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GENETIC TRANSFORMATION IN TRICHODERMA REESEIFOR

THE IMPROVEMENT OF CELLULASES PRODUCTION

|51}

Talkhan', Fatma N.; A.M. El-Bondkly' and S.A. Dora’
ABSTRACT

The fangal strain Trichoderma reesei NRRL 12368 and three of its induced mu-
tants, namely S/26, B/I and 6/12, which were selected according to their cellulases
activity, were used to be transformed in this investigation. The bacterial strain
E.Coli M 109 free g‘IBasmid was used as competent cells to host and clone the re-
combinant plasmid PB- FP 22 which carries cellobiochydrolase 1 gene (cbhi). All
transformants were isolated after growth on hygromycin B selective medium and
were evalpated for cellulases activity. Results indicated that: F pase and CMCase
activities were increased, while B - glucosidase did not change in all transformed
isolates. After transformation of 7. reesei NRRL 12368 with plasmid DNA, the
transformants were proved to produce 20% F pase and 21.6% CMCase more than
their recipient strain NRRL 12368. When 5/26 isolate was used as recipient in trans-
formation, 11 clones were isolated and their production increased with 21,1 % F pase
and 23.3% CMCase more than those of 6/12. When the isolate B/! which failed to
produce any cellulases activity was transformed with plasmid P*®#HP22 3] trans-
formants produced only Fpase and CMCase, giving about 24% or 16% of the origi-
nal culture, Fpase and CMCase, while they did not produce any B- glucosidase like
their recipient strain B/1.
Trichoderma reesei, Cellulase enzymes, Genetic transformation,
Plasmid.
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INTRODUCTION

Trichoderma reesei has been long,
and still is the best studied cellulolytic
organism. The techniques of genetic en-
gineering have greatly increased our un-
derstanding not only of the cellulase en-
zymes but also of the molecular biology
of the fungus itself and gene replacement
have enabled construction of novel

are better suited for industrial applica-
tions than the cellulase preparations ob-
tained with the conventional production
strains. Penttili et af (1986) cloned and
sequenced the gene and the full- length
¢DNA coding for the major endoglu-
canase EG-1 and compared this to the
cbh' gene sequence to clarify the rela-
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tionship between the EG and CBH
classes of cellulases. They pointed to the
fact that practically nothing is known
about the catalytic sites or any other
functional sites of cellulases. Knowles et
al (1987) isolated and characterized genes
coding for four major cellulases, CBH-1,
CBH-11, EG-1 and EG-111in T reesei
They found that this fungus produces at
least two of cellulases, each containing
both endo-and exo- types of enzyme.
They use the full length cDNA coding for
the four major cellulases for expression in
yeast; Saccharomyces  cerevisiae.
Penttilii et al (1987) applied transforma-
tion with plasmid carrying the dominant
selectable marker and/or the arg B gene
of Aspergillus nidulans, which was found
to complement the respective arg B mu-
tation of T.reesei and obtained up to 600
transformants per pg of transformed
DNA. On the other hand, Harkki et ol
{1991) used penctic engineering tech-
niques to modify the proportion of differ-
ent cellulases produced by a hvpercellu-
lolytic T.reesei mutant strain. A general
expression vector. P "M oontaining
the promoter and terminator sequences of
the strongly expressed main cellobiohy-
drolase 1 (cbhl) gene; was used to over-
express a cDNA coding for EG-1, the
major endoglucanase .In this way the
production of endoglucanase was im-
proved by a factor of two to four. In ad-
dition, WUusitalo et al (1991) used genetic
engineering  techniques to obtain im-
proved strain of Trichoderma. which se-
¢reted  novel mixtures of cellulases. They
pointed to the improvement of EG-1 pro-
duction due to transformation of alrcady a
high producer mutant of all cellulases
with a plasmid carrying the eg 11 cDNA
mnscried into an expression cassetie be-

tween the promoter and terminator se-
quences of the strongly expressed cbhl
gene. Miintyli et al (1992) pointed to the
presence of seven separale chromosomal
DNA bands in the wild type. T.reesei
strain QM6a. In comparison with the
three hyper —cellulolytic mutant strains;
QM9414, RUTC-30 and VIT-D- 79125,
they found that in all strains the cellulase
genes cbhl.cbh2, and eg 12 were located
in one linkage group (chromosome Il in
the wild- type), while (he main endoglu-
canse (egll) appeared on another chromo-
somal DNA band (chromosome V1 in the
wild —type). Abrahao-Neto et al (1995)
examined the effects of inhibition of
mitochondrial function on the expression
of two nuclear genes encoding the extra-
celluar cellobiohydrolase  I(cbhl) and
endoglucanase 1 (egll) of the celiulase
sysiem of T. reesei. Their results showed
that inhibition of the mitochondrial func-
tion results in down regulation of the two
transcripts of the cellulase system, cbhl
and egll. Carle- Urioste e al (1997)
showed that the transcripts of two mem-
bers of the cellulase system, cbhl and
cgll, are present in the uninduced T.reesei
cells. These transcripts were induced at
least 1100-fold in the presence of cellu-
lase. They also showed that a construct
comaining the hygromycin B resistance
encoding gene driven by the cbhl pro-
moter confers hygromycin B resistance to
T.reesei cells grown in the absence of
cclivlose. Moreover, celiulose—induced
production of the cbhl franscript was
suppressed when antisense RNA, against
threc members of cellulase system, was
expressed in vivo. Takashima et al
(1998) uscd T reesei. cellulose genes to
be cxpressed in 4. oryzae as ahost. In
this sysicm, the expression of 7. reeses,
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cellulase genes were regulated under the
control of 4. oryzae Taka-amylase pro-
moter. In addition, these genes were
highly expressed when maltose was used
as the main carbon source for the inducer.
They found also that the production of
recombinant cellulases by 4.oryzae trans-
formants reached their maximums after 3-
4 days of cultivation under an optimal
temperature of 50 - 70 °C.

MATERIAL AND METHODS

The fungal strain Trichoderma reesei
NRRL 12368 and three of its induced
mutants, selected according to their cel-
lulases activity, were used to be trans-
formed in this investigation. These mu-
tants are S$/26 (highly productive), B/l
(non¢ productive) and 6/12 (moderately
productive). The bacterial srtrain Fs-
cherichia coli IM 109 free plasmid strain
was prepared to be used as competent
cells to host and clone the recombinant,
plasmid P P22 which carry cello-
bichydrolase lgene. This strain was
kindly provided by Stratagene Co., Ger-
many.

Media

1-  Fermentation medium (FM):
{Haapala et al 1995).

2- Protoplasting medium (PM): (Ku-
mari and Panda, 1994},

3- Hygromycin B resistant medium
(HBM): Protolasting medium (PM)
with the addition of cellulose, as a
carbon source instead of glucose,
iM sorbitol and hygromycin B (200
pg/ml), was used as selective me-
dium for T reesei Transformants
Hygromycin B (Sigma) was dis-
solved in distilled water.

807

4- Louria medivm {LB): (Sambrook et
al 1989): It was used for culturing and
maintaining Ecofi IM109 strain. It
contained (g/L) Bacto- tryptome, 10;
NaCl,10; and yeast extract, 5. To so-
lidify, 2% agar was added. The pH of
the medinm was adjusted to 7.0,

5- Ampicillin resistant medium (AM):
Escherichia coli JMI109 strain me-
dium {(LB) was used with the addition
of ampicillin (Sigma) (100p/ml dist,
water) as selective agent for the trans-
formed cells.

s Plasmid DNA preparation buffers
(Sambrook e @ 1989) buffers for
plasmid DNA preparation were used as
follow:

¢ (Glucose-Tris—-EDTA) buffer Glu-
cose, 50 mM; Tris,pH 8.0, 25 mM and
EDTA, 10 mM.

o SDS-buffer NaOH, 0.2 N and SDS,
1%.

s Potassium acetate-buffer Potassium
acetate, 3.0 M and Glacial acetic acid,
20M.

¢ Chloroform / Isoamyl alcohol-buffer
24 : 1 (VIv).

e TE (10/1)-buffer Tris- HCI (pH 8.0)
10 mM and EDTA, | mM.

¢ Loading buffer Sucrose, 10 % (w/v);
EDTA,20 mM and Bromophenol- blue
0.04% (wiv).

s 1X TBE-buffer Tris- HCl (pH 8.0),
0.085 M, Boric acid, 0.085 M, and
EDTA, 0.002 M.

» RNase (20 pg/ ml)

Enzymes

Sigma Novozyme 234 and snail en-
zyme were used in this study for proto-

plast preparation.
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Plasmid

The recombinant plasmid PCBHITPR22
was uscd in this study. It was kindly pro-
vided by Prof. Dr.H.El-Dorry (Biochem-
istry Department, Institute of Chemistry,
University of Sao Paulo, Brazil). The size
of this plasmid is nearly 6.2 kb. It con-
tains 2 2.2 kb DNA fragment containing
the 5 -flanking region of cbhl gene end-
coding cellobiohydrolase 1 (CBHI) which
is considered the major member of the
cellulase. The coding region for the E.col
hygromycin § phosphotransferase (hph)
gene (resistance marker for T.reesei
transformants) and the ampicillin resis-
tance (amp") gene (resistance marker for
E.coli transformants). Figure (1) presents
the chimeric construct in the correct ori-
entation in addition to the polyadenyla-
tion signal and the origin of replication
(ori).

pCBHI - Hph
(62%b)

Fig 1. Sugpested restricion map of plasmid
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' Protoplast formatien of T. reesei

Spore suspension from each strain
was inoculated with 50 ml of PM in 250
ml flasks and incubated on a rotary

~ shaker (120 rpm) at 28 °C for 20 hours.

Afier incubation, the mycelia were
collected by centrifugation, then washed
twice with 0.7M kcl in phosphate buffer,
25mM, (pH 5.8) and then resuspended in
(50mg / ml) phosphate buffer containing
0.7 M Kcl and 8 mg/ml novozyme 234.

The lytic mixtures were incubated at
30 °C with gentle shaking for up to two
hours. Protoplasts were detected micro-
scopically and the protoplast mixture was
centrifuged at 4000 rpm for five min. at 4
°C, then the supematant was discarded
and the protoplasts were resuspended
immediately in a sterile phosphate buffer
containing 0.7 M KCL.

-1.2

CBHI-HPh-2.2
P

used in this study.
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Transformation of E. coli JM109 strian

Transformation was applied using the
plasmid P2 carrying ampicillin
resistant gene as a selectable marker. The
method of Jones (1998) for transfor-
mation of E. coli IM109 was used in this
study.

Plasmid DNA preparation from E. coli
JM109 strain

The method used for plasmid DNA
preparation was according to Sambrook
et al (1989),

Transformation of Trichoderma reesei

Protoplasts were prepared as men-
tioned before, and washed int 1 M sorbi-
tol-10 mM Tris-HCl, pH 7.5. The mixture
was centrifuged at 3000 rpm for five
min, and the pellet was resuspended in
200 pl of 1M sorbitol-10 mM CaCl;-10
mM tris-HCI, pH 7.5. Protoplast suspen-
sions were mixed with 2-5 pg of trans-
formation DNA (plasmid) in 20 ul TE
buffer, then 50 pl of the mixture [25%
PEG 6000 in 50mM CaCl; and 10 mM
Trs-HCl (pH 7.5)] were added. The
mixture was incubated on ice for 20 min,
then the incubation was continued at
room temperature for five min,, after ad-
dition of two ml of the above mentioned
PEG solution. After that, four ml of the
mixture containing 1M sorbitoi- 10mM
CaCl;- 10 mM Tris-HCLpH 7.5 were
added. Aliquotes of 500 ul from this
mixture were plated on agar overley onto
selective plates (HBM) and plates were
incubated at 28 °C unitl single colonies
appeared. The single colonies were trans-
ferred and subcultured on selective slants

“several times and were tested finally for

celiulases production.
Cellulases determination

Enzyme activities were assayed in the
culture supernatant obtained by centrifu-
gation for five min. at 5000 rpm under
cooling in an eppendorf centrifuge. A half
ml! of the clear supernatant was diluted in
4.5 ml of 0.05 M citrate buffer, pH 4.8,
The dilution was used to assay the en-
Zyme activities.

Enzymatic degradation of filter paper
(FPase)

A piece of filter paper (Whatman
No.1,50 mg) was added to 0.5 m]l of 0.5
M citrate buffer, pH 4.8, then 0.5 ml of
appropriately diluted enzyme preparation
was also added and the mixture was incu-
bated for one hour at 50 °C. Since one
activity unit (FPU) liberates 1pmol re-
ducing sugar in one minute (Miller, 1959
and Vaheri et al 1979), then reducing
sugars were measured colorimeterically
with the dinitrosalisylic acid (DNS)
method at wavelength of 570 nm using
glucose as a standard (Miller, 1959).

Carboxymethyl cellulose hydrolyzing
activity (CMCase)

A half ml of 1% Carboxymethylcel-
lulose in 0.05 M citrate buffer, (pH 4.8,)
and 0.5 mi of diluted enzyme preparation
were mixed and incubated at 50°C for 30
min. The reaction was stopped with 3 ml
DNS reagent for reducing sugars, and the
color can be obtained after heating for ten
min and measured at wavelength of
570nm. One umt of enzyme liberates

Annals Agric. Sci. 47(2), 2002
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Ipmol reducing sugars in one min
(Miller, 1959 and Vaheri ef af 1979),

B- Glucosidase activity

Determination of B- Glucosidase ac-
tivity was performed with P-nitropheny 1 -
B-D- glucoside (Sigma Co.) as substrate,
900 pl of mM P-nitropheny1-p-D- gluco-
side in 0.05 citrate buffer (pH4.8) and
100 pl diluted enzyme were mixed, After
incubation at 50 °C for 10 min, lml of 1
M NaCO; was added. The liberated p-
nitrophenol was determined from its ab-
sorbance at 400nm. Enzyme activity unit
was defined as the amount of enzyme that
liberates 1 pmol p- nitrophenol under the
assay conditions in one minute (Vaheri et
al 1979).

RESULTS AND DISCUSSION

The application of genetic engineering
in Trichoderma sp. has made it possible
to modulate cellulases production in such
2 way that new T.reesei strains producing
novel cellulase profiles of commerciat
potential are now available. Several dif-
ferent combinations have been made
without changing the viability of the of-
ganism. Over 50% of the secreted cellu-
lases consist of celiobiohydrolase I en-
zyme, the product of a single cbhl gene,
and thus this gene is believed to be pre-

ceded by strong promoter- regulatory.

sequences. In addition, cbhl promoter is
inducible by several carbon sources in-
cluding cellulose, and small oligosaccha-
rnides such as cecllobiose, lactose and
sophorose. The strongly inducible cbhl
promoter has been used in expressing
both homologous Frichoderma proteins

and heterologous proteins originating
from other fun; ies.

Plasmid P“®HP222 ooneaining 2.2 kb
5 -flanking of cbhl gene that expressed to
cellobiohydrolase I (CBHI) protein, hy-
gromycin B dominant sclectable marker
(for T. reesei) and ampicillin marker was
used to transform E. coli JM109 com-
petent cells. The £ coli transformants
were selected on LB agar plates contain-
ing 100 p g/ml ampicillin and subcultured
several times as mentioned before. The
plasmid DNA (6.2 kb) was prepared from
E. coli IM109 and tested by 0.7 gel elec-
trophoresis (Figure 2). This plasmid was
prepared in a large scale and used to
transform three isolates of T.reesei in
addition to the original strain NRRL
12368. These isolates were selected on
the basis of either extracellular proteins
separation on SDS polyacrylamide gel
electrophoresis and /or their productivity,
as shown in Table (1),

Fig: 2. Agarose gel electrophoresis representing
’ theg c:unstr%lcted plasmid P“BH" "gh'u
1.5 - plasmid free E. coli JM109,
2,4- plasmid containing E.coli IM109.
3- (M) marker No. 17 {Lambda/ Eco
1301 + Mlu 1) with
(26282.19329.7743.6223.5090-—--bp).
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The first transformation ¢xperiment  nant  selectable marker. Nine transfor-
was camried out by using plasmid manits were selected as independent
pCBHLHRR-22 o tmncforim the original cul-  clones and tested for cellulases produc-
ture; T reesei NRRL 12368. Transfor-  tion in 50 ml shake flask cultivations in
mamts were selected and purified on  celiulose — containing medium (FM2) as
plates containing hygromycin B as domi-  mentioned before.

Table 1. Cellulase enzymes activity for the three selected isolates and the original
culture which were transformed by the constructed plasmid PBH-e-22

Cellulase activities
Isolate FPase CMCase B- Glucosidase
U/ml % From U/ml % From U/ml % From

wW.T W.T W.T
Original culture 25 100.0 3.7 100.0 5.7 100.0
526 7.0 280.0 7.5 202.7 7.5 131.6

B/1 0.0 0.0 0.0 0.0 6.0 0.0

6/12 1.9 76.0 4.3 116.2 2.5 439

Data in Table (2) indicated two  all the isolated transformants showed
main facts: a) none of the isolated trans-  increase with different degrees of both
formants showed any increase or de- FPase and CMCase in comparison
crease in B- glucosidase activity when  with the original culture.
compared with the original isolate, b)

Table 2. Cellulases activity for the rine transformants induced after the transformation
of the original culture 7.reesei NRRL 12368 with plasmid PPHHeR-

Cellulases productivity
Transformant FPase CMCase 8- Glucosidase
Uml  %of wt U/ml %of wt Uml %of wi

Original culture 2.5 100.0 3.7 100.0 57 100.0
ESA 27 108.0 4.2 113.5 5.7 100.0
ES/2 3.0 120.0 4.5 1216 37 100.0
ES/3 2.7 108.0 4.2 1135 5.7 100.0
ES/4 3.0 120.0 4.5 121.6 5.7 100.0
ES/3 30 120.0 45 1216 57 100.0
ES/6 2.7 108.0 42 113.5 5.7 106.0
ES/7 3.0 120.0 4.5 121.6 5.7 100.0
ES/8 3.0 120.0 4.5 1216 5.7 100.0
ES/9 3.0 120.0 45 121.6 5.7 100.0
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Furthermore, results showed also that
the isolated transformants are located into
only two categories concerning the ac-
tivities of both FPase and CMCase. The
first category included isolates ES/I,
ES/3 and ES/6, which showed the same
FPase and CMCase activities, i,e.; 108%
and 113.5 %, respectively, of those of
the original parent. The second category
included the other six transformants
which showed the production capacity
of 120% FPase and 121.6% CMCasec
of that of the original culture. However,
resulis obtained from the second trans-
formation trial including the same plas-
mid but with the superior cellulases pro-
ducer isolate T reesei $/26 as a recipient
showed also that 11 transformants were
obtained. These transformants were di-
vided into two categories (Table 3), one
of them included transformants AL/3,
AL/S, AL/6, AL7 and AL/1}, each of
which produced 1129 % FPase and
116% CMCase of that of their pa-
rental strain $/26. The other group in-
cludes AL/1, AL/2, AL/4, AL/R, AL/
and AL/10 transformants which pro-
duced 121.4%  FPasc and 124%
CMCase when compared with their
parent 5/26.

In addition, it appcared also, as was
found in the first experiment, that the
production activity of B-glucosidase of
cach of the isolated transformants was not
affected due to the introduction of the
plasmid DNA into the recipient strain
§/26.

Results  obtained from the third trans-
formation experiment where isolatc 6/12
was used as recipient arc summarized in
Table (4). These results showed in turn,
the same trend as that of the previous
ones,

Talkhan; El-Bondkly and Dora

It appeared that all of the obtained
transformants (11) belong to two groups,
the first includes the transformants;
Ay/l, Ayf2, Ay/4, Ay/8, Ay/9, and
Ay/11 while the second included trans-
formanis; Ay/3,Ay/5, Ay/6, Ay/7, and
Ay/10,

Clones belonging to the first group
showed enzyme activities of FPase and
CMCase which were 21% and 23% more
than that of their parent 6/12 isolate. On
the other hand, transformanis of the sec-
ond group produced about 16% more
activity of both FPase and CMCase than
their parent. Also, B-glucosidase produc-
tivity for all the isolated transformants
was not affected.

When B/ isolate was used asare-
cipient for the same plasmid DNA, 1]
transformants were isolated. They were
classified into two categories concerning
FPase and CMCase activitics.

They produced both in equel rates,
gither about 16% FPase and CMCase or
about 24% FPase and CMCase enzyme
activities of those of the original strain as
shown in Table (5).

All the results concerning transforma-
tion, could be summerised as follows:1)
in all transformation experiments, it ap-
peared that, f-glucosidase showed the
same aclivity as the parent, 2) all isolated
transformants werc more FPase and
CMCase producers than their parents, 3)
the higher CMCasc and FPasc transfor-
mants in cach trial were classified into
two groups only.

Gene cloning, via transformation
using diffcrent plasmids was carricd out
by many authors. Takashima et af (1998)
used T. reesei ccllulasc genes to be ex-
perssed in A.oryzae asa host. The ccilu-
lasc gencs were regulated under the

Annals Agric. Sci., 47(2), 2002



Table 3. Cellulases activity for the transformants induced as a resulis of transforming of the T. reesei S /26 isolate with
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plasmid pCBHH-Hph-2.2
Cellulase productivity
Transformant FPase CMCase B- Glucosidase

U/ml % from % from U/ml %from % from Uml % from % from

W.T recipient Ww.T recipient WwW.T recipient

Original 2.5 100.0 35.7 3.7 100.0 493 5.7 100.0 76.0

culiure

5/26 7.0 280.0 100.0 15 2027 100.0 1.5 131.6 100.0
AL/ 8.5 340.0 121.4 9.3 2514 124.0 15 131.6 100.0
ALR2 85 340.0 121.4 9.3 2514 124.0 15 1316 100.0
AL/ 19 316.0 112.9 8.7 235.1 116.0 75 131.6 100.0
AlL/4 B.5 340.0 121.4 93 251.4 124.0 7.5 131.6 100.0
AL/S 7.9 316.0 112.9 8.7 235.1 116.0 75 1316 100.0
AL/6 79 316.0 1129 87 235.1 116.0 7.5 1316 160.0
AL/ 79 316.0 112.9 8.7 235.1 116.0 .5 131.6 100.0
AL/8 85 340.0 1214 9.3 251.4 124.0 7.5 131.6 100.0
ALS9 85 340.0 121.4 93 2514 124.0 1.5 131.6 100.0
AL/I0 8.5 340.0 1214 9.3 251.4 124.0 7.5 1316 100.0
AL/11 79 . | 316.0 112.9 8.7 235.1 116.0 7.5 131.6 100.0

125224 viapoyte ] Aq uonanpoxd asejngp)

£l8



700T (LY “ws udy sjpuy

Table 4. The transformants resulted from the transformation of 7. reesei isolatc (6/12) with plasmid PP'™*522 and (heir
cellulases productivity.
Cellulase aclivities
Transformant FPase CMCase 8- Glucosidase

U/mi % from % from Uml % from % from Uml  %from % from

W.T recipient W.T recipient W.T recipient
W.T. 2.5 100.0 131.6 37 100.0 86.1 57 100.0 228.0
6/12 1.9 76.0 100.0 43 116,2 100,0 25 439 100.0
Ay/l 23 92.0 121.1 5.3 143.2 1233 2.5 43.9 100.0
Ay/2 2.3 92.0 121.1 53 143.2 1233 25 43.9 100.0
Ay/3 2.2 88.0 115.8 5.0 135.1 116.3 25 43.9 100.0
Ay/4 23 92.0 121.1 53 143.2 1233 2.5 43.9 100.0
Ay/5 22 88.0 115.8 5.0 135.1 116.3 2.5 439 100.0
Ay/6 2.2 88.0 115.8 5.0 135.1 116.3 2.5 439 100.0
Ay/7 22 88.0 1158 5.0 135.1 116.3 25 439 100.0
Ay/8 23 920 121.1 5.3 143.2 1233 25 43.9 100.0
Ay/9 23 92,0 121.1 5.3 143.2 1233 2.5 43.9 100.0
Ay/10 2.2 88.0 1158 50 135.1 1163 2.5 43.9 100.0
Avill 23 92.0 121.1 53 143.2 123.2 2.5 43.9 100.0

I8
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Table 5. Cellulases activitics of clones selected after transformation of 7. reesei (B/1)

with plasmid pBHIHeR22

Cellulase activities
Transformants Fpase CMCase 8- Glucosidase
U/ml % from U/ml % from U/ml % from
W.T WT wW.T
W.T. 2.5 100.0 37 160.0 5.7 100.0
B/1 0.0 0.0 0.0 0.0 0.0 0.0
ME/1 0.6 240 0.9 243 0.0 0.0
ME/2 04 16.0 0.6 16.2 0.0 0.0
ME/3 0.4 16.0 0.6 16.2 0.0 0.0
ME/4 0.6 24.0 0.9 243 0.0 0.0
ME/5 0.6 24.0 0.9 243 0.0 0.0
ME/6 06 240 09 243 0.0 0.0
ME/7 0.6 24.0 0.9 243 0.0 0.0
ME/8 0.4 16.0 0.6 16.2 0.0 0.0
ME/S 04 16.0 0.6 16.2 0.0 0.0
ME/10 0.6 240 09 243 0.0 0.0
ME/11 0.6 24.0 0.9 243 0.0 0.0
control of 4.oryzae Taka-amylase pro-  while recombinant 7. reese/ BGL2
moter which were induced and highly showed low  B- glucosidase activity.

expressed when maltose was used as the
main carbon source. On the other hand
the cbhl promoter was induced and
highly expressed when cellulose and oli-
gosaccharides were used as the carbon
source. Furthermore, Takashima et al
(1999) cloned a B- glucosidase gene
(bgl4) and its homologue (bgl2) from
Humicola grisea and T, reesef
respectively, to be expressed in A
oryzae. They found that the recombinant
Hgrisea BGL4 showed a significantly
high level of pB- glucosidase activity,

As was mentioned before that plasmid
pCBHFHER2ZZ wwas used throughout all
transformation  experiments contained
cbhl gene which is expressed to cello-
biohydrolase I ¢nzyme. However, it ap-
peared that. at least 50% of the secreted
cellulases consist of CBHI (Miintyli ef af
1998 and Hazell & al 2000). The same
authors pointed that the dominant select-
able markers such ashygromycin B and
phleomycin are most preferable for in-
dustrial 7. reesei strain and have also
been used successfuily. Also, it appeared
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that the gene targeting has provided a
mean to compare the effect of promoter
change on the expression of homologous
genes in order 10 exclude the potential
differences in expression caused by dis-
tinct locations in the host genome. The
cbhl gene is believed to be preceeded by
strong promoter —regulalory sequences.
Also, there are somc indication in 7.
reese] that the genomic sile of integration
of introduced genes can have profound
effects on expression levels.

Results obtained by different authors
led to different conclusions. For example,
Penttili et al (1987) and Uusitalo ef al
(1991) showed that the transforming
DNA was integrated at several different
locations in the genome indicating that
probably the chromosomal site of inte-
gration may affect the level of gene ex-
pression. Moreover, Uusitalo ef af (1991)
found that, for optimal expression, which
led 10 two fold increase, the endoglu-
canase 1 genc might be inserted into a
specific locus in the chromosome.

On the other hand, Cullen er al (1987)
and Harkki et al (1991) found that the
copy number of intcgrated genes was
correlated with the increase of enzyme
activities. Also, Harkki et af (1991) used
the promoter sequence of the strongly
expressed  main  cellobiohydrolase 1
(cbhl) pene to overexpress a cDNA cod-
ing for EGl, the major endoglucanase.
The production of endoglucanase was
improved up to four folds. However, 1o
avoid copy number and position cffccts,
Ilmen et al (1996) showed thatinthe
absence of stable autonomously repli-
cating plasmids, the expression con-
structed need to be tragated to a specific
locus in the genome.

So. results obtained in the present
study were nearly in partial agreement

with the conclusion reported by Ilmen ef
al (1996) and (Miinty}d et al (1992), who
found that cellulase genes are located in
two groups, the genes cbhl, cbh2 and
egl2 were located in one linkage group on
chromosome 1I, while endoglucanase
l(egll) gene is located on another chro-
mosomal band (chromosome VI).The
introduction of the plasmid Hph-22
might be targated either to the first
group.i.c., chromosome Il orto chromo-
some VI In the case of the first pro-
posal,cbhl carmried by the plasmid added
another copy of cbhl to the same group
coniaining cbhl,cbh2, and egl2. On the
other hand, if this plasmid was integrated
into the other group,i.c., chromosome VI,
this means that it was integrated in a
different position, which may lead to
another expression of the gene and this is
in complete accordance with the results
obtained in this study.

Furthermore, in case of the first pro-
posal, the increase of FPase and CMCasc
activities may be due to the replication of
the gene cbhlie, dose effect. On the
other hand, Karhunen e al (1993) stud-
ies the effect of cellobiohydrolase 1
(cbhi) promoter on the expression of the
endoglucanase 1 cDNA (egll). They
found that the amount of the egli mRNA
produced under the control of the cbhl
promoter in the transfomants was 8 10 16
foid higher which indicated that cbhl
promoter was about 10 times more effi-
cient than the cgll promoter. While,
Abrahao-Neto ef al (1995) examined the
cffect of inhibition of mitochondrial
function on the expression of the cbhl
and cgll genes of T.reesei. They showed
that inhibition of the mitochondrnal func-
tion results in down- regulation of the
two transcripts of the cellulase
system.
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Therefore, it is possible to suggesta
role of the mitochondria in regulating the
expression of the cellulase transcripts.
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