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Abstract: Transcription of the Trichoderma longibrachiatum egll gene is induced in the presence of lactose and /3-methylglucoside 
and repressed by glucose. A DNA fragment containing 722 bp upstream of the ATG codon has been sequenced. The gene has two 
major transcription start points (20 and 24 nucleotides upstream from the ATG codon) and several transcription termination points 
(located in a region around 130 nt downstream of the stop codon). Two 6-mer sequences (5'-CTGGAG-3') separated by 16 bp are 
present in the egll gene promoter. These sequences match the Aspergillus nidulans consensus CreA binding site and might be 
implicated in carbon catabolite repression of egll transcription. 
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Introduction 

Cellulose is the most abundant naturally oc- 
curring organic polymer. This plant polysaccha- 
ride is used as a carbon source by numerous and 
diverse microorganisms which secrete cellulolytic 
enzymes. Filamentous fungi are good producers 
of cellulolytic activities and the genes encoding 
these proteins have been cloned from several 
fungal species, mainly Trichoderma reesei [1]. 
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While the structure and function of these genes 
have been dealt with in detail, little work has 
been dedicated to the study of their regulation at 
the molecular level. In T. reesei the regulation of 
cellulase formation occurs at the level of tran- 
scription [2,3], is induced by cellulose and re- 
pressed by glucose [2]. 

The mesophilic deuteromycete Trichoderma 
longibrachiatum produces a complete set of cellu- 
lases which act synergistically to hydrolyse crys- 
talline cellulose to glucose. Recently, we have 
cloned and sequenced the T. longibrachiatum egll 
gene encoding /3-(1,4)-endoglucanase activity [4]. 
This gene is interrupted by two introns and en- 
codes a protein very similar to its T. reesei coun- 
terpart. The cDNA of this gene has been ex- 
pressed in industrial wine yeast strains, producing 
a wine with an increased fruity aroma [5]. Using a 
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t ransformation system based on the acquisition of 
hygromycin B resistance, we have constructed T. 
longibrachiatum multicopy transformants for the 
egll gene, which produce increased endoglu- 
canase levels [6]. In the present  work we analyse 
the transcriptional regulation of this gene. 

Materials and Methods 

Strains and culture conditions 
Escherichia coli D H 5 a  F ,  endA1, hsdR17, 

gyrA96, thil, recA1, supE44, JlacU169 (4080 

lacZAM15) was used as the recipient strain in 
cloning experiments, and was grown as described 
in Sambrook et al. [7]. 

T. longibrachiatum CECT2606 strain was used 
throughout this work. Induction conditions for 
endoglucanase production were as follows. 1-1 
Erlenmeyer flasks containing 250 ml of Tricho- 
derma minimal medium [8], omitting urea and 
using glucose as the only carbon source, were 
inoculated with 5 × 105 spores ml-~. After 24 h 
of incubation at 30°C in an orbital shaker at 200 
rpm, the mycelium was recovered by filtration 
and resuspended at a concentration of 20 mg 
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Fig. 1. Effect of carbon sources on the level of T. longibrachiatum egll mRNA. Aliquots containing 50 /xg of total RNA were 
electrophoresed, transferred to a Nylon membrane, and hybridised using the T. longibrachiatum egll cDNA as a probe. Lanes A-C,  
RNA obtained at different times from three different T. longibrachiatum transfers to medium containing lactose and /3-methylglu- 
coside as inducers. Lane D, RNA from mycelia obtained from a similar transfer culture in which glucose 1% (w/v)  was added 14 h 

after the transfer. Numbers indicate time (h) after the transfer. 
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ml-1 (wet weight) in 30 ml of induction medium 
[9] containing 0.05% (w/v)  of each of the induc- 
ers, lactose and fl-methylglucoside (Sigma Co., 
USA). The samples were incubated for an addi- 
tional period under the same conditions. For 
repression experiments, glucose at 1% (w/v)  final 
concentration was added 14 h after the transfer. 

DNA manipulations 
DNA was sequenced using the dideoxy chain 

termination protocol [10]. Sequence data appear 
in the GenBank database under accession num- 
ber U08857. 

RNA manipulations 
Total RNA isolation and Northern analysis 

were carried out as described previously [4]. To 
determine the transcription start point, a primer 
corresponding to nucleotides + 7 to + 35 in the 
egll sequence [4] was annealed to mRNA ob- 
tained under inducing conditions and extended 
with Tth polymerase (Boehringer Mannheim, 
FRG). The 3' end of the transcript was mapped 
using a simplification of the rapid amplification 
of cDNA ends method [11]. mRNA was obtained 
from mycelia grown under  inducing conditions 
and was reverse transcribed and amplified using 
the same protocol and oligonucleotides described 
previously [4]. The resulting cDNA population 
was digested with BamHI and HindIII and cloned 
in pUC18 digested with the same enzymes. Ten 
different plasmids containing cDNA inserts were 
sequenced at their 3' ends to determine the tran- 
scription termination points. 

Results and Discussion 

Transcription of  the egll gene 
Transcription of the T. longibrachiatum egll 

gene is induced in the presence of 1% (w/v)  
carboxymethylcellulose as the only carbon source 
[4]. Several repetitions of this experiment showed 
that the lag time for the appearance of endoglu- 
canase activity in the culture filtrates varied con- 
siderably from one experiment to the other. In 
addition, the detection of the egll transcript in 
these culture conditions was not repeatable. We 
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decided to use transfer cultures in order to obtain 
more reproducible induction conditions. Differ- 
ent inducers and combinations of inducers were 
tested (not shown) and the most reproducible 
results were obtained using the induction condi- 
tions described in Materials and Methods (i.e. 
lactose and /3-methylglucoside as inducers). In a 
triplicate experiment under these conditions, en- 
doglucanase activity appeared in the media 16 h 
after transfer and the maximum level of activity 
was obtained 8 h later. Total RNA was isolated 
from mycelia harvested at different times after 
transfer and the egll transcript detected by 
Northern analysis using a 1.5-kb BamHI-HindIII 
fragment containing the egll cDNA [4] as a probe. 
As seen in Fig. 1 lanes A-C,  the egll transcript 
was detectable only 16 h after the transfer in the 
three separate fermentations. Interestingly, under 
these culture conditions the period for the ex- 
pression of the egll gene is very short. 

Sequence of  the egll gene promoter and location of 
the transcriptional start and termination points 

The T. longibrachiatum egll gene was originally 
cloned in a 1.8-kb Sau3A fragment that only 
contained 58 bp upstream of the A TG  codon [4]. 
To obtain more information about this promoter,  
both strands of a 775-bp SphI-HpaII fragment 
which includes 722 bp upstream of the ATG 
codon were sequenced (Fig. 2A). The transcrip- 
tion start point of the egll gene was mapped by 
primer extension analysis. Extension products 
corresponding to major transcriptional start points 
at the thymidine in position - 2 0  and the cytidine 
at position - 2 4  were observed. As in many fun- 
gal genes, the region immediately upstream of 
this nucleotide is pyrimidine-rich in the coding 
strand (Fig. 2A). No clear TATA or CAAT boxes 
were detected upstream of the transcriptional 
start points but similar results have been de- 
scribed for other filamentous fungal promoters 
containing pyrimidine rich sequences [12,13]. The 
translation initiation point has a G at position 
- 3 ,  which is consistent with the general pattern 
for fungal genes [12]. 

The 3' end of the egll transcript was mapped 
using the PCR technique described in Materials 
and Methods. There are multiple termination 
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-722 GCATGCCGCG GGTGCAGCGA GCCAAAGAAG CAAAATGTGT CGCCGGACCG 

-672 TAGTTGGTAT CAAAAGGGGG AACTATTACT TACCTAGATC GGTAGGTATC 

-622 TAGCCAGGGG AAATGGATCA AGGTTGCCAC TGACTGTTTC CCCGTCATGC 

-572 AATCTTGTAT AGAGCCTGAC CAATCAGGCT AAATCATTGT GTATACTGAG 

-522 CCTAGGAAGA CCTGAATTTT GTCCTTGTCG TTCTCTATTA TCCAATTATC 

-472 CGTTGATTCG AGCGATGATA CAGTATGATT TTTGCCGAGA TTTTGCTAAA 

-422 GGTAGTATCG ATGAGGTTGC AGGATTTAAA TCGAGATAAC GGCTCTAAAC 

-372 AGCAGCTAGT AGAAGGAACC CGGACCTCTG CTTCAATACC TTTCATTTTC 

-322 CCATTATCCC CTTGCAGCAG AAATACAACG GTAGCATCAG GTCTGTGGTT 

-272 GACGGCAAAA AGCATGGCTC TGCTGAGATG CTCCAGGTCA ACCTATCGGG 

-222 TCCTGGAGGC TATTTCCAAA GTCTCATAGC CGGACAGAAC AACGGAAGTC 

-172 GGCATCTTTT CGACTCGAAC CGATCAGATG GGTTGTCACA TCGAGGCAGA 

-122 CGTATGCTGT GCTQAAATCC GACCTTAAAA AGAGGAAGAC TGCAACTTCA 

-72 TCTAGCCGTC ATCAGATCGT TCGCCAAGCA CCTTCCCCCC TTAACCTGCT 

-22 TGTCCTCCAT AGTTGTCAAG AAATG 

2296 TAGAGCTTGA CCTTGTGTCT AGCCTGTCCG GACGTGGGTA CTATCATACG 

2346 ATGCGGACAA GCAGGGAAAT CGTAGACATT GGGCTGCATA TCAGGAGCAG 

2396 AGCATGCTAT ATTGTATCTA CGTTAGCAAA AAG_AAAAACA _AATGAAAAGG 

2446 _AAGCTACCTA TCCAGCACTG TACCGAAAAA GCTCATCATG CGTCGGATGG 

2496 GTTCACCTGA TC 

Fig. 2. Nucleotide sequence of the promoter (A) and termina- 
tor (B) of the T. longibrachiatum egll gene. Letters in italics 
represent restriction endonuclease sites (Sph] in (A) and 
Sau3A in (B)). Letters in bold italics indicate the ATG start 
(A) and the TAG stop (B) codons. Bold underlined letters 
represent the transcriptional start points (A) arid the tran- 
scriptional stop points (B). Putative CreA binding sites are 

double underlined in (A). 

points (Fig. 2B), of which that  corresponding to 
the A in position + 2429 was the major one (6 out 
of the 10 clones analysed). There is no consensus 
A A T A A A  polyadenylation sequence [12] be- 
tween the T A G  stop codon and the termination 
points. 

Carbon catabolite repression of egll expression 
In order to demonstrate  that the synthesis of 

EGL1 is under  carbon catabolite repression 
(CCR), a culture was transferred to inducing 
medium, 14 h after which the transfer culture was 
supplemented with 1% (w/v)  glucose. Endoglu- 
canase activity was not detected in this transfer 

medium (results not shown). Mycelia harvested at 
different times after the transfer were used to 
isolate R N A  and the presence of the egll tran- 
script was analyzed as described above. As seen 
in Fig. 1 (lane D), transcription of the egll gene is 
clearly repressed by glucose, indicating that CCR 
of the synthesis of EGL1 is exercised at the level 
of transcription. Similar CCR transcriptional con- 
trol has been demonstrated for the Agaricus bis- 
porus cell [14] and T. reesei cbhl [2] genes. 

In Aspergillus nidulans most mutations affect- 
ing CCR map to a single gene named creA [15]. 
The creA gene has been cloned [16] and se- 
quenced [17], indicating that the creA gene prod- 
uct is a DNA-binding protein which acts as a 
transcriptional repressor. Moreover, the consen- 
sus nucleotide sequence for CreA binding has 
been suggested as 5 ' -SYGGRG-3 ' ,  but not all the 
possible sites derived from this consensus do in 
fact bind CreA and the binding of at least some 
sequences of the form 5 ' -SYGGAG-3 '  is context- 
dependent  in A. nidulans as they only bind when 
S is a G and the site is preceded by AT-rich 
stretches [18]. It may be noteworthy that in all the 
cases in which CreA binding in vivo has been 
demonstrated,  two closely spaced CreA binding 
sites are present [18-20]. Very recently, Espeso 
and Pefialva [21] demonstrated that CreA binding 
by some atypical non-consensus sequences is pos- 
sible if a second, closely linked CreA binding site 
is present. Two divergently oriented A. nidulans 
CreA consensus sequences in the form 5'-CYG- 
GAG-3 '  appear  separated by 16 bp in the T. 
longibrachiatum egll gene promoter  (see Fig. 2A). 
Although these sites have been shown not to bind 
CreA in vitro in the prn [18] and the alcR [20] A. 
nidulans promoters,  the conservation of these 
sites in the T. reesei egll gene promoter  [22] and 
the observed CCR of egll transcription could be 
indicative of an in vivo function. Assessment of 
the role of these sites and their sequence context 
may provide information about the putative CreA 
Trichoderma spp. sites. 

The results presented here demonstrate  that, 
under our experimental  conditions, the synthesis 
of T. longibrachiatum EGL1 endoglucanase is 
regulated at the level of transcription by at least 
two mechanisms: induction by the combination of 
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lactose and /3-methylglucoside and repression by 
glucose which can override the induction. 
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