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Abstract 750 market worldwide and increasing in volume by
Lactose utilizing enzymes of filamentous fungi-10% per yearFilamentous fungi are extensively

is applied in food industry for hydrolyzing ti (1, utilized for production of extracellular enzymes,

4) linkage between galactose and glucose in Iacto'Q&!Udmg cellulases, proteases, amylases, pectinases

Nevertheless, a less attention has been madeagﬂ lipases. Improved production of cellulase from

exploitation of fungi for lactase production due t utant;. oﬂgpe(zjrgllll:jsnlg(ir andTn_chode(;mavmdg i
cellular and metabolic complexityhe exploitation y random-induced mutagenesis and recombinan

of cellular complexity for strain improvement has be rgra;infs ofA.hniger almd'I;.j vitr)ide by prot(()é%!az;t fUSith
a challenging goal for applied biological resear gennique have aready been stucceedetenetic

because it requires the coordinated understandin rgisformation experiments have also been carried out
n

multiple cellular processedle found the key enzymes "~ oryzae, A. niger with A. nidulans for producﬂop
of protease and glucoamylase6-9. Genes encoding for

lactose permeasef-galactosidase, galactokinase, : :
. Iu[cose oxidase, fglucosidase, and glucoamylase)
galactose oxidase, lactase and galactose-1-phosppate . e . -
iave also been identified in mafspergillus genus.

uridylyltransferase, which are suggested to utilize".. . . :
yy 99 filamentous fungi, the productivity of cellulase in

lactose from the environment. Betaine aldehy € choderma, sp, invertase i, niger andRhizopus
h [ ified in th f - S )
dehydrogenase was indentified in the genomés o p. have been improved by the induction of 2-deoxy-

clavatusandA. terreus, which is concerned to devel ) .
-glucose resistance mutants that are less sensitive

halotolerance in these ganisms. Our study als . .
an y ta?l catabolite repressiéht®> To our knowledge,

suggested that phylogenetic and structur _ :
resemblances of proteins and or enzymes involvedf\VeVer the production of -galactosidae from

lactose utilization pathway of somfspergillus genetically modified halotolerartspergillus genus
genomesAs a result of this stuga proposed lactosehas not been applied y&he-Galactosidase(-D-
utilization pathway ofAspergillus genomes was galactoside galactohydrolase or lactase; EC.3.2.1.23)
reconstructed by bioinformatics approadthus, is widely distributed in nature, which hydrolyge
quantification of the metabolic network of aganism (1, 4) linkage between galactose and glucose in
offers insights into possible ways of developing mutdaictose.The worldwide production of which is
strain for better productivity of an extracellular lactasgpproximately 5.75 million metric tons per year
Recent focus has been on new genome-wide modelingnmercial lactase preparation is obtained flam
approaches in functional genomics, which aim to takiger, A. oryzae, as well as from yeakiuyveromyces

full advantage of genome sequence data, transcriptigar xianus, var. lactis, K. fragilis, or Candida
profiling, proteomics, metabolite profiling and systemseudotropicalis'*?. The lactase from filamentous
biology for strain improvement. fungi is more heat stable than yeast lactase and has a
Keywords: Metabolomics; LactoseAspergillus, broader pH optimum and greater acid stahibiging
Halotolerant; Galactosidase; Systems Biology = able to operate well below pH 6’5Despite the

| ntroduction promising biotechnological importance; molecular

Today steady fast progress is being made in tBgnetics of halo-tolerant filamentous fungi have
app”cation of genetic and molecular approachesrﬁfelved little attentions which are maln'y due to the
the production of industrial enzymes, currently al@ck of a sexual cycté®
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Halotoler ant mechanism of filamentousfungi identification of novel compounds and pathways, and

Halotolerant microgganisms can grow in verythe molecular and biochemical characterization of
high NaCl concentration (0.5-2.0M) withoutellular components Wild-type strains isolated from
denaturation of proteind.he proteins themselvesature usually produce a low level of enzymegreat
appear halo-tolerant in that key are only stable deal of efort and resources is therefore committed to
solvents of high NaCl concentration in which proteimsprove enzyme producing strains with desirable traits
from more familiar physiological environments are® meet commercial requirement3he genus of
likely to aggregate, precipitate or even unfoldspergillus is well suited for production of extra
depending upon the type of satt¥. In certain cellular enzymes from other fungal species. Production
industrial oganic synthesis, enzymes are requireditoAspergillusspecies could be beneficial if the natural
function in the presence of a high NaCl concentratiumgal host that produced the desired enzymes at low
of substrate; at low water activities. Enzymes frolavels was not amenable to fermentation nor genetic
natural oganisms are often inactive in these situationsanipulation, or if it produced undesirable side
but clearly those from extremely halotolerarmgroducts in addition to the desired enzyme product.
microolganisms may be use. Halophililc proteins shokvcreasing the productivity of the initial isolates
unique molecular adaptationShese include therequires a program of genetic improvement.
presence of a lge excess of acidic amino acids anSipecialized production strains have been developed
small amounts of hydrophobic amino acitise low for large scale fermentation and manufacture of
content of hydrophobic amino acids isset by a high industrial enzymég®. Customarilythe development
content of the "borderline hydrophobic amino acidsf production strains has involved classical
serine and threonine. In addition, compatible solutesitagenesis of wild-type isolates followed by
seem to be more fefient than others in protectingscreening or selection for specific improvements in
enzymes from the harmfulfetts of exposure to highproductivity Yield and specific prosperities of the
NaCl concentration and other stressBa:IurrentIy marketed enzyme products could be
treatment§-2 improved by application of molecular genetics. For

The -galactosidase yield from halophilidhose products that have commercial possibilities, a
bacteria is significantly low and rare, therefore othe@mbination of rigorous biochemical analysis and
halotolerant fungi especiallyspergillus species are molecular genetics could accelerate both our
selected for the genetic improvement prograitre  understanding of these enzymes as well as commercial
most general mechanism in halotolerant fungi is télavelopmerie=.
accumulate sugars or sugar derivatives that do not Considerable refinement in mutation and
interfere with the regulation of normal metabolig€elective techniques have occurred in recent year and
pathwaysThe most common compatible solutes ##®day protoplast fusion is one of the most powerful
fungi are glycerol, which is characteristic of the moafid promising technique for the genetic manipulation
stress tolerant fun@iﬂ_ Other osmolytes manitoLOf industrial fungi-The aim of the cell fusion of fungi
trehalose, sucrose, glucosyl glycerol, and arabitol #drincipally the generation of fungi expressing new
also contributed to the osmotic potential of fung&nd novel products, increasing the yield of products,
Glycerol is formed via reduction of dihydroxy acetor@’ combining the desirable attributes of several
phosphate, sucrose and trehalose are produced®§gnisms into one. Both protoplast fusion and
coupling of UDP-glucose with fructose-6-phosphafgutational studies are possible with little knowledge
and glucose-6-phosphate respectivelgnd Of the genetics and biochemistry of the metabolic

biosynthesis of glucosyl glycerol is based on tf@thway leading to end products. Protoplast fusion
reaction oADP-glucose with glycerét® can of course also be used a reliable way to initiate

Genetic manipulation of filamentous fungi heterokaryon formation in filamentous fungi even
The biotechnology potential is increasinghen natural mechanisms are available. Somatic
exponentially with the isolation of newgamisms, the crosses have the disadvantages in the industrial context
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that they tend to &tiently randomize the genomesell wall polysaccharidesThe mechanisms of
of the two partnets®. The development of DNA- resistance to DG are generally known to be classifiable
mediated transformation systems for severiato at least three type§he first type is that a new
Aspergillus species has also sparked interest in rapdosphatase specific for DG-6-phosphake second
improvement of enzyme production strains throudgype is that resistance results from a defect of
recombinant DNA technolo§y®® It can be used to hexokinase or glucokinasghe third is that resistance
alter the genotype, so that the phenotype exhibsults from alternation in the transport system for
cellular prosperities that are beneficial for thglucose. If drug resistance markers are chosen wisely
organisms utilized in industrial processEsis area is the drug resistant mutants themselves could be used
a very broad classification that describes amg valuable input to the screening progrgm
alternations in the cellular operation that leads to an Experiments for genetic analysis are often
improvement in an industrial straithe improvements limited by the non-availability of suitable markers in a
in cellular processes that are not directly involved jparticular oganism.The traditional technique of
the formation of a product can have a significamduced random mutations, followed by the selection,
influence on the industrial value of a strains still a major tool, as it can bring about desired
Additionally, unexpected results are common wheiternation in the genes. Such mutations also form the
metabolic enzymes are over expressed or repressagis of strain improvement strategies and have not
Manipulating the cellular genotype to produce specifieen eliminated by the new procedures of molecular
changes in the metabolic network outweighs we caiology. Any resistance mutation causing alternation
rationally design the manipulations so that the desiraiviecell wall or cell membrane structure is potentially

quantities are imparted to theganism&*, capable of allowing increased export of metabolites,
Development of genetic marker in filamentous but some selective agents seem to be more successful
fungi than other®. The selection of polyene antibiotic-

A very useful type of biosynthetic alternation imesistant mutants has been well documented as a strain
either cell wall or cell membrane permeability isnprovement technique in fungh transformation
common mechanism of resistance to toxic chemicagstem forA. niger has been developed using the
Such permeability changes may sometimes leadntdulansgene 'amdS' for dominant selection, and there
increased productivifypresumable through increaseis growing evidence to suggest that irdpecific genes
rate of export from the cél Hence, the geneticbetween various filamentous fungi aadidulansis
background of this strain is best suited for thmssiblé*.
expression of productivity-improvement or costCurrent advances of systems biology in
reducing mutatiorA very useful technique of rationafilamentousfungi
screen is to use a toxic analogue of biosynthetic A more comfortable and interesting cafe can
intermediate to select for resistant mutants. Sudsult from industrialization. In order to develop
mutants may be resistant due to over productionprbfitable manufacturing, developing nations need a
the natural intermediate and thus either lead direagigod match of products to excising or potential
to increased productivityr provide a genetic backmarkets. Biotechnology opens fascinating possibilities
ground in which further productivity improvements helping to fulfill this condition Although new
are more likely to be expos&d. If drug resistant method for enzyme hydrolysis of whey and other
markers are chosen wisgllge drug resistant mutantslearly products are fast approaching
themselves could be used as valuable input to tmenmercialization, it may be best to wait until nations
screening prograffi. Addition of DG (2-deoxy-D- with adequate venture capital optimize the technology
gluicose) to the media inhibits growth of both yeaBeveloping nations should address the opportunities
and filamentous fungi. Since DG is readilpresented by the coming availability of less expensive
phosphorylated by hexokinase or glucokinase and tementation feed stockBhey should initiate research
accumulated DG-6-phosphate inhibits early glycolytand development on fermentation products that match

enzymes as well as the incorporation of glucose into
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well their individual development needBaus we shrink the curd, slow down acid development and
should make it as a low cost bio-product to our socielyeck undesirable form of bacteria. Under this
and will make a bridge to our nation so as to raisisgcumstance, either microbial sources or enzyme
our economsp. sources should be potentially stable even at high

Systems biotechnology is ergerg so rapidly concentration of NaCl during the whey syrup
that no single nations can explore all the promisipgocessing from cheese or dairy waste management.
ideasA developing country could embark on excitinj created a problem that lactase should be somewhat
new research and development and assumaadotolerant when it applied in a treatment plant
leadership position in certain afeeSolvay Enzymes, containing whey waste. It is also possible if the salted
Tokyo andWaller stein, USAare manufacturing whey is treated with halotolerafgpergillus species
thermo-stable lactase from oryzae andA. niger, properly The lactase hydrolyzed products (whey
respectivelyMicrobia has extensive experience in th&y/rup, permeate syrup, milk) can serve as ingredients
optimization of fungal processes for the production baked goods, canned fruit, candies, yogurt, ice
of statins such as lovastatin and compactin. Processeam, and other food¥he ready availability of
employing their best statin-producing strains halectose free milk would make more nutritional dairy
displayed product yields (YP/S, g product g-firoducts available to lactose intolerant people,
carbohydrate) approaching 40% of the theoreticdpecially lactose-deficient individuals, who make up
yield in appropriately managed fermentations, leveddage percentage of the world's populatidhe cell
rarely attained in secondary metabolite fermentatiossispension containing lactose is used to hydrolyze of
Applications of association analysis, regulatavhey which is subsequently concentrated to produce
engineering and robust genetic selections to impraweet whey syrup. Lactase is also used for prevention
lovastatin production iA. terreus have been describedf lactose crystallization in whey concentratée
elsewhereThese approaches have been combinatioduction of measured doses of lactase solution into
with traditional metabolic engineering and mutatioa sterilized milk line followed piping to an aseptic
and selection methods, both to enhance existifiiging machine would permit post process
commercial processes and to develop competitssgpplementation of milk product§his technology
strains from wild-type isolaté¥* would like-wise permit the production of more
Application of fungal lactasein dairy industry digestible, lactose free dairy products, besides also

The cheese-manufacturing industry producexreasing the sweetness of the food products. In
large quantities of whey as a by-product of whialecognition of the number of waste sites contaminated
lactose represents 70-75% of the whey solld® with organic pollutants plus heavy metals around the
hydrolysis lactose by lactase converts whey into maverld, and safety hazards and cost involved in clean-
useful food ingredients. Lactose, the main sugarup using physiochemical means, the potential use of
milk and whey is hydrolyzed by lactase to glucosgenetically modified microgianisms is an important
and galactoseThe enzymatic cleavage of lactosand exciting produciThe application for the lactase
overcomes some disadvantages, like the modemststem is in the modification of whey from cheese
solubility and lower sweetness of lactose comparedstes and is also used for dairy wastes management
with galactose and glucose and its partiahd recycling processgs
indigestibility; normally encountered in the food. actose utilization pathway in halotolerant
industry with use of lactose containing productéspergillusgenomes
Therefore depending upon which conditions are  We have isolated some halotoleraspegillus
required (with regard to temperature, pH, iongtrains from the soil contaminated with dairy industrial
strength, substrate, salt, etc.,) a variety of lactases witiste (Figure 1). By using data mining and a combined
suitable properties are desirdblé!8 Lactase derived multiple functional annotation approaches, we have
from mesophilic fungi is relatively thermo-stable (5Qdentified key genes responsible for lactose
55°C).The purpose salting is to aid in whey removalssimilation and halotolerance in thefeliént types
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Table 1. List of identified genes involved in lactose utilization metaboligxgaergillusgenomes

Accession Protein name Organism

L actose metabolism

EDP56947 MFS Lactose permease A. fumigatus Af293
EAW08924 MFS Lactose permease A. clavatus NRRL 1
EAW06436 Carboxylic acid transport protein A. clavatus NRRL 1
AAC60538 -galactosidase A. niger

AAY21925 B-galactosidase A. phoenicis
CAD24293 B-galactosidase A. candidus
EAW11155 B-galactosidase, putative A. clavatus NRRL 1
XP_660805 Hypothetical proteidN3201 A. nidulans FGSCA4
XP_663992 Hypothetical proteidN6388 A. nidulans FGSCA4
XP_001727461 Hypothetical protein A. oryzae RIB40
EAW09607 Galactokinase A. clavatus NRRL 1
XP_001215438 Galactose oxidase A. terreus NIH2624
EAW14017 Galactose-1-phosphate uridylyltransferase A. clavatus NRRL 1
XP_001208787 Galactose-1-phosphate uridylyltransferase A. terreus NIH2624
ABL07484 Lactase A. niger
Halotorance sysetm

EAW15085 Betaine aldehyde dehydrogenase A. clavatus NRRL 1

XP_001210106
XP_001396859
CAK42396
CAK39302
CAK46906
XP_001398203
CAK47102
CAK46958

Betaine aldehyde dehydrogenase
Hypothetical proteiv\\nl@OSZlO

Unnamed protein product

Unnamed protein product

Unnamed protein product

Hypothetical proteiAin16g09060 (Osmolyte)
Unnamed protein product (Osmolyte)
Unnamed protein product

A. terreus NIH2624
A. niger

A. niger

A. niger

A. niger

A. oryzae

A. niger

A. niger
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Figure 1. Conidial morphology of halotoleraAspergillus strains isolated from soil contaminated with
dairy wastes.

Figure 2. Proposed lactose utilization pathwayAspergillusgenomes
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of Aspergillus genomes. It showed that - improvement platforms to rationally design microbes
galactosidase, galactose epimerase, UDP-galactd@ethe eficient production of commercially valuable
4-epimerase, monosaccharide transportgboxylic metabolitesThus, these approaches often still benefit
acid transport protein, and major facilitatoffom considering the advantages that conventional
superfamily proteins were identified Aspergillus Mmutation and screenindfefts have to dér. Molecular
genomes.They showed closed phylogenetigenetics research should begen to investigate the
relationship with genes related to lactose pathway$w and potential industrial strains for enzyme
bacterial genomes. Similarlyryptophane synthasemanufacture so as to improve the quality as well as
(betaine synthase) and cytochrome P450 hydroxyl&@ quantity of the products.
(halo-tolerant protein), responsible for growing thiefer ences
genus under saline environment were also related wiith  Peberdy JH and FerenxylL. 1985.Fungal
halobacterial proteins @ble 1). On 3D structure protoplasts application in biochemistry and
homology patterns analyses, most of binding sites and  genetics, Marcel Dekkerinc. NewYork.
active sites of the hypothetical proteins werz Berka, RM, Dunn-coleman, N antfard, M.
corresponded to PDB structure of key enzymes 1992. Industrial enzymes from Aspergillus

involved in this pathwayAccordingly, we species. In: Bennets JWKlich MA, ed.
reconstructed metabolic pathway for lactose utilization  Aspegillus: Biology andApplications. Oxford:
in the genomes dispergillus as shown in Figure 2. Heinemann.

This proposed pathway can be used to alter e Gray, WD. 1993.The use of fungi as food and
genotype so that the phenotype exhibits cellular  feed processing, CRC press, Cleveland.
prosperities that are beneficial for theganisms 4.  Chellapandi, P and Rabari, BN. 2008. Solid-

utilized in industrial processes. state cultivation oAspergillusniger NCIM 548
Conclusion for glucoamylase production on groundnut shell.
The diferent native strains dfspergillus and B Internet Journal of Microbiology, 5 (1): 1-6.

Sreptomyces genera have already been isolated ahd ~ Amin, SB and Chellapandi, 2008. Production
exploited for the purpose of producing extracellular ~ Of extracellular proteinase béspergillus
enzymes through solid state fermentation or foetidus NCIM 505 on milk powder and soya
submeged fermentatiotf*2° but, the potential of bean meal based medkResearch Journal of
their industrial usages are comparatively lower than ~ Biotechnology, 3:33-38.

genetically modified fungal strairBhus, the objective 6. Timberlake, WE and Marshall, MA. 1989.
of an industrial strain improvement program should ~ Genetic engineering of filamentous fungi.
be produce and detect genetically altered cultures that Science, 16:1313-1317.

give increased productivior in some other way7-  Babudri , N, Marini,A, Matmati, N and

reduce production cosThe genetically modified Morpurgo, G 1998.The uvsC and uvsE genes
strains would be helpful to improve the productivity ~ of Aspergillusnidulansare not required for the
and to minimize the cost ¢-galactosidase from mutagenic repair of UV damagéolecular and

General Genetics, 259:130-132.

Castro-Prado, MAA and Rocha, CLS. 1998.
Cytological and genetic characterization of a
conidiogenesis mutant éipergillusnidulans.
Cytologia (Tokyo), 63:99-106.

Cuadros, SC, Martinez-Rossi, NM and Rossi,
A. 1999. Identification and linkage mapping of
the phsAgene ofAspergillus nidulans, where
mutation afects growth and pigmentation of
colonies in a temperature- and pH-dependent

native strains. In fermentation industiye genetically
modified Aspergillus species (halotolerant) carf:
improve the productivity of lactase enzyme if salted
whey or other dairy wastes are used as fermentation
substrates (as lactos€his will make a more economy

to the industrialists and will generate it as a low ¢
product.Advances in profiling methods, molecular
genetics and the availability of genome sequence
information for a wide variety of microbes have led
to the development of integrated and flexible strain
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