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Abstract

We purified the B-N-acetylglucosaminidase from the filamentous fungus Penicillium chrysogenum and its N-terminal sequence
was determined, showing the presence of a mixture of two proteins (P1 and P2). A genomic DNA fragment was cloned by using
degenerated oligonucleotides from the Nt sequences. The nucleotide sequence showed the presence of an ORF (nagA gene) lacking
introns, with a length of 1791 bp, and coding for a protein of 66.5 kDa showing similarity to acetylglucosaminidases. The NagA
deduced protein includes P1 and P2 as incomplete forms of the mature protein, and contains putative features for protein matura-
tion: an 18-amino acid signal peptide, a KEX2 processing site, and four glycosylation motifs. The sequence just after the signal pep-
tide corresponds to P2 and that after the KEX2 site to P1. The nagA transcript has a size of about 2.1 kb and is present until the end
of the fermentation process for penicillin production. NagA is one of the most largely represented proteins in P. chrysogenum,
increasing along the fermentation process. The suitability of the nagA promoter (PnagA) for gene expression in fungi was demon-

strated by expressing the bleomycin resistance gene (ble®) from Streptoalloteichus hindustanus in P. chrysogenum.
© 2004 Federation of European Microbiological Societies. Published by Elsevier B.V. All rights reserved.
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1. Introduction

The main structural component of the cellular wall of
most fungi is chitin, a B-1,4-linked homopolymer consti-
tuted by N-acetylglucosamine (GlcNAc) residues. Chitin
accumulation in the genus Penicillium is influenced by
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the composition and quantity of carbon and nitrogen
sources, acidity of the medium, aeration rate, and age
of the culture [1]. The carbohydrates of Penicillium
chrysogenum mycelial cell wall (glucans and chitin) and
those serving as storage materials (glycogen) decrease
with the specific growth rate [2], whereas the contents
of chitin remained constant during ageing in P. expan-
sum [3]. The total content of neutral carbohydrates in
the cell wall of P. charlesii is 69%, being glucosamine
(12%) principally present as chitin [4].

The chitin degradation pathway present in many
microorganisms involves two successive steps: exo- and
endo-chitinases convert chitin into (GlcNAc),, which is
then hydrolyzed to GIcNAc by B-N-acetylglucosamini-
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dase (EC 3.2.1.52 according to IUBMB Enzyme
Nomenclature). This enzyme is widely distributed
throughout nature and catalyzes the removal of terminal
B-1,4-linked to N-acetylglucosamine residues from the
non-reducing ends of oligosaccharides and their conju-
gates. A B-N-acetylglucosaminidase which hydrolyzes
chitin oligomers to GlcNAc was purified from Aeromo-
nas sp. [5] and during autolysis from Aspergillus nidulans
[6]. A B-N-acetylhexosaminidase released into the cul-
ture medium during autolysis of P. chrysogenum has
been physiologically and enzymologically characterized
as a homodimer quaternary structure of 66.4 kDa,
which is formed under carbon catabolite repression
and is not induced by either chitin or GlcNAc [7,8].
The B-N-acetylhexosaminidase is released into the broth
without modification during the hyphal fragmentation
phase in P. chrysogenum cultures [7].

The genes encoding B-N-acetylglucosaminidase from
the fungi A. nidulans (nagA) [9], Candida albicans
(HEX1I) [10], and Trichoderma atroviride (=Trichoderma
harzianum P1; nagl) [11] have been cloned and charac-
terized. HEXI gene play no direct role in the dimorphic
transition of C. albicans and its transcription appears to
be temperature regulated [12]. The promoter region of
nagl binds regulatory proteins to three definite motifs
and directed mutagenesis of some motifs resulted in loss
of in vivo inducibility by GIcNAc [13].

Fragmentation and autolysis of P. chrysogenum have
been related with the production of high levels of N-ace-
tyl-B-p-hexosaminidase [14]. Nitrogen and oxygen limi-
tation promote extensive culture autolysis in submerged
batch cultures of P. chrysogenum, becoming autolytic re-
gions within some hyphae much more widespread as the
process proceeded [15]. The empty (autolyzed and inac-
tive) regions within the mycelia of an industrial strain of
P. chrysogenum from a batch fermentation constitute up
to 15% of the biomass during the growth phase and
more than 50% by the end of fermentation. The increase
in the percentage of empty regions coincides with a de-
crease in biomass and a fall in penicillin titre [16]. We
investigated the pattern of proteins expressed during
P. chrysogenum fermentation in order to correlate with
mycelium autolysis, identifying B-N-acetylglucosamini-
dase as one of the more represented proteins. Our aim
was to clone and characterize the nagA gene of P. chrys-
ogenum as a tool for the construction of fungal expres-
sion vectors based on its promoter (PnagA).

2. Materials and methods
2.1. Microorganisms, phages and plasmids
P. chrysogenum penicillin overproducing strains A

and E1 [17] from Antibidticos S.A. series were used to
check the patterns of intracellular proteins. El strain

was used as a source of DNA. Escherichia coli SURE
(Stratagene) and E. coli LE392 [18] were the hosts for
4 GEMI12 (Promega) phage derivatives. Phage A
GEM12 was used to construct a genomic library of
P. chrysogenum E1. E. coli DH5a [18] was the recipient
for high-frequency plasmid transformation. pBluescript
I KS (+) and pBC KS (+) phagemids (Stratagene) were
used for subcloning and sequencing. General procedures
for plasmid DNA purification, cloning and transforma-
tion of E. coli were those of Sambrook et al. [18].

2.2. Culture, p-N-acetylglucosaminidase purification and
Nt sequencing

P. chrysogenum was cultured by flask fermentation as
previously described [19]. Cell-free extracts were pre-
pared from 180 h old mycelium grown in fermenter in
penicillin producing conditions. Cells from 200 ml of
culture broth were collected by filtration, washed twice
with sterile saline solution, and suspended in 100 ml of
500 mM potassium phosphate buffer pH 8.2 containing
4 mM EDTA and 1 mM PMSF (phenylmethanesulfonyl
fluoride). Mycelium was disrupted with 100 g of glass-
bead (Ballotini, 0.25-0.5 mm diameter) using a Dyno-
millglass-bead mill apparatus (Willy A. Bachofen), and
the crude extract was cleared by centrifugation at
17,000g for 20 min at 4 °C. B-N-acetylglucosaminidase
activity was assayed as described [20]. Protein concen-
tration was determined using bovine serum albumin as
standard [21]. B-N-acetylglucosaminidase was purified
essentially according to described procedures [22].
Briefly, the cleared extract was precipitated with ammo-
nium sulphate and the active fraction (35-65% satura-
tion) was sequentially subjected to the following
purification steps: DEAE-Sephacel, hydroxylapatite,
and concentration (Amicon PM10). Samples from the
different purification steps were analysed by 10% dena-
turing SDS-polyacrylamide gel electrophoresis (SDS—
PAGE) using the broad range molecular mass standards
(Bio-Rad). Isoelectric focusing gels (IEF) were carried
out with the Protean 111 mini IEF cell system (Bio-
Rad). The Nt edge of the protein was sequenced by
Eurosequence bv (Groningen, The Netherlands), deter-
mining two different amino acid sequences which were
used to design three degenerated oligonucleotides: A
(5'-TCGACGACGTGSACGTCSACGTTGTGGATG-
CC-3), B (5-CCGTAYTGSAGGTCRGCGTCGTT-
GTCGACGAC-3’), and C (5-GGGGCVGGSAGVG-
GGTTGACYTG-3').

2.3. Construction and screening of a P. chrysogenum
genomic library

The DNA of P. chrysogenum E1 was purified as pre-
viously described [23]. Fragments of genomic DNA (17—
22 kb) were selected from Sau3Al partially digested
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DNA, ligated to 2 GEM12, and packaged with “Giga-
pack II Gold” kit (Stratagene) to yield ~5x 10* pfus.
For screening, the library was amplified in E. coli
LE392, plated to obtain ~4 x 10* pfus, and hybridized
with the above described **P-ATP labelled oligonucleo-
tides according to standard methods [18]. Recombinant
phages were amplified in liquid medium to purify their
DNA [18].

2.4. Nucleic acid hybridization and sequencing

Southern and Northern hybridizations were made
with **P-dCTP labelled probes according standard pro-
cedures [18]. A 2.1 kb Sall fragment including PnagA
was used as a probe to analyze pALfleol0 transfor-
mants. Mycelium after 100 and 172 h from pilot-scale
fed-batch fermentation for penicillin production was
frozen in liquid nitrogen, and total RNA was recovered,
resolved by agarose-formaldehyde gel electrophoresis,
and hybridized according to standard procedures [18].
DNA fragments from nagA (980 bp BamHI) and pchC
(937 bp Ncol) [24] genes of P. chrysogenum were used
as probes for Northern analysis. Clones to be sequenced
were constructed with the “Erase a base” system (Pro-
mega) and sequenced with an ABI PRISM 377 DNA se-
quencer (Applied Biosystems). DNA sequences were
analyzed with the Dnastar and Winstar packages
(DNASTAR Inc.), and compared to known sequences
by using the BLASTP and BLASTX programs [25].
The codon-preference algorithm (Geneplot, Winstar)
was used to detect the presence of ORFs. Multiple pro-
tein alignments were made with the Clustal V algorithm
and pair wise alignments with the Lipman-Pearson
method (MegAlign, Winstar). RNA secondary struc-
tures that can act as potential transcriptional termina-
tors were predicted with the aid of mfold program
[26]. The nagA DNA sequence of P. chrysogenum encod-
ing B-N-acetylglucosaminidase has been deposited as
GenBank Accession No. AF056977.

2.5. ble® gene expression using PnagA

Plasmid pALfleol0 was constructed to express the
bacterial phleomycin resistance gene (ble®) from Strep-
toalloteichus hindustanus under the control of PnagA.
To create an Ncol restriction site in the ATG translation
start codon of nagA, the plasmid pALP307 (pBluescript
I KS (+) with an insert of 892 bp including PragA) was
used as a template for PCR reactions with primers
#8 (5'-CTCCATGGTGATAAGGTGAGTGACGATG-
3’; Ncol site underlined) and -20 (5'-GTAAAACGA-
CGGCCAGTG-3’). Optimized amplification reactions
(100 pl) contained about 20 ng of pALP307, 10 mM
Tris-HCI pH 8.3, 1.5 mM MgCl,, 50 mM KCI, 20 pmol
of each primer, 1.25 U of Taq DNA polymerase and
dNTPs 200 mM each. A Perkin—Elmer DNA Thermal

Cycler 480 was used for amplification with a program
of 15 cycles (94 °C, 60 s (2 min for the first cycle);
53 °C, 30 s; 72 °C, 90 s (extending 3 s per cycle)). The
amplified product was purified from agarose gel by
“Qiaex II gel extraction kit” (Qiagen) and cloned into
the EcoRV site of pBC KS (+). pALP427 was selected
after sequencing several clones to verify the presence
of the Ncol site and the absence of punctual mutations.
Unidirectional deletions of pALP427 were done to re-
move an Ncol site located upstream PnagA, construct-
ing pALP448 which includes Pragd as a 575 bp
fragment. Both ble® and the transcriptional terminator
signal from the TrpC gene of A. nidulans (TtrpC) were
obtained as a 1.1 kb Ncol-Apal fragment from
pUT737 [27], and cloned into pALP448 double digested
Ncol-Apal. The resulting plasmid pALfleol0 includes
the cassette PnagA-ble®—TtrpC conferring resistance to
phleomycin-bleomycin in fungi and the Cm® gene pro-
viding chloramphenicol resistance in E. coli. DNA se-
quence showed the correct in frame fusion PrnagA-bleR.
P. chrysogenum transformants were obtained as previ-
ously described [28], using Czapek medium supple-
mented with 1 M sorbitol for protoplasts stability and
with 30 pgml~" phleomycin for selection.

3. Results

3.1. Protein purification, Nt edge sequence and protein
identification

When analysing the patterns of intracellular proteins
of P. chrysogenum penicillin overproducing strains A
and El during their fermentation for penicillin produc-
tion, one of the most largely represented proteins (64
kDa) was afterwards demonstrated to be B-N-acetylglu-
cosaminidase (see below). A large amount of B-N-acetyl-
glucosaminidase has an intracellular location increasing
along the fermentation process (Fig. 1).

B-N-acetylglucosaminidase was purified from P.
chrysogenum mycelium grown in penicillin production
conditions showing the presence of a mixture of two pro-
teins in a ratio of about 1:1, matching in size with the
most represented protein in P. chrysogenum E1 extracts
(64 kDa; Fig. 1). It was not possible to jointly sequence
both Nt edges by standard methods, but since one of
the proteins (P1) had a proline at position 2, it was se-
quenced making use of a blocking reagent (OPA) to
avoid the sequence of the protein chain lacking a proline
residue (P2). By exclusion, some preliminary sequence
information of the Nt edge of both proteins was
obtained: 22 residues from P1 ((Ala/Val)-Pro—Ser—Gly—
Ile-His—-Asn—Val-Asp-Val-His—Val-Val-Asp—Asn—Asp-
Ala—Asp?-Leu—GIn-Tyr—Gly?), and 20 residues from P2
((Ala/Val)-GIn-Val-Asn—Pro-Leu-Pro-Ala-Pro-Arg?—
Arg?-Ile-Thr-7??-Gly-Ser?-Ser?-Gly?-Pro?—(Ile/Thr)-
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Fig. 1. SDS-PAGE analysis of intracellular proteins from P. chrysogenum showing the pattern of strains A and E1 along pilot-scale fermentation for
penicillin production from 36 to 204 h. B-N-acetylglucosaminidase is indicated by arrows. The purified sample having a mixture of two proteins is
shown on the right inside a circle. Protein broad range molecular mass standards (Bio-Rad) were used.

777-Val?). Residues with a question mark were estimated
with around a 60% of confidence and residues with three
question marks were not determined.

The purified sample was analyzed by 2D electrophore-
sis (IEF-PAGE), showing a narrow pl range of heteroge-
neity. To confirm this result slab IEF gels were done by
adjusting the pH in the range from 5 to 7. In this case a
mixture of three very close spots with a pl ranging from
5.1to 5.3 was detected: (1) spot located to the more acidic
zone, (2) spot located to the more basic zone, and (3)
central spot. The N-terminal sequence of the spot cor-
responding to the more represented protein (3) was
Ala—Pro-Ser-Gly-lle-His—Asn—Val. This sequence was
identical to the previously determined for P1, confirming
Ala and Val as the first residues for P1 and P2, respec-
tively. P1 and P2 N-terminal sequences were used for
searching the databases to obtain information about their
putative functions, showing both of them significant sim-
ilarity to the B-N-acetylglucosaminidases from A. nidu-
lans (BAB13330) and Aspergillus oryzae (BAC41255).

3.2. Cloning and characterization of the nagA gene from
P. chrysogenum

A genomic library from P. chrysogenum was screened
with three degenerated oligonucleotides, two of them
corresponding to P1 (A and B) and one from P2 (C). Po-

sitive phages were isolated with oligonucleotide A, but
oligonucleotides B and C did not show clear positive sig-
nals. Eleven phages were mapped, all showing the
hybridization signal in a 3.2 kb Sacl fragment and in a
2.1 kb Sall fragment, which were cloned into pBlue-
script I KS (+) to give pALP344 and pALP295, respec-
tively. Additionally, a 4.5 kb Sacl fragment adjacent to
the 3.2 kb Sacl fragment was cloned into pBluescript I
KS (+) to give pALP346. A 5240 bp DNA sequence
(GenBank AF056977) was determined and analyzed
with the codon-preference algorithm showing a 1791
bp ORF lacking introns and encoding a protein with
high similarity to B-N-acetylglucosaminidases (Table
1). The deduced polypeptide has a predicted molecular
mass of 66,538 Da and a pl of 5.35. Both N-terminal se-
quences obtained for Pl (Ala-Pro-Ser—Gly-Ile-His—
Asn—Val-Asp-Val-His-Val-Val-Asp—Asn—-Asp—Ala—
Asp-Leu-GIn-Tyr-Gly; amino acids from 99 to 120)
and P2 (Val-GIn—-Val-Asn-Pro-Leu—Pro-Ala—Pro—
Arg—Asn-lle-Thr-Trp-Gly-Ser—Ser—Gly—Pro-Ile-Gln—
Val; amino acids from 19 to 40) were found in the de-
duced sequence, pointing to the proteolytic cleavage of
the 64,792 Da (578 amino acids; pl 5.26) protein to give
a 56,184 Da (498 amino acids; pl 5.01) protein (Fig. 2).
Amino acids from 1 to 18 in the deduced protein were
not found in the Nt sequences, suggesting a 1763 Da lea-
der peptide (Table 1). The sequence corresponding to P2
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Table 1

261

Features of PB-N-acetylglucosaminidase encoding genes from P. chrysogenum (Pc; AF056977), A. nidulans (An; BAB13330), A. oryzae (Ao;
BAC41255), C. albicans (Ca; P430077), T. atroviride (Ta; S72211), and A. thaliana (At; NP_172050)

Pc An Ao Ca Ta At
Gene length (bp) 1791 1809 1803 1686 1880 1743
Deduced product (aa) 596 603 600 562 580 580
Deduced product (kDa) 66.5 68.0 67.5 63.6 64.5 65.0
Deduced pl 5.3 4.6 4.7 5.3 5.7 6.2
Signal peptide (aa) 18 19 18 22 19 -
Potential N-glycosylation motifs 4 3 6 7 7 4
Similarity to NagA (%) 100 68 66 48 32 37

Similarity was estimated with the program MegAlign (Winstar) by the Lipman-Pearson protein alignment method.

was found just after the signal peptide, whereas P1 was
located immediately downstream of a KEX2 (Lys—Arg)
[29] processing site (Fig. 2).

General transcription signals were detected at the 5'-
flanking region (Fig. 2): pyrimidine rich regions between
positions 1106-1128 and 1182-1200, a potential TATA
like box (ATAAATA at 1258) located 66 bp upstream
from the translation start codon ATG (1324), and two
potential CAAT like boxes at positions 1163 and 1244.
Additionally, credA motifs ((G/C)YC/T)GG(A/G)G) [30]
were found at 896 and 1024. RNA secondary structures
that can act as potential transcriptional terminators
were downstream [26].

The deduced amino acid sequence includes four po-
tential N-glycosylation motifs [NX(T/S)] [31] at 29,
348, 496, and 591. A phylogenetic tree was constructed

showing the evolutive relationship between hexosami-
nidases from bacterial, fungal and higher eukaryote ori-
gins (Fig. 3).

3.3. Transcription analysis of the nagA gene

Northern analysis was performed to determine the
size and transcription level of nag4 in P. chrysogenum
grown in penicillin production conditions. A gene from
the penicillin biosynthetic pathway (pcbC) known to
show strong transcription under these conditions [32]
was used to compare. A band of about 2.1 kb, which
agrees with a monocistronic transcript efficiently ex-
pressed, was detected (Fig. 4). nagA transcript level
clearly increased from 100 to 172 h, whereas a steadier
transcript level of pchC (about 1.4 kb) was detected.

TAATGGATATAGTAGATTARATCATGATTACCAGAGATCCCATIGTGGAGRTTTCTATTCCTTTCCAGGGGTTTTCCAGGG

GTTTTCCAGATGTTTTCCAGGTGTTTTCCAAATGTTTCAGGTTGCTTCATAGATCGACAGACCGGTGTGACTGTGTCATT

TGCCAGTAGAT[CCGGAGRTCCCGTAGCTTTCCCCCTCTTTATCTTTTAATATTTGTTGTTATATGGGAGTTCAAGTTGCA

TGTAGAGGTTGCACTCTCTCTCTCTCTCTTTCCCTTGAATTATTTGAGTCCAAGGTGTGTTAGTTGTATGCAATGTAACT

AGGGAGCTGTTTGTTTTTCCCCTTCCCCAGGGTTGCATCCTGGGCCATTCCCCATTCCGATGAAAGATCGACAATGCAGC

TAAACATARATAGTTCTGGTTATCTCCTGGCCACAGTTTCTCTACTTTTCATCGTCACTCACCTTATCAAC ATG

s
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Fig. 2. Restriction map of the genomic DNA region of P. chrysogenum including the nagA gene. Little arrows show the location of putative
glycosylation sites. Promoter region (PrnagA): pyrimidine rich stretches, TATA box, and CAAT boxes are bold and underlined; cre4 motifs are
boxed. Deduced protein: 66.5 kDa including leader peptide, 64.8 kDa lacking leader peptide (glycosylation site boxed), and 56.2 kDa KEX2

processed (KEX2 site boxed).
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Fig. 3. Phylogenetic tree of hexosaminidases. Sequences from P.
chrysogenum (Pc), A. nidulans (An), A. oryzae (Ao), C. albicans (Ca),
A. thaliana (At), O. sativa (Os), T. atroviride (Ta), B. fragilis (Bf), V.
parahaemolyticus (Vp), H. sapiens (Hs), M. musculus (Mm), and D.
melanogaster (Dm) were analyzed by the Clustal method with the
PAM?250 residue weight table. Multiple alignment parameters were:
gap penalty =10 and gap length penalty = 10. Pairwise alignment
parameters were: ktuple = 1, gap penalty = 3, window = 5 and diag-
onals = 5. The length of each pair of branches represents the distance
between sequence pairs. The units at the bottom of the tree indicate the
number of substitution events.

100 h 172h

nagA

pchC

Fig. 4. nagA and pcbC transcripts after 100 and 172 h from pilot-scale
fed-batch fermentation for penicillin production.

3.4. Gene expression under the control of PnagA in
P. chrysogenum

The suitability of PnagA to be used for gene expres-
sion was tested in P. chrysogenum with the heterologous
ble® gene. Plasmid pALfleol0 (Fig. 5) contains the

Pvull

PnagA
pALfleo10
5.0 Kb

f1(+)
\ TtrpC

Pvull

ble®

Ncol

Smal

Fig. 5. Restriction map of the plasmid pALfleo10 used for hle® gene
expression under PnagA control in P. chrysogenum.

PragA-ble®-TtrpC cassette and the Cm® gene for selec-
tion in E. coli. pALfleo10 transformants of P. chrysoge-
num were able to grow on 30-80 pg ml~' phleomycin.
Phleomycin resistance levels were dependent on the
strain tested and the number of functional copies of Pna-
gA-ble®-TtrpC integrated in their chromosomes. South-
ern analysis of 10 transformants showed hybridization
bands of different size and intensity depending on the
locus and number of integrations of pALfleo10, but only
the hybridization signal corresponding to nagA (2.1 kb
Sall fragment) appeared in the parental untransformed
strain (not shown). These results show that Pnagd is
able to direct heterologous ble® gene expression in
P. chrysogenum.

4. Discussion

We cloned the nagA gene from the penicillin
overproducing strain P. chrysogenum El. The deduced
polypeptide is similar at the amino acid level to B-N-
acetylglucosaminidases, especially from fungi. The pres-
ence of introns was not detected in nagA, differing of
many genes from P. chrysogenum but in agreement to
the nagA gene of A. nidulans. The motifs for regulatory
proteins described in the promoter region of the nagl
gene of T. atroviride and involved in its induction [13]
were not found in PrnagA. The pyrimidine rich stretch
suggests a putative transcription start site, since it ap-
pears in highly expressed genes immediately upstream
of this site [33]. Most of the fungal genes have a TATA
box located 30-50 bp upstream of the transcription start
point [33], which agrees with the supposed functional
TATA box located 34 bp upstream to the translation
start point. The CCAAT box is present in the promoter
region of about 30% of known eukaryotic genes located
between 50 and 200 bp upstream of the transcription
start site [33]. The location of the potential CCAAT like
box is consistent (105 bp upstream).
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Both, nagA transcript level and NagA protein in-
creased along the fermentation process. This phenome-
non is coherent with (i) the existence of fragmentation
and autolysis in P. chrysogenum fed-batch fermentations
to produce penicillin coupled with the production of B-
N-acetylhexosaminidase [14], and (ii)) the much more
extensive lysis as the process proceeds [15,16]. nagAd
transcript level after 172 h is similar to that of pcbC, a
penicillin biosynthetic gene highly expressed under pen-
icillin production conditions [32]. Maximum pchC tran-
scription level occurs in 2-3 days old flask cultures of
P. chrysogenum [32], but steady-state levels of mRNA
were present until 7 days in a fermenter, probably be-
cause the nutrient feeding protocol in the fermenter
extends fungal vegetative growth and penicillin produc-
tion. nagA transcript size was similar to the reported for
HEXI from C. albicans [10].

Hexosaminidases from lower eukaryotes (P. chrysog-
enum, A. nidulans, A. oryzae, C. albicans, and T. atrovi-
ride) are more closely related to the homologous protein
from plant sources (Arabidopsis thaliana and Oryza sati-
va) than to the corresponding enzyme from bacteria
(Bacteroides fragilis and Vibrio parahaemolyticus), Dro-
sophila melanogaster and higher eukaryotes (Homo sapi-
ens and Mus musculus).

Putative features for protein maturation were found
in NagA, including an 18-amino acid signal peptide, a
KEX2 processing site, and four glycosylation motifs.
As described for T. atroviride, where the protein has an
increase of Mr by 10 kDa due to linked glycosyl chains
[11], P1 (56 kDa) glycosylation pattern could explain
its migration near P2 (64 kDa) in SDS-PAGE analysis.
Potential N-glycosylation motifs are also present in fun-
gal sequences encoding [B-N-acetylglucosaminidase. A
significant bias for some basic dipeptides (Lys—Arg,
Arg-Arg, and Arg-Lys) as targets of proteolytic cleav-
age by the KEX2 protease exists in fungi [29], being
Lys—Arg the dipeptide found immediately upstream of
P1. The KEX2 site has also been found in the sequences
from A. nidulans, A. oryzae and A. thaliana.

One of the most largely represented proteins in P.
chrysogenum fermentations for penicillin production is
B-N-acetylglucosaminidase. A B-N-acetylhexosamini-
dase was described to accumulate inside P. chrysogenum
during the stationary phase of growth and to release into
the culture broth when the cell wall lysis progressed [7].
Nevertheless, the N-terminal sequence of this 66.4 kDa
B-N-acetylhexosaminidase =~ (APSNVDNXDVXNDA)
[8] was not found in nagA deduced sequence, suggesting
the existence of two different enzymes potentially related
to fragmentation and autolysis in P. chrysogenum.

Heterologous expression of the S. hindustanus ble®
gene under the control of PragA conferred phleomycin
resistance in P. chrysogenum. Similar resistance levels
were obtained with plasmids expressing ble® under the
control of either PgdhA or PpcbC [34]. pALfleol0 in-

cludes Cm® as selection marker in E. coli, instead of
the p-lactamase (4p®) marker present in other plasmids
which can be potentially harmful to be used with B-lac-
tam producers, and fulfils the requirements for stable
integration in P. chrysogenum, allowing cloning and
gene expression.

As a conclusion, the nagAd gene encoding one of the
most largely represented proteins in P. chrysogenum
strains industrially used for penicillin production has
been characterized, and its promoter region can be used
as a tool to drive gene expression in fungal hosts.
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