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gen, glycerol, or 2,3-butylene glycol could be 
detected, and only traces of acetyl methyl 
carbinol or diacetyl could be shown. A fair 
carbon and hydrogen balance5 was obtained 
for the fermentation of glucose in a medium 
initially containing 326 mg glucose, 45 mg 
Difco yeast extract, 3 mg proline, 3 mg 
phenylalanine, 1.5 mg cystine, 1 mg isoleucine, 
1 mg valine, 45 mg NH4C1, 45 mg 
MgSO4 7 HzO, 2 mg CaC12, and 1 mg FeCI3 
per 100 cc of 0.05 M Sorensen phosphate 
buffer a t  pH 7.5. During the fermentation 
the medium was neutralized at  intervals with 

5 Doudoroff, JI., J .  Bird., 1942, 4.4; 461. 

NaOH, until all of the sugar had disappeared. 
The results are presented in Table I. 

Although the carbon recovery appears to be 
satisfactory, the ratio of two-carbon to one- 
carbon derivatives (see 5 )  is extraordinarily 
high for an ordinary fermentation, being 
approximately 3.2. This might indicate that 
a portion of the one-carbon derivatives re- 
mains unaccounted for (as unidentified 
products in the medium or in the bacterial) 
or, perhaps that part of the 2-carbon com- 
pounds may arise, not through the splitting 
of a 3-carbon degradation product of sugar, 
but by some other method such as the reduc- 
tion of carbon dioxide. 
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So far, two types of penicillin-resistant 
staphylococci have been described : 

( 1 ) Naturally resistant strains, as reported 
by Fleming,' and by Hobby, Meyer and 
Chaffee.2 We, too, found 5 resistant strains 
of Staphylococcus aureus in a group of 12. 

( 2 )  Strains rendered drug-resistant by pro- 
longed contact of the organisms with increas- 
ing concentrations of penicillin (Abraham and 
co-workers,:i Smith and Hay,-' Rammelkamp 
and Maxon..') These strains may exhibit slight 
morphological changes, such as larger size of 
the coccus4 or a reduced velocity of growth 
and enzyme activity.'< 

1 Flmning, I., Lancet, 1942, 1, i32. 
2 Hobby, G. L., Meyer, I<., and Cliaffee, E., 

Paw. sot. Egp. BIOL. AND MED., 1942, 50, 277. 
3 Abr:iliain. 'E. P., ('li:iin, E., Fletclier, C. M., 

Florey, H. W., Gardner, A. I)., Heatley, N. G., and 
Jennings, .\. JI., L(incPt, 1941, 2, lii. 

4 Smith. L. I)., and Hit?., T., J .  E ' m t r X l i i t  I i r s f i t . ,  
1942, 2 3 3 ,  598. 

3 Rammelkamp, C. II., and Maxdn, T., PROC. SOC. 
EXP. BIOL. ASD NED., 1042, 51, 386. 

A third type of penicillin-resistant staphylo- 
cocci, which has not been described before, 
is represented by variants occurring when a 
normal strain of Staphylococcus albus was ex- 
posed to penicillin. Such strains were studied 
in our laboratory during recent months. They 
show the profound cultural changes known as 
small colony variants (Hoffstadt and You- 
mans,'; Swingle,i Youmans: Youmans and 
Delves .!' ) 

Muterial and Methods. The penicillin used 
was produced by growing a strain of Peni- 
cillium notatum N o .  1209" in a modified 

IIoffstadt, R. E., and YouiriuIls, G. I?., J .  I l t f e c t .  

S\ringlr, H. L., J .  Bact., 1935, 29, 467. 
llis.,  1932, 51, 2lG. 

Y Youmans, G.  P., PROC. SOC. EXP. BIOL. AND 

$) Younims, G. P., and Delves, E., J .  Buct., 
JIEI)., 19:37, 36, 94. 

1942, 44, 127. 
* We i l re  indchted t o  I)r. Hobert D. Coghill, 

Hure;iu of Agricultural Clicmistry ;ind Engincering, 
Sort11cli.n Kiyion:il Researcli Laboratory, Peoria, 
Ill., for the strain of Penicillium siotcctum and of 
Staphylococcus nlbus No. 314. 
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Czapek-Dox medium.3 Initial experiments 
were conducted with Seitz filtrates of the crude 
culture fluids, containing 4-8 Oxford units per 
ml, while the later work was carried out with 
concentrates of barium penicillate containing 
500 Oxford units per m1.t The values given 
for penicillin are expressed in Oxford units as 
defined by Florey and Jennings."' 

-411 experiments were conducted with a 
strain of Staphylococcus albus No. 314* as 
the test bacterium. The media for culturing 
the Staphylococcus and for all the tests carried 
out in these studies were papain digest broth 
and agar prepared according to the method 
of 14sheshov.11 

The ring test (Abraham and co-workers") 
and the dilution method in liquid media were 
used for measuring the sensitivity of our 
strains. The dilution or titration method was 
carried out in test tubes containing serial dilu- 
tions of penicillin in a volume of 5 ml. The 
tubes were seeded with 0.1 ml of a 20-hour 
broth culture and the results read after 18 
to 20 hours incubation. In vitro tests with 
methyl violet were carried out similarly but 
the volume was only 2 ml. 

Experimental. In a ring test with Staphylo- 
coccus albus No. 314 a crude culture fluid of 
Penicillium notatum produced an area of 
inhibition of 25.5 mm diameter. This area 
was covered almost completely with a thin 
film of minute translucent colonies of staphylo- 
cocci. This growth was obviously identical 
with the ghost-like "halos of partial inhibition" 
mentioned briefly but not further investigated 
by Abraham and co-~orkers .~  By subcultur- 
ing some of the minute colonies a fair growth 
of these very small colonies was obtained. 
They exhibited the morphological and cultural 
characteristics of small colony variants de- 
scribed by former  investigator^.^*^*^^^ Two 
days later a few colonies of normal appearance 
were found in subcultures but the small col- 
onies could be isolated again and propagated 
on liquid and solid media. This strain of 

t Prepared by Drs. Goldberg, Oppenlieim-Errer:L 
(dccrascd), and Scott of the Roche Laboratories. 

IoFlorey, H. W., and Jennings, M. A., Brit. J .  
E z p .  Path., 1942, 23, 120. 

11 Asheshov, I. N., Canad. Pub. Health J., 1941, 
32, 468. 

small colony variants (Xo.  314 G) was then 
split up in 3 cultures which were transferred 
daily on agar plates for 20 days. One culture 
was kept on plain papain digest agar ( S o .  
314 G a ) ,  the other on the same agar base 
containing 10% of a Seitz filtrate of culture 
fluid of Penicillium notatum (No. 314 G b), 
and the third culture (No. 314 G c) was kept 
on agar containing 1% of the same culture 
fluid. The strains grew abundantly on these 
media, without any reversion to. the normal 
growth. If kept on agar plates and slants 
with only one weekly transfer to fresh medium, 
the 3 strains were stable. During 4 months 
no reversion was observed. However, if daily 
transfers were made on rich media, such as 
beef heart infusion and yeast extract broth 
and agar, all 3 G-forms reverted to the normal 
type of growth within one week.: 

The most interesting property of the small 
colony variants was their resistance to peni- 
cillin. In frequent ring tests carried out in 
triplicate the parent strain showed consistently 
normal sensitivity with an area of inhibition 
of 19 to 25 mm. Small colony variants were 
not inhibited at  all, while reverted strains 
regained the sensitivity of the parent strain. 
There was no difference in penicillin resistance 
between the strains No. 314 G a, No. 314 G b, 
and Yo.  314 G c, indicating that the single 
initial exposure to penicillin had sufficed to 
produce a stable penicillin-resistant G-form. 

In order to find out whether the resistance 
was specific, i.e., due to the primary exposure 
to the bacteriostatic agent, the modified strains 
produced by penicillin and variants obtained 
by exposure to BaC128*g were compared with 
respect to their sensitivity to penicillin con- 
centrate and to methyl violet. 

By growing Staphylococcus No. 314 in 
papain digest broth containing 2%, l%, 0.5% 
BaC12, abundant formation of G-forms oc- 
curred after 48 hours incubation. Three 
strains, marked No. 314 G B 2, No. 314 G B 1, 
and No. 314 G B 05, were isolated from the 
3 BaClz media. They yielded typical small 
colony variants; Strain No. 314 G B 05, 

t Observations made by B. Tabenkin of the 
Roclie Laboratories, who also supplied us with the 
crude culture fluids of P. notaturn. Grateful 
acknowledgment is made of his cooperation. 
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TABLE: r. 
Sensitivity of Stapliylocowus No. 314 and Its 81n;ill (’olony V;rri;lnts to Penicillin and Jlctllyl 

Violet. 

Inhibition by penicillin 
Variant Y J \ 

produced by L)ilution method Gutter plate, 1 nliibition by 
S t ra in c’sl’0s“re to Oxford units/ml 1111114 inctliyl violet 

KO. 314 

” G a 
” G 1) 
” G c 

” G B l  
” (; B 05 
” G B 2  

9 9  ( 3 B 2  

reverted 

Distance from the edge of the gubter to tlie zone of full growtli. 
t The strain was lost at the time of tliesc experiments. 

derived from the medium with 0.5% BaClp, 
was the only one which showed less translucent 
colonies with a slightly whitish surface. The 
strains were fairly stable if overnight cultures 
on agar slants were kept a t  room temperature 
and not transferred more frequently than once 
a month. 

In Table I the results of the in vitro experi- 
ments with the original strain and its different 
variants are tabulated. The penicillin used 
in these experiments was a concentrate of 
barium penicillate cantaining 500 Oxford 
units per ml. The agar strip of the gutter 
plate ( Fleming1) was prepared with an aque- 
ous solution of barium penicillate and con- 
tained 30 Oxford units per ml. 

The table demonstrates the greatly increased 
resistance of the small colony variants in 
comparison with the normal sensitivity of the 
original strain and of one of the reverted 
cultures. Moreover, all small colony variants 
show a markedly reduced sensitivity towards 
the bacteriostatic activity of methyl .violet. 

Discussion. The observations presented in 
the present paper indicate that the small 
colony variants of a strain of Staphylococcus 
albus are resistant to penicillin. Although 
strains obtained by previous exposure to peni- 
cillin appear slightly more resistant than the 
strains produced by exposure to BaC12, these 
differences can hardly be considered signifi- 
cant. This resistance to penicillin is not a 
specific drug-fastness, but seems to be part of 
the profound modification undergone by these 
dissociated strains. The reduced sensitivity 

of the small colony variants to a completely 
different chemical agent, such as methyl violet, 
seems to substantiate this view and indicates 
that these variants acquired a non-specific 
resistance towards specific antibacterial agents. 
This is a phenomenon similar to the resistance 
of small colony variants of staphylococci to 
staphylococcus bacteriophage as described by 
Hoffstadt and Almaden.12 I t  is interesting to 
note that Philipps and Barnes13 encountered 
6 different forms of variants when they pro- 
duced resistance of Staphylococcus aureus 
towards gramicidin. By eliminating the vari- 
ants, they obtained gramicidin-resistant strains 
with otherwise normal cultural appearance, 
enzyme activity, and unchanged sensitivity to 
crystal violet. Strains like these probably 
belong in the same group as the tyrothricin- 
resistant staphylococci described by Rammel- 
kampl* and the penicillin-resistant strains of 
Abraham and co-workers3 and Rammelkamp 
and Maxon5, and may represent examples of 
genuine and specific drug-fastness. The 
resistance exhibited by our strains of small 
colony variants is not specific. 

Summary. 1. Small colony variants (G-  
forms) of a strain of Staphylococcus albus 
were obtained on agar by the action of peni- 
cillin. 2. These variants showed a high 

12 Hoffstadt, R. E., and Almaden, P., J .  Infect. 

13 Philipps, R. L., and Barnes, L. H., J .  Franktin 

14Rammelkamp, C. H., Paoc. SOC. EXP. BIOL. 

Dis., 1934, 54, 253. \ 

litstit., 1943, 233, 396. 

AND MED., 1942, 49, 346. 
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resistance towards the bacteriostatic activity 
of penicillin. 3. Small colony variants of the 
same strain of Staphylococcus produced by 
the exposure to BaC12 possessed likewise a 
considerable resistance to penicillin. 4. All 
these strains of small colony variants regard- 

less of their origin acquired also a certain 
degree of resistance towards methyl violet. 
5 .  The resistance of these strains of small 
colony variants towards penicillin cannot be 
considered to be a specific drug-resistance. 
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The effects of neosynephrin on the cerebral 
arterio-venous oxygen difference were studied 
on large dogs, narcotized with Dial,$ 0.5 cc 
per kilo. The cranium was trephined above 
the superior longitudinal sinus, the trachea 
was exposed and cannulated and both femoral 
arteries were also exposed. The first pair of 
femoral arterial and cerebral venous blood 
samples was collected while the animals were 
breathing air and the second after they had 
come to equilibrium while respiring a gas 
mixture containing approximately 11 % oxy- 
gen. Xeosynephrin was then administered 
and when blood pressure had risen significantly 
the third pair of blood samples was collected. 
Blood flow of the cerebral longitudinal sinus 
was determined by Daly's modification of the 
thermostromuhr.l Blood pressure was re- 
corded by means of a cannula inserted into a 
femoral artery. Blood samples were analyzed 
for oxygen and carbon dioxide contents and 
oxygen capacity," for g lu~ose ,~  and for lactic 
acid.-' The oxygen tension of the blood was 

*. Wc are grateful t o  Dr. Hichard M. Jolinvon 
of the Frederick Stearns & Company for  liis gen- 
erous supplies of Ncosynepllrin Hydrochloride. 

t hided by a grant from the Albion 0. Bernstein 
Memorial Fund. 

4 We are grateful to Dr. E. Oppenheimer of tlie 
Ciba Pllarniaceutical Products for his generous 
supp1ic.s of Dial Urethane Solution. 

1 €I'imwicli, H. E., Bowman, K. M., Daly, C., 
Fazekas, J. F., Wortis, J., and Goldfarb, W., Am. 

estimated by using the nomogram of Bock 
c t  al. for humans" which may also be applied 
to dogsG In addition, the effects of neo- 
synephrin on the cerebral arterio-venous oxy- 
gen difference were determined on dogs breath- 
ing room air. In most experiments 2 cc of 
1 % neosynephrin solution were administered 
intramuscularly, portions of the 2 cc being 
injected at various sites. In  a few experi- 
ments, however, 1- 10,000 neosynephrin solu- 
tion was injected intravenously and in these 
instances the amount of neosynephrin injected 
was much smaller than with intramuscular 
injection. 

In  Table I are presented the results of 
2 out of 4 experiments on animals breathing 
reduced concentrations of oxygen. In all 4 
experiments the blood became more alkaline 
as a result of the hyperpnea produced by 
breathing 11 70 oxygen and then less alkaline 
after injections of neosynephrin. Neosynephrin 
increased the concentrations of lactic acid and 
glucose 'in the blood. Blood pressure was 

2 Van Slyke, D. I)., and Neill, J. 31., J .  B i d .  
('Item., 1924, 61, 523. 

3 Hagedorn, H. C., and Jensen, B. S., Bwchem. 
%., 1923, 135, 63. 

-I kTriedemaiin, T. E., Cotonio, M., and Shnffer, 
1'. A., J .  Biol. Cheni., 1927, 73, 336. 

J Sock ,  A. V., Dill, I). C., Hurxthal, L. M., 
L:i\vreiic.c, J. S., Coolidge, T. C. ,  Dailey, 31. E., and 
llcnderson, L. J., J .  B i d .  C h m ~ ,  1927, 13, 749. 

t i  Dill, 1). B., Edwards, H. T., Florkin, M., and 
J. Plrysiol., 1941, 132, 640. ' ' (':inipbell, R. W., J .  B i d .  C'lieiw., 1932, 95, 143. 




