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Some recently synthesized macrocyclic poly- 
ethers (crown ethers) [ 11, being able to form stable 
complexes with alkaline metal ions and to incorpo- 
rate in the lipid fraction of the cell membrane, have 
aroused considerable research interest in the field of 
biochemistry [2-4] . 1,4,7,10,13,16-hexaoxacyclo- 
octadecane (18crown-6) and 2,3,11 ,12dicyclohexyl- 
1,4,7,10,13,16-hexaoxacyclooctadecane (dicyclo- 
hexyl-18crown-6), two representatives of the group, 
have been shown to be highly toxic to mammals 
[l, 51. The toxicity, however, when tested in proka- 
ryotes, appears to be less severe and at sublethal 
concentrations crown ethers produce a growth lag 
and reduce the population size at the initial statio- 
nary phase [6], Both effects are crown ether concen- 
trationdependent. In brief, the crown ethers exhibit 
ionophoretic properties and behave very similarly to 
the natural ionophores, gramicidin, valinomycin, 
nigericin and monactin, by influencing the transport 
of monovalent cations across the cell membrane [3, 
7-101. In this letter, we report on our finding that 
the toxic effect of 18-crown-6 on Escherichia coli 
growth can be specifically reversed by potassium 
ion. 

Experimental 

Bacterial strain AW405, a derivative from 
Escherichia coli K12, was used [l I]. 18crown-6 
was purchased from Sigma and was used without 
further purification. Other chemicals used were of 
analytical grade. All glasswares were rinsed twice with 
glass distilled water and sterilized where necessary. 

An amount of twenty millilitres of sterile 1% 
tryptone broth (Difco) containing either (i) 18- 
crown-6 alone or (ii) 18crown-6 plus sodium chloride 
(at two final sodium ion concentrations: 2 X 10-l 
M and 4 X 10-l M) or (iii) 18crown-6 plus 
potassium chloride (also at final concentrations equiv- 
alent to their sodium counterparts) or (iv) no extra 
chemical addition, was aseptically dispersed into a 
series of optically matched, sterile Klett flasks 
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Fig. 1. Effect of 1 l-crown+ and cations on bacterial growth. 
Growth curves of E. coli in (Q) tryptone broth alone, and in 
tryptone broth supplemented with (*) 18crownb, (0) 18- 
crown-6 plus 0.2 M NaCl, (+) 18crownJ5 plus 0.4 M NaCi, 
(D) 18-crownd plus 0.2 M KCl and (A) 18crown-6 plus 0.4 
M KCl. 

(screwcapped flask with side arm attachment for 
spectrophotometric measurement). The concentra- 
tion of 18crown-6 used was lo* M. To each flask, 
approximately 0.1 ml aliquot of a tryptone broth 
containing healthily grown, early logarithmic phase 
culture of Escherkhia coli was added so that the 
inoculated media contained about lo6 viable cells 
per ml. Usually the initial optical density reading at 
590 nm read below 0.02. All flasks were then incu- 
bated at 37 “c in a gyrotory water bath shaker (model 
G76, New Brunswick Scientific). Absorbances were 
measured at intervals of 20 minutes using a Spectro- 
nit-70 (Bausch and Lomb) calorimeter. Sterile 
tryptone broth served as the blank. 

Results 

The presence of sublethal level of crown ether in 
the growth medium affected the three phases in the 
growth curve: an appearance of a lag period, a 
decrease in the slope at the logarithmic phase and an 
early development of the initial stationary phase at 
a lower microbial population as shown in Fig. 1. Of 
these changes, the effect on the logarithmic phase 
slope is in general less severe and was found to be 
insignificant at slightly lower 18crown-6 concentra- 
tions [6]. Since tryptone broth at the culture concen- 
tration contained 7.5 X lo4 M potassium and 1.2 X 
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lo* M sodium, the addition of monovalent cation 
in the range of 10-l M will overwhelm the back- 
ground cationic effect. As shown in the figure, the 
growth curves of cultures containing l&crown-6 
supplemented with potassium and sodium salts 
respectively fell into two groups. Those with potas- 
sium resembled the original noncrown ether growth 
profile and those with soidum still left the crown 
ether toxic effect unshadowed. The effect of two 
doses of sodium on the lag further indicated that 
higher sodium content does not reduce the lag. 
To avoid complication due to high osmolarity the 
highest ion concentration attempted was limited to 
0.4 M. 

Discussion 

In a simple synthetic system, crown ether distri- 
butes mainly in the organic phase [12] . It has 
also been shown by solvent extraction studies that 
both free and complex forms essentially stay in 
the organic phase [12, 131. In bacterial culture, 
it is most likely that the crown ethers are trapped 
predominantly in the membranous fraction of the 
bacteria, either in the free or in the complex form. 
An addition of potassium will not remove the 
trapped crown ether from the membrane and that 
reduction of toxicity by potassium ion should not 
be interpreted as a dissociation of the crown ether 
from the membrane by complexing with potas- 
sium. Apparently, this effect of potassium in releas- 
ing the l&crown-6 toxicity can be stemmed from 
either that the toxic, free crown ether has been 
converted to its harmless complex form, or that the 
addition of potassium has replenished the intra- 
cellular potassium content that had leaked out due to 
the incorporation of ionophoretic 18crown-6. 

toxicity. A bacterium in the lag phase has high potas- 
sium but low sodium content intracellularly [ 141. 
Since the incorporation of antibiotic ionophores led 
to a rapid loss of the monovalent cation gradient by 
exchanging with the external medium [9], the potas- 
sium specific effect thus observed leads to the possibi- 
lity that a critical minimal intracellular potassium 
concentration has to be established prior to the 
logarithmic phase growth. In Streptococcus faecalis, 
an Inhibition of growth by natural antibiotics has 
been shown to be reversed by excess potassium addi- 
tion [8, 91. In E. coli cultures containing sublethal 
level of crown ether and insufficient potassium ion, 
a process to compensate for the ionophoretic effect, 
such as an activation of the potassium active trans- 
port system, is needed for growth. As stationary 
grown E. colt’ contains lower potassium content than 
those in the logarithmic phase [14], a potassium 
concentration shift parallel to a shift in the growth 
phase may then suggest a possible role played by this 
ion in the triggering of logarithmic growth. Further 
work towards the understanding of this mechanism 
is in progress. 
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