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A strict correlation between the intensity of the cya- 
nide-resistant alternative respiratory pathway and the 
intracellular peroxide levels in the cephalosporin C 
producer filamentous fungus Acremonium chrysoge- 
num was demonstrated. Intracellular peroxide levels 
increased in a dose-dependent manner after addition 
of H20 2 to the culture media. A similar phenomenon 
was observed due to the specific inhibition of catalase 
by salicylic acid. In both cases, cyanide-resistant respi- 
ration was markedly stimulated. On the other hand, 
both cyanide-resistant respiration and intracellular 
peroxide levels were effectively suppressed by the 
lipid peroxyl radical scavenger DL-c~-tocopherol, 
which breaks lipid peroxidation chains effectively. 
Our findings firmly supported the assumption that 
there is a connection between the intracellular perox- 
ide levels and the intensity of the alternative respira- 
tory pathway in fungi. 

Keywords: alternative respiration, Acremonium chrysogenum, 
peroxide, salicylic acid, DL-c~-tocopherol, catalase 

INTRODUCTION 

Plants and some other organisms including 
fungi and protists have been reported to posses a 
cyanide-resistant, non-phosphoryla t ing and, 

therefore, energy-dissipating alternative respira- 
tory route in their inner mitochondrial  mem- 
brane in addit ion to the phosphorylat ing,  
cytochrome-dependent  respiratory pathway.  1'2 
In plants, the alternative respiration is consid- 
ered to accomplish different physiological func- 
tions. At first, it contributes to the 
thermogenesis 3 and the maintenance of the 
mitochondrial  electron transport  at low tempera- 
tures. 4 Moreover, it m a y  also take part  in the sta- 
bilisation of the redox state of the ubiquinone 
pool in the inner mitochondrial  membrane  5'6, 
thereby preventing the intracellular accumula- 
tion of harmful  free radicals. 7-11 It is wor th  not- 
ing that  the inhibition of the 
cytochrome-dependent  respiratory pa thway  
normally  results in increased reactive oxygen 
concentrations and, concomitantly,  in enhanced 
cyanide-resistant respiration. 7'11'12 The addit ion 
of exogenous hydrogen  peroxide to Petunia hybr- 

ida cells was also shown to provoke the induc- 
tion of the alternative respiratory pathway.  8 

* To whom all correspondence should be addressed Tel.: (36) 52 316 666 ext. 2488 Fax: (36) 52 310 936 E-mail: karaf- 
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There are numerous data indicating the exist- 
ence of alternative respiration in different kinds 
of fungi. Despite some marked differences to 
plants in their regulatory features 13, the fungal 
alternative pathways also respond to inhibition 
of the cytochrome-dependent respiration 14-19 
and exogenous H202 .18 Therefore, a similar 
physiological function of the fungal cya- 
nide-resistant alternative respiratory pathways 
to that of the analogous plant respiratory sys- 
tems, e.g. participation in the maintenance of the 
redox state of the mitochondrial membrane and 
in the protection against reactive oxygen species, 
can be proposed. 

As reported before, the alternative respiratory 
pathway of the cephalosporin C producer fila- 
mentous fungus Acremonium chrysogenum was 
stimulated by increasing oxygen transfer rates, 
decreasing specific growth rates and by the stim- 
ulation of succinic dehydrogenase through the 
addition of plant oils to the culture media. 20-22 
In the present paper we show that the alternative 
respiration of the fungus was strictly correlated 
to intracellular peroxide levels adjusted by the 
addition of either DL-~-tocopherol (vitamin E) 
and / or H20  2 to the culture media or the selec- 
tive inhibition of the intracellular catalase activ- 
ity by salicylic acid. Alternative respiration is 
therefore likely to be an integral part of the anti- 
oxidant defence system in fungi as well. 

MATERIALS A N D  METHODS 

Strain and cultivation conditions 

Acremonium chrysogenum ATCC 46117 strain was 
grown on an NBS orbital shaker, at 28°C and 200 
rpm, as described earlier. 23 The complete fer- 
mentation medium 22 was inoculated with 10% 3 
day old seed culture, prepared from a medium 
consisting of 5 g 1-1 CaCO 3, 10 g 1-1 peptone, 
26.8 g 1-1 yeast extract, and 40 g 1-1glucose. Myc- 
elia were grown for 14 h and then were sepa- 
rated by filtration on sintered glass, washed and 

transferred into a minimal medium supple- 
mented with glucose as a sole carbon source. 24 
The starting mycelial dry weight was appr. 4.0 g 
1-1 in each experiment. Reagents (H202, 
DL-0~-tocopherol and salicylic acid) were sup- 
plied to the culture media 3 h after the transfer- 
ring procedure. Unless otherwise indicated 
samples were taken at 4 h after the addition of 
the supplementary components. 

Determination of catalase activity 

Catalase activity was measured by a photometric 
method. 25 For intracellular enzyme activity deter- 
minations, cell-free extracts were prepared by dis- 
rup~ion of 0.1 g (dry cell weight) quantities of 
mycelia suspended in 10 ml 5 mM phosphate 
buffer, pH 7.2, in a pre-cooled AB Biox Type X25 
X-press (G6teborg, Sweden). Cellular debris was 
removed by centrifugation (15000 g, 5 min), and 
the supernatants were used immediately for 
enzyme assays. In extracellular catalase activity 
measurements, A. chrysogenum cells were sepa- 
rated by centrifugation (5000 g, 2 min) and the 
supernatants were used further. In both cases, the 
deleterious effect of A. chrysogenum proteases 24 
was eliminated by the addition of phenylmethyl- 
sulfonyl fluoride (50 btl into 2 ml of sample), dis- 
solved in isopropanol (10 mg m1-1).26 

Respiratory measurements 

Intensities of the cytochrome-dependent and 
alternative respiratory pathways were measured 
in a thermostated oxygraphic cell coupled to an 
analogue recorder. 27 The cytochrome-dependent 
pathway was inhibited with i mM KCN. 

Analytical methods 

Mycelial growths were followed by recording 
dry cell weights. A sample of 2 ml medium was 
filtered under a vacuum through a Sartorius 
glass wool filter (SM 134). The remaining myce- 
lia were dried in an oven at 80°C. 28 
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Specific growth rates were calculated from the 
time-course changes in dry cell weight within 
flae four hour long period. 29 

Protein concentrations were determined by the 
dye-binding method 3°, using BSA as a standard. 

Intracellular peroxide levels were character- 
ised by the spectrofluorimetric determination of 
2',7'-dichlorofluorescein (2',7'-DCF) production 
from 2',7'-dichlorofluorescin diacetate. 31'32 
2',7'-dichlorofluorescin diacetate was dissolved 
in 95% ethanol and was added to the culture at 
11 ~tM concentration. After incubating further 
for I h, mycelia were separated and resuspended 
in 1 mM phosphate-buffer, pH 7. Cell-free 
extracts were prepared by disruption of 0.1 g 
(dry cell weight) quantities of mycelia in a 
pre-cooled X-press. Cellular debris was removed 
by centrifugation (15000g, 5 min), and the 
supernatants were immediately used for assays. 
According to the literature, both the extracellular 
decomposition and the mycelial absorption of 
2',7'-dichlorofluorescin diacetate are negligible 
and do not interfere with the determinations. 32 

Extracellular H202 concentrations were deter- 
mined by a polarographic method using catalase 
as an auxiliary enzyme. 33 

Glucose consumption was followed by HPLC 
on a Bio-Rad Aminex HPX-H + ion-exchange col- 
umn, eluted with 5 mM H2SO 4. Detection was 
carried out by measuring the refractive index. 34 

Reproducibility 

All the data presented here are Means of at least 
3 independent experiments. The variations 
between experiments were estimated by stand- 
ard deviations (SDs) for each procedure. The SD 
values were always less than 10 % of the Means. 
Significances of changes as a function of reagent 
concentrations were estimated using the Stu- 
dent's t-test. In dose-dependence experiments, 
the cited probability p values refer to the differ- 
ences observed between controls and the highest 
reagent concentrations. 

Chemicals 

All chemicals were of analytical grade, and were 
purchased from Sigma-Aldrich Kft., Budapest, 
Hungary with the exceptions of 2',7'-dichloroflu- 
orescin diacetate and 2',7'-dichlorofluorescein, 
which were bought from Eastport Kft., Buda- 
pest, Hungary. 

RESULTS 

Effects of Exogenously Added Hydrogen 
Peroxide 

Growth and glucose consumption rates 

A. chrysogenum cells showed a remarkable resist- 
ance against oxidative stress generated by exoge- 
nous hydrogen peroxide. Mycelia survived the 
exposure to H202 at concentrations as high as 
200 mM. However,  the specific growth rates dur- 
ing the examined period decreased profoundly 
with increasing H20 2 concentrations (p<0.1%), 
and even became negative above 150 mM levels 
(Figure 1). Surprisingly, the glucose consump- 
tion rates significantly (p<1%) increased with 
increasing H202 concentrations (Figure 1). It is 
worth noting, that the negative growth of the 
peroxide-treated cultures was only temporary, 
since leaving them in rotary shaker for an addi- 
tional 20 hours resulted in renewed biomass pro- 
duction comparable to the control cultures. 

Uninhibited and cyanide-resistant respiration 

The total, uninhibited respiration rates of 
H202-treated cultures were slightly higher than 
those found in control cultures, meanwhile the 
activity of the cyanide-insensitive alternative 
respiration was significantly (p<0.1%) stimulated 
by H202 (Figure 1). At 200 mM H20 2 concentra- 
tion the cyanide-resistant respiration comprised 
more than 70 % of the total oxygen consumption. 

As shown in Figure 2, the cyanide-resistant 
respiration started to increase at 1 h incubation 
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time after the treatment with 200 mM H202, 
increased considerably between 1 and 2 h and 
reached a plateau between 3 and 4 h of incuba- 
tion. Very similar time-courses were observed 
with all the other hydrogen peroxide concentra- 
tions tested (data not shown). It is worth noting 
that any increase in the alternative respiration 
could be prevented by the addition of 0.7 M 
cycloheximide at i h incubation time. 

Intracellular peroxide levels 
Intracellular peroxide levels were significantly 
(p<1%) and dose-dependently higher at 4 h of 
incubation in H202-treated cultures than that 
observed in controls (Figure 1). Moreover, similar 
to the alternative respiration (Figure 2), the intrac- 
ellular peroxide levels showed maximum values 
between 3 and 4 h of incubation (Figure 2). 

Extracellular and intracellular catalase 
activities 

As indicated in Figure3, the spontaneous 
decomposition of H202 was negligible for sev- 
eral days in mycelia-free culture medium. On 
the other hand, the elimination of H202was 
remarkably fast in the presence of A. chrysoge- 
num cells (Figure 3), clearly indicating a potent 
peroxide-eliminating system in A. chrysogenum 
mycelia. Indeed, we detected high intracellular 
and extracellular catalase activities which were 
produced constitutively by the fungus 
(Figure 3). Data displayed are from measure- 
ments made at 4 hours after the addition of 
H202, but the same values were measured from 
samples taken immediately and at 16 hours after 
the addition of 200 mM H202, respectively. 

Effects of Suppressed Hydrogen-Peroxide 
Elimination 

Addition of salicylic acid to the culture medium 

Similar to plant catalases, the intracellular cata- 
lase activity was inhibited effectively (p<1%) and 
in a dose-dependent manner by salicylic acid in 

vivo (Figure 4). Concomitantly, the cya- 
nide-insensitive respiration increased with 
increasing salicylic acid doses (Figure 4). Sali- 
cylic acid also increased the intracellular perox- 
ide concentrations significantly (p<1%) and in a 
dose-dependent manner (Figure4), while it 
exhibited no significant effects on the growth 
and glucose consumption rates (data not 
shown). 

Effects of Enhanced Hydrogen-Peroxide 
Elimination 

As shown in Figure 5, the free radical scavenger 
DL-c~-tocopherol had a striking effect on the 
alternative respiration and the intracellular per- 
oxide levels. DL-c~-Tocopherol dose-depend- 
ently and effectively (p<0.1%) eliminated 
intracellular peroxides generated by treatment 
with 200 mM H202 and concomitantly hindered 
the alternative respiratory pathway. Added to 
control cultures in an increasing concentration, 
intracellular peroxide levels declined until they 
went down below the lower limit of sensitivity 
of the 2'7'-DCF method (Figure 5). At the same 
time, cyanide-resistant respiration also 
decreased until, at 150 mg 1-1 DL-c~-tocopherol 
concentration, it could not be detected. That is 
the intracellular peroxide levels and the intensity 
of the alternative respiratory pathway seem to be 
again strictly correlated. 

DISCUSSION 

The existence of the cyanide-resistant alternative 
respiratory pathway is known for more than 
seven decades now 35, yet its regulation is not 
fully understood. In plants the intensity of the 
alternative route will depend on the amount of 
oxidase present 36, on the redox status of the 
redox-sensitive disulphide bond between neigh- 
bouring subunits 37, on the intracellular concen- 
tration of organic acids (particularly of 
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pyruvate38), and also on the ratio of r educed  ubi- 
quinone to the total ub iquinone  pool. 39 A con- 
served cysteine residue near  the N- terminus  of 
the protein is responsible for bo th  disulphide 

bond  format ion  and organic acid activation of 
the alternative oxidase. 4° Replacing this cysteine 
wi th  a serine residue results in a pe rmanen t ly  
monomer ic  enzyme  that is specifically st imu- 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/2
2/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



ALTERNATIVE RESPIRATION OF ACREMONIUM CHRYSOGENUM 413 

"7 

E :1 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

0 
50 100 200 300 

o~-Tocopherol (mg 1-1) 

A 

18  

16 

14 

12 

10 

$ 

6 

4 

2 

0 

O 

r ~  

o 

.~,.q 

10 

8 

"7 

d ~ 6 ,ad 

O 
E 
"~ 4 

r~ 

2 

0 
0 50 100 

B 

- 2 5  

- 2 0  

- 15  ~D 

- 10 .~ 

r..) 

- 0  

ct-Tocopherol  (mg  1-1 ) 

FIGURE 5 Effects of DL-c~-tocopherol on A. chrysogenum cultures. Part A. Cyanide-resistant respiration ([~) and intracellutar 
peroxide levels (11) of cultures treated with 200 mM H202. Part B. Cyanide-resistant respiration ({3) and intracellular peroxide 
levels (11) of control cultures 

lated by succinate at concentrations of 1-5 raM. 4° 
These concentrations are likely to be physiologi- 
cally relevant, as succinate is produced within 

the mitochondrial  matrix where it may  become 
concentrated. 
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It was just recently established, that in contrast 
to plant enzymes, alternative oxidases in Pichia 
stipitis and Neurospora crassa are permanently 
monomeric and are not activated directly by 
(x-keto acids. 13 It was also revealed, that a 
domain of about 40 amino acids responsible for 
the establishment of the disulphide bond in the 
plant enzyme is missing in these sequences) 3 
Importantly, we found A. chrysogenum alterna- 
tive respiration to be activated by succinate in 
vivo 22, which suggests similar regulatory fea- 
tures to those of P. stipitis and N. crassa. 

In recent years, more and more results sug- 
gested that this noncoupled respiration may con- 
tribute to the prevention of the generation of 
reactive oxygen species. 8'9 These are formed 
under conditions when the cytochrome path is 
impaired, and can initiate lipid peroxidation and 
a subsequent damage in membrane structures. 
In plants, when substrate supply and hence the 
reduced ubiquinone-pool is too large in the cyto- 
chrome pathway, organic acids, especially pyru- 
vate, accumulate and lower the K m value of the 
oxidase for ubiquinol in a classical feed-forward 
regulation. 41 Should the capacity of the alterna- 
tive route not be sufficient, active oxygen species 
themselves induce the expression of the alterna- 
tive oxidase protein, similarly to the H202-medi- 
ated expression of the plant pathogenesis-related 
proteins. 42 In the light of the recently proposed 
nature of the fungal alternative oxidase, how- 
ever, reactive oxygen species might be the only 
signal towards activation. 

When the activity of the enzyme catalase was 
hindered by salicylic acid 42'43 - the first such 
observation within the fungal kingdom - intracel- 
lular H20 2 level increased (Figure 4). This effect 
was similar to that of the constricted cytochrome 
path or of the over-reduced ubiquinone-pool, and 
also results in the stimulation of the alternative 
pathway. Finally, the effect of the lipid peroxyl 
radical scavenger DL-c~-tocophero144 also under- 
lined the solid connection between intracellular 
peroxide levels and the intensity of the alternative 
pathway (Figure 5). 

Results also shed some light on the underlying 
processes that take place upon addition of H20 2. 
Since catalase activity is high, H20 2 is effectively 
eliminated, as displayed in Figure 3. The pro- 
longed increase in intracellular peroxide levels 
thus can only be explained by a secondary, terti- 
ary, etc. production of peroxides due to the 
propagation of lipid peroxidation by peroxyl 
radicals. 45 Elimination of these molecules pre- 
sumably require protective mechanisms other 
than catalase in vivo. Indeed, in P. chrysogenum 
lipid peroxides were found to be eliminated by a 
glutathione-dependent mechanism. 46 

In fact, the intracellular accumulation of per- 
oxides was inhibited effectively by the addition 
of vitamin E (Figure 5), which breaks the lipid 
peroxidation chain reactions by trapping lipid 
peroxyl radicals. 44'45 Although the intracellular 
concentration of these molecules is relatively 
small under physiological conditions, they are 
very toxic to cells. 46 We found that 
t-butyl-hydroperoxide was lethal to A. chrysoge- 
num mycelia in a concentration of 2 mM (data 
not shown), which is two orders of magnitudes 
lower than the highest H20 2 concentration used 
in these experiments. 

To sum up, it was established that, similar to 
higher plants, increased intracellular peroxide 
levels had a dose-dependent stimulating effect 
on fungal alternative respiration, while 
decreased intracellular peroxide concentrations 
resulted in a dose-dependent decline of its inten- 
sity (Figures 1, 4, 5). These findings profoundly 
strengthen our view on the probable regulation 
of alternative oxidase by endogenous peroxides 
in fungi as well. However, further investigations 
are definitely needed to elucidate the molecular 
mechanism of the regulation of alternative oxi- 
dase gene expression by oxidative stress. 48 

Acknowledgements 
This work was supported by the Ministry of 
Education (FKFP 0102/1999) and by the Office 
for Academy Research Groups Attached to Uni- 
versities (05008). The Hungarian Ministry of 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/2
2/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



ALTERNATIVE RESPIRATION OF ACREMONIUM CHRYSOGENUM 415 

Education awarded a Sz6chenyi Scholarship for 
Professors to I.P., which is also greatly appreci- 
ated. 

References 
[1] Wagner, A.M. and Moore, A.L. (1997) Structure and 

function of the plant alternative oxidase: its putative 
role in the oxygen defence mechanism. Bioscience 
Report, 17: 319-333. 

[2] F.E. Sluse and W. Jarmuszkiewicz (1998) Alternative 
oxidase in the branched mitochondrial respiratory net- 
work: an overview on structure, function, regulation 
and role. Brazilian Journal of Medical and Biological 
Research, 31: 733-747. 

[3] S. Chivasa, J.O. Berry, T. ap Rees and J.P. Carr (1999) 
Changes in gene expression during development and 
thermogenesis in Arum. Australian Journal Plant Physiol- 
ogy, 26: 391-399. 

[4] M.A. Gonzalez-Meler, M. Ribas-Carbo, L. Giles and 
J.N. Siedow (1999) The effect of growth and measure 
ment temperature on the activity of the alternative res- 
piratory pathway. Plant Physiology, 120: 765-772. 

[5] M.H.N. Hoefnagel and J.T. Wiskich (1998) Activation of 
the plant alternative oxidase by high reduction levels of 
the Q-pool and pyruvate. Archives of Biochemistry and 
Biophysics, 355: 262-270. 

[6] F.F. Millenaar, J.J. Benschop, A.M. Wagner and H. Lam- 
bers (1998) The role of the alternative oxidase in stabi- 
lizing the in vivo reduction state of the ubiquinone pool 
and the activation state of the alternative oxidase. Plant 
Physiology, 118: 599-607. 

[7] A.C. Purvis and R.L. Shewfelt (1993) Does the alterna 
tive pathway ameliorate chilling injury in sensitive 
plant tissues? Physiologia Plantarum, 88: 712-718. 

[8] A. Wagner (1995) A role for active oxygen species as 
second messengers in the induction of alternative oxi- 
dase gene expression in Petunia hybrida cells. FEBS Let- 
ters, 368: 339-342. 

[9] V.N. Popov, R.A. Simonian, V.P. Skulachev and A.A. 
Starkov (1997) Inhibition of the alternative oxidase 
stimulates H202 production in plant mitochondria. 
FEBS Letters, 415: 87-90. 

[10] E. Braidot, E. Petrussa, A. Vianello and F. Macrf (1999) 
Hydrogen peroxide generation by higher plant mito- 
chondria oxidizing complex I or complex II substrates. 
FEBS Letters, 451: 347-350. 

[11] D.P. Maxwell, Y. Wang and L. McIntosh (1999) The 
alternative oxidase lowers mitochondrial reactive oxy- 
gen production in plant cells. Proceedings of the National 
Academy of Science of the U.S.A., 96: 8271-8276. 

[12] H. Minakami, A. Takahashi, S. Suzuki and M. Nakano 
(1989) in: Medical, Biochemical and Chemical Aspects 
of Free Radicals (Hayaishi, O., Niki, E., Kondo, M., 
Yoshikawa, T. eds.) pp. 83-87, Elseviers Science Pub- 
lishers, Amsterdam, The Netherlands. 

[13] A.L. Umbach and J.N. Siedow (2000): The cya- 
nide-resistant alternative oxidase from the fungi Pichia 
stipitis and Neurospora crassa are monomeric and lack 
regulatory features of the plant enzyme. Archives of Bio- 
chemistry and Biophysics, 378: 234-245. 

[14] S. Sakajo, N. Minagawa and A. Yoshimoto (1993) Char- 
acterization of the alternative oxidase protein in the 
yeast Hansenula anomala. FEBS Letters, 318: 310-312. 

[15] S. Sakajo, N. Minagawa and A. Yoshimoto (1997) 
Effects of nucleotides on cyanide-resistant respiratory 
activity in mitochondria isolated from antimycin 
A-treated yeast Hansenula anomala. Bioscience, Biotech- 
nology and Biochemistry, 61: 396-399. 

[16] K. Kirimura, M. Yoda and S. Usami (1999) Cloning and 
expression of the cDNA encoding an alternative oxi- 
dase gene from Aspergillus niger WU-2223L. Current 
Genetics, 34: 472-477. 

[17] H. Yukioka, R. Tanaka, S. Inagaki, K. Katoh, N. Miki, A. 
Mizutani, M. Masuko and H. Kunoh (1997) Mutants of 
the phytopathogenic fungus Magnaporthe grisea defi- 
cient in alternative, cyanide-resistant, respiration. Fun- 
gal Genetics and Biology, 22: 221-228. 

[18] H. Yukioka, S. Inagaki, R. Tanaka, K. Katoh, N. Miki, A. 
Mizutani and M. Masuko (1998) Transcriptional activa- 
tion of the alternative oxidase gene of the fungus Mag- 
naporthe griseaby a respiratory-inhibiting fungicide and 
hydrogen peroxide. Biochimica and Biophysica Acta, 
1442: 161-169. 

[19] H. Tamura, A. Mizutani, H. Yukioka, N. Miki, K. Ohba 
and M. Masuko (1999) Effect of the methoxyiminoa- 
cetamide fungicide, SSF129, on respiratory activity in 
Botrytis cinerea. Pesticide Science, 55: 681-686. 

[20] J. Kozma and L. Karaffa (1996) Effect of oxygen on the 
respiratory system and cephalosporin C production in 
Acremonium chrysogenum. Journal of Biotechnology, 48: 
59-66. 

[21] L. Karaffa, E. Szlndor, J. Kozma and A. Szentirmai 
(1996) Cephalosporin C production, morphology and 
alternative respiration of Acremonium chrysogenum in 
glucose-limited chemostat. Biotechnology Letters, 18: 
701-706. 

[22] L. Karaffa, E. S6ndor, J. Kozma, C.P. Kubicek and A. 
Szentirmai (1999): The role of the alternative respira- 
tory pathway in the stimulation of cephalosporin C for- 
mation by soybean oil in Acremonium chrysogenum. 
Applied Microbiology and BiotechnoIogy, 51: 633-638. 

[23] L. Karaffa, E. S~ndor, J. Kozma and A. Szentirmai 
(1997) Methionine enhances sugar consumption, frag- 
mentation, vacuolation and cephalosporin C produc- 
tion in Acremonium chrysogenum. Process Biochemistry 
32: 495-499. 

[24] E. S~indor, T. Pusztahelyi, L. Karaffa, Zs. Kar~inyi, I. 
POcsi, S. Bir6, A. Szentirmai and I. P6csi (1998) Allosa- 
midin inhibits the fragmentation of Acremonium chrys- 
ogenum but does not influence the cephalosporin C 
production of fungus. FEMS Microbiology Letters, 164: 
231-236. 

[25] R. Roggenkamp, H. Sahm and F. Wagner (1974) Micro- 
bial assimilation of methanol induction and function of 
catalase in Candida boidinii. FEBS Letters, 41: 283-286. 

[26] I. P6csi, T. Pusztahelyi, M. Sz. Bog~ti and A. Szentirmai 
(1993) The formation of N-acetyl-13-D-hexosaminidase 
is repressed by glucose in Penicillium chrysogenum. Jour- 
nal of Basic Microbiology, 33: 259-267. 

[27] J.T. Bahr and W.D. Jr. Bonner (1973) Cyanide-insensi- 
tive respiration II. Control of the alternate pathway. 
Journal of Biological Chemistry, 248: 3446-3450. 

[28] E. S~indor, L. Karaffa, G.C. Paul, I. P6csi, C.R. Thomas 
and A. Szentirmai (2000) Assessment of the metabolic 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/2
2/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



416 LEVENTE KARAFFA et al. 

activity of Acremonium chrysogenumusing Acridine 
Orange. Biotechnology Letters, 22: 693-697. 

[29] S.J. Pirt (1975) Principles of Microbe and Cell Cultiva 
tion, pp. 156-170. Blackwell Scientific Publications, 
Oxford, United Kingdom. 

[30] M.M. Bradford (1976) A rapid and sensitive method for 
the quantitation of microgram quantities of protein uti- 
lizing the principle of protein-dye binding. Analytical 
Biochemistry, 72: 248-254. 

[31] J.A. Royall and H. Ischiropoulos (1993) Evaluation of 2, 
7-dichlorofluorescin and dihydrorhodamine 123 as flu- 
orescent probes for intracellular H202 in cultured 
endothelial cells. Archives of Biochemistry and Biophysics, 
302: 348-355. 

[32] T. Emri, I. P6csi and A. Szentirmai (1999) Analysis of 
the oxidative stress response of Penieillium chrysogenum 
to menadione, Free Radical Research, 30: 125-132. 

[33] J. Kozma and L. Karaffa (1996) Estimation of dissolved 
oxygen in shake-flask. Hungarian Journal of Industrial 
Chemistry, 24: 225-227. 

[34] E. S~ndor, A. Szentirmai, S. Bir6 and L. Karaffa (1999) 
Specific cephalosporin C production of Acremonium 
chrysogenum is independent of the culture density. Bio- 
technology Techniques, 13: 443-445. 

[35] C.S. Hanes and J. Barker (1931) The effects of cyanide 
on the respiration and sugar content of the potatoe at 
15°C. Proceedings of the Royal Society of London Serie B., 
108: 95-118. 

[36] T.E. Elthon, R.L. Nickels and L. McIntosh (1989) Mono- 
clonal antibodies to the alternative oxidase of higher 
plant mitochondria. Plant Physiology, 89: 1311-1317. 

[37] A.L. Umbach and J.N. Siedow (1993) Covalent and 
noncovalent dimers of the cyanide-resistant alternative 
oxidase protein in higher plant mitochondria and their 
relationship to enzyme activity. Plant Physiology, 103: 
845-854. 

[38] D.A. Day and J.T. Wiskich (1995) Regulation of alterna- 
tive oxidase activity in higher plants. Journal of Bioener- 
getics and Biomembranes, 27: 379-385. 

[39] M.H.N. Hoefnagel, A.H. Millar, J.T. Wiskich and D.A. 
Day (1995) Cytochrome and alternative respiratory 

pathways compete for electrons in the presence of 
pyruvate in soybean mitochondria. Archives of Biochem- 
istry and Biophysics, 318: 394-400. 

I40] I. Djajanegara, R. Holtzapffel, P.M. Finnegan, M.H.N. 
Hoefnagel, D.A. Berthold, J.T. Wiskich and D.A. Day 
(1999) A single amino acid change in the plant alterna- 
tive oxidase alters the specificity of organic acid activa- 
tion. FEBS Letters, 454: 220-224. 

[41] A.M. Wagner, M.H.S. Kraal<, W.A.M. Van Emmerik 
and L. H.W. Van der Plas (1989) Respiration of plant 
mitochondria with various substrates: alternative path- 
way with NADH and TCA cycle derived substrates. 
Plant Physiology and Biochemistry, 27: 837-845. 

[42] Z. Chen, H. Silva and D.F. Klessig (1993) Active oxygen 
species in the induction of plant systemic acquired 
resistance by salicylic acid. Science, 262: 1883-1886. 

[43] J. Durner and D.F. Klessig (1996) Salicylic acid is a 
modulator of tobacco and mammalian catalases. The 
Journal of Biological Chemistry, 271: 28492-28501. 

[44] T. Kanno, T. Utsumi, Y. Takeraha, A. Ide, J. Akiyama, 
T. Yoshioka, A.A. Horton and K. Utsumi (1996) Inhibi- 
tion of neutrophil-superoxide generation by c~-tocophe- 
rol and coenzyme Q. Free Radical Research, 24: 281-289. 

[45] B. Halliwell and J.M.C. Gutteridge (1998) Free Radicals 
in Biology and Medicine, Third Edition. Oxford Science 
Publications, Oxford, United Kingdom. 

[46] T. Emri, I. P6csi and A. Szentirmai (1997) Glutathione 
metabolism and protection against oxidative stress 
caused by peroxides in Penicillium chrysogenum. Free 
Radical Biology and Medicine, 23: 809-814. 

[47] J.D. Belcher, J. Balla, G. Balla, D.R. Jacobs, M. Gross, 
H.S. Jacob and G.M. Vercelotti (1993) Vitamin E, LDL, 
endothelium. Brief oral vitamin supplementation pre- 
vents oxidized LDL-mediated vascular injury in vitro. 
Arteriosclerosis and Thrombosis, 13: 1779-1789. 

[48] S. Sakajo, N. Minagawa and A. Yoshimoto (1999) Struc- 
ture and regulatory expression of a single copy alterna- 
tive oxidase gene from the yeast Pichia anomala. 
Bioscience, Biotechnology and Biochemistry, 63: 1889-1894. 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/2
2/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.


