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ABSTRACT

A standard method for isolation, fusion and regeneration of protoplasts
from Aspergillus flavus and Aspergillus terreus was devel oped. The pro-
toplasts from A. flavus and A. terreus were isolated using Novozym 234
and cellulasse as lytic enzyme and potassium chloride as osmotic stabi-

KEYWORDS

Lovastatin;
Protoplast fusion;
Regeneration;
Solid state fermentation.

lizer. The interspecific fusion frequency was determined using 40% poly-
ethylene glycol asfusogen. The regenerated fusants morphology, mycelia
protein pattern, RAPD analysis and lovastatin analysis were compared
with parental strains. Upon 7 days of fermentation, the stable fusant, pro-
duced lovastatin 0.92 mg/g which is higher than their parent wild type

strains. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Protoplasts, the cell devoid of cell wall withthecell
components limited by the plasmamembrane, isa
wonderful versatileliving system to understand the
secretsof many biological systemsof living organism
and to manipul ate and alter the genetic composition
of an entire organism. Protoplasts are, by definition,
the components of alive cell after experimental re-
moval of the cell wall (Hawksworth et al., 1995).
Protoplastsisan attractive model organism for stud-
iesof physiologica and cytologica processesrelated
to cell wall formation, cell growth and differentiation
and isused in basic research for enzyme synthesis
and steroid transformation and strain improvement
(Kelkar et al., 1990; Krautwig and Lorz, 1995).
Protoplast represent an appropriate source for in-

tact DNA protoplast fusion, el ectrophoretic karyo-
type or transformation (Gold et al., 1983) and al so,
for mutagenes stowardsstrainimprovement (Kelkar et
al., 1990; Azevedo, 1998; Varavella et al., 2004).
Fungal protoplastsareanimportant tool in physiologi-
cal and genetic research (Peberdy, 1989; Hamari et
al., 1997, Prabhavathy et al., 2006) and genetic ma-
nipulation can successfully be achieved through fu-
sion of protoplast in filamentousfungi that lack the
capacity of sexual reproduction (Lalithakumari,
2000). The protoplast can be obtained in filamen-
tousfungi from the mycelium, germinated conidiaor
intact conidia. For every fungus, enzymatic prepara-
tion, osmotic stabilizer and their concentrations must
be assayed in order to establishideal conditionsfor
protoplast preservation, without internal materia loss
(Azevedo, 1998).
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MATERIALSAND METHODS

Prepar ation of sporesuspension

Towell sporulated PDA dantsof A. flavusand A.
terreus, 10 ml of spore suspension medium (0.9%
NaCl, 0.1% Tween 80) was added. The surface was
scrapped with aloop and suspension was collected.
Thesuspensonwasagitated thoroughly using cyd omixer
to suspend the sporeand filtered in aglasswool. The
concentration of the spore suspens on was measured
using ahaemocytometer and adjusted to 1 x 108 spores/
ml whichwas used asinoculum throughout the study.

Preparation of mycelium

Conidiawerecollected from 5 daysold cultures of
A. terreusand A. flavus separately. Theinoculum of
A. terreus and A. flavus were prepared by adding 5
ml of steriledistilled water to 5 daysold culture under
aseptic conditionsand centrifuged at 5000 rpm for 10
min. Theconidid suspensionof 1 x 10° conidia/ml was
trandferred aseptically into 100 ml potato dextrosebroth.
Theflaskswereincubated for 12-24 h at 27+2°C on a
rotary shaker at 150 rpm. The young germlingswas
harvested by filtration usng milliporefilter (0.45um) and
aseptically washed oncewith steriledistilled water fol-
lowed by two washes with sterile osmotic stabilizer
(KCl). Thismyceliapreparation of A. terreusand A.
flavuswas used for protoplast isolation.

| solation of protoplasts

Protoplasts from the mycelia preparation of A.
terreusand A. flavuswereisol ated using mixtures of
cell wall lytic enzymes. Novozyme (Sigma) and cellu-
lase enzyme (crude prepared in our |aboratory) were
usedfor cel lyss. Thenovozymewasused individualy
andin combinationswith cellulasetolysethecd | wall.
Osmotic stabilizersare essential to provide osmotic
support totheprotoplast following removad of cell wall.
Inthe present study K Cl was used asthe osmotic sta-
bilizer. Themycelium (100 mg) was pretreated with the
reducing agent B-mercaptoethanol in sodium phosphate
buffer, pH 7.0 (0.5% v/v) for 2min. Thentransferred
toaflask (25 ml) containing 5 ml of osmotic stabilizers,
novozyme and cellulase. After incubation for 3hthe
contentswereexamined for presenceof protoplast. The
protopl ast suspension wasfiltered through amillipore
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filter (0.45um), diluted and then stained with crystal vio-
let. The stained protoplasts were counted in a
haemocytometer under alight microscope.

Optimization of conditionsfor protoplast release
Effect of lyticenzymes

The lytic enzymes Novozyme 234 (Sigma) and
crude preparation of cellulase enzyme wasfrom our
laboratory from T. har zianum. Various concentration
of Novozyme (2, 4, 6 mg/ml) wastested for andyzing
the cell lysing efficiency. Cellulase enzyme
(0.2 ml/ml) was a so tested a ong with novozymeto
improvethe protoplast release.

Effect of age of mycelium

Mycelium preparations were done from thetwo
test fungal culturesof different age. 12 h, 24 h, and 48
holdfungd cultureswereused for determining theop-
timum agefor maximum protoplast release.

Effect of osmotic stabilizers

Potassium chloride, the osmotic stabili zer, wasused
at different concentrations (0.4, 0.6, 0.8M) to deter-
mine the optimum concentration for maximum proto-
plast release.

Effect of pH

pH of themycedlia preparationswasvaried from4
to 6toducidatethe optimum pH for protoplast release.

Effect of incubation period

The effect of incubation period on protoplast re-
lease wastested by varying theincubationtimefrom 2
to4 (with 1hinterva).

Protoplast fuson

Protoplast fusion wasperformed according to the
method of Anne and Pedeby!?. After washingin 0.6M
K ClI, protoplasts obtained were centrifuged for 10
minat 700 rpm at 4°C. The pelleted protoplasts from
both fungi A. terreusand A. flavus were suspended
in 1 ml of PEG 4000-6000(30%) w/v with 10 mM
CaCl, and 50 mM glycine buffer (pH 5.8). Incubated
at 36°C for 10 min and then transferred immediately
to—20° C for 10 min. After incubation, the suspen-
sionwasdiluted with 5 ml of minima mediacontain-
ing 0.6M KCl andfinaly resuspendedin 5 ml of 0.6M
K Cl and plated on solid regeneration medium. Varied
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concentration of PEG (30, 40, 50, and 60 %) was
tested to determine the optimum condition for proto-
plast fusion. Optimum pH for increased fusion fre-
guency was elucidated by varying the pH from6to 8
withO.5intervas.

Protoplast regeneration

The protoplastswere assessed for their ability to
regenerateinto actively growing funga colonieson agar
medium. Theprotoplast suspension wasdiluted and 1
x 102 protoplastswere plated in minimal potato dex-
trose agar (2%) containing 0.6M KClI stabilizer and
wereincubated at room temperaturefor 4 days.

Fusant identification

Theformation of fusant was confirmed by colony
morphol ogy, spore size and shape, mycelial protein
pattern® and Random amplified polymorphic DNA
(RAPD) analysis*?. Thecolor and growth pattern of
parent and fusant strains were visually observed.
Structure and shape of the conidiophores of the par-
ents and fusant were observed microscopically. The
production of lovastatin by the parent and fusant strains
were compared.

Mycelial protein pattern analysis

Themycdiumfromfour day old funga culturesof
parentsand fusent werefiltered through Whatman No.1
filter paper under sterilized conditions and squeezed
through sterilized filter paper®. Thefunga mycelium
wasgroundwith 2 ml of Laemmli extraction buffer. The
extract was centrifuged at 10,000 rpmfor 10min. The
supernatant wasboiled for 15 minat 60°C and used as
mycelid protein extract for evaluation of intragenetic
variation of the el ectrophoretic karyotypes of parents
and progeny on 10% SDS PAGE.

RAPD analysis

Short oligonucleotides of random sequence (gen-
eraly 10 bp length) will chanceto complementary to
numerous sequenceswithinthegenome. If two comple-
mentary sequenceare present on oppositestrandsof a
genomic region in the correct orientation
and within aclose enough distance with each other, the
DNA between them can be amplified by PCR using
decamers. Such amplified productsareresolved by gel
electrophoresis. RAPD polymorphismsmay result from
interspecific protoplast fuson (TABLE 1).

TABLE 1: RAPD-PCR reaction mix

S.No Chemical/ enzymes pL
1 DNA (10-25 ng) 25

2 10 X PCR buffer (15 mM MgCl,) 25
3 Oligonuclectide primer (2pum) 25
4 dNTPs (1 mM) 25
5 Tag DNA Polymerase 0.5
6 Sterile water 14.8
Total 25.3

Thereactionmixturewasoverlad withminerd ail
and PCR was performed using short cycling protocol
(Yuand Pauls, 1992). 1 cycleof 1 minat 97°C, 37 sec
at 37°C and 1 min at 72°C, 35 cycles of 5 sec at 97°C,
15 secat 37°C and 1 min at 72°C and the final exten-
sionat 72°C for 2 min.

RAPD assay and PCR amplification

Amplificationfor RAPD andysiswascariedoutin
aPTC—200TM thermal controller. Theoligonudeotide
primers CAG CGA GGCT,AGG GGT CTT G CAG
CAC CCA G and AGT CAG CCA G were used to
produce RAPDs. Theamplification productswereana
lyzed on 1.5% agarose gel and viewed under UV after
(ETBR) gaining.

Estimation of lovastatin production efficiency of
parent and fusant

Solid statefer mentation

Solid substrateswasdried in hot air oven at 60°C,
accurately weighed to 8 g in Petri dishes
(100mmXx17mm), appropriately moistened with dis-
tilled water and autoclaved at 121°C for 20 min. After
cooling, medium was inoculated with 0.8 ml
(10% v/w) of spore suspension. Medium was thor-
oughly mixed and incubated at 30°C, in ahumidity-
controlled incubator for 7 days. After incubation the
Petri dishes were harvested and analyzed for
lovastatin content.

L ovastatin extraction in solid statefer mentation

Fermented material wasdried at 40°C for 24 h,
powdered and 2 g of the powdered material was ex-
tracted by 100 ml of methanol: water mixture (1: 1 v/
v) at pH 7.7 in 250 ml Erlenmeyer’s flasks keeping
theflask at 30°C inrotary shaker at 200 rpm for 2 h.
After 2 h, mixturewas centrifuged at 10,000 rpm for
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10 minand supernatant wasfiltered through 0.45 um
membranefilter.

L ovastatin estimation

Lovastatinintheclear extract wasestimated by high
performanceliquid chromatography (HPLC) system
(Agilent 1100 series) using C-18 column (250 mmlength
X 4.6 mmID). A mixtureof 0.02 M phosphate buffer
(pH 7.7) and acetonitrilein ratio of 65:35 (v/v) was
used asmobilephase. Flow ratewasmaintained at 1.0
ml/min and lovastatin was detected at 238 nm. The
lovadtatin peak was detected at aretentiontime of 9.2
min (Vaeraetal., 2005).

RESULTSAND DISCUSSION

Effect of lyticenzymes

In the present study protoplast was prepared
from A. flavus and A. terreus by enzymatic diges-
tion of the entire or part of the cell wall. Commer-
cialy available enzyme, Novozyme 234 (Sigma,
USA) and the crude preparations of cellulasefrom
T. harzianum prepared in our laboratory were used
for cell lysis. The Novozymewas used individually
and in combinationswith cellulase (TABLE 2). The
maximum protoplast yield of A. flavusand A. terreus
were 24.19 x 10%and 26.21 x10°when Novozyme
234 and cellulose were used in combinations
(TABLE 2). In the present study for the successful
release of viable protoplast from fungal mycelium,
singleand combinationsof |ytic enzymesused. Among
the trials combination the mixture of lytic enzymes,
Novozyme 234 (4 mg/ml) and cellulase (0.2 ml/ml)
wasfound to be effectivein therelease of theviable
protoplast.

TABLE 2: Effectsof lytic enzymeson protoplast release
from A. terreusand A. flavus

Effect of age of mycelium

Theage of themycediumisanimportant factor in
protoplast release. Generaly funga protoplastsarepre-
pared from young mycdlium, whichismoresengtiveto
thelytic action of thedigestive enzymesthan old myce-
lium®!, Inthe present study, theyieldwashighin24 h
mycelium, theyield wasabout 26.2 x 10® and24.1 x
10%in A. terreusand A. flavus (TABLE 3).

TABLE 3: Effect of age of mycelium on protoplast release
from A. terreusand A. flavus

S Age of Protoplast Protoplast
No‘ mycelium released in released in
) (h) A. terreus A. flavus

1 12 20.7 x 10° 19.3 x 10°
2 24 26.2 % 10° 24.1 % 10°
3 48 19.8 x 10° 18.8 x 10°

Effect of osmotic stabilizers

Osmotic stabilizersplay animportant rolein the
rel ease and maintenance of theintegrability of the pro-
toplast’®. Osmotic stabilizerssuch asinorganic sats,
sugars and sugar alcohols have been used to stabilize
protoplast released from mycelium. Thetype and con-
centration of stabilizerswill influencebothyiddand sa
bility of protoplast.

TABLE 4: Effectsof potassum chlorideon protoplast release
from A.terreusand A. flavus

Protoplast Protoplast

Iiro' Eg?((:l\% released in released in
) A. terreus A. flawus

1 0.4 21.7 x108 18.3 x 10°
2 0.6 28.1 x 108 25.4 x 10°
3 0.8 25.6 x 10° 19.5 x 10°

Themolarity of theosmotic sabilizersplaysavita
roleinthe stability and regeneration frequency of the
protoplast. Ingeneral, inorganic saltsare more effec-
tivewith filamentousfungit. In the present study, os-
motic stabilizer KCl wastried at different molar con-
centration. 0.6 M KCl served asthebest osmotic sta-
bilizer for releaseof protoplast (TABLE 4).

Effect of pH

Theeffect of pH ontherelease of protoplast from
A. flavusand A. terreus was checked by changing pH
from4to8(TABLE 2.6). Theresult revedled that acidic
pH yielded fairly good amountsof protoplast than neu-

Protoplast Protoplast

I\SILI N((r);/o/zry]/qur;e Czsqulfrlnaf;e released in  released in

) 9 A. terreus A. flavus

1 2 16.3x10° 153 x 10°

2 4 184 x10° 175x 10°

3 6 - 20.2x10° 19.8x 10°

4 2 0.2 22.3x10°5  20.2x 108

5 4 0.2 26.21 x 10° 24.19 x 10°

6 6 0.2 242 x10° 23.4x10°
ﬂbgecétzo/og T
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tral and akaline pH. The pH 5.0 was observed to be
favorablefor protoplast release. At pH 5, 26.4 x 108
and 24.5 x 10° protoplasts were released from A.
terreuswere obtained from A. flavus (TABLE5).

TABLE5: Effect of pH on protoplast releasefrom A. terreus
and A. flavus

Protoplast Protoplast

S.No. pH released in released in
A. terreus A. flavus

1 4 20.7 x 10° 19.3x 10°

2 5 26.4 x 10° 245 % 10°

3 6 19.3 x 10° 18.4 x 10°

4 7 17.3 % 10° 155 x 10°

5 8 15.4 x 10° 14.3 x 10°

Effect of incubation period

Thedurationof incubation of themycdiumwithlys-
ing mixturefor therelease of protoplast wasoptimized.
Theresult showsthat after two hoursof incubationthe
protoplasts started to rel ease and at the third hour the
rel ease reached the maximum, and | ater it decreased
because of the prolonged action of thelytic enzymes
(TABLE®6).

TABLE 6: Effect of incubation period on protoplast release
from A. terreusand A. flavus

| ncubation Protoplast Protoplast

S.No. eriod (h) released in released in
P A. terreus A. flavus

1 2 16.7 x 10° 16.3 x 10°

2 3 26.2 x10° 24.1 % 10°
3 4 22.8x10° 21.8 x10°

The present study reveal ed that the optimal condi-
tionsfor protoplast relasein A. flavusand A. terreus
weremixtureof Novozyme 234 (2 mg/ml) and cellu-
lase (0.2 ml/ml) aslytic enzyme, mycelium ageof 24 h,
0.6 M KCl asosmotic stabilizer, pH 5 and incubation
period of 180 min.

Polyethyleneglycol (PEG) mediated fusion

Theaggregation of two or more protoplast isnot
enough to start fusion. Protoplast surfacesbear strong
negative chargesduetowhichintact protoplastsin sus-
pension repd each other. They can belinked and fused
by the addition of calciumionsor PEG. It wasfound
that different factors, concentration of fusogen and os-
moaticgabilizers, pH of fusogen, incubation mixtureinflu-

————, FyurL PAPER

encetheaggregation, surviva of protoplastsand sub-
sequently the hybridization frequency. Theintroduction
of PEG/Ce*toinducefusioninfunga protoplastswas
first devel oped by Anne and Peberdy!?. PEG induced
fusonresultsinreproducible highfrequency formation,
low toxicity to cells, reduced formation of binucleate
heterokaryonsandisnon-gpecific. Themolecular weight
of PEGiscritica to thefusion frequency and in most of
the studies PEG concentration of 4000-6000 was
used®, PEG concentration below 20% resultin proto-
plastslyss. Inthispresent study 50% PEG with 10mM
Ca* wasfound to beeffectivein bringing effective pro-
toplast fusion (TABLE 7).

TABLE 7: Influence of PEG concentration on inter specific
protoplast fusion

PEG concentration frequency (%) Fusion frequency (%)

30 101
40 1.24
50 1.82
60 0.73

Influenceof pH on protoplast fusion

For an effective survival of the protoplastsduring
fusiontreatment, pH of thefusion mixtureisanimpor-
tant factor. Fusion occurredin PEG solution at pH lev-
elslower than 7.0. Optima proceduresfor fungal pro-
toplast fusionwereinvestigated by Anne and Peberdy’?
and it was found that a solution of 30 % (w/v) PEG
containing 10mM CaCl, and 50 mM glycineat pH 7.5
wasoptimal. Kirimuraet al.'¥ havereported pH 4.5 as
optimum for fusion between Aspergillusterreusand
Aspergillus usamii protoplasts. In the present study
theoptimal fusionfrequency wasobtaineda pH 7.0in
the presence of 10 mM Ca?* at 50 % PEG concentra-
tion (TABLES8).

TABLE 8: Influence of pH oninter specific protoplast fuson

pH Fusion frequency (%)
6.0 0.34
6.5 0.93
7.0 1.82
75 0.69
8.0 0.52

Protoplast regener ation
Inthe present study, PDA medium amended with
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the osmotic stabilizer has produced the substantia re-
generation of protoplast. In the present study proto-
plast viability was assessed by direct regenerationinan
osmotically stabilized medium. Inthismediumthere-
generation frequency for A. flavusand A. terreuswere
53%and57%respectivdy. Usud ly whenthefusion mix-
tureisinocul ated on selective media, mycelium from
non fused or self fused protoplast will grow slowly,
thereby helping in theisolation of thefusant progeny.
Thefusant culture of A. flavusand A. terreus showed
faster growth compared to the parents. These obser-
vations coincidewith theresult observed on the fused
protoplast of Pichia stipitisinterspecific crosses™.

Fusant identification by colony mor phology, spore
shapeand size

Colony morphology had been used toidentify in-
terspecificandintergenericfusion productsespecidly if
the speciesdiffer greatly in colony morphol ogy™. The
parental coloniesof A. flavusweregreenin colour and
grew assmdl | granular structuresand A. terreusparen-
tal colonieswerebrownin color and colony variesfrom
downy to powdery. Thefusant strain colour waswhit-
ish brown. The spore morphology of A. terreus, the
hyphae were septate and hyaline. Conidiaare small,
globose, and smooth. Conidiophoresaresmoothwaled
and hyaineterminatingin mostly globosevesicles. In
A. flavus conidiaaretypically globoseto subglobose.
Conidiophoresare heavy walled, uncoloured, coarsely
roughened. Vesicles are elongate when young, later
becoming subgloboseor globose. Thefusant wasmore
similar totheparenta strain, A. terreus. Theconidial
Szeswere5.3624 um, 4.4182 pm and 5.22 um (dia) in
A. terreus, A. flavus and fusant respectively.

Fusant identification by mycelia protein pattern

The protein polymorphism of the recombinant was
identified by €l ectrophoretic technique. The 66, 86, and
43 KDa proteins expressed in A. terreus were ex-
pressed in the fusant; the 38 and 52 KDa proteins
present in A. flavus were strongly expressed in the
fusant. Thisshowed the rel atedness of protein poly-
morphism between parentsand fusant (Plate2.3). This
banding pattern confirmsthe hybrid formation. Proteins
generally detect lower levelsof variability and arere-
stricted to amaximum of 20-40 stainable enzymes. In
some cases, it showed high level of polymorphisms,
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but in few casesit waslimited (Murphy et al., 1990;
Wayneet al., 1991).

Fusant identification by RAPD analysis

Inthepresent study four primersCAG CGA GGCT,
AGGGGTCTTG CAGCACCCAGandAGT CAG
CCA G wereused inwhich CAG CGA GGC T and
AGT CAG CCA G produced polymorphismsbetween
the parentsand fusant. When CAG CGA GGC T primer
was used, anew band around 300-400 bp was present
infusant but absent in both parents. The 400- 500 bp
band waswell expressed in A. terreus and A. flavus

1 2 3 4 1 2 3 4

CAGCGAGGCT AGGGGT CTIT G

1 2 3 4 1 2 3 4

CAGCACCCAG

AGTCAGCCAG
Lane 1 : DNA markers (1000, 800, 600, 500, 300, 200, 100 bp);
Lane2: A.terreus, Lane3: A. flavus, Lane 4 : Fusant strain

Figurel: RAPD analysisof A. terreus, A. flavusand fusant
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but absent infusant. The 700- 800 bp band was present
in A. flavusand fusant but absent in A. terreus. When
the primer AGT CAG CCA G was used anew band
around 400-500 bp was observed in fusant which was
absent in both parents. The 7000 bpwasexpressedin
A. flavusand fusant but dightly expressed in A. terreus
(Figure1). Theseobservationsfurther confirmed the
successful formation of aprotoplast fusant between A.
terreus and A. flavus.

Lovadtatinyield

The production of lovastatin between the parent
and the fusant was analyzed with HPLC. From the
HPLC andysis, theconcentration of lovastatin produc-
tionfromA. flavus, A. terreusand fusant wasfound to
be0.32mg/g, 0.841 mg/gand 0.92 mg/g. (TABLEY9).

TABLE 9: Production of lovastatinin A. terreus, A. flavus
and fusant

S.No Strain Lovastatin yield in mg/g
1 Aspergillus flavus 0.32
2 Aspergillusterreus 0.741
3 Fusant strain 0.92
1 2 3 4

-
3.0 - '
- -

00 —— -
e e E—
184 ——
i
6.5 -

Lanel: Marker; Lane 2 : A. terreus; Lane 3: A. flavus;
Lane4: fusant

Figure2: Protein profiling of A. terreus, A. flavusand fusant

In 2005, MarliaSinggih et al. improved the pro-
duction of lovastatin, by intraspecific protoplast fuson
of two strainsof Aspergilusterreus.
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