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S o  increase in resistance has as yet been 
denionstrated by exposure of organisms to 
increasing concentrations of DHSN and P-4S 
used together. These experiments are being 
continued. 

Disiztssion. IYhile it is recognized that in 
Pjlitro results cannot necessarily be interpreted 
as j17 ;litlo effects, the i~ i l i t ~ o  difference be- 
tween the results when a chemical cornpound 
( I)13SJI-PAAS) was used as opposed to when 
the 2 drugs were added separately, inake care- 
i d  ipz ~ i i l o  studies important. I t  had been 
hoped that the sii1311 amount of P--\S which 
could he introduced into the streptomycin 
molecule might be sufficient to increase the 
effectiveness of the latter. as well as to reduce 
the important drawback of the rapid emer- 
gence of resistance. These experiments indi- 
cate that drug resistant organisms do emerge 
readily when a strain of tubercle bacilli is ex- 
posed to such a compound and that these 
organisms are resistant not only to the coni- 
pound itself, but to both streptomycin and 
P-iS as well. 

Sirninrtrrjl. 1. The i~ vitrn growth of the 
H37Rv strain of tubercle bacilli was inhibited 

by 0.82 p g  I_)HSM,/cc, by a concentration of 
L)HSN-PAS containing 0.41 pg DHSM/cc 
and by 0.205 pg L)RSM,/cc when PAS was 
added in a 3 : 1 molecular ratio of PA4S:DHSSI. 
2.  The  fifth serial transfer of H37Rv into 
increasing concentrations of DHSM resulted 
in a strain growing readily in over 2000 pg 
DHSM, cc while the tenth such transfer of 
the organisms into increasing concentrations 
of DHSM-PXS resulted in a strain growing 
readily in over 1000 p g  DHSM-PASjcc. 3-0 
increase in resistance on the part of organisms 
transferred into increasing concentrations of 
DHS3tl with PA4S present in a 1:3 moIecular 
ratio has so far been found. 3. Organisms re- 
sistant to thz compound (DHSX-PAS) were 
found to be also resistant to DHSM alone, to 
PAAS alone, ar,d to the mixture of DHSM and 
P.\S. 

U7c are indebted to Mr.  William Steenken, Jr.,  
icr the  H.?;R\' strain of tubercle bacilli and t o  the 
.\me:: Ccmpany for their generosity in supplying 
the dih>-drosireptomycin para-aminosalicylate and 
t h e  P.\S used in these experiments. 
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I t  is well known that many strains of 
Bmcella abortus require approximately 3 to 
10% CO? in air for growth on primary isoh- 
tion( 1 ) .  However, some isolates lose the 
requirement for added CO, on continued 
subculture and may then be grown in air 
alone. The  stability of the added C03 re- 
quirement of 9 strains of B.  abortus was in- 
vestigated as an initial step in the study of 

* Published with the permission of the Director 
o i  the  Wisconsin -4pricultural Experiment Station. 
Supported in part by the Research Committee of the 
Graduate School from funds supplied by the Wis- 
consin Alumni Research Foundation. 

1. Wilson, G .  S., Brit. J .  Exp .  Path., 1931, v12, 88. 

the role of C'O, in the metabolism of mem- 
bers of this species. 

Methods and cultures. Albimi brucella 
broth and agar were used as routine culture 
media and 1 ppm crystal violet was added to 
the agar for use in making plate counts. The  
diluent was an  aqueous solution of 0.2% 
Difco tryptose-0.5 % NaCl. COa incubations 
were carried out in vacuum desiccators and 
the desired pC0, obtained by partial evacua- 
tion and replacement with tank c02. All 
incubations were at 38°C. Total counts were 
made using a Quebec colony counter and 
mutant counts were made using a dissecting 
microscope with transmitted light. Cultures 
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TABLE T. Occurrrnce of Mutan t s  Capable of 
Growth in  Air ia Cultures of BrweEta a b o ~ t u s  

K muse. 

from the plates incubated in air were trans- 
ferred to agar slants. The mutants, which no 
longer require added C02  for growth, did not 

No. of I'To. of lyitllno Total cells revert on serial subculture in either air or 
Series culturrs mutants mutaltts per cultuw 10% CO?. Cultures were tested for purity 

1 10 32 l a t i  by Gram staining and high titer agglutination 
3 10 31 1 1.7 x 109 in antiserum against B. abortus. Both parent 

Cultures 

3 11 121 4 1.6 X 10' and mutant strains were smooth. 
4 1 9  37 6 1.1 x 109 
3 20 8 1 2  1.1 x i o ! ~  From the type of data given in Table I 

1-0 X 10'' mutation rates could be calculated from the - -- 6 1 I1 

total number of mutants or from the fraction 
TABLE I T .  History and Muta t ion  Rate f o r  the 

formulas of Luria and Delbruck(2) as modi- Loss of Added CO, Requiremeat f o r  Several 
Strains of 3. ctbortzrs. 

-. ~ fied by Lederberg ( 3 ) .  The data in Table I1 
3111 t a ti 011s 1)' I' indicate very similar mutation rates for the 9 

S t 1' ai II SOUl~CC~ x 30-10 strains tested. The mean rate for this muta- 
tion is approximately 3 x lo-'* per cell di- 

human isolation vision. A much greater variation in mutant 
969.51 8:tmc 4.3 counts was found in individual cultures than 
62320  C'aiiip 1)c.tric.k; 1.5 

C")? stable in replicate samples from the same culture, 
4'7257 T,ab,oratoq- of  Hygiene; 9.7 which indicates that the mutation is spon- 

taneous and is not induced by the lower 45095 SallJP 9.3 
57087 Snllle 2 . i  pC02 of air. 

Calculation of mutation rate from the total V-7 Viiiv. of Texas ; gninea 3.4 

335  Cnir. of Texas ; bovine 3.9 number of mutants depends on similar growth 
rates of mutant and parent in mixed culture 
where the ratio of mutant to parent is very 1-RIIL T;ni\-. of Texas ; 3.2 

small. To test growth rates under these con- 
ditions a flask of broth was inoculated with 

derived from it. The initial ratio of mutant 
to parent was 1.0:107. After 48 hours incu- 
bation in 10% C 0 2  the ratio was still 1.0: 107 
although total counts had increased 10-fold. 
Growth rates of the two strains in pure CUl- 

ture when incubated in 10% C02 were identi- 
cal during the logarithmic phase of growth. 

It appeared possible that not all of the 
mutants were capable of forming colonies in 
the presence of large numbers of nonpro- 
liferating parent cells. To test this possibility 

were taken from Or Of a mutant strain from the parent Krause stock 
was plated in agar containing a background 

of cultures containing no mutants using the 

division 

Krause 1-aboratoq- of Hygicne ; 6.4 

h iiin '1 11 i sola ti 011 

pig passage strain 

udder isolation 

1~17111x11 isolation 

were Purified by single colony isolation. The the parent Krause stock and a mutant strain 
sources of the strains employed in this in- 
vestigation are listed in Table IT. 

For the determination of 
mutation rate, flasks containing 100 ml broth 
were inoculated with lo4 to lo5 cells from a 
24-ho1-n culture grown under 10% c&. One 
ml of the inoculated broth was then trans- 
ferred aseptically to each of 15 sterile (1.5 

Pyrex milk dilution bottles and incubated in 
a lo% c02-90% air mixture for 48 hours. 

each series for total counts which were de- 

Experimental. 

cm) tubes Or lo m1 to each Of lo 

and Plating. These 
in lo% 

of 108 cells per ml of the Krause strain and 
in agar medium alone. The plates were then Plates were incubated for 

CO?. Mutant counts were determined by incubated in air, There was no significant 
direct plating Of m1 Or difference in the counts of the two series, but 
aliquots of the larger 10 ml cultures. These __-__ 

plates were incubated for 4 days in air- 2 .  Luria, S .  E., and Delbruck, M., Genetics, 1943, 
Results of a typical experiment are given in 
Table I. In each experiment several colonies 

~ 2 8 ,  491. 
3. Lederberg, J., personal communication. 
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the colonies of the mutant were much smaller 
when plated in the presence of large numbers 
of parent cells. 

Suiizifiary and conclusions. The results indi- 
cate that B. abortus loses its requirement for 
added C 0 2  by spontaneous mutation at  a rate 

their added COr requirement probably con- 
sists of a selection of a spontaneously occur- 
ring mutant rather than gradual adaptation 
of the culture as a whole. The low mutation 
rate indicates a high degree of stability for 
C02 requirement in cultures of B .  a b o ~ t u s .  

of approximately 3 s 10 per cell division. 
Training of such cultures to dispense with 
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Miller and Dessert(1) have found that 
tocopheryl esters are capable of inhibiting the 
enzxniatic depolymerization of hyaluronic acid 
by hyaluronidase, in vitr’o. Chemically there 
are certain similarities between hyaluronic acid 
( tissue niucin) , glandular much  and 01-0- 

mucin. The latter two have been shown to 
behave as a substrate for the influenza virus 
enzyme. By competing in this capacity with 
the receptor substance of the red cell they 
prevent or inhibit* heinaggIutination (2 -5 ) .  
The hemagglutination preventing property of 
ovomucin is gradually destroyed in the pres- 
ence of live influenza virus, but is not af- 
fected by virus that has been heated 56°C for 
30 minutes (in the case of PR 8 ) .  One tJ-pe 
of hyaluronidase (pneumococcal) is also capa- 
ble of altering ovomucin so that it no longer 

* T o  avoid ccnfusion the action of ovomucin on 
hemagglutination commonly called inhibition will, 
in this paper, be called prevention, and the term 
inhibition will be reserved for the action o i  the 
t o c o p h e r y Is. 
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prevents hemagglu tina tion by heated influenza 
virus (3) .  

The present paper undertakes to show that 
tocopheryl esters will also inhibit the enzy- 
matic activity of influenza virus in vitro, and 
in addition are capable of lowering slightly 
the infectivity of the virus for chick embryos 
when the emlbryos are pre-treated with toco- 
pheryl esters. 

Jfuterials and Methods.  The PR 8 strain 
of influenza virus was used. The virus was 
propagated in 10-1 2-day-old chick embryos 
and stored in the form of frozen allantoic fluid. 
Ovomucin was prepared essentially by the 
method used by Gottschalk and Lind ( 5 )  The 
tocopheryl acid esters studied were the diso- 
dium salts of dl-alpha-tocopheryl phosphate 
(dl-alpha-Tph) , + d-alpha-tocopheryl phos- 
phate (d-alpha-Tph) ,: d-alpha-tocopheryl suc- 
cinate (d-alpha-TS),$ and a mixture of ap- 
proximately equaI concentrations of d-gamma- 
tocopheryl and d-delta- tocopheryl phos- 
phates, referred to as d-delta, gamma-Tph.t 
-Upha-tocopherol itself was not studied be- 
cause of the difficulty in obtaining a suitable 
solution. The tocopheryl esters were sparingly 
soluble in the 0.01 31 phosphate buffer at 
pH 7.4, containing 0.85 per cent NaCl used 
as solvent and diluent for all reagents except 

t Hoffmann-LaRoche. A synethetic product. 
Distillation Products, Inc. Isolated from natural 

sources. 


