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ABSTRACT

The sensitivity of intact mycelia of the respiration deficient mutant (rd,)
towards cyanide and azide was found to be less compared with that of the
wild type and also that of the cell free extract of the mutant; where as
sensitivity of the cell free extract of the rd mutant was more or same asthe
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wild type shown. Analysis of lipid composition of the rd mutant and the
wild typeindicated that total lipid aswell asindividual lipidsof the mutant
were changed as compared with that of the wild type. The assay of succi-
nate dehydrogenase and cytochrome oxidase activities in mitochondrial
suspension of the respiration deficient mutant reflected that the mutant

was respiratory incompetence.

INTRODUCTION

Understanding mitochondrid roleinnorma phys-
ology and pathological conditions has provento be of
high importance because mitochondria dysfunctionis
connected with anumber of respiratory chain disor-
ders. For many yearsdifferent mutantshave beeniso-
lated and used asagenetic tool for understanding the
metabolic pathwaysand their regulation indifferent mi-
croorganisms®23, Similarly, respiration deficient(rd)
mutants of microorganismshave been considered asa
microbid tool for understanding themitochondrid struc-
ture, enzyme regul ation* and activetrangport in some
microorganismsmainly inyeast and to someextent in
Neurospora crassa. A respiratory-deficient mutant iso-
lated from Kluyveromyces fragilis was found to be
better for ethanol production than thewild type under
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anaerobic condition!®”. A preliminary report regarding
rd mutant of Aspergillusochraceuswasaready pub-
lished®. Aspergillus, afilamentusfungus of the asco-
mycete group has been selected for the present study
asmitochondriacan beisolated at different stages of
fungd differentiation of thisgenusand Aspergillussp.
A lower eukaryote may be considered asabridge be-
tween higher and lower organisms, studiesontheres-
piration-deficient mutant of Aspergillusocharceusmay
signify an overview ideaon thestructure and function
of mitochondriain lower to higher organisms. Inthe
present study,an attempt has been taken to usetheiso-
lated rd mutant of Aspergillus ochraceusfor investi-
gation of therespiratory activitiesin presence of azide
and KCN, assay of mitochondrial enzymeslikesucci-
nate dehydrogenase and cytochrome oxidase, and com-
parative study of mycdlid lipid compaosition.
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MATERIALSAND METHODS

Organismsand growth medium

Myceliaof wild type, Aspergillus ochraecusand
itsrespiratory deficient strain (rd) of the same were
cultivated by germinating thefresh conidia suspension
with optimal conditionsin aCD broth asreported in
our earlier published papert®.

For conidia formation, culture was grown on
Czapex Dox(CD) agar platesof smilar compositionto
the CD broth solidified with 2% agar.

M easur ement of respiratory activities
Preparation of mycelia

Conidial suspension of thewild typeand rd, mu-
tant wereinocul ated into 100ml of liquid CD mediumin
afina concentration of 10° conidia/ml and alowedto
grow inareciprocal shaker for 48 hoursat 30°C. The
harvested mycdliaof both strain wasrepeatedly washed
separately with steriledistilled water and finally with
0.2M Na-phosphate buffer of pH 7.0.The washed
myceliawas preserved for the mesurement of oxygen
consumption polarographically at —20°C and also for
the preparation of cell-free extract.

Preparation of cell-freeextract

Thefrozen mycdliawasgrounded with neutral alu-
mina(1:1) inamortal pestle and extracted with 0.2M
Na-phosphate buffer of pH 7.0(5ml/g of mycelia).Cdll
debris was removed by centrifugation at 3000g for
15min. and preserved for the mesurement of oxygen
consumption. All operationswere carried out at 4°C.

M easurement of respiration

Theuptake of O,wasmeasured polarographically
at 30°C with Clark type O, electrode(Y S1 model 55)
in 3ml of medium consisting of glucose(80m mol/
L),MgCl,(5m mol/L), sodium phosphate buffer(20m
mol/L, pH7.0) and intact myceliasuspension/cdl|-free
extract of wild type and rd, mutant. The effect of so-
dium azide and potassium cyanide on respiration ac-
tivitieswerea soinvestigated by using intact mycelia
and cell-freeextract separately.

Assay of respiratory enzymes
| solation of mitochondria
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Myceliawere collected after 48 hour of growth
followed as before and grounded with neutral alu-
mina(1:1) inamortal pestle and extracted with 0.5M
mannitol -4mM EDTA buffer pH 7.3(10ml buffer/1.59
of mycelia). The suspension wasthoroughly homogen
zied and centrifuged at 1000g for 10minfor complete
removal of aluminaand mycelia debris.Thesuperna:
tant wastaken and centrifuged at 16000g for 20min
theresidud pelletswerewashed thricewith themanni-
tol-EDTA buffer and thewashed mitochondria pellets
wasthen suspended in approximate buffer for themi-
tochondrial marker enzymes. 0.1M Na-phosphate
buffer and 0.1M K-phosphate buffer were used for the
assay of succinate dehydrogenase and citocrome oxi-
daserespectivey. All operationwerecarried out at 4°C.

Assay of succinate dehydrogenase

Theenzyme activity of succinate dehydrogenase
was measured spectrophotometrically accordingtothe
method of Slater and Bonner™® using potassium ferri-
cyanide asan electron acceptor and KCN asaninhibi-
tor of cytochrome oxidaseacivity. Thereaction mixture
contained 0.1M Na phosphate buffer(pH 7.0)1%
BSA,0.005M potassiumferricyanide,0.01M succinate
and110u g proteinin mitochondria suspension.The
optical density was measured spectrophotometricaly
at420nm against the blank asamixturewater and mi-
tochondria suspension.

Assay of citochrome oxidase

Cytochrome oxidase was assayed polarographi-
caly at 30°C with Clark type el ectrode using ascorbic
acid asareducing agent according toamodified method
of Slater(1949)1°. The reaction mixture contained
180u mol K- phosphate buffer (P 7.5),0.15u mol of
citochrome C,60u mol of ascorbic acid and 450u g
proteininmitochondria suspension.

Mycelial lipid analysis
Prepar ation of mycelium

Freshly harvested myceliaof thewildtypeandrd,
mutant grown in liquid CD medium stated as before
werethoroughly washed separatdly with steriledigtilled

water and thewashed mycdiawaslyophilized. Thelyo-
philized mycdiawaspreserved for extraction of lipid.

Procedurefor extraction of lipid and estimation of
individual lipids
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Lyophilized myceliawas powdered and lipid was
extracted according to themethod of Bligh and Dyer,
(1959)11 as described in detail in the published pa-
per*?, Separation of polar and neutrd lipid aswell as
estimation of neutrd |ipid,phospholipid and,sterol were
carried out by the methods as stated earliert*2.

Estimation of glycolipid

Tota glycolipidinthetota lipidswas measured
according to the method of Neskovic et al.(1972)!*%1,
Thereaction mixture contained 0.5ml of chloroform
solution of aknown amount of total lipidsand 4.5ml
orcinol reagent and allowed to incubate at 80°C for
20min. After cooling the absorbance was measured at
505nmagai nst appropriate blank.

RESULTS

It has been found that% inhibition of oxygen up-
takeinintact myceliaboth of thewild typeandtheres-
piration deficient mutant (rd,) increaseswiththeincrease
of concentration of NaN,, and KCN; but % inhibition
rate towards KCN in rd mutant was found to be ap-
proximately 2.5 lessthan that of thewild type (Figure
2) andtowardsazideit wasfound to be gpproximately
2 timeslesscompared to thewild type(Figure 1).

Thecyanide sensitivity towardscell freeextract of
thewildtypeand themutantisshowninfigure. Itindi-
catesthat oxygen uptakein cell freeextract of thewild
type and themutant in presence or absence of cyanide
increaseswith theincrease of time of cyanide-treat-
ment; but theincrease of oxygen uptakeratewasfound
to behigher in cdl freeextract both of thestrainin ab-
sence of cyanideand% inhibition of oxygen uptakein
presence cyanidewasmoreor lesssamein thewil dtype
anditsmutant

Figure presentsthemycdlial lipid composition of
themutant and the wildtype. It wasfound that thetotal
mycdid lipid of themutant wasabout 17% higher than
that of thewildtype. Thetota phospholipid, of rd mu-
tant was about 10% ; sterol and glycolipid werefound
tobe41% and 58 35% | essrespectively, neutrd lipid%
higher than that of thewildtype.

Theresultsof theassay of succinate dehydrogenase
and cytochromeoxidaseactivitiesinmitochondrid sus-
pensonof rd, andthewildtypeare presentedin TABLE
1. It may be noted that therd, mutant possessed 44.58%
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Figurel: Effect of sodium azide on oxygen uptakeby in-
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Figure?2: Effect of KCN on oxygen uptakeby intact myce-
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TABLE 1: Specificactivitiesof succinatedehydr ogenase
and cytochromeoxidasein mitochondrial suspension of the
wildtypeanditsrd mutant.

Specific activities of enzymesin cell free extract

. Succinate . b
Strain dehydr ogenase® Cytochrome oxidase
Wwild 3.14 78.75
type
rd; 1.74 74.25

umole/mg protein/hr, "ul O, consumed /mg protein /hr

lower activity compared with that of the wild type ;
whereastheactivity of cytochromeoxidaseinrd, mutant
remained a most sameasthewild type.
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DISCUSSION

Inthepaper published earlier presented an account
of theisolation of N- methl N’-nitro N-nitroso guani-
dine (MNNG) induced rd mutants of Aspergillus
ochraceus showing poor respiratory activity which ex-
hibited smal growth on CD medium containing glucose
asasourceof carbon and negligible or no growth on
acetate medium. Thesensitivity of intact myceliaof the
rd mutant towards cyanide and azide wasfound to be
less compared with that of thewild type and a so that
of thecell freeextract of themutant; where as sengitiv-
ity of the cell free extract of therd mutant wasmore or
same asthe wild type shown. Thesefindingsindicated
that ateration of membrane permeability of therd mu-
tant may createinsengtivity towardscyanideand azide.
Theresultsobta ned from the studiesof mycelid lipid
analysis supported the same asreported in Aspergillus
nigeri* since the rd mutant possessed 41% and
58.35% less sterol and glycolipid respectively, neutral
lipid wasfound to be about 35% higher than that of the
wildtype. Ggycolipidsand sterols have already been
identified astheimportant component of themembrane
in eukaryotic cells for maintenance of membrane
dynamicity®>2¢. Thediversity in structuresand physi-
ca propertiesof lipidsprovidesawidevariety of pos-
sbleinteractionswith proteinsthat affect their assem-
bly, organization, and function either a the surface of or
within membranes'”89, The assay of succinate de-
hydrogenase and cytochrome oxidase activitiesin
mtichondria suspensionof rd, and thewildtypesigni-
fied that therd, mutant possessed 44.58% less activity
of succinate dehydrogenase whereas citochrome oxi-
daseactivity of the mutant remained dmost sameasthe
wild type. As observed earlier by Ghosh and Das,
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(1993)®¥ in unchanged color of therd, mutant in the
2,3,5triphenyl tetrazolium chloride-overlay technique
may possibly be due to defect in the synthesis of
flovoproteins associated with therd, mutant refl ected
theresults obtai ned from the assay of mitochondrial
enzymesastherd, mutant of A.ochraceusshowed less
activity compared with that of thewild type. It was
reported that the rd mutant of Saccharomyces
cerevisiag?” showed normal cytochrome c oxidase
(complex IV) activity and four foldincreased lysophos
pholipid content. All these properties showed by the
rd, mutant of Aspergillus ochraceus,anon-lethal res-
piratory deficient mutant may be similar to the petite
mutant of yeast asreported by Colson et a.?Y. Such
type of mutants may be used for understanding genet-
icsand biochemistry of mitochondriain organismsand
may a so beappliedin production of organic acidslike
citricacid under oxygen limited condition asarespira
tory-deficient mutant of Kluyveromycesfragiliswas
used for better production of ethanol under anaerobic
condition(®7.
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