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N-Methyl-N-D-fructosyl-amphotericin B methyl ester (MFAME) is a new derivative of

amphotericin B, which is characterised by low toxicity to mammalian cells and good

solubility in water of its salts. The antifungal activity and effects of MFAME towards

Candida albicans and Saccharomyces cerevisiae multidrug resistant MDR(+) and

sensitive MDR(–) strains was compared with those of parent compound. The results

obtained indicate that MDR(+) S. cerevisiae was sensitive to MFAME as well as to

AMB. MFAME exhibited the same effects on fungal cells studied as parent antibiotic.

The two antibiotics, depending on the dose applied induced cell stimulation, K
+

efflux,

and/or had a toxic effect.

The major problem in antifungal chemother-

apy is the lack of an effective and nontoxic

drug for the treatment of systemic fungal in-

fections. In the recent years a new threat
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emerged due to the appearance of multidrug

resistant (MDR) fungal strains [1].

The polyene macrolide antibiotic ampho-

tericin B (AMB) still remains the drug of

choice in the clinical treatment of systemic

mycoses. The main advantage of this drug is

its broad antifungal spectrum and low fre-

quency of clinical occurrence of fungal strains

with developed specific resistance towards

this compound. However, the low selective

toxicity and poor water solubility seriously re-

strict clinical application of AMB.

Many efforts have been devoted to improve-

ment of the pharmacological properties of

AMB. This aim was only partially achieved by

the development of new delivery systems [2].

A rational chemical modification of AMB

seemed to be the most appropriate way to

reach the goal. Strategy of designing modified

AMB of low toxicity [3] and good water solu-

bility [4], developed in our laboratory [5], led

to the synthesis of a series of sterically hin-

dered AMB derivatives. Perhaps the most in-

teresting compound of this group is N-methyl-

N-D-fructosyl amphotericin B methyl ester

(MFAME) [6] (Fig. 1). This compound forms

perfectly water soluble salts, and retains the

broad antifungal spectrum and potency of

parent antibiotic. At the same time, in com-

parison with AMB it exhibits two orders of

magnitude lower toxicity towards animal cells

in vitro [7] and in vivo [6].

The mechanism of action of AMB is very

complex and, in spite of intensive studies, still

not completely understood [8]. Effects in-

duced in fungal and mammalian cells by AMB

are dependent on many factors such as: the

antibiotic concentration, medium composi-

tion and other experimental conditions. The

primary site of action of AMB is the cell mem-

brane of sterol containing cells. The molecular

basis of selective toxicity of AMB is it’s higher

affinity towards ergosterol (main sterol pres-

ent in the fungal cell membrane) than to cho-

lesterol (the principal sterol of mammalian

cell membrane). The drug forms complexes

with membrane sterols which associate into

transmembrane channels through which free

diffusion of many components essential for

cell life occurs, leading to cell growth inhibi-

tion (cytostatic effect) or cell death (cytotoxic

effect) [8].

Membrane permeabilization induced by

AMB and by other polyene macrolides not al-

ways leads to a toxic effect. Moreover, in

proper medium and experimental conditions,

reversibility of the membrane damage was ob-

served for fungal as well as mammalian cells
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Figure 1. Structure of AMB (a) and

MFAME (b).
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[9–11]. In cells treated with AMB in subper-

meabilizing concentration, several cellular

functions were stimulated [12, 13]. Neverthe-

less, the molecular mechanism of action of

MFAME is, as yet, very little known and is un-

der investigation in our laboratory.

In this report we present comparative stud-

ies on the conditions in which: stimulation,

permeabilization and toxic effect occur upon

the action of AMB and MFAME on MDR(+)

and MDR(–) fungal strains. The effect of AMB

on multidrug resistant fungal strains so far,

has not been extensively studied. It should be

stressed that the ability of an antifungal agent

to overcome the multidrug resistance is of pri-

mary importance, and the newly developed

drug should be characterised with respect to

this property.

MATERIALS AND METHODS

Cells and media. Strains: C. albicans

ATCC 10261 was grown at 30°C in a medium

containing: 1% bacto pepton (Difco), 2% glu-

cose. Auxotrophic mutants: S. cerevisiae JG

436 MDR(–) was grown at 30°C in a medium

containing 1.7% YNB v/o amino-acids (Difco),

2% glucose, supplemented with methionine 20

�g/ml, leucine 40 �g/ml, and uracil 30 �g/ml;

S. cerevisiae PS 12-4 MDR(+) with cloned

CDR1 multidrug resistance gene from C.

albicans, was grown at 30°C in a medium con-

taining 1.7% YNB v/o amino-acids, 2% glu-

cose, supplemented with methionine 20

�g/ml, leucine 40 �g/ml.

For MIC and MFC determination these me-

dia were supplemented with 0.1 M KCl or 0.1

M NaCl, respectively.

Polyene antibiotics. MFAME was synthe-

sized in the Department of Pharmaceutical

Technology and Biochemistry at the Techni-

cal University of Gdañsk. AMB was from

Sigma. Purity of substances was determined

spectrophotometrically (A
1%

1 cm
= 1600 at 382

nm for AMB and A
1%

1 cm
= 1100 at 382 nm for

MFAME-L-Asp). All concentrations given in

the text are calculated for 100% pure com-

pounds. The stock solutions of polyene macro-

lides (1 mg/ml) were prepared in dimethyl

sulfoxide (Me2SO) (Sigma) just before use.

Determination of minimal inhibitory

concentration (MIC) and minimal fungi-

cidal concentration (MFC) of the antibiot-

ics. MIC was determined by the serial dilution

method in proper (cf. Cells and media) liquid

medium containing 0.1 M NaCl or 0.1 M KCl.

Serial two-fold drug dilutions were prepared

in Me2SO. 10 �l of the proper antibiotic solu-

tion was added to 2 ml of cell suspension con-

taining 105 cells/ml (A660 0.01). The lowest

concentration of the antibiotic yielding no

growth in liquid medium after 18 h of incuba-

tion at 30°C was defined as MIC.

For MFC determination 10 �l aliquots taken

from samples in which cell growth was inhib-

ited were plated on the proper solid agar me-

dia containing 0.1 M NaCl or 0.1 M KCl. The

lowest antibiotic concentration in which no

cell colonies were observed after 48 h of incu-

bation at 30°C was defind as MFC.

Determination of stimulatory effect. Cells

from 18 h culture in liquid medium at 30°C

were transferred to fresh medium and ex-

posed to the assayed compound for 1 h at 30°C

with shaking. Then cell suspension was di-

luted with distilled sterile water and plated on

proper solid medium. After 48 h of incubation

at 30°C colonies were counted. Stimulatory ef-

fect was expressed as increase in colony form-

ing units (c.f.u.) in comparison to untreated

cells.

Determination of K
+

efflux. K+ efflux was

recorded with K+ sensitive electrode (Radiome-

ter Copenhagen) introduced to cell suspension.

Cells from 16 h cultures were harvested by

centrifiguration and washed with cold 0.9%

NaCl. Cells were resuspended in 0.9% NaCl at

concentration 108 cells/ml (A660 1.0) and then

antibiotic was added. Potassium released was
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expressed as a percentage of that obtained for

the boiled control cell suspension.

RESULTS

Stimulation

The purpose of this experiment was to exam-

ine if AMB and its new derivative MFAME in

subpermeabilizing concentration induce cell’s

growth stimulation. Determinations have

been done for C. albicans ATCC 10261, S. cere-

visiae JG 436 MDR(–) and S. cerevisiae PS

12-4 MDR(+) (Fig. 2a and 2b, respectively).

Stimulatory effect was observed for all strains

studied and both antibiotics in concentrations

below those leading to the permeabilizing ef-

fect. Maximal c.f.u. increase was in the range

18–30%. Stimulatory concentration ranges

were narrow in the case of C. albicans and

wider for S. cerevisiae MDR(+) and MDR(–)

strains. Maximal stimulatory effect in C.

albicans was observed at the same concentra-

tion of the two antibiotics, whereas for S.

cerevisiae MDR(+) and MDR(–) higher concen-

tration of MFAME than of AMB was required

(Table 1).

Permeabilization

The membrane permeability alteration in-

duced by AMB and MFAME in the strains

studied were measured by following K+ efflux.

The time course of K+ release from C. albi-

cans, S. cerevisiae MDR(–) and MDR(+) in-

duced by AMB and MFAME are shown in

Fig. 3a and 3b. Both antibiotics induced K+

efflux from all strains studied, but the strains

differed in sensitivity. Potassium leak was ob-

served above threshold concentration, which

was 0.01 �g/ml in the case of C. albicans, and

above 0.1 �g/ml for both strains of S. cere-

visiae. The rate and extent of K+ release were

strongly dependent on antibiotics concentra-

tion. The experiments with C. albicans indi-

cated that the fungicidal effect of either antibi-

otics was dependent on intracellular potas-

sium level (Table 2). Cells were killed in one

hour by antibiotic concentration causing al-

most 100% of K+ efflux (AMB 1 and 5 �g/ml,

MFAME 5 �g/ml) whereas with MFAME in

concentration 1 �g/ml, at which after 1 h of

incubation potassium efflux was not com-

plete, 25% of the cells in suspension remained

alive and able to form colonies.

Toxic effect

The purpose of this experiment was to com-

pare sensitivity of MDR(+) and MDR(–) fun-
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Figure 2. Effect of AMB (a) and MFAME (b) on the

number of colonies formed by Candida albicans,

Saccharomyces cerevisiae MDR(+) and MDR(–)

on solid medium.

After 1 h of incubation with the antibiotic at 30°C cell

suspension was properly diluted with distilled water

and plated on solid medium. After 48 h of incubation at

30°C colonies were counted. Stimulatory effect was ex-

pressed as increase in colony forming units (c.f.u) in

comparison to untreated cells.



gal strains to AMB and MFAME, and to estab-

lish if antibiotic action is fungistatic or fungi-

cidal. The influence of Na+ and K+ in the me-

dium on antibiotic activity has been also exam-

ined. Results presented in Table 3 indicate that:

antifungal effectivity of MFAME towards all

three strains studied was almost the same as of

that of the parent antibiotic. Both compounds

were fungicidal, and MFC was only 2–5 fold

higher than MIC. Presence of K+ in the medium

had no significant influence on cell sensivity to

either antibiotic.

DISCUSSION

The purpose of our work was: 1) to compare

the mode of action of MFAME and AMB on fun-

gal cells, 2) to examine if AMB and the deriva-

tive are active against MDR(+) fungal strain.

MFAME is a rationally designed AMB deriva-

tive with improved pharmacological properties.

Salts of this compound with organic and in-

organic acids are perfectly soluble in water.

The compound retains the antifungal activ-

ity of parent antibiotic but is characterised

by two orders of magnitude lower toxicity

against animal cells in in vitro experiments

[7], and exhibits, in mice, acute LD50 400

mg/kg as compared to 6 mg/kg for AMB [6].

These data suggest that the mechanisms of

action of MFAME and AMB might be differ-

ent. Our studies were carried out on patho-

genic C. albicans ATCC 10261 and S.

cerevisiae sensitive and with cloned multi-

drug resistance gene CDR1 from C. albicans.

In this report the comparative studies on

permeabilizing, fungistatic, fungicidal, and

cell stimulatory effects induced by the two

compounds in fungal cells are presented.

Our results indicate that action of

MFAME, like that of AMB, is pleiotropic and

causes in fungal cells several physiological

effects distinguishable by their dose re-
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Table 1. Comparison of the stimulatory effect induced by MFAME and AMB on fungal cells

Strains Compounds
Concentration

(�g/ml)
Max. c.f.u. increase

(%)

Candida albicans ATCC
10261

AMB 0.005 18

MFAME 0.006 20

Saccharomyces cerevisiae
JG 436 MDR(-)

AMB 0.01 22

MFAME 0.05 25

Saccharomyces cerevisiae
PS 12-4 MDR(+)

AMB 0.05 30

MFAME 0.1 30

Table 2. Correlation of antifungal effect of AMB and MFAME with the extent of intracellular potas-

sium loss

Strain Compound
Concentration

(�g/ml)
*Viable cells

(% of control)

AMB 1.0 0.066

Candida albicans AMB 5.0 0.066

ATCC 10261 MFAME 1.0 25.8

MFAME 5.0 0.070



sponse. In low doses, which do not cause de-

tectable K+ efflux, MFAME induced cell stimu-

lation expressed as an inrease in the number

of colony-forming units in all three strains

studied. Stimulatory action of MFAME and

AMB was similar and was observed both in

MDR(+) and MDR(–) strain. The mechanism

of this phenomenon, described previously for

AMB and C. albicans [12], is not clear but is at-

tributed to an increase in plating efficiency. It

was postulated that this was probably caused

by AMB binding to fatty acids of the fungal

cell wall. Such an explanation was based on

similar results obtained for another

antifungal drug, miconazol, for which an in-

crease in plating efficiency was observed and

was ascribed to its interaction with cell wall

fatty acids. Stimulatory effect of AMB was

also described for animal cells and bacteria

[13, 14]. In mouse L cells, AMB at

subpermeabilizing and subtoxic doses in-

creased plating efficiency and stimulated the

incorporation of precursors into DNA and

RNA. Even very high doses of AMB are non-

toxic for bacteria. However, in Escherichia coli

a strong increase in colony forming ability

was induced by AMB and MFAME. This ob-

servation seems to confirm that cell stimula-

tion induced by AMB is not related to

polyene–sterol interaction [14] as bacterial

cell membrane is devoid of sterols.

Changes in membrane permeability are eas-

ily detected by K+ leakage. For all strains stud-

ied and both compounds, rate and extent of

K+ release were strongly concentration de-

pendent. Results obtained for C. albicans

proved that the level of K+ efflux influenced

cell viability. We have found that MFAME as

well as AMB exhibits fungicidal activity

against MDR(+) and MDR(–) fungal strains in

a concentration not much higher than mini-

mal inhibitory concentration and presence of

potassium ion in a medium had no significant

influence on sensitivity of any of the strains

studied. It has to be stressed that cytotoxic ac-

tion is a very much desired feature of the

antifungal drug especially in consideration of

it’s clinical application for immunocompro-

mised hosts.

The mechanism of toxic effect of AMB still

remains unexplained. Some authors sug-

gested that disturbance of the membrane per-

meability is not sufficient to induce toxic ef-

fect [16, 17]. The membrane lipids peroxi-

dation was considered to be an additional fac-

tor, responsible for cell killing. In another

work [18] relationship between the drug con-

centration dependent rate of K+ release and
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Figure 3. Kinetics of K
+

efflux from Candida

albicans ATCC 10261 (a) and Saccharomyces

cerevisiae MDR(+) and MDR(–) (b) induced by

AMB and MFAME.

Cells were suspended in 0.9 % NaCl at concentration

10
8

cells/ml (A660 1.0) and the antibiotic was added.

K
+

efflux was followed with K
+

sensitive electrode. Po-

tassium released is expressed as a percentage of total

potassium on the basis of boiled cell determinations.



the concentration dependent rate of killing

has been demonstrated.

Comparative studies of AMB and its deriva-

tive of low toxicity, MFAME, have evidenced

that both compounds induce in fungal organ-

isms comparable stimulatory, permeabilizing

and fungicidal effects. These effects concern

also multidrug resistant MDR(+) fungal strain

examined. It is worth noting that the modifi-

cation of AMB into MFAME did not abolish

the essential property of AMB, i.e. the ability

of the drug to overcome the multidrug resis-

tance.
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