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Abs t r ac t  The regulation of the syntheses of  two arabi- 
nan-degrading extracellular enzymes and several intracel- 
lular L-arabinose catabolic enzymes was examined in 
wild-type and carbon catabolite derepressed mutants of 
Aspergillus nidulans, a-L-Arabinofuranosidase B, endo- 
arabinase, L-arabinose reductase, L-arabitol dehydrogenase, 
xylitol dehydrogenase, and L-xylulose reductase were all 
inducible to varying degrees by L-arabinose and L-arabitol 
and subject to carbon catabolite repression by D-glucose. 
With the exception of L-xylulose reductase, all were 
clearly under the control of creA, a negative-acting wide 
domain regulatory gene mediating carbon catabolite re- 
pression. Measurements of  intracellular enzyme activities 
and of intracellular concentrations of arabitol and xylitol 
in mycelia grown on D-glucose in the presence of inducer 
indicated that carbon catabolite repression diminishes, but 
does not prevent uptake of inducer. Mutations in creA re- 
sulted in an apparently, in some instances very marked, el- 
evated inducibility, perhaps reflecting an element of  "se l f '  
catabolite repression by the inducing substrate, creA mu- 
tations also resulted in carbon catabolite derepression to 
varying degrees. The regulatory effects of a mutation in 
creB and in creC, two genes whose roles are unclear, but 
likely to be indirect, were, when observable, more mod- 
est. As with previous data showing the effect of  creA mu- 
tations on structural gene expression, there were striking 
instances of  phenotypic variation amongst creA mutant 
alleles and this variation followed no discernible pattern, 
i.e. it was non-hierarchical. This further supports molecu- 
lar data obtained elsewhere, indicating a direct role for 
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creA in regulating structural gene expression, and extends 
the range of activities under creA control. 
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Introduction 

L-Arabinose is a major constituent of a variety of complex 
structural plant cell wall polysaccharides. In nature, hy- 
phal fungi play an important role in the degradation of 
these complex polysaccharides into monomeric sugars, 
such as L-arabinose, which are then subsequently catabo- 
lized. A major form of gene regulation affecting catabo- 
lism of L-arabinose and other sugars released from poly- 
saccharides is carbon catabolite repression (Arst et al. 
2990). 

Amongst  eukaryotes, carbon catabolite repression has 
been analyzed in detail in Saccharomyces cerevisiae and 
Aspergillus nidutans, In yeast, the SUC2 gene encoding 
invertase and the GAL genes required for the utilisation of 
galactose, have been particularly useful in identifying mu- 
tations resulting in altered responses to carbon catabolite 
repression, as reviewed by Carlson (1987) and Gancedo 
(1992). MIG1 (Nehlin and Ronne 1990) is one of the few 
genes involved in carbon catabolite repression in yeast 
that has been shown to have a direct regulatory effect on 
gene expression. Strategies to obtain mutations in A. nidu- 
lans leading to carbon catabolite derepression have been 
devised by Arst and Cove (1973) and Bailey and Arst 
(1975), which resulted in the identification of several cre 
mutant strains. From the creA gene thus identified, a num- 
ber of mutant alleles have been selected which, when 
tested, are recessive to wild-type and display non-hierar- 
chical heterogeneity of mutant phenotypes, indicative of a 
direct role in regulating gene expression (Arst and Bailey 
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1977). Arst and MacDonald (1975) and Arst and Bailey 
(1977) postulated the creA product to be a negatively act- 
ing wide-domain regulator. 

Dowzer  and Kelly (1989,1991) and Drysdale et al. 
(1993) cloned creA from both A. nidulans and Aspergillus 
niger and found it to encode a zinc finger DNA-binding 
protein of  the Cys2 His2 type, having considerable se- 
quence similarity in the DNA-binding region to MIGI .  A 
fusion protein containing the zinc finger of  A. nidulans 
CREA shows sequence-specific binding to DNA and ex- 
periments at the molecular level confirm the negative-act- 
ing nature of  this regulatory protein (Kulmburg et al. 
1993; Cubero and Scazzocchio 1994). Hynes and Kelly 
(1977) using a similar selection strategy as Arst and Cove 
(1973), obtained some additional creA alleles as well as 
mutations in two other genes, designated creB and creC, 
which probably do not have a direct role in carbon catabo- 
lite repression. Mutations in creB had been obtained pre- 
viously by selection for resistance to molybdate toxicity 
and designated rnolB alleles [Arst and Cove 1970; Arst et 
al. 1970; C.R. Bailey as cited in Arst (1981)]. creB (= 
molB) and creC mutations affect toxicities and/or utilisa- 
tion of a wide range of compounds and probably play an 
indirect metabolic role, for example, in affecting intracel- 
lular metabolite concentrations and/or their subcellular 
distribution (Arst 1981). Another cre mutation (cre-34) 
had been found as a spontaneous suppressor of  the effects 
of  the creC mutation and is thought to encode a protein 
that interacts with the creA gene product (Kelly 1994). 

The pathways in which catabolite repression in A. 
nidulans has been studied heretofore concern intracellular 
enzyme systems and permeases. Less is known about the 
regulation of carbon-regulated extracellular enzyme sys- 
tems in AspergilIus. However, the regulatory mechanisms 
involved seem to follow the usual pattern of  pathway-spe- 
cific induction and carbon catabolite repression as ob- 
served, for example, with polygalacturonase and pectin 
esterase in A. niger (Maldonado et al. 1989) and cellulase 
in A. nidulans (Bagga et al. 1989). The low-molecular- 
weight inducers for these enzymes, however, await identi- 
fication. 

We are particulary interested in the arabinan-degrading 
extracellular enzyme spectra of  A. niger and A. nidulans. 
From A. niger cultures grown on complex carbon sources, 
such as sugar beet pulp, three enzymes have been puri- 
fied, viz. o~-L-arabinofuranosidases A and B and endo-ara- 
binase (Rornbouts et al. 1988; van der Veen et al. 1991). 
A. nidulans secretes two such enzymes, viz. C~-L-arabino- 
furanosidase B and endo-arabinase (Ramon et al. 1993). 
The arabinan-degrading enzymes in both fungi can also 
be induced by simple carbon sources such as L-arabinose, 
and particularly L-arabitol, but only in the absence of D- 
glucose (Ramon et al. 1993; van der Veen et al. 1993). 
Since L-arabitol arises as an intermediate of  L-arabinose 
catabolism (Fig. l), the regulation of the biosynthesis of  
extracellular arabinan-degrading enzymes also depends 
on the regulation of L-arabinose utilisation itself. 

The availability of  various carbon catabolite dere- 
pressed mutants in A. niduIans and of a well-defined set 
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Fig. 1 L-Arabinose catabolic pathway in Aspergillus nidulans. (cL 
Witteveen et al. 1989) 

of  co-inducers for extracellular arabinase biosynthesis en- 
ables analysis of  the role of carbon catabolite repression 
in relation to the production of these enzymes, 

Materials and methods 

Materials 

All chemicals used were of analytical quality and obtained from 
Merck (Darmstadt, Germany). p-Nitrophenyl-c~-L-arabinofura- 
noside (PNPA) was obtained from Sigma (St. Louis, Mo., USA). 
Arabinazyme tablets were obtained from Megazyme (Sydney, 
Australia). 

Strains and growth conditions 

The Aspergillus nidulans strain WG096 (yA2 pabaA1), originat- 
ing from a strain of Glasgow origin (FGSC4), was used as wild- 
type strain. 

The A. nidulans creA mutant strains used carried: creAd-1 
(pabaA1), creAd-2 (pabaA1), creAd-3 (pabaA1), creAd-4 (biA1), 
or creA<30 (biA1) (Arst and Cove 1973; Bailey and Arst 1975; 
Arst et al. 1990). Strains carrying creB35 (= molB35) (biA1) (Arst 
et al. 1970) or creC302 (pabaA1) [C.R. Bailey as cited in Arst 
(1981)] were also used. See Clutterbuck (1993) for definition of 
gene symbols. 

The strains were grown on minimal medium as described pre- 
viously (Pontecorvo et al. 1953). The vitamin p-aminobenzoic acid 
was added to a final concentration of 2 rag/1 and biotin to a final 
concentration of 4gg/l to all cultures. In the transfer experiments, 
all strains were grown before transfer at 37~ in 1-1 Erlenmeyer 
flasks containing 300rot minimal medium, 2% (w/v) D-glucose, 
and 0.05% (w/v) yeast extract. After 24 h, the mycelia were har- 
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The preparation of cell-free extracts was carried out as described 
by Witteveen et al. (1989). Protein concentrations were measured 
using the Biorad BCA method as described previously (van der 
Veen et al. 1991). 

Determination of enzyme activities 

C~-L-Arabinofuranosidase activities were determined as described 
previously (van der Veen et al. 1991). Endo-arabinase was mea- 
sured using Arabinazyme tablets according to the supplier's in- 
structions. The activities of L-arabinose reductase, D-xylose reduc- 
tase, L-arabitol dehydrogenase, and xylitol dehydrogenase were 
measured as described by Witteveen et al. (1989). Both arabinases 
were measured from two different cultures in duplicate; the intra- 
cellular enzymes were measured from one culture in duplicate. 
Within one experiment, the activities found did not vary more than 
5-8% (measured in duplicate). The variations found between dif- 
ferent experiments were higher and varied between 15 and 25%. 
The tendency in activity changes between the various strains and 
growth conditions was found to be the same in the different exper- 
iments. 

Polyol extraction and determination 

The extraction of intracellular polyols was carried out as described 
by Witteveen et al. (1993). Polyol concentrations were measured 
on a HPAEC (Dionex) with a CarboPac MA1 column using iso- 
cratic elution with 0.48M NaOH (Witteveen et al. 1993). The 
polyol concentrations were measured once, but simultaneously 
with arabinase activities. 

Results 

Induct ion character is t ics  of  arabinase  act ivi ty  
in var ious  carbon catabol i te  derepressed  mutant  strains 

The induct ion levels  be tween  some of  the creA mutant  
strains and the wi ld - type  differed marked ly  (Fig. 2). Al-  
though strains carrying creAd-1, creAd-2, creAd-3, or 
creB35 differed re la t ive ly  l i t t le f rom the wi ld- type ,  strains 
carrying creAa-4, creAd-30, and creC302 showed much 
higher  induct ion levels,  the di f ference reaching near ly  an 
order  o f  magni tude,  creA<30 showed a par t icular ly  rapid  
induct ion of  PNPA-hydro lys ing  act ivi ty  even after as lit t le 
as 3 h. A late decl ine  o f  act ivi ty  in the creAa-30 mutant  
was not  further invest igated,  but  might  have  resul ted f rom 
degradat ion  by  proteases.  

The most  rap id  induct ion was observed  in most  o f  the 
strains be tween  6 and 12 h after transfer. In further exper-  
iments ,  an induct ion t ime of  6 h was chosen to ensure that 
the D-glucose concentra t ion in mixed  carbon source cul- 
tures remained  suff icient ly high (6 -8  mg/ml)  to exert  full  
carbon catabol i te  repression.  
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vested and washed with saline, and aliquots of mycelium (1 g wet 
weight) were transferred to 100-ml Erlenmeyer flasks containing 
30ml minimal medium and a carbon source at a final concentra- 
tion of 1% (w/v) and were incubated for another 6 h. Mixed carbon 
sources were each added at 1% (w/v), Mycelia were harvested, 
washed with saline, and frozen using liquid nitrogen. Culture fil- 
trates were used directly for enzyme assays. 

Time (h] 

Fig.2 PNPA-hydrolysing activities of Aspergillus nidulans 
strains pregrown on 2% (w/v) D-glucose and transferred to fresh 
media containing 1% (w/v) L-arabitol as an inducer. Samples of 
the culture fluid were taken at various time intervals. Activities are 
expressed in mU/ml culture filtrate. Open squares WG096, open 
triangles creAd-1, open circles creAd-2,filled diamonds creA d- 
3, filled triangles creAd-4, filled circles creAd-30, inverted open 
triangles creB35, open diamonds creC302 

Induct ion and carbon catabol i te  repress ion 
of  arabinase  activi t ies 

To invest igate  induct ion and carbon catabol i te  repress ion 
o f  arabinase  activi t ies independent ly ,  the var ious  A. nidu- 
lans strains were  grown for 24 h on D-glucose and then 
t ransferred to fresh m e d i a  conta ining different  carbon 
sources. D-glucose is a strong repress ing carbon source 
and glycerol  is derepress ing (Arst  and Cove  1973; Bai ley  
and Ars t  1975). L-Arabinose  and L-arabitol  are carbon 
sources that induce the arabinases  (van der  Veen et al. 
1993) and are carbon catabol i te  derepress ing  (Arst  and 
Cove  1973; Bai ley  and Ars t  1975), i r respect ive  of  areA 
mutat ions  (unpubl ished results).  The  s imul taneous  effects 
of  induct ion and repress ion were de te rmined  using a com- 
binat ion of  D-glucose with L-arabinose or  L-arabitol.  Al l  
cultures were inocula ted  with myce l i a  (1 g wet  weight)  as 
stated in Mater ia ls  and methods.  We checked  the b iomass  
data for wi ld - type  and the creAd-30 strain that had the 
most  outspoken growth  problems.  With in  the 6 h  transfer  
period,  the two strains show an equal  increase  in b iomass  
(dry weight)  on the same carbon sources. The  differences 
in b iomass  be tween  the different  carbon sources were 
found to vary within 10 -20% ( t . l - l . 2 g  wet weight).  D- 
Glucose  is an except ion,  as in both strains the b iomass  in- 
creased by  50% (1 .5g  wet weight) .  

(Z-L-Arabinofuranosidase B and endo-arab inase  act ivi-  
ties were  measured  in culture fil trates.  As  we did not  mea-  
sure the actual  dry weights  for  all strains, we present  the 
activities in mU/ml culture filtrate (Table 1). In the wild-type, 
activities of  C~-L-arabinofuranosidaseB (ABFB;  Table l )  
were low and comparable  to repressing D-glucose and dere- 
pressing glycerol .  L-Arabinose and L-arabitol induce, but 
repress ion by  D-glucose negated the effects o f  induction.  
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Table 1 Activities of O~-L-ara- 
binofuranosidase B (section 1) 
and endo-arabinase (section I1) 
in culture filtrates of Asper- 
gillus nidulans wild-type and 
creA, creB35, and creC302 
mutant strains under various 
growth conditions. All carbon 
sources were used at a concen- 
tration of 1% (w/v). Activities 
are expressed in mU/ml culture 
filtrate 

Carbon Strains 
source 

WG096 creAd-1 creA<2 creAa-3 creAd-4 creAd-30 creB35 creC302 

I o-Glucose 2.6 3.0 2.0 1.8 2.5 10.6 2.7 10.2 
L-Arabinose 8.2 10.l 8.5 9.0 70.1 147.3 14.2 24.2 
L-Arabitol 15.2 26.6 11.7 25.9 119.5 157.2 11.7 31.7 
L-Arabinose/ 2.8 2.6 2.5 2.2 11.2 17.9 4.0 2.4 
D-glucose 
L-Arabitol/ 2.0 2.4 2.2 2.2 29.9 27.4 5.0 8.1 
D-glucose 
Glycerol 2.9 2.3 1.8 1.8 2.8 4.2 3.4 2.4 

II D-Glucose 3.1 1.5 4.3 0.1 1.4 6.7 4.4 4.6 
L-Arabinose 6.5 9.4 17.3 15.8 43.8 63.4 16.3 8.9 
L-Arabitol 15.2 9.7 23.6 30.3 86.3 90.9 35.4 20.7 
L-Arabinose/ 4.7 4.6 10.0 3.3 4.1 9.8 7.4 4.8 
D-glucose 
L-Arabitol/ 4.7 4.5 7.3 7.9 3.6 7.6 6.3 4.8 
D-glucose 
Glycerol 5.1 3.5 3.4 4.0 1.2 4.2 6.3 3.9 

Table 2 Intracellular specific 
activities of L-arabinose reduc- 
tase under various growth con- 
ditions in Aspergillus nidulans 
wild-type and creA, creB35, 
and creC302 mutant strains. 
All carbon sources were used 
at a concentration of 1% (w/v). 
Activities are expressed in 
mU/mg soluble protein in ex- 
tracts 

Carbon Strains 
source 

WG096 creAd-1 creAd-2 creAd-3 creAd-4 creAd-30 creB35 creC302 

D-Glucose 40 27 71 75 97 28 35 75 
L-Arabinose 301 384 616 378 557 479 362 322 
L-Arabitol 252 283 431 465 919 545 161 354 
L-Arabinose/ 34 184 210 93 197 131 51 126 

D-glucose 
L-Arabitol/ 90 198 161 152 96 107 100 88 

D-glucose 
Glycerol 54 10 58 39 100 47 25 71 

Al l  cre mutants  had  levels  o f  A B F B  act ivi ty  on D-glu- 
cose  s imi lar  to the wi ld- type ,  except  for creAd-30 and 
creC302, which  had somewha t  h igher  activit ies.  Under  in- 
ducing condi t ions ,  the creAd-30 mutant  had  s t r ik ingly  
more  act ivi ty  than the wi ld - type  (18-fold  on L-arabinose;  
10-fold on L-arabitol).  Of  the other  creA mutants ,  only  the 
creAd-4 mutant  showed a marked ly  h igher  induced  level  
of  A B F B  than the wi ld - type  (8.5- and 7.9-fold,  respec-  
t ively).  The  other  creA mutants ,  as wel l  as creB35 and 
creC302, had on ly  s l ight ly  e levated  A B F B  act ivi ty  under  
inducing condit ions.  

In the presence  o f  D-glucose and an inducing carbon 
source,  mos t  creA mutants ,  as wel l  as creB35 and 
creC302,  had A B F B  act ivi t ies  comparab le  to that  o f  the 
wi ld- type .  Only  the creAd-30 and creAd-4 strains showed 
marked ly  h igher  levels,  aIbeit  not  near ly  as high as in the 
absence  o f  glucose.  Under  derepress ing  condi t ions  (i.e. 
g lycerol ) ,  low act ivi t ies  were  found for  all strains. Wi th  
respect  to these enzymes ,  one needs induct ion at the same 
t ime to observe  di f ferences  be tween  the effects o f  var ious  
carbon sources.  

For  the endo-arab inase  (Table 1), a s imi lar  induct ion 
pat tern was seen. Once  again,  L-arabitol  was a more  ef- 
fect ive  inducer  than L-arabinose.  In the presence  o f  D-glu- 
cose  and an inducing carbon source,  A n N A  activi t ies  

were  only  s l ight ly  derepressed  in some cre mutants,  viz. 
creAd-30, creAd-2, and creB35. In this case, creAd-4 had 
no marked  effect. 

Pentose ca tabol i sm and carbon catabol i te  repress ion 

We es tabl i shed  p rev ious ly  that in A. niger the ca tabol ic  
pa thway  for L-arabinose p lays  an impor tan t  role  in the in- 
duct ion o f  the arabinases  (van der  Veen et al. 1993). 
Therefore,  the in t racel lular  act ivi t ies  of  the re levant  en- 
zymes  of  this pa thway were  also measured.  

L-Arabinose  reductase  (cf. Fig.  1) is the first  enzyme  
invo lved  in ' the degrada t ion  o f  L-arabinose.  In the creA~-2, 
creAd-3, creAd-4, and creC302 strains, act ivi t ies h igher  
than in the wi ld - type  were found after growth on D-glu- 
cose (Table2) .  Under  derepress ing  condi t ions  (i.e. g lyc-  
erol  as carbon source),  the act ivi t ies  o f  these strains were  
comparab le  to those of  the wi ld- type ,  except  for  the 
creA<l ,  creA<3, and creB35 strains, which had  lower  ac- 
t ivi t ies,  and for creAd-4, which had a two- fo ld  h igher  ac- 
tivity. These  enzyme  data  c lear ly  i l lustrate a creA al lele-  
specif ic  response  o f  L-arabinose reductase  express ion,  
both  on D-glucose and on glycerol .  To expla in  these ob- 
servat ions in a quant i ta t ive context  would  require  further 



Table 3 Intracellular specific 
activities of L-arabitol dehy- 
drogenase (section I) and of 
NAD+-dependent xylitol dehy- 
drogenase (section I1) under 
various growth conditions in 
Aspergillus nidulans wild- 
type and creA, creB35, and 
creC302 mutant strains. All 
carbon sources were used at a 
concentration of 1% (w/v). 
Activities are expressed in 
mU/mg soluble protein in ex- 
tracts 
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Carbon Strains 
source 

WG096 creAd-I creAe-2 creAd-3 creAa-4 creAd-30 creB35 creC302 

I D-Glucose 10 1 13 10 l l  6 2 33 
L-Arabinose 70 171 335 188 392 308 131 122 
L-Arabitol 89 107 364 257 689 272 63 183 
L-Arabinose/ 24 88 270 109 78 70 10 73 
D-glucose 
L-Arabitol/ 16 70 140 104 57 68 54 92 
D-glucose 
Glycerol 11 15 11 27 39 75 20 27 

II D-Glucose 5 11 10 27 21 9 9 19 
c-Arabinose l l l  182 348 218 188 308 149 131 
L-Arabitol 86 126 296 330 360 191 92 209 
L-Arabinose/ 17 84 100 100 50 62 17 61 
D-glucose 
L-Arabitol/ 9 90 101 143 49 61 54 63 
D-glucose 
Glycerol 22 24 24 45 55 50 30 51 

molecu la r  analysis  of  the interact ions be tween  the differ-  
ent C R E A  mutant  prote ins  and the target  gene. The  induc-  
ing carbon sources L-arabinose and L-arabitol  resu!ted in a 
strong increase  in L-arabinose reductase  act ivi ty  in the 
wi ld - type  strain (six- to seven-fold)  compared  to D-glu- 
cose. Al l  creA strains had e levated  induced  levels  to vary-  
ing degrees.  The  creA alleles that on L-arabinose led to 
the highest  levels  of  c -a rab inose  reductase  were creAd-2 
and creAd-4, whereas  on L-arabitol  these were creAd-4 
and creAd-30. It is fur thermore  worth  noting that L-ara- 
bi tol  was a more  effect ive inducer  in creAd-30 and creA d- 
3 strains, and par t icular ly  in creAd-4, whereas  in the wild-  
type  and other  creA mutants,  L-arabinose was the more  ef- 
fect ive inducer. W h e n  induced  with L-arabinose or L-ara- 
bi tol  in the presence of  D-glucose as a repress ing carbon 
source, levels  decreased  but  tended to be h igher  than in 
the wi ld - type  strain, par t icular ly  with L-arabinose as in- 
ducer. 

For  L-arabitol  dehydrogenase ,  the second enzyme in 
the pa thway  (cf  Fig. 1), the activi t ies o f  the wi ld - type  
grown on D-glucose and g lycero l  were the same (Table 3, 
sect ion I). A m o n g s t  cre strains, creC302 showed e levated 
act ivi ty ,  and c r e A < l  and creB35 reduced activi t ies on D- 
glucose.  With  growth  on glycerol ,  both creA~-30 and 
creAd-4 had e levated  L-arabitol  dehydrogenase  levels,  as 
did  s l ight ly  creAa-3 and creC302. With  L-arabinose or L- 
arabitol  as the carbon source, a seven- to n ine-fold  in- 
crease in L-arabitol  dehydrogenase  was found in the wi ld-  
type. Al l  cre mutants,  with except ion o f  creB35, exhibi ted  
increased inducibi l i ty  o f  L-arabitol dehydrogenase  i f  grown 
on L-arabinose or L-arabitol.  Rela t ive  to the wi ld- type ,  
carbon catabol i te  derepress ion  was evident  in near ly  
every case of  a c r e  strain grown with an inducer,  part icu-  
lar ly  for creAa-2 and creAd-3. For  both L-arabinose reduc-  
tase (Table 2) and L-arabitol  dehydrogenase  (Table 3), car- 
bon catabol i te  repress ion was observed  in the creB35 
strain when L-arabinose,  but  not  L-arabitol  served as in- 
ducer. 

The regula t ion of  the synthesis  of  the fourth enzyme of  
the pathway,  NAD+-dependent  xyl i to l  dehydrogenase  
(Table 3, sect ion II), was b road ly  s imilar  to that of  L-ara- 
bi tol  dehydrogenase .  Act iv i t ies  were low when the strains 
were  grown on D-glucose and somewhat  h igher  on glyc-  
erol. Strong induct ion occurred with L-arabinose or L-ara- 
bi tol  in all cases. The creA mutants had e levated induced  
levels  compared  to the wi ld- type.  The  highest  induced 
levels  were  obta ined with creAd-2 and creAd-30 on L-ara- 
b inose  and with creA<4 and creAd-3 on L-arabitol.  W h e n  
D-glucose was present  together  with one of  the inducers,  
xyl i tol  dehydrogenase  act ivi ty  was s t rongly repressed in 
the wi ld- type.  The same creA al lele  specif ic i ty  towards  
carbon catabol i te  repress ion  found for L-arabitol  dehydro-  
genase  was apparent ,  with creA<3 and creAd-2 being  the 
most  derepressed.  

L-Xylulose  reductase  (Table 4), the third enzyme  o f  the 
pathway,  might  not  be subject  to creA regulat ion,  as even 
the usual ly  pheno typ ica l ly  ex t reme creAd-30 mutat ion 
(Arst  et al. 1990) scarcely  affected enzyme levels  apart  
f rom a poss ib le  modes t  effect on L-arabinose.  

Table 4 Intracellular specific activities of NADPH-dependent L- 
xylulose reductase under various growth conditions in Aspergillus 
nidulans wild-type and creAa-30. All carbon sources were used at 
a concentration of 1% (w/v). Activities are expressed in mU/mg 
soluble protein in extracts 

Carbon Strains 
source 

WG096 creAa-30 

D-Glucose 5 2 
L-Arabinose 79 151 
L-Arabitol 172 179 
L-Arabinose/D-glucose 30 34 
L-Arabitol/o-glucose 18 22 
Glycerol 4 4 
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Table 5 Intracellutar xylitol and arabitoI concentrations in wild-type Aspergillus nidulans and creA strains under various growth con- 
ditions. All carbon sources are used at a concentration of 1% (w/v). Concentrations are expressed in gmol/g dry weight 

Carbon source Strains 

WG096 creA d- 1 creAd-2 creAd-4 creA< 30 

Xylitol Arabitol Xylitol Arabitol Xylitol Arabitol Xylitol Arabitol Xylitol Arabitol 

D-Glucose 0 44 0 154 0 73 1 67 1 41 
L-Arabinose 35 168 28 155 26 146 23 128 15 77 
L-Arabinose/D-glucose 4 59 5 143 13 78 3 60 4 42 

Intracellular arabitol and xylitol concentrations 

When analysing the intracellular concentrations of  xylitol 
and arabitol (Table 5), it is necessary to note that HPAEC 
cannot distinguish L-arabitol and D-arabitol. However, 
only L-arabitol acts as inducer for arabinase synthesis (van 
der Veen et al. 1993). Both isomers arise, but differently. 
The arabitol observed in all strains grown on D-glucose 
consists of  D-arabitol, which is formed from the pentose 
phosphate pathway intermediate D-xylulose-5-phosphate. 
However, L-arabitol is formed as an intermediate of  L-ara- 
binose catabolism. In this case, the simultaneous appear- 
ance of xylitol (cf. Fig. t)  is diagnostic for the presence of 
L-arabitol. When wild-type and the various creA mutants 
were grown on D-glucose, no appreciable xylitol was pre- 
sent (Table5), whereas considerable arabitol was de- 
tected. Under inducing conditions (L-arabinose), large 
amounts of  arabitol were detected in all strains. Xylitol 
was also present, but in lower amounts. On a mixture of 
D-glucose and L-arabinose, total arabitol was present at 
the same level as upon growth on D-glucose. However, in 
all strains, low levels of xylitol were also present, indica- 
tive of  some L-arabinose uptake and subsequent catabo- 
lism under these conditions, even in the wild-type. 

Discussion 

Carbon catabolite repression by glucose and other 
favoured carbon sources prevents the synthesis of a large 
number of enzymes and permeases involved in the utilisa- 
tion of less preferred substrates, including polysaccha- 
rides. In Aspergillus nidulans, carbon catabolite repres- 
sion of many genes is mediated by the negative-acting 
wide domain regulatory gene creA (Arst and MacDonald 
1975; Bailey and Arst 1975). Arst and Bailey (1977) ob- 
served that various creA mutant alleles show non-hierar- 
chical heterogeneity in their effects on expression of dif- 
ferent structural genes, indicating that creA would encode 
a regulatory DNA-binding protein. The prediction has 
been confirmed by the presence of two zinc fingers of  the 
CyszHis 2 class in the derived CREA sequence (Dowzer 
and Kelly 1991) and by binding studies with a CREA fu- 
sion protein and wild-type and mutant cognate receptor 
sites having a hexanucleotide consensus 5"-G/CPyGG- 
PUG-3" (Kulmburg et al. 1993; Cubero and Scazzocchio 
1994). Two other genes, creB35 and creC302, in which 

mutations affect carbon catabolite repression, are more 
likely to act indirectly as their highly pleiotropic mutant 
phenotypes extend well beyond the realm of carbon 
catabolite repression [Arst and Cove 1970; Arst et al. 
1970; Hynes and Kelly 1977; C. R. Bailey as cited in Arst 
(1981)]. 

In this study, we used five different creA mutant alleles 
and a mutation in creB35 and in creC302 to investigate 
how the syntheses of C~-L-arabinofuranosidase B and endo- 
arabinase, and of the inducer L-arabitol, are influenced by 
carbon catabolite repression. Although a number of mod- 
est regulatory effects resulting from the creB35 and 
creC302 mutations were apparent, much more striking el- 
evations of enzyme levels were seen with creA mutations, 
perhaps in keeping with the more direct role of this gene. 

The data indicated a strong influence of creA on the 
biosynthesis of both C~-L-arabinofuranosidase B and endo- 
arabinase, which were shown to be coordinately regulated 
(Ramon et al. 1993). It is possibly surprising that the ef- 
fect of  creA mutations is most marked under inducing 
conditions. The induced enzyme levels in the creAd-30 
and creAd-4 strains are six- to ten-fold higher than those 
reached in the wild-type. This suggests that there is con- 
siderable "selF' repression in the wild-type, even under 
conditions of  optimal induction. In the presence of D-glu- 
cose plus an inducer, certain creA mutations, particularly 
creAd-30, resulted in carbon catabolite derepression. The 
creAd-30 mutant allele is the result of  an inversion break- 
point within creA that severs the region encoding the 
DNA-binding domain from most of  the rest of  the gene 
and results in a generally more extreme phenotype than 
seen in other fully viable creA mutants characterised (Arst 
et al. 1990; Dowzer and Kelly 1991). The degrees of  in- 
ducibility of O~-L-arabinofuranosidase B (ABFB) and endo- 
arabinase (ABNA) in the various creA mutants give fur- 
ther indication of the non-hierarchical response of differ- 
ent activities in different mutants. For example, whereas 
creAd-2 exhibited elevated inducibility for ABNA and 
creAd-1 did not, the reverse was true for ABFB. This in- 
dicates a direct response of the two structural genes en- 
coding ABFB and ABNA towards creA. The abCB gene 
and abnA genes of Aspergittus niger (but not A. nidulans) 
have been cloned and sequenced (Flipphi et al. 1993a,b); 
their promoter regions contain several putative CREA 
binding sites (unpublished data). 

The effects of various cre mutations on levels of the 
specific activities of enzymes involved in L-arabinose ca- 



t abol i sm were  also invest igated.  These  levels  de te rmine  
the f lux through this pa thway  and hence the in t racel lular  
levels  of  the inducers  L-arabinose and L-arabitol  (for ara- 
b inases  as wel l  as a rabinose  catabol ic  enzymes) .  Wi ld-  
type act ivi ty  levels  of  L-arabinose reductase  (Table 2), the 
first enzyme  of  the pathway,  were h igher  than those of  L- 
arabi tol  dehydrogenase  (Table3) ,  xyl i to l  dehydrogenase  
(Table3)  and L-xylulose reductase  (Table4) ,  which  leads 
to the format ion  o f  >-arabitol .  

In contrast  to the regula tory  behav iour  of  the other 
three enzymes  of  arabinose  ca tabol i sm,  >-xylulose  reduc-  
tase levels  were  largely unaffected by  creAa-30.  It is 
therefore  poss ib le  that the synthesis  of  this enzyme  is not 
under  creA control,  thus avoid ing  the r isk of  accumulat -  
ing L-xylulose,  which  is more  toxic  to the cell  than xyl i tol  
(Wit teveen et al. 1994). 

Fur ther  non-hierarchica l  behav iour  is evident  f rom the 
effects of  the var ious  creA mutat ions  on the regula t ion of  
the arabinose catabol ic  enzymes.  For  example ,  whereas  L- 
arabitol  was a bet ter  inducer  than L-arabinose of  L-arabi- 
nose reductase  in the creAd-4 strain, the reverse  was true 
for the creAd-2 strain. Also,  whereas  c r e A < 3 0  resul ted in 
strong carbon ca tabol i te  derepress ion o f  A B F B  and 
creA<l  resul ted in none, creAa-1 resul ted on average in 
s t ronger  carbon ca tabol i te  derepress ion  than creAd-30 for 
all three arabinose  ca tabol ic  enzymes  examined.  

W h e n  compar ing  the levels  o f  the various enzymes  
measured,  it should be noted that both L-arabitol  dehydro-  
genase  and xyl i to l  dehydrogenase  were assayed near  their  
pH opt ima (pH9.6) .  These  act ivi t ies  at a phys io log ica l ly  
more  re levant  p H v a l u e  (e.g. pH6 .5 )  are p robab ly  at least  
f ive- fo ld  lower,  as shown for A. niger (Wit teveen et al. 
1994). The  the rmodynamic  equi l ib r ium of  these alternat- 
ing reduct ion and oxida t ion  steps in L-arabinose catabo-  
l i sm leads towards  po lyo l  formation.  This  was also dem-  
onstrated in A. niger by 13C N M R  spectroscopy,  leading to 
xyl i tol  and especia l ly  L-arabitol  accumula t ion  to a ratio of  
approx imate ly  1:3 (Wit teveen el al. 1989). 

F rom intracellular concentrations of  arabitol and xylitol 
(Table 5), it is clear that under inducing conditions, substan- 
tial amounts of  xylitol,  and thus of  the isomer L-arabitol, are 
present. On a mixed carbon source (D-glucose/L-arabinose), 
xyli tol  was also detected in all the strains, including the 
wild-type.  Therefore, we conclude that L-arabitol is also 
present and that uptake of  L-arabinose takes place even in 
the presence of  D-glucose as repressing carbon source. 
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