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A cDNA clone (glx-2c) encoding glyoxal oxidase (GL OX) was isolated from a Phanerochaete chrysosporium
Agtlllibrary, and its nucleotide sequence was shown to be distinct from that of the previousdly described clone
gix-lc (P. J. Kersten and D. Cullen, Proc. Natl. Acad. Sci. USA 907411-7413, 1993). Genomic clones cm-re-
sponding to both cDNAs wer e also isolated and sequenced. Overall nucleotide sequence identity was 98%, and
the predicted proteins differed by a single residue: Lys-308<>Thr-308. Analyses of parental dikaryotic strain
BKM-F- 1767 and homokaryotic progeny firmly established allelism for these structural variants. Southern
blots of pulsed-field gels localized the GLOX gene (glx) to a dimorphic chromosome separate from the
peroxidase and cellobiohydrolase genes of P. chrysosporium. Controlled expression of active GLOX was
obtained from Aspergillus nidulans transformants when glx- Ic was fused to the promoter and secretion signal
of the A. niger glucoamylase gene. The GLOX isozyme corresponding to glx-2c was also ethciently secreted by
A. nidulans following site-specific mutagenesis of the expression vector at codon 308 of glx-Ic.

The white rot fungus Phanerochaete chrysosporium has been
extensively studied for its lignin-degrading ability (29). P. chry-
sosporium secretes three known classes of extracellular en-
zymes under ligninolytic (secondary metabolic) conditions in
defined glucose media: glyoxal oxidase (GLOX), lignin peroxi-
dases (LiPs), and manganese peroxidases (MnPs). GLOX is a
source of the extracellular H,O,that is required for the oxi-
dations catalyzed by the ligninolytic peroxidases. In nutrient-
limited P. chysosporium cultures, the 68-kDa glycoprotein ap-
pears as two isozyme forms of pl 4.7 and 4.9. The purification,
physical characteristics, and kinetics of GLOX have been re-
ported (26, 28).

Multipleroles for GLOX in lignocell ol ose degradation by
Phanerochaete spp. are suggested by several lines of evidence.
In addition to the obvious function of peroxide supply, modu-
lation of GLOX activity in vitro supports arole in extracellular
regulation of ligninolytic activity in vivo. Purified GLOX is
inactive unless activated by a coupled peroxidase system in-
cluding both peroxidase and peroxidase substrate. The molec-
ular basis for this extracellular regulation has not been eluci-
dated. Furthermore, GLOX substrate production in vivo is
likely to involve multiple metabolic pathways. Substrates for
purified GLOX include formadehyde, acctaldehyde, glycolal-
dehyde, glyoxal, glyoxylic acid, dihydroxyacetone, glyceralde-
hyde, and methylglyoxal. Both glyoxa and methylglyoxa have
been detected in ligninolytic cultures, but the derivation and
the full complement of physiological substrates from carbohy-
drate metabolism are still under investigation. Interestingly,
products produced by lignin peroxidase activity on lignin
model compounds are also substrates for GLOX; an efficient
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sequence of oxidations (glycolaldehyde to glyoxa to glyoxylate
to oxalate) is catalyzed (23). This finding suggests that ligni-
nolysis can, in part, be perpetuated by GLOX and the action of
lignin peroxidase on lignin itself.

Of the P. chrysosporium germs implicated in lignocellulose
degradation, those encoding LiPs, MnPs, and cellobiohydro-
lases (CBHs) have been studied in some detail (reviewed in
references 1 and 12). All are encoded by large, complex fam-
ilies of structurally related genes. Eight of the ten known LiP
genes are linked, and three of these are clustered within a
30-kb region (18, 19). Three of the six known CBH genes are
aso tightly linked (9). Chromosomic length dimorphisms have
been observed for the alelic homologs of LiP genes (17, 35)
and CBH genes (9).

Relatively little is known concerning the molecular genetics
of GLOX, but recently a cDNA (gIx- 1c) encoding GLOX was
characterized (27). In reasonable agreement with native
GLOX, the predicted enzyme had severa potential N-glyco-
sylation sites, amolecular mass of 57 kDa, and apl of 5.1. The
number and distribution of tyrosine, histidine, and cysteine
residues suggested an active site similar to that of galactose
oxidase, and potential copper ligands were tentatively identi-
fied at Tyr-377 and His-378 (27). GLOX expression istran-
scriptionally regulated and coordinate with the LiP and MnP
genes (27, 35). We show here that GLOX is encoded by a
single gene with two alleles, that the gene is located on a
dimorphic chromosome unlinked to known LiP, MnP, and
CBH genes, and that GLOX is efficiently expressed in the
model heterologous expression system, Aspergillus nidulans.

MATERIALS AND METHODS

Cloning and analysis.A cDNA library of ligninolytic cultures of P. chrysospo-
rium strainBKM-F-1 767(= ATCC 24725) was constructed in Agt! | and probed
with polyclona antibodies as described previously (27). For genomic clone iso-
lation, a pWE15 (36) cosmid library of stain BKM-F-1767 (18) was probed with
“P-labled cDNA clones under high-stringency conditions (0.125 M NaHPO,,
50% formamide, 7% sodium dodecyl sulfate, [SDS], and 1 mM EDTA at 48°C).
c¢DNA and genomic clones were partially mapped and subcloned into M13mp18
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FIG. 1. Aspergillus expression vector involving translational fusion of the A.
niger glucoamylase gene (gle). At the 5' junction, the glx- cDNA encoding
mature GLOX was fused in frame to the glucoamylase propeptide. The precise
nucleotide sequences at 5' and 3' junctions are indicated. Abbreviations: Pgla.
glucoamylase promoter plus secretion signal plus propeptide; Tgla, glucoamylase
terminator; ArgAns-1, Aspergillus sequences for high-frequency complementa-
tion of A. nidulans argB (13): pKSII, Stratagene BlueScript vector. Vector
pGLAGLXD308 (not shown) isidentical except that site-specific mutagenesis
was used to substitute C for A at nt position 1037 (Fig. 2).

and M13mp19. Single-stranded templates were sequenced by the dideoxy-chain
terminating method (32), using Sequenase (United States Biochemical Corpo-
ration, Cleveland. Ohio). Both strands were sequenced.

Allelism. To test alelism, segregation of the two GLOX variants among
homokaryotic progeny (basidiospores) was assessed. Fruiting of BKM-F -1767
was as described previously (21), and germinating single basidiospores were
isolated from agar plates with a needle and a dissecting microscope. Putative
aleles were then differentiated by a restriction site polymorphism and by hybrid-
ization to alele-specific oligonucleotide probes. In the former method, approx-
imately 20 pg of genomic DNA (34) was digested with Kpn |, size fractionated in
an agarose gel, blotted to Nytran (Schleicher & Schuell, Keene, N.H.), and
probed with a nick-translated 1.2-kb Kpn | fragment of glx-Ic (27), To differen-
tiate putative alleles with oligonucleotide probes, diluted genomic DNA was
PCR amplified with primers common to both structura variants: 5-TCACAC
CTTCGCTCTACACG-3 (upstream) and 5-TATTTACTCCAGGGTCGG
CG-3' (downstream). The resulting 680-bp PCR products were blotted to Nytran
and probed with 17-mers differing by a single base: 5-CGAGAC(C/T)CTC-
GACCCGC-3'. Hybridization with the probes end labeled with P was in 6x
SSC (1 x SSCis 0.15 M NaCl plus 0.015 M sodium citrate) as previously de-
scribed (20) at 58°C. Final washes were at 60°C.

Pulsed-field gel electrophoresis. Clamped homogeneous electric field electro-
phoresis, blotting, and high-stringency hybridization conditions were as previ-
ously described (18, 35), Full-length glxl cDNA served as a probe.

cDNA expression in Aspergillus spp.Using overlap extension techniques (24),
precise fusions were obtained between the Aspergillus niger glucoamylase secre-
tion signal (6, 16) and the cDNA coding region of mature GLOX (27) (Fig. ).
Similarly, the gla terminator was fused to the last codon of gIx- 1c. The entire
expression cassette was then combined with A. nidulans sequences ArgB (5) and
ANSIL (13) in Bluescript pKSl| (Stratagene Inc., La Jolla, Calif.). A derivative of
pGLAGLX, designated pGLAGLXD308, was constructed by site-specific mu-
tagenesis (37) of glx-lc nucleotide (nt) 1037 (C—A). The nucleotide sequences
of the mutagenized region and all PCR junctions were confirmed by dideoxy
sequencing.

With mirror modification, A. nidulans (argB; methH2; biAl) protoplasts were
transformed (13), and the argB'transform ants were cultured as previously
described (11). For assessing expression of GLOX, cultures were supplemented
with methionine, biotin, KH,P0,(6.8 g/liter), and either xylose or maltose (50
g/liter). Typically, 50 ml of medium was inoculated in 250-ml Erlenmeyer flasks
and incubated at 37°C (150 rpm). As negative controls, A. nidulans was also
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transformed with a vector containing ArgB and ANSL (13) but lacking a GLOX
expression cassette.

Culture filtrates were subjected to enzyme activity assays and Western blot
(immunoblot) analysis. GLOX ectivity was determined as described previously,
using methylglyoxal as the oxidase substrate and with phenol red or 2,2'-azino-
bi s(3-ethylbenz-thiazolinc-6-sulfonic acid) as the substrate for horseradish
peroxidase in the coupled-enzyme assay (26, 28). A Pharmacia PhastSystem
(Pharmacia LKB Biotechnology. Piscataway, N.J.) was used for 10 to 15% SDS-
polyacrylamide gel electrophoresis (PAGE) and electroblotting onto nitrocellu-
lose. Polyclonal antibodies against GLOX were produced In rabbits and then
parlialy purified with Econo-Pac serum immunoglbulin G purification columns
(Bio-Rad, Richmond. Cadlif.). Standard immunodetection techniques were used
with an alkaline phosphatse conjugant asthe secondary antibody.

Nucleotide sequence accession numbers. The nucleotide sequences reported
in this paper have been submitted to GenBank/EMBL data banks and assigned
accession numbers L47286 (gIxl) and L47287 (g;x2).

RESULTS AND DISCUSSION

Structure of the GLOX gene. Analyses of cDNA and
genomic libraries revealed two distinct GLOX-encoding se-
guences. Among the Agt 11 clones reacting with GLOX anti-
bodies, their sequences were identical to those of either glx-1c
(27) or avariant type represented by a clone designated glx-2c.
Comparison of the two cDNA nucleotide sequences showed
99% identity, with most mismatches occurring as T« transi-
tions in the third position of codons. The predicted proteins
differed by a single residue, Lys-308<>Thr-308.

Genomic clones corresponding to both cDNAs were se-
quenced and shown to he 98% identical (Fig. 2). Both se-
quences featurc four introns ranging in size from 53 to 61 bp.
the intron/exort splice sites and the internally conserved se-
quences are similar to those of other filamentous fungi (3, 22).
A putative TATA box is located 53 bp upstream of the ATG
site. The sequence surrounding the translational initiation site
has a purine (A) at —3 (TTACGATGTT). which is highly
conserved in filamentous fungi (22). The T at position +4 is
more typical of yeast genes. whereas the consensus for fila-
mentous fungi and higher eukaryotesis G (8, 15). As previ-
ously noted for glx-1c (27), the canonica eukaryotic polyade-
nylation signal AATAAA is not present. The 3' untranslated
sequence 5-GCATATGAAATATCTGT-3' (Fig. 2; nt 2016 to
2023) is conserved in both GLOX variants, and it is highly
homologous to the 3" untranslated regions of lignin peroxidase
genes lipA (GCTTATGAAATATCGGT) (33) and lipD (ACG
AAATA) (14). Along with the GLOX gene, lipA and lipD are
expressed under nutrient starvation, although lipD is preferen-
tially expressed under carbon limitation as opposed to nitrogen
limitation (2, 35).

The structural variants of the GLOX gene were conclusively
shown to be alleles. Experimental strategies relied on the ho-
mokaryotic condition of basidiospores, which are the products
of meiosis and fully viable. A Kpn | site polymorphism (Fig. 3A)
and allele-specific oligonuclectide probes (Fig. 3B) allowed
Segregation patterns to be monitored in basidiospore cultures.
The GLOX variants consistently segregated among homokary -
ons, thus proving allelism. In subsequent studies of genetic
linkage (19), alelic segregation was examined in 40 basidios-
pore cultures, and simple 1:1 Mendelian segregation was ob-
served.

Genomic organization of glx. Southern blots of pulsed-field
gelslocalized glx to adimorphic chromosome containing no
previously mapped genes. Comparison with A. nidulans chro-
mosomes indicated that hybridizing bands were approximately
3.7 and 3.9 Mb in the dikaryotic parent strain (Fig. 4B, lane 1).
Single bands were observed in chromosomes of homokaryotic
cultures (Fig. 4B, lanes 2 and 3), indicating a length dimor-
phism for the glx chromosome in the parental strain. The
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ctctaatatattgacctataagtatgagcagegerggegcaccacggceggeitgagegacagacttacgATGTTGTCGCTGCTAGCCGTAGTCTCACTCG 31
w o L L A v v S L 10
T

CCGCCGCCACACTCGCTGCTCCAGCTGCCAGCGATGCACCAGGCTGGCGGTTCGACCTGAAGCCCAACCTTTCCGGGATCGTGGCTCTCGAGGCGATCGT 131
A A p T [ A A P A A S D A P G WRF DL KPNUILS G I VA L EA I V 44

c
CGTGAACAGCTCACTGGTGGTCATATTCGACCGCGCCACCGGCGATCAGCCTCTCAAGATCAACGGCGAATCGACCTGGGGTGCGC TCTGGGATCTCGAT 231
VNS S L VVIVFDIRATSGDU GQ®PUL KINGES STWSGATLWTDTLTD 77
ACGAGCACTGTCCGCCCGCTTTCGGTCCTGACGGACTCCTTCTGCGCCAGCGGTGCGCTGCTCAGCAATGGCACTATGgtaggctaatagectttggeat 331
T s TV R P L 8 VL TD S F CA S GAULILSNGTM 103
g A

ttggtgagagagttctgacgcacgctettcgatgegecagGTCAGCATGGGAGGAACCCCTGGCGGTACTGGAGGGGATGTTGCTGC TCCTCCTGGCAACC 431
vV s M GGTPGGTGGUDVAAUP PG N 123

AGGCGATCCGGATCTTCGAGCCCTGCGCCTCGCCTTCGGGAGATGGC TGCACGCTC TTCGAAGACCCTGCGACTGTTCATCTCCTTGAGGAGCGGTGGTA 531
Q A 1 R I F E P C A 8§ P S G D G CTVL F EDUPATV HULULEE R W Y 157

CCCATCGTCCGTGCGCATTTTCGATGGCAGTCTCATGATCATTCGTGGTTCGCATGTCCTCACACCGTTC TACAACGTCGATCCAGCCAACTCCTTCGAG 631
P S 8§ VR I F D G S L M I I GG S HV L TPVF Y NVD P AN S F E 190

T
TTCTTCCCAAGCAAGGAGCAGACGCCCAGGCCTTCAGCCTTCTTGGAACGCTCGCTGCCAGCGAATCTTTTCCCACGgcaagtctttagactttttgact 731
F F P S K EQTUPUR P S A FLEURSLPANILTF PR 216

t C T
acaaacctgcetgaccaaagtcattgectcagGGCTTTCGCCTTGCCAGACGGAACCGTCTTTATCGTCGCTAATAACCAGTCTATCATCTACGATATCGAG 831
A F AL P DG TV F I VA NWNZGQS I I Y D I E 239

T
AAGAATACTGAGACCATCCTCCCGGATATCCCCAACGGTGTTCGTGTCACGAACCCCATCGATGGAAGCGCCATCCTTCTCCCGTTGTCGCCCCCTGACT 931
K NTE TT L P DI PNGV RV TDNU®PIDSGSAIULL P L S P P D 272

TCATTCCCCAGGTTCTCGTCTGTGGAGGC TCGACTGCGGACACCTCGCTCCCGTCCACCAGCTTGTCCTCCCAACATCCCGCTACCAGCCAATGCAGCCG 1031
F 1 P EV LV CGG S TADTSL P S TS L S $ @ H P AT S Q C S5 R 306

C C C A
GATCAAGCTCACCCCCGAAGGTATCAAGGCCGGCTGGCAGG TCGAACATATGCTTGAGGCGCGCATGATGCCTGAGCTCGTGCACGTCCCGAACGGCCAG 1131
I K L. T P EG I K AG W QV EHMTLEA ARMMZPETLUV HV P NG Q 339
T

C
ATCCTCATCACCAACGGCGCTGGTACAGGCTTTGCCGCACTGTCTGCCGTCGCGGACCCCGTCGGCAACTCGAACGCGGACCACCCCGTGCTCACACCTT 1231
I LI TNGAG TGV F A ALS AUV ADUPV ¢ NS NAUDH®PV L TP 372

CGCTCTACACGCCCGACGCACCTCTTGGAAAGCGCATCAGCAACGCGGGCATGCCGACGACGACGATTCCGCGCATGTACCACTCGACCGibACGCTCAC 1331
s LY T PDAUPILSGI KU RTISUNAGME®PTTTTI P RMYHS TV TL T 406

GCAGCAGGGCAACTTCTTCATCGGGGGCAACAACCCGAACATGAACTTCACGCCGCCTGGCACACCCGGGATCAAGTTCCCCAGCGAGCTGCGCATCGAG 1431
Q ¢ G NF FI GG NNWUPNMNPFTU®PU®PSGTUPG I KF P S E LR 1 E 439

T
ACCCTCGACCCGCCGTTCATGTTCAGGAGCCGCCCCGCGCTTCTCACGATGCCTGAGAAGCTCAAGTTCGGCCAGAAGGTGACCGTGCCTATCACGATCC 1531
T L D PP F MF RS RPATLTILTM®PEI KT LI KU FG QXK V TV P I T I 472

c
CGAGCGACCTGAAGGCGAGCAAGGTCCAAGgtgegtgcacccegetetegegecagggegegttegetgaatggegtggecatgatctagTCGCCCTGATGGS 1631
P $§ DL K A S K V @ V A L M 486

ACCTCGGCTTTTCGAGCCACGCCTTCCACTCCAGTGCGCGCCTCGTCTTCATGGAGTCGTCCATCTCGGCGGACCGCAAGTCGCTCACCTTCACGGCTCC 1731
DL GF S S HAUVF HS SAUPRLUVFMES S I S aDIRIEKSILTTFTA AP 520

GCCCAACGGACGCGTCTTCCCACCGGGCCCGGCTGTCGTTTTCCTCACGgtacgcacagtggtttatctetggtgecgacgaacgeggetgacgtgecaatt 1831

P NG RV F P P G P AV V F L T 536
C
tcagATTGACGACGTGACAAGTCCGGGAGAGAGAGTCATGATGGGCAGTGGCAACCCTCCGCCGACCCTGGAGTAAatatggagtgttcgegggtaccte 1931
1 b pbv TS ?PGEIRVMMG S GNUP PP TUL E . 559
t aa caa a ag aa ga a

ggcgcagacc——t———tgt—~cttgacEQCCthgtgcggtatgtacgttgttttttgttgtgagctcgaaagttgcatatgaaatatctgtttgggcga 2031

tatcatgggcgcagattgctaggcgagaagctgtcegtac 2064

FIG. 2. Nucleotide and deduced amino acid sequences of GLOX-encoding genomic clones. Within coding regions, the nucleotide sequences of gxl-1 is identical to
that of the previously reported cDNA(26), The sequence of the allelic homolog gIx-2 isidentical to that of glx- | except for the bases shown (upper ling). Untrandated
regions are indicated by lowercase letters. The mature peptidc begins at amino acid residue 23, A single amino acid difference was observed at position 308. A restriction
site polymorphism was used to experimentally establish the allelic relationship between glx-1 and gix-2; there are two Kpn | sites gix-1 (nt positions 530 and 1926) but
only one sitein gIx-2 (nt position 530). Cosmid mapping indicated another Kpn | site located approximately 5.0 kb 3' to the trandational strip of glx-2,
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FIG. 3. Southern blots showing allelism of glx-1 and glx-2. (A) Kpn | digests of
parental BKM-F-1767 (lane 1) and two single-lbasidiospore cultures (lanes 2 and
3) probed with a *P-labeled 1.4-kb Kpn | fragment of glx-1. As expected of alellic
pairs, the dikaryotic parent contains both aleles and hybridizes at 1.4 and 6.6 kb.

In contrast, the homokaryotic cultures contain asingle alele. (B) Single-basid-

iospore genomic DNA was PCR amplified and probed with allele-specific oligo-
nucleotide probes 1 and 2. Lanes 1 to 3 and 5 to 7 contain amplified product from
single-basidiospore cultures. Lane 4 contained a size standard, Again, the ho-
mokaryotic cultures contained a single alele.

observed pattern of hybridization is unlike those for al known
LiP (18, 35), MnP (30), and CBH (9) genes. Thus, glx is not
physically linked to any genes implicated in lignocellulose deg-
radation, aresult entirely consistent with recent genetic linkage
data (19).

These results, together with earlier studies, show no clear
relationship between genomic organization and expression of
the genes involved in lignocellulose degradation. Structurally
related members of the same gene family are often unlinked.
Some (e.g., lipD) reside on dimorphic chromosomes (35), while
others (cbhl-6, mnp2, and mnpl) hybridize to single bands (9,
30). Even among clustered members within these families,
transcription is often not coordinate. For example, cbhl-1 and
cbhl-2 are congtitutively expressed at low levels, whereas
cbhl-3, lying only 13 kb downstream, is induced by cellulose
and highly expressed (10). Further, among the closely linked
LIP genes, lipC and lipJ are derepressed by nitrogen limitation,
lipE Is derepressed under carbon limitation, and lipA, lipB, and
lipl are derepressed under carbon or nitrogen limitation (25,
31, 35). Transcript levels of glx also accumulate during carbon
or nitrogen limitation (27, 35), although it remains to be shown
if glx expression is coordinate with these genes in complex
woody substrates.
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FIG. 4. Chromosomal location of gix. An ethidium bromide-stained clamped
homogeneous el ectric fieldblot (A) was blotted to Nytran and probed with the
glx-1 cDNA (B). Lanes contain BKM-F- 1767 (lane 1). single-basidiospore deriv-
atives (lanes 2 and 3), and A.. nidulans DNA (lane 4) as a size standard. Approx -
imate sizes are shown In megabases. Sample preparation, electrophoretic con-
ditions, andSouthern hybridization were as previously described (7, 18). Meiotic
recombination between chromosome homologs typicaIEIlY Jiddg bands of various
lengths amoung the basidiospore progeny. The parental doublet and homokary-
otic singlets indicate a length dimorphism in the glx chromosome.

Heter ologous expression. When, glx was fused to the A. niger
glucoamylase promoter and terminator, efficient glx expression
was obtained in A. nidulans (Fig. 5). Two expression vectors
were tested: pGLAGL X, encoding the glx1-c sequence; and
pGLAGLXD308, encoding the glx1-c sequence except that a
single base was mutated to encode Thr at residue 308. Thus,
the protein encoded by pGLAGLXD308 corresponds to the
alelic variant .gIx-2. Secretion of active protein was observed
with transformants harboring either plasmid when grown on
maltose. Several pGLAGLX transformants were grown in sub-
merged culture, and yields as high as 10 to 20 mg/liter were
obtained. This activity is more than 50-fold greater than that of
optimized P. chrysosporium cultures (26, 28).

The alelic variation in glx predicts mature peptides dightly
differing in sequence (Lys-308<Thr-308), isoelectric points (pl
5.1 and 5.0), and potentially O glycosylation. Although post-
translational modifications could easily explain the isozymic
forms (pl 4.7 and 4.9) of GLOX observed in submerged cul-
tures of P. chrysosporium, the possibility that these proteins
could be separate alelic products was considered. Recombi-
nant GLOX preparations from the culture supernatants of
Aspergillus transformants pGLAGLX and pGLAGXD308 were

5 4 3 2 1

FIG. 5. GLOX produced by Aspergillus transformants analyzed by SDS-
PAGE. Gels were Coomassie stained (left) and Western blotted (right). Three
transformants are shown: a pGLAGLX transformant grown in medium with
xylose (lane 5) or maltose (lane 4) as the sole carbon source; a pPGLAGLXD308
transformant grown in xylose (lane 2) or maltose (lane 1) medium; and a pAR
GANSL transformant grown in maltose medium (lane 3). pARGANSL contains
no glx expression cassette. Samples loaded onto the Western blotted gel were
diluted 1: 100. Molecular size standards are indicated in kilodaltons.
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chromatographed by isoelectric focusing, and protein was de-
tected by activity staining of gels. Both transformants gave
multiple banding patterns (data not shown) that obfuscated
interpretation; therefore, this issue remains unresolved. In
contrast to GLOX, no tranglational differences are indicated
for the mature peptides corresponding to the lip and cbhl
aleles of P. chrysosporium, athough a single amino acid
change is predicted in the secretion signal of lipA (2).

The A. nidulans expression system is suitable for various
biochemical investigations, including, as demonstrated here,
site-specific mutagenesis. Efficient expression was obtained,
athough significantly greater yields could be achieved partic-
ularly by using commercial strains of A. niger var. avamori (4)
as hogts.
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