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Abstract Cytochromes are membrane-bound hemopro-

teins responsible for the generation of ATP via the electron

transport system to fuel the metabolic processes of the

organism for their growth. This study reports the properties

of cytochromes present in the isolated lichenized fungi of

the cultured lichen Usnea ghattensis under optimized

conditions. The fungal partner of the cultured lichen Usnea

ghattensis contains a, b and c types of cytochromes. The

concentrations of a, b and c type cytochromes were found

to be significantly high (0.0967, 0.0900, and 0.1030 mM/

mg protein, respectively) in the isolated fungal symbiont of

cultured lichen grown in malt-yeast extract medium sup-

plemented with 0.01 mol/l sucrose and 0.01 mol/l poly-

ethylglycol. The results suggest that supplementation of

additional carbon sources may play a role in optimizing the

growth via activating the cytochrome respiratory system in

lichenized fungi.
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Introduction

Lichen is a symbiotic organism composed of a fungus and

a photosynthetic partner (algae). Since the fungal partner is

unique in this symbiosis and usually dominates the asso-

ciation, these organisms traditionally were considered as a

type of fungi (Muggia et al. 2009). The adaptability of

these organisms to extreme environmental conditions,

particularly to temperature-induced ones, is of much

interest in relation to novel and effective therapeutic

compounds, and is reported for many biological activities

(Müller 2001; Oksanen 2006; Verma et al. 2008). How-

ever, although having enormous biological potential,

lichens have been scarcely studied in high-throughput

screening programs because of their slow-growing nature,

non-availability of biomass in bulk quantity and difficulties

in culturing them in vitro.

In the recent past, Fujiwara et al. (1995) studied the

cytochrome profile of isolated cultured fungi of the lichen

Cladonia vulcani in enriched culture medium and reported

that the level of cytochromes was lower than in the fast-

growing organism Candida rugosa yeast. Their results

indicate that the respiratory system in isolated cultured

fungi of lichen Cladonia vulcani is much weaker than that

of other fast-growing organisms. Like other lichens, Usnea

ghattensis is not an exception. This species also grows very

slowly in nature, but in our optimized culture conditions

(reported elsewhere), its symbionts as cell aggregates grew

and produced lichen substances much faster (Behera et al.

2009). Fungi produce a great variety of primary and sec-

ondary metabolites and perform many different complex

chemical conversions, such as the hydroxylation of poly-

aromatic hydrocarbons and other compounds, which are

mediated by cytochromes. Cytochromes are membrane-

bound hemoproteins and present in the cells of all organ-

isms as a fundamental component. Thus, it seems very

advantageous to select cytochromes as materials for com-

parative biochemical studies (Yamanaka and Okunuki

1964).

With this background, an attempt has been made to

understand the properties of cytochromes present in the

isolated lichenized fungi of the cultured lichen Usnea

ghattensis under optimized conditions.
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Materials and methods

Collection of natural lichen thalli

The natural thallus of the lichen Usnea ghattensis pro-

ducing usnic acid and norstictic acid in a natural environ-

ment was collected from Silver Oak trees in Mahabaleswar,

Satara District, Maharashtra State, India. Part of the

material was preserved in Ajrekar Mycological Herbarium

at Agharkar Research Institute, Pune, India (accession no:

03.391).

In vitro culture

Cell aggregates of symbionts of the lichen Usnea ghatt-

ensis were obtained using the methodology described by

Yamamoto et al. (1985). The following culture medium

was used: malt-yeast extract (MYE) medium containing

20 g/l malt extract and 2 g/l yeast extract, solidified with

sabouraud dextrose agar (20 g/l) and supplemented with

0.01 mol/l sucrose, 0.01 mol/l polyethylglycol (PEG) and

0.005 mol/l glycine separately and in combination. The

inoculum was grown at 18�C, with alternating photoperi-

ods of 8 h light (400 lux)/16 h dark and 50–80% relative

humidity in a plant growth chamber for a period of

3 months. The details of the culture optimization procedure

have already been presented in our previous paper (Behera

et al. 2009).

Isolation of fungi from culture cell aggregate

Fungal cells were isolated by separating the algal cells

from culture cell aggregates of the cultured lichen Usnea

ghattensis by following the methodology of Ascaso (1980)

with minor modifications. Briefly, cell aggregates were

homogenized in double-distilled water with an electric

homogenizer. The homogenate was filtered through a

three-layered muslin cloth. The fungal hyphae collected

from muslin cloth were suspended in 0.25 M sucrose and

vortexed to remove attached algal cells. The resulting

suspension was centrifuged at 10,000 rpm for 10 min. The

supernatant containing fungal hyphae was filtered through

a muslin cloth and resuspended in 1 M potassium iodide to

remove the remaining algal cells. The resulting suspension

was again centrifuged at 10,000 rpm for 10 min. The

supernatant containing fungal hyphae was collected by

filtering the supernatant through muslin cloth and storing at

-20�C for further use.

Isolation of cytochromes from fungal cells

Cytochromes from fungal cells were isolated by the

method described by Fujiwara et al. (1995) with some

minor modifications. The fungal cells (4 g) were crushed

with a mortar and pestle with liquid nitrogen. The crushed

cell powder was suspended in suspension buffer [0.3 M

KCl, 100 lM ethylenediaminetetraacetate (EDTA), 10 lM

phenylmethane sulphonyl fluoride (PMSF) in 10 ml of

0.1 M Tris-HCL buffer, pH 8.0]. The cell wall degrading

enzyme lyticase (b-1,3-glucose) at a concentration of

1 mg/10 ml was added to the suspension. The resulting

suspension was gently stirred at 4�C for 24 h. The sus-

pension was centrifuged at 12,000 rpm for 30 min to

remove cell debris. The resultant cell-free extract

containing all types of cytochromes was dialyzed against a

dialysis buffer (100 lM EDTA, 10 lM PMSF in 100 mM

phosphate buffer, pH 6.0) in dialysis tubing purchased from

Sigma Chemicals, USA. The resulting concentrated

fraction was passed through a glass column packed with

carboxymethyl cellulose of medium viscosity (Sigma

Chemicals, USA) equilibrated with the 100 mM phosphate

buffer, pH 6.0. The first fraction containing cytochrome

a and b was collected. The light yellowish/pinkish material

adsorbed as a layer on the top of the column was eluted by

the elution buffer (100 lM EDTA, 10 lM PMSF, 0.5 M

NaCl in 10 mM phosphate buffer, pH 6.0) and used as a

partially purified fraction of cytochrome c. Both the frac-

tions were again dialyzed to obtain a concentrated fraction

of cytochromes for further studies.

Estimation of cytochromes

For the estimation of cytochrome a, b and c in fractions,

spectral studies were carried out according to the method of

Berry and Trumpower (1987). Pyridine hemichrome and

hemochrome spectra were recorded at 588, 558 and

549 nm for cytochrome a, b and c in a UV-Visible spec-

trophotometer (Shimadzu 1601) by reducing and oxidizing

the cytochromes in the presence of sodium dithionite and

potassium ferricyanide, respectively. The concentrations of

cytochromes were calculated using extinction coefficients

27.20 mM-1 for cytochrome a, 33.51 mM-1 for cyto-

chrome b and 29.71 mM-1 for cytochrome c.

Estimation of proteins

The total proteins in both fractions were estimated by the

method of Lowry et al. (1951). Bovine serum albumin was

used as a standard for quantification of proteins.

Determination of molecular weight

For determination of molecular weight of cytochromes,

sodium dodecylsulfate polyacrylamide gel electrophoresis

(SDS-PAGE) of 15% concentration was performed

according to the method of Laemmli (1970). Standard
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protein molecular weight markers (Bangalore Genei, India)

were used for determination of molecular weight.

Results and discussion

The properties of cytochromes present in the isolated

lichenized fungi of cultured lichen Usnea ghattensis were

studied. Pyridine hemichrome and hemochrome spectra

showed the presence of a, b and c type cytochromes in the

fractions. The reduction absorption maximum (k max)

0.050 reordered at 588 nm in the presence of sodium

dithionite and 0.044 on oxidation with potassium ferricy-

anide confirmed the presence of a type cytochrome in

fraction 1. A b type cytochrome was also detected in

fraction 1 with k max 0.047 on reduction and 0.043 on

oxidation at 558 nm. Fraction 2 showed k max 0.054 on

reduction and 0.048 on oxidation at 549 nm, confirming

the presence of c type cytochrome in the fraction (Fig. 1).

The effects of culture conditions on the cytochrome

content of isolated fungi of the lichen Usnea ghattensis

grown in MYE media with different carbon and nitrogen

sources were studied. The contents of cytochrome a, b and

c in fungi isolated from symbionts grown in MYE medium

supplemented with 0.01 mol/l sucrose were found to be

0.0219, 0.0238 and 0.024 mM/mg protein, respectively,

whereas a slightly high content of cytochromes was found:

0.0579 mM cytochrome a, 0.0732 mM cytochrome b and

0.0504 mM/mg protein cytochrome c in the MYE medium

supplemented with 0.01 mol/l sucrose, 0.01 mol/l PEG and

0.005 mol/l glycine. In comparison to these media, the

contents of cytochromes were found to be significantly

high in the isolated fungi of symbionts grown in the MYE

medium supplemented with 0.01 mol/l sucrose and

0.01 mol/l PEG. The content of cytochrome a was found to

be 0.0967 mM, cytochrome b 0.0900 mM and cytochrome

c 0.1030 mM/mg protein, respectively (Fig. 2). The com-

parison of these results with the available reports on

cytochromes from isolated fungi of lichens (Fujiwara et al.

1995) showed that the concentration of cytochromes

present in the isolated fungi of the lichen Usnea ghattensis

was much higher. On determination of molecular weights

of cytochromes by SDS PAGE, the molecular weight of

cytochrome a was estimated as 32 kD, cytochrome

b 19 kD and cytochrome c 11.5 kD (Fig. 3).

Fig. 1 The reduction absorption spectrum of cytochrome a, b and

c isolated from fungal cells of the lichen Usnea ghattensis. The

cytochromes were reduced by the sodium dithionite
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Fig. 2 Effect of culture conditions on the cytochrome content in

isolated fungi of the lichen Usnea ghattensis
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Fig. 3 Gel photograph of SDS-PAGE of cytochromes from isolated

fungal cells of the cultured lichen Usnea ghattensis. Lane 1
cytochrome a and b isolated from the first fraction; lane 2 cytochrome

c isolated from second fraction; lane 3 standard protein molecular

weight markers
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Cytochromes are membrane-bound hemoproteins that

contain heme groups and carry out the electron transport

system. Fungal cytochromes constitute two electron

transport systems—one in the mitochondria and one in the

endoplasmic reticulum. The mitochondrial cytochrome

system is called the respiratory chain and is responsible for

cellular respiration and generation of ATP for energy

production (Yoshida 1988).

In our present study, the addition of sucrose and PEG to

the MYE medium in combination triggered the mitochon-

drial cytochrome system of the fungal symbiont and

resulted in a high concentration of cytochromes and

increment in the growth of culture biomass. Maximum

culture biomass and metabolite production was observed in

MYE medium supplemented with sucrose and PEG com-

pared to the medium supplemented with other carbon and

nitrogen sources reported earlier by us (Behera et al. 2009).

However, the exact reason behind this high concentration

of cytochromes obtained in isolated fungi of the cultured

lichen Usnea ghattensis in relation to different carbon and

nitrogen sources is still unknown. But it seems that sup-

plementation of additional carbon sources may play a role

in growth optimization of lichenized fungi via activating

the cytochrome respiratory system.

Since we could not determine the subtypes of cyto-

chromes in isolated lichenized fungi of Usnea ghattensis,

further detailed molecular studies are needed to understand

their role and mode of action during the growth of culture

biomass under optimized conditions.

Acknowledgments We are very grateful to the Director of Aghar-

kar Research Institute, Pune, India, for providing research facilities

and financial support by the Department of Biotechnology (DBT)

(grant no. BT/PR 3133/BCE/08/237/2002), Council of Scientific and

Industrial Research (CSIR) India (grant no. 9/670(034)/2006-EMR-I).

References

Ascaso C (1980) A rapid method for the quantitative isolation of

green algae from lichens. Ann Bot 45:483–484

Behera BC, Verma N, Sonone A, Makhija U (2009) Optimization of

culture conditions for lichen Usnea ghattensis G Awasthi to

increase biomass and antioxidant metabolite production. Food

Tech Biotech 47:7–12

Berry AE, Trumpower LB (1987) Simultaneous determination of

hemes a, b, and c from pyridine hemochrome spectra. Anal

Biochem 161:1–15

Fujiwara T, Ohashi T, Hamade R, Kinoshita Y, Yamamoto Y,

Fukumori Y, Yoshimura I, Yamanaka T (1995) Cytochromes in

the cultured mycobiont of a lichen, Cladonia vulcani sav. Plant

Cell Physiol 36:183–186

Laemmli UK (1970) Cleavage of structural proteins during the

assembly of the head of bacteriophage T4. Nature 27:680–685

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Protein

measurement with the folin–phenol reagent. J Biol Chem

193:265–275

Muggia L, Schmitt I, Grube M (2009) Lichens as treasure chests of

natural products. SIM News 59(3):85–97

Müller K (2001) Pharmaceutically relevant metabolites from lichens.

Appl Microbiol Biotechnol 56:9–16

Oksanen I (2006) Ecological and biotechnological aspects of lichens.

Appl Microbiol Biotechnol 73:723–734

Verma N, Behera BC, Makhija U (2008) Antioxidant and hepato-

protective activity of a lichen Usnea ghattensis in vitro. Appl

Biochem Biotechnol 151:167–181

Yamamoto Y, Mizuguchi R, Yamada Y (1985) Tissue culture of

Usnea rubescens and Ramalina yasudae and production of usnic

acid in their cultures. Agric Biol Chem 49:3347–3348

Yamanaka T, Okunuki K (1964) Comparative biochemistry of

cytochrome c. J Biol Chem 239:1813–1817

Yoshida Y (1988) Cytochrome P450 of fungi: primary target for azole

antifungal agents. Curr Top Med Mycol 2:388–418

68 Mycoscience (2011) 52:65–68

123


	Studies on cytochromes of lichenized fungi under optimized culture conditions
	Abstract
	Introduction
	Materials and methods
	Collection of natural lichen thalli
	In vitro culture
	Isolation of fungi from culture cell aggregate
	Isolation of cytochromes from fungal cells
	Estimation of cytochromes
	Estimation of proteins
	Determination of molecular weight

	Results and discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


