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Short Communication 

Combined action of polymyxin B and gramicidin Dubos on liposomes 
derived from phospholipids of E, coli 

G. RADmKRISHNA AND L. K. RAMACHANDRAN 
kpartment of Biochemistry, Osmania University, Hyderabad 500 007. 

hposomes derived from the total phospholipids of E coli NCL 8879 strain are susceptible to poly- 
myxin B. More pronounced disruption ocnvs in the presence of gramicidin Dubos. Gramicidin, at 
concentration levels which are ineffective against liposomes, potentiates the disruptive action of poly- 
wxin B on liposomes which contain glycine and chromate as markers. m e  enhancement by gramicidii 
of the antimembrane activity of polymyxin B is compared with the potentiation effect seen in vitro with 
in W cells. 
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I. Introduction 

The primary site of action of the polycationic peptide antibiotic polymyxin B is consi- 
dered to be the outer membrane of Gram-negative bacteria. Polymyxin is known to 
exert its antibiotic activity through interaction with phospholipids of the cellmembrane14. 
The in vitro interaction of the antibiotic with phospholipids suggest that blebs formed 
an the surface of polymyxin treated Gram-negative bacteria or vesicles which are revealed 
are complexes of polymyxin B and phospholipids present in the lipopolysaccharide 
moiety of the outer membrane5.6. Further, the vesicles formed stain for polysaccharides. 
They possibly consist of lipopolysacchari&s. Liposomes derived from the phmpho- 
Mi& of Gram-negative bacteria are disrupted by polymyxin B7-lo. Our e a r h  hdings 
of in v i v a  potentiation of the antibacterial activity of polymyxin B by gramicidill 
Du~os'' h a s  prompted us to examine the effect of gramicidin on liposome disruption by 
~olymy~in B. The abili$y of gramicidin Dubos to potentiate the. lytic action of P l y -  
myxi4 0 s  liposomes b s  Wome $videst. 
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. Experimental and results 

.la Prt.paration of E. coli total phospholipids 

'ospholipids were isolated by the method of Kanfer and Kennedyx, from E, 
NCL 8879) grown as below. The growth medium (pH 7.4) contained the fouowing 
omponents (par litre): Peptone 10 gm, ducose 5 gm, sodium chloride 5 gm, dipotab 
ium phosphate 4 gm, monopotassium phosphate 1 . 5  gm; and sodium deoxycho~ 
1.7 gm. Cultures were incubated at  37" for 24 hr. Growth of the bacterial cells wa5 

neasured turbidimetrically. 

Cultures were centrifuged and the cells were washed with saline. The cell pelletawere 
,uspmded in saline so as to have a cell density equivalent to 0 .5  optical density unit. 

suspensions, usually 100 ml, were treated with trichloroacetic acid to a final conen- 
ration of j per cent (w!v). The precipitate, collected by centrifugation, was suspended 
n methanol (24 ml) and warmed at 55" for 15 minutes i n  a tightly stoppered vessel. 
:hloroform (48 ml) was added to the cooled suspension and after vigorous shaking was 
il~owed to stand at  room temperature overnight. The suspension was filtered tkou& 
;lasswool and the filtrate was equilibrated against an equal volume of aqueous 2 M Kc1 
,y vigorous shaking. The chloroform phase was washed twice in similar fashion with 
2 M KC1 and finally with water. Phospholipids ware precipitated from this extract by 
adding ice cold acetone. Phospholipid isolated was preserved at -20D, after estimating 
:ontent in terms of phosphorus by the method of Fiske and Subbarowls. 

2 . 2 .  Preparation 6 liposomes 

Liposomes were prepared by the method described by Sessa et UP, and Sessa and Weis- 
m16. Phospholipids (100/1 moles phosphorus equivalent of phospholipid) were 
added in achloroform solution to a round bottomed flask. The solution was evaporated 
to get a uniformly thin layer. Swelling solution of 50 ml (0.04 M potassium chromate 
or glycine in 0.05 iM Tris-HC1 buffer, pH 7.4) was added and left overnight. After the 
lipid film was removed by gentle shaking, the suspension was disrupted by sonication 
using 150 W MSE sonicator, ior two minutes at 20 KC/sec. The liposome suspensiw 
was then dialysed against Tris-HC1 buffer (pH 7.4) containing 0.145 M NaCl to remove 
the untrapped marker. The dialysis was continued till no significant amount of marktr 
(chromate or glycine) could be detected in the dialysate so as to ensure the complete 
removal of untrappd marker. The h a 1  preparation of liposomes contained 24L2"Ip 
moles phosphorus phospholipid/ml. Chromate was estimated spectrophotometci~~ 
using its absorption maxima at  375 nm and glycine by the ninhydin method16. 

Stock solution of polymyxin B was prepared in Tris-HC1 buffer (pH 7.4) containhg 
0.145 M NaCI. Different concentrations. ranging from I .O &ml to 40 pg/ml,were 
added to one ml of the liposome suspension. The final volume of the assay was made 
up to 2 ml with Tris-HCl buffer. Another assay system was set up for polympxin B 
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,ial,,icidin combination, adding 10 /rg/ml of gra~nicidin in all the assay tubes containing 
klymyxin B. Lytic experinmts were also carried out with gramicidin alone (concentra- 
GOBS rang-ing from 10 t o  lCZ/nIi). Complete rebase of the marker was observed with 
Triton-X-lOO (10 per Cent, Vol/Vol). Thc suspensions were incubated a t  37" for 1 hour 

dialysed in small dialysis bags by putring them in 10 ml of I'ris-HCl buffer (pH 7 .$I 
,,t&ing 0.145 M NaQ. The integrity of control Iiposo~nes was checked by dialysis 
of suspension alone after incubation. 

The effects of polytlly~in B and pol~~nyxill  B -gramicidin combination on thedisrup 
rion of liposonxs containing chroniate and glycine as markers, are shown in Figs. 1 and 
2 polymyxin B accelerated the leakage of markers as the concentration was increased 
from 1 pg/ml to 20 /&d. I+is of l i p ~ ~ o l l l e ~  ahnost attained a plateau at higher con- 
mntrations of polyn~yxin H .  Gramicidin alone was ineffective in disrupting the iipo- 
soale suspension at levels of 10 p g / d  and 15 jlg/nxl. The leakage of chromate and glycine 
*as only 7-5 per cent even ac a higher gramicidin concentration of 30 pg/ml. 
[n glycine seq~iestered liposomes, the lyric action of polynlyxin R was increased from 
j6,50, 56,60, 66 and 70 per cenl to 50, 66, 70, 73, 73 and 76 per cenr at polymyxin B 
concentrations oT 5 ,  6, 7, X, 9 and 12 jlg/ml, respectively when 10 jcglml of grarnicidin 
nas present (Fig. 1). Under the same conditions. the leakage of chromatc was increased 
from 46, 52, 60, 63. and 66 per Gent to 62, 69. 70, 72, 74 and 76 per cent (Fig. 2). It is 

observed that potentiation by gralnicidin of release of markers from liposomes by 
polymyxin B is prominent only a t  concentralions of polymyxin R above 2 . 5  /rg/ml. 
Control lipnsome suspensions showed integrity for 8 hours. 

3. Discussion 

Phosphatidylethanolamine is an effective target site for polymyxin B in sensitire mem- 
branes4'ti7. The majority of Gram-negative bacteria are susceptible to polynlyxin B 
besuse of their high content of phosphatidylefianolamine, 80 per cent of total phospho- 
Ilpid in me,nbranes. Mcthylated ~?hosphatidylethanolamine. phosphatidylglycero1 and 
other phospholipid? make u p  thc remainder". Phosph tidylethanolamine. isolated from 
E. coli or egg yolk alone cannot swell in marker solutions to Form stablc liposomes. For 
this, addition OF 10 Lo 20 per cent cardiolipin or phosphatidylglycerol is reporkd as 
wxssary%". Membranes which contain phosphatidylethanolanl~ne as the mam 
component and a certain amount of acidic phospholipids such as cardiolipin and phos- 
phatidylglycerol are known to hc more susceptible to polymyxin BL. In our experience, 
phospholipids extracted from E. roll NCL 8879 strain exhibited appreciable swelling 
in 0.04 M marker solutions and formed stable liposonles after sonication and dialysis. 
Sdch liposomes also showed a high degree of lysis ill the prewnce of polymyxin B. It 
appears that phospholipids of the E. r o l i  NCL 8879 strain used by us are satisfactory 
for use in model systems. Maximum disruption (76 per cent) occurred in the presence 
of IOpg/ml of polylnyxin B. While such liposome suspensions am not alyected by 
gamicidin, the latter does potentiate the antinmnbrane activity of polpmyxin B (Figs. I 
and 2). The extent of potentiation observed (J6 per cent) is s d l ,  compared 
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FIGS. I and 2. Effect of polynlyxin B and pulymyxin B - gramicidi~l mixture on liposomes prep& 
from E. coli phospholipids. Relea~ed markers : Chromate (Fig. 1) and G l y d i  (Fig. 2). 0-4 
~olymyxin B ; A-A polymyxin B + gamicidin (10 pg/ml. 

to enhancements (15 fold) previously observed1' with in tact cells of E. coli. The greaw 
su~eptibility of in tact cells of E. coli to  the polymyxin B - gramicidin combination, 
relative to the liposomes, may be due to either the unique spatial organization of phospho. 
lipids on the in tact cell surface or the possession of suitable binding sites for the poten- 
tiating antibiotic, namely, gramicidin. Tt is known that bacteria sensitive to polyrnyx in 
B do possess the ability to bind gramicidinl'. 
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