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Biochemical Properties of Sulfonainide-resistant Strains of Streptococcus 
mitis, and Their Similarity to Enterococci. (17609) 

WILLIAM E. CLAPPER AND MARY E. HEATHERMAN. 
Frolni the Department of Rncteriology, Uniamsity of Colwrado Mediwcl School, Dewver, Colo .  

In  a previous investigation( 1) of the prop* 
erties of sulfathiazole-resistant green strepto- 
cocci, it was found that 4 strains which were 
originally unable to grow on 40% bile agar, 
acquired this ability after a high level of 
sulfonamide resistance had been induced. 
Sherman, Niven, and Smiley(2), Evans and 
Chinn(3), and Swift(4) have indicated that 
the zibility to gr0.w on bile agar, in .1% 
methylene blue milk, in 6.5% NaCl broth, and 
under certain other conditions not usually con- 

1. (Yapper, IYilliani E., and IIeatherman, Mary 
E., PRO<‘. 8 O C .  &W. BIOI,. AKD &fED., 1948, vG8, 
392. 

2. Shcriimii, J. M., X w n ,  C. F., and Smiley, 
I<. L., J .  Bact., 1943, v45, 249. 

3. Evans, Alice C., and Chinii, Alice L., J .  Bact., 
19-diJ v54, 495. 
4. Ehift, IToiiier F., The Streptococci: Rncferial 

crnd Mycotic Infection in Man,  J. B. Lippincott 
Co., Phila.. Pa., p. 253, 1948. 

sidered as optimum for the streptococci, is use- 
ful in differentiating the enterococci from the 
virildans group. I t  seemed of interest to de- 
termine whether any other properties charac- 
teristic of the enterococci (in addition to the 
growth on 40% bile) were acquired by these 
strains of Streptococcus mitis in becoming 
suI fa t hiiazole-resistan t . Further, since entero- 
cocci are resistant to penicillin and str<eptolmy- 
cin, it was of interest ‘to determine the resis- 
tance of the “trained” mitis strains to these 
antibiotics, and to comparle the resistance of 
these trained strains and of enterococci to 
bacitracin* and aureomycin. Finally, it seemed 
desirable to develop bile resistance and strep- 
tomycin resistance in the parent Streptococcus 
mitis cultures and to determine whether these 

* We are indebted to the 1:edcrle Laboratories 
for kindly supplying the anreonq-ciii and to  the 
T:yjobn Company for the bacitrztciu. 
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TABLE I. 
Biochcriiical Propertica of Sulfathiazole-resistant Streptocovci. 

?'merit strains Resistant strains 
7--- -7 r 7 
1 4 6 1; 1-S 4-8 6-S 17-S 

M g  eulfa/ml* .1 .1 .1 .1 >30 >30 >30 20 

I + + + + 40% bile - I - + + + + 6.5% NaCl - - - I + f + 10°C + + + + + 43°C - 
.1% $1. E. Milk - - I 

clotting, of + + IAtmus Milk - - - - 

Growth in 

- 
I - - - - I 

, - - 
- I 

- - + 
Reduction, hef ore 

- _- 

*' Concentra tinn inhibiting growth in broth. 

agents would select organisms with the same 
properties, or bring about the same changes, 
as those found after exposure to sulfathiazole. 

Methods and Materials. Tvvo of the strains 
of Streptococcus mith from our previous 
study( 1) which had been isolated from the 
mouth, and two additional strains, one isolated 
from the mouth and one from the urine, were 
streaked on blood agar and re-isolated from 
single colonikes 8 times. They were then made 
resistant by growing in gradually increasing 
concentrations of sodium sulfathiazole in tryp- 
tose phosphate broth. The parent strains were 
also trained in the same manner to gruw on 
40% bile agar and in high concentrations of 
streptomycin. Several unsuccessful attempts 
were made to induce penicillin resistance. The 
sensitivity tests to sulfathiazolle and thle anti- 
biotics were performed by making dilutions 
(usually S-fold) of the various agents in tryp- 
tose phosphate broth, inoculating with the or- 
ganism, and reading the lowest concentration 
completely preventing growth after 24 hours 
a t  37"C, to determine the sensitivity of the 
parent strain and reading the highest concen- 
tration allfolwing good growth to determine 
the resistance of the resistant strain. Inocu- 
lum size was equalized by adjusting the 24- 
hour broth cultures of the parent and resis- 
tant strains to the same turbidity, by visual 
inspection, before diluting 1 to 1,000. One 
drop of this dilution was thoen added to each 
tube. 

Results and discussion. The results shown 
in Table I indicate that after a high degree 
of resistance to sulfathiazole had been at- 

tained, organisms that originally had the 
properties of Streptococcus mitis now had 
certain properties of entermocci. Table I1 
compares the sensitivity to antibiotics of the 
sulfathiazole-resistant strains to that of the 
susceptible ones. A1 though strains of bacteria 
trained to sulfonamide resistance are usually 
as sensitive to the antibiotics as the parent 
strains, the ones in this study were more re- 
sistant. A known strain of Streptococcus fe- 
calis (-1.T.C.C. X o .  9790)  showed very much 
the same sensitivity to the 4 antibiotics as did 
the sulfonamide-resistant organisms. All the 
trained organisms and the S. fecalis were sensi- 
tive ,to less than 1 pg/ml of aureomycin or 
baci tracin . 

Table 111 shows the properties acquired by 
the parent strains when thley were trained to 
grow on 40% bile agar. Strain 4B acquired 
all the properties of the enterococci ahat were 
shown by the sulfonamide-resistant cells in- 
cluding increase in sulfathiazole resistance. 
Strain 17B did not become sulfathiazole-re- 
sistanlt, nor acquire the other properties of an 
enterwoccus, but did become more resistant to 
the 4 antibiotics. The remaining 2 strains 
showed no changes. When the parent strains 
were made 1,000 times or more resistant to 
streptomycin tihey did not change in resis- 
tance to any of the other agents, and showed 
no change in other biochemical properties, 
with the exceptionl that 3 strains acquired 
the ability to grow on 40% bile agar. These 
results emphasize the fact that development of 
resistance to one bacteriostatic agent does not 
necessarily bring about the same metabolic 



PROPERTIES OF RESISTANT S. mitis. 155 

TABLE 11. 
Resistance of Parent and Sulfathiazole-resistant St.ra.ins of Skreptococci to Antibiotics. 

Strain Aureomycin Bacitracin Penicillin Streptomycin 

Parent 1 
Resistant 1 

Parent 4 
Resistant 4 

Parent G 
Resistant 6 

Parent 17 
Resistant 17 

.05" 

.5 t 

.05 

.5 

.1 

.5 

.005 - .a 

.01 

.05 

.01 

.06 

.01 

.05 

.001 

.01 

1.0 f 

.5 

10. 

10. 

1.0 
10. 

.5 
10. 

5 
35 

5 
25 

5 
25 

5 
25 

Value8 represent concentration in pg/ml required t o  prevent growth for 24 hr. 
t Values represent concentration in pg/ml through which good growth of the organism was 

$ Values for penicillin are given in uni,ts per ml. 
obtained in 24 hr. 

TARLE III. 
Biochemical Reactions and Resistance of Strephococei Trajned t o  Grow on 40% Bile Agar. 

Strains trained on bile 
I 3 

l -B 4-B 6 -B 17-B 

Growth on 
40 %Bile 
10°C 
45°C 
.1% M. B. Milk 

Reduction, before clotting, of Litmus Milk 
Increase in sulfathiazole resistance 
Increase in rmistance t o  aureomycin, 

bacit r acin, penicillin, and s t rep tvmycin 

+ - + - + 
+ + + + 

10-f old or 

- + - 
I - 
- - - 

+ - 
- 

- - 
10-f old or 

- 

- more to all 4 - more t o  all 4 

change as development of resistance to an- 
other. Each agent produces specific rneta- 
bolic changes ( 5 ) . 

Enterococci are resistant t o  sulfathiamle, 
penicillin, streptomycin, and bile. If organ- 
isms having all these properties were originally 
present in small numbers in close association 
with the parent type, any of these agents 
would selmt organisms having the pruperties 
of enterococci. Furthermore, since our re- 
sistant organisms grow much faster than the 
parent strains, they would grofw out in broth 
with no sulfathiazole in it, if they were al- 
ready present. However, thle same number of 
transfers were made in drug-free broth as 
were made in the pxexnce of sulfathiazole, 
and no change in resistance was observed. To 
test further the possibility that a few variants 

5. Sevag, M. G., Enzyme Problems in Relation 
t o  Chemotherapy. Adaptation, Mutations, Re- 
sistance, and Immunity, Advances in. Enzymology, 
1946, v6, 96, Wew York, Interscience. 

possessing the proper ties of our resistant 
strains were present in the culture before ex- 
posure ,to sulfakhiazole the following experi- 
ment was performed. Approximately 4 resis- 
tant cells of strain 6S, checked by plate counts 
of dilution, were mixed with lo9 susceptible 
cells of strain 6 in tryptose phusphate broth. 
After 24 hours incubation, the sulfathiazole 
resistance of this mixed culture was deter- 
mined~. Z t  was found to be the same as .t;ha,t 
of a pure culture of the resistant strain (6s). 
T%is would seem to be fairly good evidence 
that the parent culture did not have even a 
few highly resistant cells in it. Since the 
parent cukure did not produce a resistant cul- 
ture when #transferred in drug-free broth, vari- 
ants h#aving ,the properties of entmcocci must 
have been induced or selected stepwise by the 
sulfathiazole. Such a change'might .take place 
in a patient treated ,with sulfvnamides, with 
the resulting organisms being resistant to pi- 
eillin and streptomycin and having other prop- 
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erties of an enterocwcus. Such an organism 
would apparently be inhibited by low concen- 
trations of bacitracin or aureomycin, however. 
The results of our in vitro experiments sug- 
gest that resistance developed in mitis strepto- 
cocci by contact with other agents does not 
necessarily bring about the overall increase in 
resistance shown to accompany sulfonamide 
resistance. 

Surnrrzary. 1. - i t  a certain level of sulfona- 
mide resistance properties characteristic of 
enterococci were acquired by 4 strains of 
S. mitis. 2 .  Increased resistance to sulfona- 

mides was accompanied by increased resis- 
tance to penicillin,, streptomycin; bacitracin, 
and aureomycin in all 4 strains. The resis- 
tance of these .trained strains to the anti- 
biotics and sulfathiazole was similar to that 
of a strain of S .  fecalis. 3. Acquisition of 
ability to grow on bile or in high concentra- 
tions of streptomycin did not generally pro- 
duce the biochemi'cal properties of enterococci, 
nor resistance to sulfathiazole or to the anti- 
biotics. 
Reeeiwd J-uly 28, 1949. P.S.E.B.M., 1950, v i 3 .  

Influence of Certain Neurotropic Substances on Central and Synaptic 
Transmission in Callianassa. (17610) 

R. S. TURNER,* W. A. HAGINS, AND -4. R. MOO RE.^ 

Xorinc Stritiow, Yucific G m w ,  Calif. 
Pronz the Depart nwnt of Amtomy. School of Xedk iw ,  8ta?tford CTniuersil?y, mid Hopkins 

-41 though acetylcholine and cholinesterase 
have been shown 'to be present in the nervous 
system of crustaceans, evidence for the func- 
tional significance of these substances is gen- 
erally lacking ( 1,2,3,4). A possible exception 
may occur in the anomuran Petrolisthes arma- 
 US, in which Welsh and Haskin(5) have 
found )that injection of acetylcholine increases 
the tendency to autotomy of the walking legs. 
In  this animal eserine in doses of 1.5 y per 
gram lelicited extreme activity and convulsions, 
while atropine exerted a depressive action. 
No attempt was made by Welsh and Haskin 
to localise the site of action of these sub- 
stances. In  an effort to obtain further in- 
formation on the action of these and other 
neurotropic agents, we have carried out ex- 
periments on the macrurous anomuran CaZZi- 

* Special Fellow, National Institute of IIealtll, 

t Department of Biology, University of Port- 

1. Prosser, C. L., Physiol. Beu., 194.6, v26, 337. 
2. Welsh, J. H., and Schallek, TV.: Physiol. Rev., 

3. Bacq, Z. M., Bwl. Rev., 1947, v 2 ,  i 3 .  
4. Katz, B., Biol. Rm., 1949, 1724, 1. 
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land, Ore. 

1946, v26, 447. 

anassa californiensis in which application of 
reagents was made at  3 different loci: 1. On 
the abdominal nerve cord and ganglia. 2. At 
the point of synapse between gian't fibers of 
the nerve cord and the nerves to the flexors 
of the telson. 3. On the flexor muscles of the 
abdomen af-ter severance of their connections 
with thse central nervous system. 

Methods. Tlhe abdominal nerve cord of 
CalZiamssa usually was exposed from the 
ventral side, freed entirely ffrom adjoining 
tissues and left continuous with the ;thoracic 
cord. The abdomen of the animal was then 
cut away and the head and thorax, with the 
attached nerve cord, placed in a bahh of sea 
water. Preparations kept well in running sea 
water for periods up to 24 hours. The drugs 
were made up in sea water and added in the 
proper concentrations directly to the (40 cc) 
bath. Elecrtrical stimulation and recording 
were carrie6 out by means of micromanipu- 
latfed plaiinum electrodes. Responses were 
amplified through a Grass P3 amplifier and 
visualised on the screen of a DuMont 208 
oscilloscope, the sweep of which was triggered 
from the stimulating circuit. The flexor rnus- 
cles of the abdomen were denervated by ex- 


