprophytic forms. How- 
ever, considerable growth can still be oh- 
tained if all complex organic materials a re  
omitted and ammonium salt is used as a 
source of nitrogen with the citrate as the sole 
source of carbon. Thus the above medium 
can be simplified so as to be made sj.11- 

thetically, and still remain adequate for 
growth of the organism. By the use of this 

or similar modifications, it was possible t o  
study the physiology of the tubercle bacilli 
and to investigate the effect of streptomycin 
on the metabolism of the organism. 

In preliminary experiments, bacterial sus- 
prnsions were prepared for purposes of in- 
oculation using weighed amounts of cells. 
The uniform turbidity of these suspensions 
niade possible the construction of a standard 
curve ior the determination of the weight of 
the cell material in terms of turbidity read- 
ings. This is shown in Fig. 1, where the 
weight of the cells ranging from 0.01 mg/ml 
to 2.0 mgjml was plotted against tur- 
bidimetric readings as given on the scale of 
the Met  t-Summerson colorimeter. Readings 
ahove 2.0 mg/ml diverged from a straight 
line. whereas those below 0.01 mg/ml 
could not be accurately measured. Two ad- 
vantages of such a procedure are obvious, 
n:tmely, the ease of correlating turbidity with 
the weight of cell material, and the elimina- 
tion of undue handling of the culture. 

If a standard curve is made based on the 
plate counts of viable bacteria in a suspen- 
sion, the value of the turbidimetric readings 

Concentration of cells in  mg/inl, 5 X 10-3 
Constituent of medium S11, citr; i tv.  ,\sl~;ir:ipiiic~, Tryptopl~anc ,  Dubos’ medium 

T i m e  of incubation, Iir 
0.2./, 02yo 0.1% (albumin) 

‘l’urhidinietric rcadings ( in  logs) 
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TABLE 111. 

terium tuberculosis No. 607”. 
Influence of Xtrogenous Materials on the Bacteriostatic Action of Streptomycin. l l ycobac-  

IncubaSion in hr 
\ 

Streptomycin, 24 48 7 9  187 312 
Source of nitrogen pg/ml Turbidimetric readings (in logs) Filial pH 

XH, citrate, 
0.2% 

Asparagine, 
0.2% 

Casein digest, 
0.2 % 

Beef extract, 
0.3% 

0.4 
0.2 
0.1 
0 

0.4 
0.2 
0.1 
0 

0.4 
0.2 
0.1 
0 

0.4 
0.2 
0.1 
0 

0 17 27 27 67 
0 11 27 25 67 
1 16 27 30 72 
1 14 29 30 G O  

0 0 0 0 5  
0 0 0 30 45 
0 16 37 35 31 
2 25 38 37 85 

0 0 0 0 0  
2 2 3 6 6  
2 16 34 83 108 
3 13 43 113 154 

0 0 0 52 155 
1 10 25 96 157 
4 27 48 150 165 
5 31 55 165 150 

6.20 
6.20 
6.20 
6.20 

7.88 
7.92 
8.05 
8.06 

8.90 
8.18 
8.30 
8.40 

7.88 
8.38 
8.48 
8.45 

* The media were seeded with 10-3 mg cells/ml. 

may be extended to correlate turbidity 
measurements with the number of viable 
cells. -4 series of 10 determinations were 
made with 7-day-old cultures of M .  tuber- 
culosis No. 607 and of M .  avium on glycerol- 
nutrient agar. Consistently reproducible 
counts of viable cells were obtained, the num- 
bers of viable organisms being 50.6 million 
cells for M .  tuberculosis and 59.5 millions for 
M. avium per milligram, with a turbidity 
reading of 101, with 1 mg of cell material 
per milliliter. When determining numbers 
of viable organisms, certain limitations must 
be kept in mind. First, at least on solid 
medium, it is often difficult to initiate growth 
with small numbers of tubercle bacilli; wide 
variation in results may, therefore, occur. 
Secondly, optical densities are proportional 
to the numbers of bacteria only where or- 
ganisms of the same size or size distributions 
occur.G When grown in tmhe presence of anti- 
biotic agents, the organisms frequently as- 
sume elongated shapes, increasing in volume 
rather than dividing into separate components. 
In comparing cultures grown in the presence 
and in the absence of antibiotic agents, the 

6 Treffers, H. P., Yale  J .  of Biol. and Med., 
1946, 18, 609. 

optical density is a measure of the relative 
volumes or masses rather than of the num- 
bers of bacteria. Even with these limita- 
tions, turbidimetric readings were found to 
permit satisfactory interpretation of results 
once the relationship between turbidity, 
weight of cells, and numbers of viable or- 
ganisms had been established. 

Experimental Results. The application of 
the turbidimetric method for the quantita- 
tive estimation of the growth of tubercle 
bacilli is demonstrated in several experiments. 
Table I shows the influence of inoculum on 
the rate of growth of M .  tuberculosis No. 607 
in a modification of Dubos’ medium. During 
the first 96 to 184 hours, the rate of growth 
was dependent upon the size of the inoculum; 
then growth appeared to proceed at a more 
or less uniform rate regardless of the initial 
concentration of the cells, as indicated by 
the readings at 330 hours. Similar results 
were obtained with M .  avium and with the 
streptomycin-resistant and -sensitive strains 
of M .  tuberculosis H37Rv. In this case, as 
in all other media used for the growth of 
tubercle bacilli, the strains pathogenic to man 
grew at a much slower rate than the sapro- 
phytes. The data also agree with the plate 
counts of viable bacteria, growth taking place 
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with 10 !I mg of cell material per milliliter 
but not with 10 I ” .  According to the actual 
count, 10 mg of cell material should cnn- 
tain 6 viable cells: it is, of course, possible 
that one or more cells would be found eve11 
in the higher dilutions which would account 
for the growth recorded for the 10 !’ nig nil 
suspension. 

When a medium is inoculated with increas- 
ing concentrations of cells, there is a cor- 
responding decrease in the lag period of 
growth, but all of the resulting cultures final- 
ly reach the same degree of density. On 
the other hand, i f  the inoculum is held con- 
stant and the nutrient value of the medium 
is varied, quite different results are obtained. 
An increase in the amount of growth is found 
to parallel enrichment of the Iiiediuni. This 
is accompanied by a shortening of the lag 
period. 

The effect of nitrogenous materials on the 
rate of growth of hi!. tuberculosis var. hominis 
H37Rv is presented in Table 11. The in- 
cubation time required for the initiation of 
growth in a medium containing ammonium 
citrate was 10 times that required in one 
containing casein, a vegetable extract and 
serum-albumin. The difference in the arnoun ts 
of growth was even more striking, the more 
complex medium giving 20 times more 
abundant growth. The rate and amount oi 
growth are dependent not on]>- on the nuni- 

tier and concentration of nutrients but on 
the nature of the nutritive material. Tryp- 
tophane in a concentration of 0.1% is a bet- 
ter nutrient than 0.27% asparagine for all of 
the strains of mycobacteria. 

Having established the normal rate of 
growth of mycobacteria, it was now possible 
to evaluate the effect of streptomycin upon 
the growth of mycobacteria in the presence 
of different sources of energy. RegardleFs 
of the source of nitrogen or of Ithe amount of 
growth supported by the medium, little dif- 
ference was found in the amount of strep- 
tomycin required for bacteriostasis, a s  shown 
in Table 111. The only exception is found 
in the ammonium citrate medium; limited 
effectiveness of streptomycin is possibly due 
to the high acidity of this medium resulting 
from the growth of the organism.7 Similar 
results were obtained with M .  avium and 
the human pathogenic varieties. 

Summary. A simple, safe, and accurate 
method is described for the quantitative es- 
timation of the growth of Mycobacterium 
tir/wrculosis based upon turbidimetric meas- 
urements in Uubos’ medium. 

This procedure can be applied Ito measur- 
ing the rate and amount of growth of $1. 
tuhrrc-ulosis in various media, as affected by 
the presence of streptomycin. 

Preparation of an Anti-Ulcer Factor from Human Urine.* 

ARNE N. WICK, ALICE JEAN IRISH, FRANCES PAULS, AND EATON M. MACKAY. 
From the Scr ipps  Mlct(ibo1ic Clinic, La Jolla, Guliforniu. 

The preparation of crude extracts from 
urine (Urogastrone) and hog intestinal 
mucosa (Enterogastrone) which possess anti- 
gastric secretory and antiulcer activity in 
dogs, such as  the Mann-Williamson ,and the 
Pavlov preparation has  been reported in the 
- 

* Tlir authors are indebted to Mr. and Mrs. 
Francis E. Fowler and members of their f:rmily 
whose generosity has made these studies possible. 

literature. Two methods have been applied 
to urine for the preparation of Urogastrone 
or Crogas t rone-like substances. Nechelesl 
has prepared an inhibitor of gastric secre- 
tion and motility by  treating normal human 
urine with ammonium sulphate and fraction- 
ating the  resulting precipitate between vary- 

1 Neclieles, H., Hnnkc, M. E.: and Fantl, E., 
I’ROC‘. SOC. EXP.  BIOL. AND MED., 1939, 42, 618. 


