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Abstract-The induction of spheroplasts of Escherichia coli by treatment of the or- 
ganism with penicillin in a simple, chemically defined medium is described, and is 
shown to depend on the available concentration of Mg2+ ions, on the temperature 
of incubation, and on the stage of growth of the bacterial cells when penicillin is added. 

INTRODUCTION 

A SURVEY of the literature indicates that information on the induction of sphzroplasts 
in synthetic media is incomplete. Lark1 induced spheroplasts in Alcaligenes faecalis by 
treating the organism with penicillin in a medium containing salts and glutamic acid or 
casamino acids (vitamin-free; Difco), while Lederberg and St. ClaiF reported a slow 
and incomplete formation of spheroplasts when Escherichia coli was treated with 
penicillin in a medium3 consisting of salts and glucose. An attempt at inducing sphero- 

plasts of Aerobacter aerogenes by penicillin treatment in a synthetic medium contain- 
ing high concentrations of sucrose proved to be unsuccessful.4l 5 

In this paper aspects of the action of penicillin on Escherichia coli in synthetic 

medium is described. 

MEDIA AND METHODS 

The organism was E. coli, Type I, formerly NCTC 5934. Viable counts were made 
by serial dilution and plating. Penicillinase was included in the first dilution tube to 
destroy any residual penicillin activity. Such a procedure resulted in the explosion of 
spheroplasts so that no colonies could have been derived from the spheroplast 
regrowth. Total spheroplast counts were made with a Helber or Thoma counting 
chamber using interference microscopy. Culture density was measured by a nephelo- 

meter (Evans Electroselenium Ltd., Harlow). 
All chemicals were of Analytical Reagent quality, except sodium lactate, which was 

of Laboratory Reagent grade. 
Media used throughout this work were of the following composition: 

Nutrient broth. Peptone (Oxoid) 10 g, Lab Lemco (Oxoid) 10 g, sodium chloride 5 g, 
water to 1 1. Final pH after sterilization was 7.2. 

Synthetic medium A6. (NHJ,HPO, 0.3144 g, NaCl 0.1 g, FeSO,.7H,O 0.03 g, 
KH,P04 0.04 g, MgSO,-7H,O 0.07 g, water to 100 ml. pH after sterilization was 

adjusted to 7-2. 
Synthetic medium B. The following medium was evolved to avoid the precipitation 

which occurred in A: (NH,), HPOl 0.06 g, NaClO.1 g, FeS0,.7Hz0 0.001 g, KH,PO, 
0.04 g, MgS04,7H,0 as required, water to 100 ml, pH 7.2. 
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The water for each medium was distilled twice in an all-glass still. Utiiizable carbon 
source was 2 96 w/v glucose, glycerol or sodium lactate. Sucrose was present (O-33 M) 

or absent. 
Washed suspensions of the organism were prepared by growing 10 ml quantities of 

the bacteria in nutrient broth for 17 hr on a rotator at 37 “C. centrifuging, and washing 
the residue twice with 5 ml of sterile water. 

RESULTS 

A volume of 0.5 ml of the washed suspension was added to 10 ml quantities of 
media, and incubating at 37 “C. The results (Table 1) indicate that the growth ob- 
tained when glucose or glycerol formed the carbon source could be further stimulated 
by the addition of 0-I “/c1 w/v MgS04*7Hz0 over and above that concentration of 
MgS04.7H,0 which might remain in the filtrate obtained in the preparation of the 
medium. 

TABLE 1. GROWTH OF E. Co/i IN SYNTHETIC MEDIUM A CONTAINING O-33 M SUCROSE 

Presence (i) or absence ( -) 
Carbon source of extra 0.1% w/v 

(2 “i, w/v) MgSO,+7H,O 

Glucose 

Glycerol __ 
i. 

Lactate - 
+ 

Viable count/ml 
0 hr 5 hr at 

37 “C 
- 

: I 1:; i 8.1 1 I’ .’ 10’ 108 

3 ” 10’ 1.4 IOH 
3 ” 10’ 1.8 ,: 108 

: .: 10’ 4.5 ‘C 10’ 
Y 10’ 4.5 .( 10’ 

~phe~opla~~ ,formation in nled~~~~ A 
The induction of spheroplasts by treatment ofthe organism with 5000 units/ml showed 

that it was necessary to transfer the medium to room temperature (18 “C) after a 
preliminary incubation at 37 “C, to ensure optimum spheroplast stability (Table 2). 

TABLE 2. INDUCTION OF SPHEROPLASTS IN MEDIUM A 

Carbon source 
(2 % w/v) 

Presence (-t) or 
absence (-) of 

added 0.1 Y< 
w/v MgS0.,~7Hz0 

Viablet c307unr$ml 

5 hr 24 hr 

Spheroplasts/ml after 
24 hr 

---- 
37 ‘c* 18 “CT 

_-_- 
Glucose i- 7.9 ~’ 105 2.3 ‘s: IO3 1.5 ::. 106 3% Y 106 

n.t. n.t. <IOR 2-5 ‘1 106 

Glycerol + 1.2 >: 105 7 x 102 1.5 .: 106 7.8 x $06 
_ n.t. n.t. <loa 3 106 ,\ 

Lactate .L 1.6 .: 10’ 7.5 *’ 103 <IO@ <lo@ 
- n.t. nt. i lo6 <IO6 

Viable count/ml at 0 hr = 3.2 x 10’. 
* 24 hr at 37 “C. 
t 5 hr at 37 “C, then 19 hr at 18 “C. 
n.t. not tested. 
Penicillin concn. 5000 units~ml. 
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A study of the effect of temperature on the stability of E. coli spheroplasts induced by 
treatment of the organism with 5000 units/ml penicillin in a nutrient broth conversion 
medium has indicated that spheroplasts were better preserved at temperatures below 
the optimum for growth.? 

Table 2 also shows that an additional source of Mga+ ions is necessary for the 
stability of spheroplasts. 

Growth in medium B 
The growth of E. coli in medium B gave the results shown in Fig. 1, where the need 

for the presence of Mg2+ ions is again apparent. Optimum growth was obtained with 
glucose as utilizable carbon source. The high osmotic pressure of the medium when 
sucrose was included retarded the rate of, but did not prevent, growth. 

60 r- 

I I I I I I I I 
0 I 2 3 4 5 6 7 

Hours at 37* 

FIG. 1. Effect of MgS04.7H,0 concentration on the growth of E. coli in synthetic medium B. 

Upper portion: sucrose absent. Lower portion: 0.33 M sucrose present. 
Absent O-O 0405% w/v 0-a. 
0.05% w/v e-0 0.1% w/v W-----o. 

Spheroplast ~~?rnat~o~ in medium B 
The induction of spheroplasts in this medium containing 5000 units/ml penicillin is 

shown in Table 3. A preliminary experiment had shown that a short exposure (1-5 hr) 
at 37” prior to incubation at 18 “C gave optimum spheroplast formation. 
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In all previous spheroplast-inducing experiments, the antibiotic was added to the 
bacterial cells at 0 min. The effect of adding the penicillin (to give 5000 units/ml) at 
a point when the bacteria have started to divide is shown in Table 4, the results of 
which should be compared with those of Table 3. 

TABLE 3. EFFECT OF MgSOa.7Hz0 CONCENTRATION ON SPHEROPLAST FORMATION IN 

MEDIUM B 

MgS0,,7H,O 
concn. (% w/v) 

Counts/ml after further 19 hr at 18 C 
Viable count/ml ~ 

5 hr at 37 ‘C Viable Spheroplast 

O&5 2.6 3 ,. lo6 106 6 6 .’ lo4 105 0.1 2.3 :\ ‘I~ 106 lo6 
0.01 7 .~ 105 4.7 ’ 104 3.8 .’ IO6 
0.02 8.3 .’ lo5 4.2 I 10” 4.6 .: lo6 
0.05 6.6 

,: 
1; 2.9 . 104 5.5 ‘. 106 

0.10 6.3 J 2.6 .’ IO’ 4 106 

Viable count/ml at 0 hr = 1.4 ‘.: 107. 
Penicillin concn. 5000 units/ml. 

TABLE 4. EFFECT OF ADDING 5000 UNITS/ML PENICILLIN 4 HR AFTER COMMENCEMENT OF 

INCUBATION AT 37 “C USING AN ORIGINAL INOCULUM OF 3.2 X 10’ VIABLE CELLS/ML 

MgS04.7H,0 
concn. 

( !’ w/v) I” 

0.005 
0.01 
0.05 
0.10 

Viable 
count/ml 

when penicillin 
added (i.e. 
after 4 hr 

37 C’C) 

2.8 .. IO’ 

9 i 10: 
8 : IO’ 

Continued incubation for 20 hr at 

I8 “C 37 ‘C 
-_____ 

Viable Viable 
cells/ml Spheres/ml cells/ml Spheres/ml 

-__- 
I.3 .i 106 3.2 .’ 106 c.106 
1.8 .I’ loj 9.4 :’ 106 9 -: 106 
4.3 :/ IO” 1.5 x 10’ 2.3 * 10: 
1.1 ‘I 106 3.8 i IO’* 4 IO” 2.9 \: 10’ 

* Difficult in several cases to distinguish spheroplasts and rods, thus count may be somewhat 
higher than it should be. 

DISCUSSION 

The induction of spheroplasts of E. coli by treatment of the organism with peni- 

cillin in synthetic media appears to depend on three factors: firstly, the presence of 

Mg2+ ions is essential not only for the growth of the organism in penicillin-free 
medium but also for the stability of the spheroplasts induced by penicillin action. 
The stability of spheroplasts in a conventional nutrient medium is known to depend 
partly on a readily available source of Mg2+ ions29 *, g which presumably stabilize the 
cytoplasmic membrane.lO The replacement of Mg2+ by Ca2+ gave similar results in 

nutrient broth (Lederbergs), and in this medium we have found it possible to replace 
Mg2+ and Ca2+ by Sr2+ and Ba2+. In our synthetic medium B, Mn2+. Be2+, Ca2+, Sr2 i- 
and Ba2+ gave precipitation and thus could not be used; secondly, the temperature of 
incubation plays an important part in the number of spheroplasts observed; thirdly, 
the stage of growth of the bacterial cells must be considered. Higher spheroplast yields 
could be obtained when the penicillin was added to cells which were in an active state 
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of cell division (Table 4) than when added to bacteria which had not previously 

been allowed to divide (Table 3). New cell wall material is presumably being built up 
at a rapid rate in the former case in comparison to thelatter system, and as the main 
antibacterial mechanism of penicillin action is to inhibit cell wall synthesis, it wouid be 
expected that the antibiotic exerts this effect on actively dividing cells more than on 
bacteria which had not been given the opportunity to divide before treatment with this 
substance. 

Spheroplasts of E. coli can be induced within the first 2 hr incubation at 37 “C in a 
conventional nutrient conversion medium,g which is far more rapid than in the syn- 
thetic media used in the present report, although the final conversion of rods into 
spheroplasts is of a similar order. It is of interest to record here the finding by Schwartz- 
man’l that the susceptibility of some Gram-negative bacteria towards penicillin was 
significantly greater in synthetic medium than in meat infusion broth. 
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