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Abstract The biotechnological applications of cheese-

ripening fungi have been limited by a lack of genetics

tools, in particular the identification and characterization of

suitable promoters for protein expression. In this study, the

suitability of the glyceraldehyde-3-phosphate dehydroge-

nase (gpdP) promoter from Penicillium camemberti to

drive the production of a recombinant protein was evalu-

ated. The gpdP gene and its promoter were isolated using

PCR and Genome Walker. The promoter of gpdP has two

regions with high identity to the regulatory elements

gpd-box and ct-box previously described in Aspergillus

nidulans. Two fragments of the promoter containing the

gpd- and ct-box or the ct-box alone were used to drive the

in vivo production of recombinant b-galactosidase using

A. nidulans as host. Our results indicate that larger fragment

containing gpd-box enhances the production of b-galacto-

sidase activity levels respect to ct-box alone, and that both

boxes are necessary to obtain maximal enzymatic activity

production. The smaller fragment (187 nt) containing the

ct-box alone was able to trigger up to 27% of b-galactosi-

dase activity, and to our knowledge this is the smallest

fragment from a gpd gene used to produce a recombinant

protein. Differences were not observed when glycerol,

galactose or glucose were used as carbon sources, sug-

gesting that the promoter activity is carbohydrate-inde-

pendent. This is the first report in which a Penicillium gpd

promoter is used for recombinant protein production. Our

results open the way for the future development of a system

for recombinant proteins expression in the biotechnologi-

cally important cheese-ripening fungus P. camemberti.
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Introduction

The cheese-ripening fungi have worldwide importance to

the food industry, because they are responsible for flavor

and other organoleptic properties in some kinds of cheese

and other foods. In particular, P. camemberti is the most

important organism colonizing the Camembert and Brie

cheeses, among others. Penicillium camemberti possesses

an enzymatic battery that allows its use as ripening agent.

These positive characteristics could be improved using

genetic engineering, thus enhancing these important

enzymatic activities. However, suitable genetic tools have

not been developed for this organism, thus hindering

improvement of its positive features. On the other hand, as

part of the cheeses, the mycelium of P. camemberti has

been eaten by people for centuries without harm to human

health. Consequently, is considered a generally regarded as

safe (GRAS) organism. Since materials produced by GRAS

organisms are safe (Hjört 2003), P. camemberti could offer

important advantages as potential producer of recombinant

enzymes to be used as food additives or for pharmaceutical
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purposes. Therefore, in order to expand applications of P.

camemberti for genetic improvement programs or as host

for recombinant protein expression, suitable promoters

should be identified and characterized.

The glyceraldehyde-3-phosphate dehydrogenase (gpd)

promoter is an ideal candidate for recombinant protein

expression. As a key enzyme in glycolysis, glyceraldehyde-

3-phosphate dehydrogenase protein (GAPDH) can repre-

sent up 5% of cellular proteins in higher eukaryotes, which

correlates with a high level of gpd mRNA (Holland and

Holland 1978; Piechaczyk et al.1984). Therefore, fungal

gpd promoters are highly active, being successfully used

for the expression of heterologous genes in several yeasts

and fungi (for recent examples see Gonzalez et al. 2010;

Sharma and Kuhad 2010). However, and despite their

potential applications, little is known about critical parts of

gpd promoters necessary to express recombinant proteins.

The fungal gpd promoters usually contain two elements

(called ‘‘boxes’’) that could be important for their activity

(Punt et al. 1990): the gpd-box (a region highly conserved

in Aspergillus gpd promoters) and the ct-box (a proximal

C ? T rich region). Although in almost all the fungal

promoters analyzed only the ct-box is found (Kuo et al.

2004; Nitta et al. 2004; Vastag et al. 2004; Fei et al. 2006;

De Maeseneire et al. 2008), both boxes have been found in

few of them (Punt et al. 1990; Liao et al. 2008). In these

scarce cases, different fragment promoters have been used

to produce recombinant proteins, concluding that although

the proximal ct-box alone seems enough to drive the

expression of a protein, the maximal expression levels

would be reached in the presence of the additional gpd-box

(Punt et al. 1990, 1992; Liao et al. 2008).

To date, the use of any Penicillium gpd promoter for

recombinant protein production has not been carried out

yet. This would be useful especially in Penicillium con-

sidered as GRAS organisms, such as the cheese-ripening

fungus P. camemberti. Therefore, in this work we explore

the potential of P. camemberti gpd promoter to drive the

production of a recombinant protein. Our results open the

way for the future use of this promoter for genetic

improvement of this organism, or its use for the recombi-

nant proteins production.

Materials and methods

Strains, vectors and primers

P. camemberti strain CECT 2267 (Chávez et al. 2010) was

used in this work. All the rest of strains and plasmids have

been previously described (Dı́az et al. 2008). Primers used

are listed in Table 1.

Amplification and sequencing of gpdP gene

and promoter from P. camemberti

Based on a multiple alignment of several filamentous fungal

gpd gene sequences, the degenerate primer GPDFW and the

specific primer GPDRV were designed. Using these primers

for PCR with P. camemberti genomic DNA, a specific DNA

fragment (380 nt) was obtained, cloned in pGEM-T and

sequenced. This fragment was used as scaffold for the

amplification of the rest of the upstream and downstream

sequences using P. camemberti Genome Walker libraries

(Navarrete et al. 2009). The sequence of P. camemberti gpdP

gene described in this work has been deposited in Genbank

under the accession number N8 HQ423172.

DNA isolation and Southern blot analysis

Genomic DNA from P. camemberti was isolated as

described (Navarrete et al. 2009) and Southern blot was

carried out according to Dı́az et al. (2008). Membranes

were hybridized with a 565 nt fragment containing the

central part of the gpdP gene.

Construction of the plasmids for b-galactosidase

expression and transformation of A. nidulans

The longer fragment containing both the ct-box and the

gpd-box (410 nt) from P. camemberti gpdP was obtained

by PCR using primers GPD-CAJAGPDCT and GPD-

PROMO-1, digested with BamHI and ligated upstream of

the lacZ reporter gene in plasmid pAN49-1 (Kanemori

et al. 1999). Competent E. coli were transformed with

ligation mix and recombinant plasmids were purified, thus

obtaining plasmid pGPD-CT. The shorter fragment con-

taining only the ct-box (187 nt) was amplified using

primers GPD-CAJACT and GPD-PROMO-1, and treated

as above, thus obtaining plasmid pCT. The orientation of

the fragments and the absence of undesirable mutations

were determined by direct sequencing of the recombinant

plasmids.

Table 1 Sequences of primers used in this work

Primer name Sequence

GPDFW 50-AAGGC (CT) GTCGGCAAGGT-30

GPDRV 50-CCACTCGTTGTCGTACCA-30

GPD-CAJAGPDCTa 50-AGACTCGGATCCCCTATTGGTA

GACGGGA-30

GPD-PROMO-1a 50-AGACTCGGATCCGATTGCGG

TTTACTGGA-30

GPD-CAJACTa 50-AGACTCGGATCCGTCCATTGCGT

CAGTCA-30

a BamHI sites are underlined

3020 World J Microbiol Biotechnol (2011) 27:3019–3023

123



Aspergillus nidulans A722 strain was transformed with

pCT or pGPD-CT according to the protocol previously

described (Dı́az et al. 2008). For each transformation,

around 12 transformants were obtained. Copy number of

each reporter plasmid was determined by Southern blot

using part of the lacZ gene as probe, and the endogenous

gpdA probe from A. nidulans. A. nidulans contains only

one copy of the gpdA gene (Punt et al. 1988), and for this

reason this gene was used as a normalization control for

Southern blots. The radioactivity of each probe was

quantified in a liquid scintillation counter, and equivalent

amounts of radioactivity were used for the Southern blot

experiments.

Growth of selected transformants in different carbon

sources and b-galactosidase assay

1 9 107 spores from selected transformants were grown in

flasks containing 100 ml of the minimal medium described

before (supplemented with p-amino benzoic acid) with 1%

glucose, galactose or glycerol for 48 h at 37�C and 200 rpm.

After this time, mycelia were harvested and b-galactosidase

was measured using the protocol described by Dı́az et al.

(2008). In brief, extracts of the transformants were added to

o-nitrophenyl galactopyranoside solution to produce o-nitro

phenol (oNP), which can be measured by a spectrophotom-

eter at 420 nm. The lmoles of oNP produced were estimated

from a calibration curve. The b-galactosidase activity

obtained was normalized for protein concentration (deter-

mined by the Bradford method) in each measurement.

Results and discussion

Characterization of the gpdP gene and promoter

from P. camemberti

The gpdP gene consists of 1,268 nt. Using bioinformatic

tools and comparison with others fungal gpd genes, it is

predicted that this gene contains four introns which are 55,

66, 65, and 65 nt in length. Two putative polyadenylation

signals were observed, at 247 and 439 nt downstream from

the stop codon. Southern blot analysis suggests the exis-

tence of a single genomic copy of gpdP gene in P. cam-

emberti (data not shown).

The deduced GAPDH protein consists of 338 amino

acids, which according to BLAST, presents a high degree

of identity to other deduced eukaryotic gliceraldehyde-3-

phosphate dehydrogenase, mainly to those from P. chrys-

ogenum (94% identity) and several species of the genus

Aspergillus. By multiple alignment of our deduced protein

with 14 fungal gliceraldehyde-3-phosphate dehydrogenase

protein sequences obtained from Genbank (data not

shown), the catalytic motif ASCTTNCL which is typical in

GAPDH proteins, was observed. This motif contains the

putative catalytic residue C152. The highly conserved

amino acids H179, R297, and R234, putatively involved in

catalysis, were also found.

A 429 nt sequence of the gpdP promoter was sequenced.

The gpdP promoter contains a ct-box located 97 nt

upstream of the starting ATG codon, and a gpd-box located

323 nt upstream of the starting codon (Fig. 1a). Pairwise

aligment of these boxes with those described in the

A. nidulans gpdA promoter (Punt et al. 1990) shows a high

identity between ct (71% identity) and gpd (88% identity)

boxes (Fig. 1b), suggesting that they could be important

regulatory elements for the expression of the P. camem-

berti gpdP gene. Interestingly, both gpd- and ct-boxes are

about 70–80 nt nearer to the coding sequence than the

position described for the A. nidulans gpdA promoter

(Fig. 1b), which suggests that in P. camemberti a shorter

promoter sequence would be enough to trigger gene

expression. This is a valuable advantage for the design of

plasmids for heterologous expression of proteins (Liao

et al. 2008). Other elements present in the promoter region

of the gpd gene from A. nidulans (e.g., pgk-box and alc-

box) were not found in the promoter of P. camemberti

gpdP gene.

Fig. 1 a Schematic representation of the gpdP promoter showing the

ct- and the gpd-boxes. b Pairwise alignment between A. nidulans
(A. nid) and P. camemberti (P. cam) gpd boxes (upper alignment) and

ct-boxes (lower alignment). Identities are indicated by vertical lines.

Mismatches are indicated by dots. DNA sequences are numbered with

reference to the translation start site as ?1. Note that both gpd- and

ct-boxes are about 70–80 nt nearer to the coding sequence than the

position described for the A. nidulans gpdA promoter

World J Microbiol Biotechnol (2011) 27:3019–3023 3021

123



Use of two fragments of gpdP promoter to drive

the intracellular production of b-galactosidase

in A. nidulans

To date, P. camemberti promoters have not been used to

produce heterologous recombinant proteins. Since there is

no similar experimental system available in P. camemberti

for this purpose, we overcame this difficulty using a het-

erologous approach. As the gpdP promoter from P. cam-

emberti has a similar structure to the gpdA promoter from

A. nidulans and their main regulatory elements (ct- and

gpd-boxes) have high identity (Fig. 1b), A. nidulans was

chosen. Other researchers have successfully used Asper-

gillus reporter systems to analyze heterologous genes

(Kanemori et al. 1999; Dı́az et al. 2008).

To prove that gpdP promoter isolated from P. camem-

berti is suitable to drive the production of a recombinant

protein, two expression vectors named pGPD-CT (con-

taining the larger 410 bp fragment of P. camemberti gpd

promoter including the gpd- and the ct-boxes) and pCT

(containing the shorter 187 bp fragment with ct-box alone)

were constructed and used to transform A. nidulans. Some

randomly chosen clones from each transformation were

assayed by Southern blot and two clones (named GPD-CT-

4 and CT-20), which contained one copy of the respective

plasmid (data not shown) were used for further experi-

ments. Preliminary assays with the selected clones indi-

cated that they reach maximal values of b-galactosidase

activity at around 48 h of culture. Therefore, all assays

were carried at this time.

Previous data suggested that the maximal level of

expression for recombinant proteins would be reached

using gpd promoter fragments containing both ct- and gpd-

boxes, although the proximal ct-box alone seems enough to

drive the expression of a reporter protein (Punt et al. 1990;

Liao et al. 2008). Figure 2 shows that the fungus trans-

formed with pGPD-CT produced up 3–6 times (depending

the carbon source) more b-galactosidase activity that the

observed in fungus transformed with pCT plasmid. Thus,

our results indicate that the gpd-box enhanced the pro-

duction of b-galactosidase activity levels respect to ct-box

alone and that both boxes are necessary to obtain maximal

enzymatic activity.

It is interesting to remark that the smaller 187 nt frag-

ment of the gpdP promoter is enough to produce a 27% (as

average) of the b-galactosidase activity obtained with the

full promoter. In yeasts and fungi, the minimal size for

promoter activity is different in each case. In Beauveria

bassiana, expression of b-glucuronidase was achieved

using a 726 nt fragment of its gpd promoter (Liao et al.

2008). In Lentinula edones, a minimal size of 442 nt of its

gpd promoter was necessary to obtain transformants

resistant to hygromycin (Hirano et al. 2000) and in the

yeast Candida bombicola, 190 nt promoter part was

enough to obtain hygromycin-resistant transformants (Van

Bogaert et al. 2008). To our knowledge, the fragment

(187 nt) containing the ct-box used by us is the smallest

fragment from a gpd gene used to produce a recombinant

protein.

Finally, we assayed the production of b-galactosidase

activity in these clones using glucose, galactose and glyc-

erol, and no significant statistical differences in b-galac-

tosidase activity were found when these carbon sources are

interchanged (Fig. 2). This result was independent of the

size of the promoter fragment used for recombinant protein

production. The results obtained suggest a carbohydrate-

independent expression pattern, being the carbon source

indifferent for the protein expression. Usually, microor-

ganisms prefer easily fermentable monosaccharides such as

glucose. Other alternative carbon sources as galactose and

non-fermentable glycerol are used in absence of glucose

and require other enzymatic activities, which imply a

hierarchy of regulatory networks (Schüller 2003). So, it

Fig. 2 Production of b-galactosidase activity in clones CT-20

(containing only the ct-box) and GPD-CT-4 (containing both gpd-

and ct-boxes) using different carbon sources. Measurements were

performed in triplicate for each transformant and carbon source, and

standard error is showed by error bars. Mann–Whitney test using

Graphpad Prism 4 was used for statistical evaluation (P \ 0.05).

Statistical significant differences were found in b-galactosidase

activity when different sizes of promoters are used, but no when

carbon sources are interchanged
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could be speculated that the absence of some important

regulatory element in the promoter (e.g. CreA) produced

the lack of differences in b-galactosidase activity with

glucose, glycerol, or galactose. The CreA protein is a wide-

domain carbon catabolite repressor influencing several

metabolic pathways, including some glycolytic genes (van

der Veen et al. 1995). We looked for putative binding sites

for CreA in the gpdP promoter fragments used, and we

found six consensus sequences for this regulator (data not

shown). Two of these sites were located in the shorter

promoter segment, and the remaining four in the rest of the

promoter. Thus, and although it should be investigated in

more detail, this observation suggests that the lack of dif-

ferences in b-galactosidase activity using different carbon

sources cannot be attributed to the absence of an important

regulator such as CreA.

Summarizing, P. camemberti gpd promoter was able to

drive the production of a recombinant protein (b-galacto-

sidase). Maximal enzymatic activity was obtained with full

promoter containing both the gpd- and ct-box, while a

small fragment (187 nt) was enough to produce recombi-

nant protein. Our results open the way for the future

development of plasmids for recombinant protein expres-

sion in this important industrial organism.
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Chávez R, Roa A, Navarrete K, Trebotich J, Espinosa Y, Vaca I

(2010) Evaluation of properties of several cheese-ripening fungi

for potential biotechnological applications. Mycoscience

51:84–87

De Maeseneire SL, Dauvrin T, Jonniaux J-L, Van Bogaert INA,

Soetaert WK, Vandamme E (2008) Cloning and characterization

of the glyceraldehyde-3-phosphate dehydrogenase gene and the

use of its promoter for expression in Myrothecium gramineum, a

novel expression host. FEMS Microbiol Lett 281:140–146
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