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SUMMARY 

The cyclicdepsipeptide serratamolide was isolated from Serratia marcescens in 
pure form and its action in ion movement  examined. At a concentration of 10 #g/ml, 
serratamolide increased significantly the rate of movement  of  K + and H + across the 
membrane of Staphylococcus aureus without causing leakage of "260 nm-absorbing 
products".  At this concentration, serratamolide neither altered membrane permeabi- 
lity nor inhibited cell growth. It  also exhibited similar behaviour on "black" lipid 
bilayer membranes. 

Many naturally occurring cyclicdepsipeptides and some synthetic analogues 
exhibit an appreciable cation specificity in biomembrane t r anspor (  -7. Our prelimi- 
nary investigations have indicated that a group of cyclicdepsipeptides from Serratia 
mareescens 8, markedly increases the loss o f K  + and the rate of penetration of protons 
across the bacterial membranes (Staphyloccoccus aureus) while at the same time 
having little effect on the leakage of "260 nm-absorbing materials". This possibility 
of  a new natural K + carrier with a relative simple structure, prompted the attempt 
to purify completely the cyclicdepsipeptide, serratamolide and further confirm the 
results with a chemically defined material on intact bacterial cells and artificial mem- 
branes. 

All at tempts to purify the analogues of serratamolide occurring in strain NTCC 
1377 from each other, resulted in extremely low yields 8. However, a mutant was 
generated with a mutagen, ethyl methyl sulphonate 9 from strain NTCC 1377 which 
appeared to produce only one isomeric form of cyclicdepsipeptide. This product 
was isolated and characterized as outlined below, and examined for ionophoric acti- 
vity as described in the latter part  of this report.  

S. marcescens (red pigmented strain NTCC 1377) was treated with mutagen 
ethyl methyl sulphonate 9. A pale pink mutant  (No. 7), whose pigment proved to be 
indistinguishable from prodigiosin, was isolated by repeated subculturing of a single 
colony. This mutant  was maintained on peptone-glycerol agar slopes and grown on 
a large scale using the same medium in stainless steel trays (24 inches× 18 inches 
× 0.5 inch) with matching lids. Cells were harvested after 3 days by scraping the agar 
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gel surface with a spatula, washed with distilled water and lyophylised. The lipid 
containing cyclicdepsipeptide fraction was extracted with acetone and purified by 
passage through Sephadex as described earlier 8. Thin-layer chromatographic analysis 
in chloroform-methanol-water (65 : 25: 4, by vol.); chloroform-mehatnol-7 M am- 
monia (65 : 25 : 4, by vol.); and chloroform-methanol-acetic acid-water (65 : 25 : 1 : 3, 
by vol.) revealed only one cyclicdepsipeptide band in contrast to the multiple bands 
as observed previously 8. This band was purified by preparative thin-layer chromato- 
graphy on 40 cm × 20 cm plates, coated with Silica gel HR (E. Merck) using chloro- 
form-methanol 7 M ammonia solvent and final filtration 12 through Sephadex G-25. 
Recrystallization from 95% ethanol gave white crystalline needles (m.p. 145-146 °C 
uncorrected, on Kofler hot stage). 

The crystalline product was hydrolysed with 10 M HC1 at 100 °C for 30 min 
(to liberate the hydroxy fatty acids). The hydrolysate was extracted with diethylether 
and lipid fraction was methylated with 14% boron trifluoride in methanol 1°. Gas-  
liquid chromatography on a Packard Model 7508 having an electronic integrator, 
on both polar (25% DEGS-2% phosphoric acid on 100-120 mesh Gas Chrom Q) 
and nonpolar (Apiezon-L) columns showed by comparison with authentic standards, 
that the material consisted of more than 98% fl-hydroxydecanoic acid, whereas a 
purified cyclicdepsipeptide from strain NTCC 1377 contained 84% fl-hydroxydeca- 
noic and 14% fl-hydroxydodecanoic fatty acids. Mass spectral analysis (A.E.I. MS- 
902) gave an ion of highest m/e 514 (calcd mol.wt for a cyclicdepsipeptide containing 
2 serine+2 fl-hydroxydecanoic acid residues=514). NMR (Varian HA-100)and 
infrared (Perkin-Elmer 221) spectra were characteristic of the cyclicdepsipeptide 
structure of serratamolide 11,13,14 (Fig. 1). 

The actions of serratamolide on suspensions of S. aureus strain Duncan were 
studied by methods previously described: the organism was grown, washed and made 
up at an initial density of  10.0 mg dry weight/ml in 0.01 M Tris-HCl or phosphate 
buffer, pH 7.5 (ref. 15); the release of K + was followed by means of a K+-sensitive 
electrode with the suspension diluted to 2.0 mg dry weight/ml in 0.03 M Tris-HCl, 
pH 7.5 (ref. 16); the uptake of H + was followed with a pH microelectrode with cells 
suspended at 2.0 mg/ml in 2 mM sodium phosphate initially adjusted to pH 5.0 and 
containing 0.03 M NaC1 and 6 mM iodoacetamidet6; the uptake of 14C-labelled 
glutamate (2 mM, specific activity 1.93 Ci/mole) or lysine (2 raM, specific activity 
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Fig. 1. Structure of serratamolide. 
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TABLE I 

ACTIONS OF SERRATAMOLIDE ON S. A U R E U S  AT 20°C 

IIg s e r r a t a m o l i d e / m l  Cells he ld  

- -  -- 15 min  at 
0 5 10 15 100 °C  

K + release 
(nequiv/min per 2.0 mg cells) 4.5 11.5 5 I 

H + uptake 
(nequiv/min per 2.0 mg cells) 8 10 20 

260 nm-absorbing release 
per 30 min per 2.0 mg cells 0.68 - 0.65 0.72 

Glutamate uptake 
(cpm/15 min per 0.2 mg cells) 1644 - - 2008 1364 

Lysin uptake 
(cpm/15 min per 0.2 mg cells) 712 ~ 1031 1120 

2.27 

3.84 Ci/mole) was studied with cells supended at 0.4 mg dry weight/ml in 0.1 M phos- 
phate buffer, pH  7.5, containing 0.5% (final concentrat ion,  w/v) glucose and 30 ,ug 
chloramphenicol/m117. The release of  "260 nm-absorbing substances" was studied by 
suspending cells at 2.0 mg dry weight/ml in 0.01 M phosphate  buffer, pH  7.5; after 
30 min, the cels were centrifuged and the absorbance of  the supernatant  measured at 
260 nm. The total available "260 nm-absorbing material"  was obtained by holding 
one sample of  suspension at 100 °C for 15 rain before centrifuging the cells. All 
experiments were carried out  at room temperature  (20 °C). Serratamolide was made 
up at 1 mg/ml in ethanol  and diluted as shown in Table I;  an equivalent volume of  
e thanol  was added to each control.  

Table I summarises the results obtained. At a final concentrat ion of  10 #g/ml,  
serratamolide markedly increased the rate of  movement  of  K + and H + across the 
membrane  of  cells suspended at 2.0 mg/ml. At this concentrat ion serratamolide had 
no effect on the rate o f  leakage of  "260 nm-absorbing substances" f rom the cells 
nor  any inhibitory action on the uptake of  glutamate or lysine by cells at a density of  
0.4 mg/ml.  Serratamolide at 30/zg/ml inhibited the growth of  S. aureus Duncan  from 
an inoculum of  106 cells/ml. The action on cation t ransport  therefore occurred at a 
concentra t ion well below that  which affected growth, or inhibited active t ransport  of  
amino acids or produced such alteration of  membrane permeabili ty as would allow 
loss of  nucleic acid precursors f rom inside the cells. 

The influence of  serratamolide on the conductance of  "b lack"  lipid bilayer 
membranes  was also examined. The apparatus and techniques used were essentially 
those described previously 18. The bilayer membranes  were formed from solutions in 
n-decane of  egg yolk phosphatidyl  choline, phosphatidyl  chol ine+choles terol ,  gly- 
ceryl monooleate,  and f rom a solution in n-hexadecane of  glyceryl monooleate  19. 
The serratamolide was added in ethanol  solution (approx. 16 mg/ml) to either the 
the lipid phase or to the aqueous solution and, in some instances, to both. For all 
experiments the temperature was 2 0 +  1 °C. 

In the presence of  serratamolide the lipid membranes  tended to become un- 
stable and, for this reason, the concentrat ions given below were the highest that  
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could  be used. The backg round  specific conductance  of  the membranes  in 0.1 M KC1 
(pH approx.  5.8) and  in the e thanol  concent ra t ions  p roduced  by the add i t ion  of  the 
se r ra tamol ide ,  was approx .  10-8,(2-1. cm-2 .  Wi th  se r ra tamol ide  ini t ia l ly  at 0.6 mg/ml  
in the l ip id  and 23 #g /ml  in the aqueous  so lu t ion  the specific conductance  often rose 
to approx.  10-sY2-1.cm - z  but  it  is poss ible  tha t  the ion leakages  which somet imes  
develop jus t  p r io r  to the b reakage  of  the membrane  may  have con t r ibu ted  to this 
increase. The results  were very s imi lar  for  the var ious  types of  membrane  and were 
not  s ignif icant ly dependen t  on the hydrogen  ion concen t ra t ion  between pH 7.0 and 
p H  3.0. Lower  concent ra t ions  of  se r ra t amol ide  gave p r o p o r t i o n a t e l y  lower conduc-  
tances.  Due to the uncer ta in  origin of  the conductance ,  and to the ins tab i l i ty  of  the  
re la t ively highly conduc t ing  membranes ,  it  was not  considered prof i table  to a t t empt  
ion select ivi ty measurements .  The da ta  suggest nevertheless that  in KC1 solut ion,  
se r ra tamol ide  does induce some conduc tance  in l ipid membranes  which is not  ent i rely 
a consequence of  impend ing  breakage.  The act iv i ty  of  se r ra tamol ide  seems, however,  
to be at  least  103 t imes  smal ler  than  tha t  of  nonact in .  
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