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Aspergillus species are of immense interest to scientific

community due to biological, ecological and metabolic

diversity. Aspergillus fumigatus, Aspergillus flavus and

Aspergillus niger play key role in the clinical manifestation

of a spectrum of Aspergillus induced diseases both in

immunocompetent and immunocompromised hosts. Sev-

eral novel allergens of A. fumigatus are identified and

characterized some of which have diagnostic relevance.

The role of some of these allergens in immune mechanisms

and immunopathogenesis are examined in detail and the

host pathogen interactions are well established. A. oryzae

and A. niger are industrially useful in view of their use in

the production of soy sauce, citric acid, and enzymes such

as glucose oxidase and lysozyme etc. These two species are

also used as hosts for production of heterologous proteins

of clinical importance. A. flavus and A. parasiticus produce

aflatoxins, and sterigmatocystin that are highly potent,

naturally occurring toxins known to humans. Aflatoxin

contamination in the agricultural crops and agri-products is

an important challenge to the scientists in view of the WTO

stipulations. The permissible limit of Aflatoxin is 4–20 ppb

in the food and food products in international trade. Several

important mycotoxins of Aspergillus species include

Aflatoxins, Sterigmatocystin, Ochratoxin, Cyclopiazonic

Acid, etc. Melanin, a pigment produced by A. fumigatus is

attributed to the virulence of the pathogen and the disease.

It is interesting to note that A. fumigatus secretes a variety

of toxins such as gliotoxin, an immune suppressor and a

protein toxin Aspf1, which is a multifunctional protein

exhibiting IgE and IgG inducing properties with

ribonuclease activity and cytotoxic properties, besides an

important polyketide, melanin.

Recent advances in genomic, proteomic and metabolo-

mic sciences lead to the knowledge on genomic sequences

of 15 Aspergillus species and identification and character-

ization of a number of proteins, allergens and genes of

important biochemical pathways. This invariably triggered

the mining of useful metabolites, novel genes, proteins

and secondary metabolites of pharmaceutical, clinical and

industrial importance. Comparative functional genomic

studies can now be carried out today for Aspergillus genus

to establish the potential of this genus for its biologically

and pharmaceutically important products. Genome size

of important Aspergillus species varies between 30 and

40 Mb with good synteny between species (*50%). Cur-

rently, it is estimated that approximately more than 30% of

genes of A. fumigatus have been functionally characterized,

while still most of the genes remain unknown with respect

to function, possibly a goldmine of biological products

useful for human health. Similar status of genes is reported

for several other important Aspergillus species.

The ability of Aspergillus species to produce a broad

range of secondary metabolites and polyketides is a chal-

lenge to researchers particularly in view of their application

value. One of the important applications of polyketide

structures namely the Statins, for their cholesterol lowering

affects in human health. In 2006, statins led the Forbes

magazine’ list of America’s 20 Best selling drugs, with

$8.4 billion and the forecast is an increase in the usage of

statins. Aflatoxins are of agricultural importance in view of

their high toxicity through contaminated food products

which contribute to great economical losses to the country.

Melanin, a pigment produced by A. fumigatus synthesized

by polyketide biosynthetic pathway is a virulence factor of

A. fumigatus in causing a variety of Aspergillus diseases
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and the pathogenesis. It is fascinating to observe that a

majority of polyketides in Aspergillus species are produced

by polyketide biosynthetic pathway. However a great

amount of diversity exists in the biochemical reactions and

functional aspects of polyketides. One of the key enzymes

in the pathway, the polyketide synthase is known to exhibit

diversity in domain structures and functions. The key

enzyme polyketide synthase is present in all the Aspergillus

species. Genes responsible for the biosynthesis of second-

ary metabolites such as aflatoxins are those encoding

polyketide synthases, fatty acid synthases, carboxylases,

dehydrogenases, reductases, oxidases, oxidoreductases,

epoxide hydrolases, mono- or di-oxigenases, cytochrome

P450 monooxigenases, and methyltransferases. In the

A. flavus EST database, numerous genes fall within the

categories of these enzymes. Without additional biological

evidence it is very difficult to predict whether these genes

are involved in primary or secondary metabolism based

purely on the bioinformatic annotations only.

Biosynthetic pathway of another important polyketide,

the conidial pigment melanin from A. fumigatus, a known

virulent factor, has also been established. In vitro experi-

ments showed that melanin protects the conidia from

phagocytosis and increases their resistance to reactive

oxygen species produced by phagocytic cells. Melanin is

synthesized through the dihydroxynaphthalene (DHN)-

melanin pathway in A. fumigatus. Its biosynthesis involves

six genes, organized in a cluster, which are expressed

during conidiation such as polyketide synthases (polyketide

synthase P), hydroxynaphthalene reductase (Ayg1), scyt-

alone dehydratase, Multicopper oxidase, vermelone dehy-

dratase and Laccases. This complex pathway starts with

acetyl-CoA and malonyl-CoA converted by polyketide

synthase (PksP) (also called ALB1) and AYG1 into 1,3,6,8

tetrahydroxynaphthalene (THN). Then, by successive steps

of reduction and dehydration, THN is converted to 1,8-

DHN, which is finally polymerized by fungal laccases to

melanins.

Polyketide synthases are multidomain and multifunc-

tional enzymes with 1,600–2,000 AA. Functions of poly-

ketide synthases are also found to be associated with non-

ribosomal peptide synthases. Fungal polyketide synthases

are different compared to bacterial enzymes in terms of

their structure as well as conformational domain organi-

zation. Fungal Polyketide synthases are of type I polyketide

synthases which use their domain repeatedly while bacte-

rial polyketide synthases are of Type I, II and Type III

polyketide synthases and have modular domain structures,

used once or repeatedly. The crystal structure of polyketide

synthase of Aspergillus species is not yet established. The

crystal structures of 6-deoxyerythronolide B synthase, a

microbial polyketide synthase from Streptomyces and a

type III Polyketide synthases from Mycobacterium

tuberculosis are available. This facilitated understanding

on metabolite diversity based on protein architecture in

nature.

In order to exploit the bioresource potential of Asper-

gillus species, particularly for secondary metabolites like

polyketides, it is necessary to examine the diversity of

polyketide synthases, in different Aspergilli with respect to

the novel polyketides of importance. In this context bio-

informatics and molecular biology tools are of immense

value, particularly with the availability of genomic

sequences of Aspergillus species even for a comparative

genomic analysis. The reported Polyketide synthases in

Aspergillus species are: 24 in A. fumigatus, 25 in A. flavus,

46 in A. niger and 17 in A. nidulans. However based on the,

conserved motifs of Ketosynthase domain, lesser number

of polyketide synthases such as 14 from A. fumigatus, 23 in

A. flavus, 32 in A. niger, and 27 in A. oryzae (unpublished

data) are identified. They contain essential domains such as

Keto synthase (KS), Acyl carrier protein (ACP), and acyl

transferase (AT), while Methyltransferase (MT), dehydro-

genase (DH) and enoyl reductase (ER) are variable

depending on the type of polyketide synthases. Based on

the absence and presence of MT, DH and ER domain,

Polyketide synthases are classified as non reducing (NR)

and reducing Polyketide synthases [partially reducing (PR)

and highly reducing (HR)]. This classification facilitates to

determine the type of compounds they can produce.

Moreover, SAT (starter unit-ACP transacylase) and PT

(product template) domains that control the structural

outcome of NR-polyketide synthases were recently iden-

tified. Non-reduced Polyketide synthase basically produces

compounds with no reduction reactions, as in the case of

Aflatoxins, Melanin pigments etc. While reducing poly-

ketide synthases have domains for reduction such DH, MT

and ER, which produce highly reduced compounds such as

6 methylsalicylic acid and lovastatins.

Recently a novel global regulator of secondary metab-

olite LaeA, a nuclear protein in Aspergilli was reported. In

up regulation of the terrequinone A, an antimicrobial from

A. nidulans, LaeA regulation occurs at transcriptional level

and has high homology with methyl transferase, which is

known to regulate gene expression by modifying chromatin

structure. Deletion and over expression of LaeA in indi-

vidual Aspergilli, has proved helpful in deciphering the

secondary metabolite genes and their clusters as in terriq-

uinone biosynthetic pathway. Same approach can be

applied for other Aspergilli like A. fumigatus and A. oryzae

where single copy of LaeA is reported. Combination of

bioinformatic tools and degenerate primer based or LaeA

based gene mining will help to identify and characterize

repertoire of polyketide synthases in Aspergillus. Most of

the polyketide synthase clusters are silent in in vitro

conditions. The key to activate such cryptic polyketide
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synthase clusters for the identification of novel polyketides

of medical and pharmaceutical importance is the need of

the day. An alternate approach using bioinformatic tools

Udwary-Merski algorithm (UMA) and functional analysis

will be of use for possible engineering and production of

polyketides with desired functions for human health.

Diversity of the polyketide synthase enzymes in

Aspergillus species is a challenge to be addressed as this

leads to the production of variety of diverse products such

as lovastatins, aflatoxins, and melanin etc. It is not far off to

get more effective, versatile and safer statins such as lov-

astatin in view of better understanding of Apergillus

genomics. Melanins can be of relevance as the pathway is

well understood in many fungi of medical and agricultural

importance. Chemo informatics on secondary metabolites

of Aspergillus species facilitates designing the inhibitors

targeting the pigments, produced at the time of germina-

tion. Such inhibitors can curtail the growth of fungi at early

stage. An example is tricyclazole, a fungicide that specif-

ically inhibits hydroxynaphthalene reductase involved in

DHN-melanin biosynthesis. Advances in Aspergillus

genomics and research today opened up great opportunity

to understand the biological and biochemical mechanism.

The potential of Aspergilli for synthesis of novel polyke-

tide for human health can be maximized.
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