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Yeasts
• Candida albicans
• Non-albicans Candida spp.
• Cryptococcus neoformans, C. gatti
• Trichosporon spp., etc.
Molds
• Hyaline molds – Aspergillus spp., Fusarium spp. 
• Dematiaceous mold – Scedosporium spp., etc
• Dimorphic Fungi – Histoplasma capsulatum, etc.
• Dermatophytes – Trichophyton spp., etc.
• Zygomycetes – Rhizopus oryzae, etc.

Fungal Infections
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Antifungal Agents- Sites of action

Echinocandins
Inhibit fungal cell wall
biosynthesis

Griseofulvin
Inhibits mitotic
spindle formation
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Polyene Macrolide Antibiotics

Kotler-Brajtburg J, et al. 1979. Antimicrobial Agents Chemothera. 15 (5): 716-722
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Polyene Antifungal Agents
Interact with ergosterol in the fungal cell membrane 
and form pores 

Polyenes related macrolide antibiotics with the large 
lactone ring but have lipophilic (a chromophore of 4-7 
conjugated double bonds) and hyrophilic side (several 
alcohols, acids and usually a sugar).  

Conjugated double bonds correlates with antifungal 
activity in vitro and inversely with the degree of toxicity to 
mammalian cells.  

•Amphotericin B
•Nystatin
• (Natamycin) Pimaricin
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Mechanism of Action of Polyenes
 Polyenes bind to fungal membrane sterols  
 Polyenes have a high affinity for ergosterol
 They insert into the membrane and disrupt membrane 

function  Then membranes become leaky 
 Ergosterol is not present in mammalian membranes  
 Recent thinking is that the polyenes form small 

transmembrane pores that allow K to leak through
 The polyenes are fungicidal as they kill the fungi
 Polyenes can bind to cholesterol (present in mammalian cell 

membrane)
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 Polyene antibiotic
 Produced by Streptomyces nodosus
 Discovered in 1956 
 For 30 years the main available drug to control serious fungal 

infections. 
 It is indicated for treatment of severe, potentially life 

threatening fungal infections. 
 It must be given IV and is toxic (due to nonselective action on 

cholesterol in mammalian cell membranes) 
 Serious fungal infections involve long therapy
 Resistance is due to lower production of membrane sterols or 

altered sterols, but is relatively rare at present
 Target modification and reduced access to target are other 

mechanisms of resistance.
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 Isolated from streptomyces noursei in 1951
 Conjugated tetraene polyene
 First clinically useful polyene antifungal antibiotic  
 Available in oral tablets, powder for suspension, vaginal 

tablets, pastilles  
 This polyene is used for local therapy only (not absorbed)
 For gut Candidiasis, and in a "swish and swallow" routine 

for oral Candidiasis 
 No significant adverse effects with these uses
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 Polyene antibiotic obtained from cultures of 
Streptomyces natalensis

 Structures consists of 26-membered lactone instead of 
the 38 for Nystatin and Amphotericin B

 The 26-membered polyenes cause both K leakage and 
cell lysis at same concentration.  

 Natamycin supplied as a 5% ophthalmic suspension 
intended for the treatment of fungal conjunctivitis, 
blepharitis and keratitis

Natamycin
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Lipid formulations of polyenes 
Lipid-based formulations of the polyene macrolide amphotericin 
B 
Improving efficacy in invasive fungal infections
•Amphotericin B

–The most widely used antifungal for systemic infections
–High level of toxicity

•Nystatin 
–Significant nephrotoxicity
–Has not been developed to treat systemic fungal infections 
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Lipid formulations of polyenes
– Improve the therapeutic index for polyene 

macrolides 
– AmB lipid complex
– AmB colloidal dispersion
– Liposomal amphotericin B

• invasive fungal infections in patients 
refractory or intolerant to standard AmB 

– Liposomal nystatin
• phase III clinical trials 
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Lipid formulations of polyenes
• Advantages

– Broad spectrum 
• Candida spp.
• Cryptococcus neoformans
• Aspergillus spp.

– Less toxicity in vivo 
• Disadvantages

– Increased cost
– Not active for dermatophyte infections 
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F. Lanternier & O. Lortholary. Clin Microbiol Infect 2008; 14 (Suppl. 4): 71–83. 
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Candicidin
•Aromatic polyene – heptaene antibiotic

•Produced by Streptomyces griseus IMRU 3570

•First described by Lechevalier et al in 1953; named as C135

•Strong activity against Candida species

•Was used to treat vaginal candidiasis & prostatic hyperplasia

•Not used today due to less solubility and high toxicity

Gil JA & Campelo-Diez AB. 2003. Appl Microbiol Biotechnol. 60: 633-642.
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Filipin
A polyene macrolide 
compound

Isolated by scientist (Upjohn 
company) in 1955 from 
Streptomyces filipinensis, 

In a soil sample collected in 
the Philippine Islands, hence 
the name Filipin. 

Has potent antifungal activity

Toxic, not used in humans, 
however used in food spoilage 
and crop infection
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•Partricin, SPA-S-132 produced by Streptomyces 
aureofaciens (NRRL 3878) 
•Macrolides similar to amphotericin
•Partricin is very active against fungi and protozoa: minimum
•inhibitory concentrations (MIC) on Candida albicans
•were about 0.2 µg/ml. 
•It is tolerated by oral route, but is very toxic in mice (IV) and 
shows a high hemolytic activity
•To improve the biological properties of partricin, methyl ester 
was prepared 
• Currently used in the treatment of chronic prostatitis, 
vaginitis

Mepartricin (methyl ester partricin)

H. Lechevalier, E. Borowski, J. O. Lampen and C. P. Schaffner. 1961. 
Antibiotics Chemother. 17, 640
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Trichomycin
•Heptaene macrolide, a potent and clinically useful antifungal 
drug
•Isolated from Streptomyces hachijoensis
•Two components, trichomycins A and B

Komori T, Morimoto Y. 1990. The J Antibiotics. XLIII;7: 904-906
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Newer Polyenes

BE-14106

S44HP

SJA-95

SPK-843

TPU-0043

YS-822A
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BE-14106
Macrocyclic lactam antibiotic 

While screening for antitumor substances from soil 
samples collected in Shiroyama-cho, Mie Prefecture, Japan 

From Streptomyces spheroides.

Inhibited the growth of murine leukemia cell line

Also exhibited antimicrobial activity

Toxic to use in humans

Kojiri K, Nakajimat S, Suzuki H, Kondo H, Suda H. 1992. J Antibiotics. 45 (6): 
868 – 874.
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S44HP
Genetically engineered by 
alteration in the polyol region and 
exocyclic carboxy group

Biosynthesis genes in 
Streptomyces noursei

Tested in vitro against yeasts 
(Candida albicans etc.) and molds 
(Aspergillus niger)

Less toxic in animal model as 
compared to amphotericin B

Activity was as comparable to 
amphotericin B in animal model

Preobrazhenskaya MN et al. 2009. J Med. Chem. 52: 189-196.
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SJA-95
Antifungal antibiotics from new 
strain of Streptomyces sp. S-24

Heptaene polyene macrolide

Antifungal activity in vitro 
against yeasts, filamentous fungi 
and clinical isolates

Increased toxicity and lack of 
bioavailability at the infected site

Liposomal SJA-95 was 
synthesized; less toxicity, 
warrants further  investigation

Desai SK and Nail SR. 2009. Biomedicine & Pharmacotherapy. 63: 287-292.
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SPK-843
New polyene antifungal

Water soluble diascorbate salt from SPA-S-752

Amide derivative of partricin A, produced by mutant strain of 
Streptomyces aureofaciens

In vitro inhibitory activity comparable to amphotericin B 
against Candida sp., Cryptococcus neoformans, and 
Aspergillus sp.

In murine pulmonary aspergillosis, better survival 
prolongation as compared to amphotericin B and liposomal 
amphotericin B

Kakeya H et al. 2008.  
Antimicrobial Agents Chemother. 
52 (5): 1868 - 1870
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SPA-S-843
Series of partricin A amides were synthesized by active ester 
method  - several amines on the carboxy group and then with 
some acids on the mycosamine group of partricin A

This synthesized a new antifungal drug is N-
dimethylaminoacetyl-partricin A (2-dimethylaminoethylamide 
diascorbate)

New water-soluble partricin A derivative

Developed by Societa` Prodotti Antibiotici (Milan, Italy) 

 High antifungal potential with low toxicity
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SPA-S-843 (Cont’d)

Rimaroli C, & Bruzzese T. 1998. Antimicrobial Agents & Chenothera. 42 (11): 
3012 -3013
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TPU-0043 (Chainin)
Pentaene macrolide

Isolated form Streptomyces sp. TP-A0625

Nuclear Magnetic Resonance revealed TPU-0043 is similar 
to chainin, that is isolated from Chainia sp.

In vitro antifungal activity against Aspergillus sp. and 
against Cryptococcus sp.

Not studied in any animal model

 Toxicity – not known

Igarashi Y et al. 2005. J Antibiot. 58(8): 523-525
Li Z et al. 1989. J Antibiot. 42(4): 577-584
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YS-822A
 Tetraene macrolide antibiotic
 Isolated from culture filtrate of mutant strain H-8 of 

Streptoverticillum eurocidicum var. asterocidicus S-822
 Produces acute toxicity in mice (IV)

Itoh A et al. 1990. J Antibiotics. 43(8):948-955

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

 
 

 
 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

 
 

 
 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

 
 

 
 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

 
 

 
 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

 
 

 
 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

 
 

 
 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

 
 

 
 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

 
 

 
 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

Cop
yri

gh
t p

rot
ec

ted
. F

10
00

 P
os

ter
s. 

 



Conclusions
Amphotericin B, Nystatin, and Natamycin is highly toxic; 
so the liposomal form helps in reducing the toxicity e.g. 
liposomal amphotericin B and liposomal nystatin

More than 200 polyene macrolides have been identified; 
but could not be used in treatment due to their toxicity

Variety of synthetic methodologies were developed to 
characterize the unique class of products from 
Streptomyces

Biosynthesis of polyene macrolides have been 
generated through genetic manipulations, however the 
usefulness for treatemnt of these synthesized polyenes 
are being evaluated
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