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The mechanism of ascorbate oxidation was studied in rat liver microsomes. A continuous consumption
of the added ascorbate was observed, which was accompanied with a prompt appearance of ascorbyl
free radical and dehydroascorbate. Microsomes sustained steady-state level of ascorbyl free radical
and dehydroascorbate till ascorbate was present in the medium. Ascorbyl free radical formation was
diminished when microsomes had been pretreated with heat or trypsine. It was also decreased by
addition of quercetin, econazole or metal chelators, including the copper specific neocuproine. Enzy-
matic (superoxide dismutase, catalase) and nonenzymatic (dimethyl sulfoxide, mannitol) antioxidants
did not modify the microsomal production of ascorbyl free radical. Investigation of the subcellular
distribution of ascorbate oxidation showed that the microsomal fraction of liver had the highest ac-
tivity. The decrease of ascorbate oxidation after protease treatment and the negligible increase upon
permeabilization of microsomal vesicles showed that a membrane protein is responsible for the ac-
tivity, which is exposed to the outer surface of the endoplasmic reticulum. The results indicate the
presence of a primary enzymatic ascorbate oxidation in rat liver endoplasmic reticulum which is able
to generate dehydroascorbate, an important source of the oxidizing environment in the endoplasmic
reticulum.

KEY WORDS: Ascorbate; dehydroascorbate; ascorbyl free radical; protein thiol; protein disulfide; endoplasmic
reticulum; copper; neocuproine.

INTRODUCTION acceptor. Several components of this chain have been

identified in yeast (Franct al, 2000; Kadokura and
Protein disulfide bonds in secreted proteins and in Beckwith, 2001). The system transfers electrons to

the extracellular domains of membrane proteins are molecular oxygen under aerobic conditions. Recent
formed in the lumen of the endoplasmic reticulum (ER) observations in yeast show that a FAD-binding sulfhydryl
in eukaryotic cells. It has been presumed that an electronoxidase (Erv2p) can directly generate disulfides by using
transfer chain is responsible for the oxidation of protein molecular oxygen (Grosst al., 2002). However, Erv2p
thiols, which carries the electrons to the final electron is not essential for yeast growth indicating that it does not
constitute the only pathway for disulfide bond formation.
_— , Moreover, protein disulfide formation is operative under
Key to abbreviations: ESR, electron spin resonance; AFR, ascorbyl free . L. . C s
radical: ER, endoplasmic reticulum. anaerobic conditions therefore alternative oxidizing

1pepartment of Medical Chemistry, Molecular Biology and Pathobio- POWETS can also be used.

chemistry, Semmelweis University, Budapest, Hungary. In mammalian cells the cellular mechanisms provid-
2Chemical Research Center, Hungarian Academy of Sciences, Budapesting oxidizing equivalents to the ER has not been com-
Hungary. pletely elucidated. Glutathione disulfide (GSSG) was a
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of Medical Chemistry, Molecular Biology and Pathobiochemistry, candidate for this function (Hwanet al., 1992). How-

Semmelweis University, 1444 Budapest, POB 260, Hungary; e-mail: EVET, as it turned out, the production of GSSG is not
banhegyi@puskin.sote.hu. an obligatory step in protein thiol oxidation; disulfide
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bond formation is normal in glutathione deficient yeast MATERIALS AND METHODS

and GSH even competes with protein thiols for oxidizing

equivalents (Cuozzo and Kaiser, 1999). Moreover, GSSG Chemicals

transport is practically absent through the ER membrane

(Banhegyiet al, 1999). Recent observations in yeast may Econazole, quercetin, 1,10-phenanthroline, neocu-

suggest that FAD import is responsible for the generation proine (2,9-dimethyl-1,10-phenanthroline), diphenyle-

of the oxidizing environment (Gerbet al., 2001; Sevier neiodonium chloride, 4-morpholinepropanesulfonic acid

et al., 2001; Tuet al, 2000), but a FAD transporter has (MOPS), catalase, alamethicin, and mannitol were ob-

not been described in the ER. tained from Sigma. Superoxide dismutase was from Oxis
Dehydroascorbate is another possible candidate; Health Products Inc. All the other chemicals were of an-

it has been shown that dehydroascorbate oxidizesalytical grade.

protein thiols with the mediation of protein disulfide

isomerase (Nardagt al., 2001) and dehydroascorbate

can be transported into the ER lumenrafiiegyiet al.,

1998). The cytosolic dehydroascorbate concentration

is very low, due to the reducing environment of this . .

Microsomes were prepared from male Wistar rats
compartment and to the presence of dehydroascorbate

o .. (180-230 g) as described indBhegyiet al., 1998). Ani-
reductases. Therefore, a local ascorbate oxidizing activity . .
o e mals were obtained from Charles River Ltd., Budapest,
should exist in the ER membrane or in its intimate

neighborhood. Hungary. Microsomal fractions were resuspended in a

Ascorbic acid can be oxidized to dehydroascorbic 't\)/luffglr ngt?r:r&n%ﬂ Cl)(;osml\l/l_i l;%' '?r?en:\ljls Neargi,or%sn\jv'\(/lare
acid in enzymatic or nonenzymatic reactions. The pro- ragidIZ' frozen and mai’n?ainea 'under i uFi)dg NIntil re-
cess involves two one-electron transfers; the oxidation pidly ; . . q
of ascorbate to ascorbyl free radical (AFR) followed by quired. The intactness of liver microsomal r_nembrane was
its further oxidation to dehydroascorbate or by its very g‘eﬁlcfgdhg;zz TBel?riﬁ;e}{n aelntlogégi ;antgn_crllieifoofhrgiglnose-
rapid disproportionation to dehydroascorbate and ascor- phosp N dp phen
bate (Binhegyiet al, 1997). While enzymatic oxidation UDP-glucuronosyltransferase (Fulcetial., 1994) activ-

. ) . Iities, which were greater than 90 and 95%, respectively.
ofascorbate by ascorbate oxidases and peroxidases is we ntactness of microsomal vesicles was also detected on the
characterized in plants (Horemagisal., 2000; Smirnoff

and Wheeler, 2000), ascorbate oxidation is regarded asbaSIS ofthe|_r |mperme_ab|I|ty towar(_js sucrose, checked by
: o - light scattering technique @ihegyiet al., 1998). Heat-
an eventual nonenzymatic reaction induced by free radi- : : 7 .
. . . : . treated microsomes were boiled for 15 min; trypsine-
cals, ions of transitory metals and other oxidants in ani- . . .
. . . ._treated microsomes were preincubated in the presence of
mal tissues. Only sporadic data are available on enzymatic

o : i I 3.5% trypsine for 60 min in the incubation buffer. Micro-
ascorbate oxidation in some tissues; such activities wereSomes Were permeabilized by the addition of alamethicin
reported in thyroid (Nakamura and Ohtaki, 1993) and liver b y

. . (0.1 mg/mg protein).
(Sunﬁ]gl.éiﬁ)%?)ﬂr?elc;cr):g;?lSftrsc(j:;lovcz.s the investigation Subcellular fractions were obtained by standard dif-

o i . : . ferential centrifugation from rat liver homogenate and
of ascorbate oxidation and its mechanism in rat liver L o .
. . . maintained under liquid Nuntil used. Subcellular frac-
microsomes. Experiments were undertaken to clarify the . . .
. , tions were characterized by measuring marker enzyme
enzymatic or nonenzymatic nature of the process. For " .~ . i ) .
. . activities (Benedettet al, 1988; Fulceriet al, 1994).
this purpose the effect of antioxidant enzymes and com- . C o _
L oo . The following activities were observed in mitochondrial
pounds and the inhibitors of enzymes possibly involved in . ) . .
S : and microsomal fractions, respectively: cytochraroei-
ascorbate oxidation was determined. The subcellular and
. . - dase 394 20vs. 51+ 33, glucose-6-phosphataset3
membrane localization of ascorbate oxidase activity was

. | .. Vs. 1164 2, and UDP-glucuronosyltransferase4t2 vs.
also studied. The results suggest that ascorbate OX|dat|orb : .
. . . . .~ 26+ 1 (nmol/min/mg protein, means SD,n = 4).
is an obligatory step in ascorbate-dependent protein thiol
oxidation. The enzymatic process catalyzed by a micro-
somal metalloenzyme, presumably by a copper oxidase,Incubation of Microsomes and Measurement
is able to maintain high local AFR and dehydroasc- of Metabolites
orbate levels. The interrelationship between ascorbate
oxidation and protein thiol consumption was also For the determination of ascorbate oxidation intact

verified. microsomal vesicles were incubated in the presence of

Preparation and Treatment of Microsomes
and Other Subcellular Fractions
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ascorbate in a buffer containing 100 mM KCI, 20 mM 120
NaCl, 1 mM MgCh, 20 mM MOPS, pH 7.2. Econa-
zole and quercetin were dissolved in dimethyl sulfoxide;
the final dimethyl sulfoxide concentration in incuba-
tions containing econazole or quercetin was 1%. Incu-
bations were terminated by the addition of 0.75 volume of
5 mM metaphosphoric acid. Ascorbate contents and dehy-
droascorbate formation were measured by reverse phase
HPLC after specific sample preparation as described in
(Harapanhalliet al., 1993). The isocratic analyses were
carried out with a Waters Series 2690 Separations Mod-
ule and Waters Model 2487 dual absorbance UV detector
at 254 nm. The separations were carried out on a Jones
Chromatography APEX Octadecyl column (average par-
ticle size 5um, 15 cmx 4.6 mm). Mobile phase was 0.1

M NaH,PQO, and 0.2 mM Ng@EDTA, adjusted to pH 3.1
with orthophosphoric acid. Protein thiols were measured
by the Ellman method as described in details earlier (Csala
etal., 1999). Protein concentration of microsomes was de-
termined using BioRad protein assay solution with bovine
serum albumin as a standard according to manufacturer
instructions. All data were expressed as mearg&D.

100 &

80

60

40 r

20 ¢

ascorbate, dehydroascorbate and ascorbate free radical levels (%)

Electron Spin Resonance (ESR) Measurements

ESR spectra were obtained using an X-Band com- 1 60 120 180
puter controlled spectrometer constructed by Magnettech time (min)

GmbH (Berlin, Germany). Spectra of all samples were , _ _
Fig. 1. Time course of ascorbate consumption, ascorbyl free radical gen-

recorded at room temperature using a quartz flat cell. In- ~ =" o ; ; .
. . . eration, and dehydroascorbate formation in rat liver microsomal vesicles.
strument settings were: 100 kHz modulation frequency, Microsomes (1 mg protein/mL) were incubated in the presence of 100

0.1762 mT modulation amplitude, 5 MW microwave ;M ascorbate at 3T. Ascorbic acid ) and dehydroascorbic acisif
power, 5 min scan time, 1.02 s time constant, and 2 mT levels were measured by reverse phase HPLC, AkRdvel was deter-

field sweep. For evaluation. the method of double integ ra- Mined by ESR spectroscopy. Ascorbate and dehydroascorbate levels are
tion of the ESR sianals was used expressed as percents of initial ascorbate concentration{¥)PAFR

9 ’ levels are expressed as percents of the 1 min value. Data are th&ihs
n=~6.

RESULTS

(data not shown). Measurable amounts of dehydroascor-
Ascorbate Oxidation in Rat Liver Microsomes bate appeared in the medium immediately and its con-

centration remained roughly the same during the whole

The oxidation of ascorbate was investigated by high incubation period (Fig. 1). Both the rate of ascorbate con-

pressure liquid chromatography and electron spin reso-sumption and the steady-state level of dehydroascorbate
nance spectroscopy in rat liver microsomal vesicles. In were temperature-dependent: at room temperature the cor-
the first set of experiments, microsomes (1 mg protein/mL) responding values were lower than at’G7(188+ 31
were incubated in the presence of a cytosol-like concen- pmol/min/mg protein and 12 + 3.6uM, respectively).
tration of ascorbate (0.1 mM) at 3Z. Ascorbate and de-  In the absence of microsomes the rate of ascorbate con-
hydroascorbate content of the incubation medium was sumption was negligible (less than 20 pmol/min).
measured by HPLC. A continuous decrease in ascor- Ascorbate oxidation was also studied by electron spin
bate concentration was observed B h (Fig. 1). Af- resonance spectroscopy. Ascorbate autooxidation and the
ter 3 h the rate of ascorbate consumption declined due corresponding AFR signal could be observed in ascorbate
to the very low ascorbate concentration in the medium solution (100xM ascorbate in MOPS buffer) containing
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Fig. 2. Enzymatic formation of ascorbyl free radicals in rat liver micro-
somes. Ascorbate (1Q0M) was incubated in MOPS buffer, pH 7.2 in

the absence of microsomes (spectriin the presence of microsomes
(1 mg protein/mL, spectrurb); in the presence of microsomes heat-
treated microsomes (spectrnor 100.M neocuproine (spectruih);

or in the presence of trypsine-treated microsomes (specuiBSR

er, Jenei, Margittai, Csala, Jakus, Mandl, and Bihhegyi

Table I. Ascorbyl Free Radical Generation Upon Gulonolactone
Addition in Rat Liver Microsomal Vesicles

Incubation time (min) AFR signal (A.U.)

5 152+ 31
30 285+ 8
60 274+ 22

Note.Microsomes (1 mg protein/mL) were incubated in the pres-
ence of 0.1 mM gulonolactone at room temperature. AFR level
was measured by ESR spectroscopy. Results are expressed as
meanst SD of five experiments. A.U., arbitrary units.

also detected. AFR generation could be detected in the
presence of 0.1 mM gulonolactone and the intensity of the
signal was at least 60% of that observed in the presence
of ascorbate (Table I). The AFR level reached a plateau
value quickly.

Localization of Ascorbate Oxidizing Activity

The localization of the ascorbate oxidizing activity
was examined by measuring AFR generation in various
subcellular fractions gained by differential centrifugation.
AFR formation was characteristic of the microsomal frac-
tion of the liver. Only a minor increase in AFR generation
was seen in the mitochondrial and cytosolic fractions of
rat liver (Table Il). The microsomal topology of ascorbate
oxidase activity was also investigated. Trypsine treatment
of liver microsomes diminished the ascorbate oxidizing
capacity indicating that the enzyme is exposed to the
outer surface of the vesicles. Permeabilization of micro-
somal vesicles by the pore-forming agent alamethicin
elevated AFR formation only slightly, showing that the

spectra were registered after 10 min incubation at room temperature.

Spectra are representative ones of 4-16 registrations.

no microsomes showing an ESR spectrum consisting of

a doublet with hyperfine splitting™ = 1.8 G (Fig. 2,
spectrumg).

The incubation of ascorbate in the presence of ra
liver microsomal vesicles (1 mg protein/mL) resulted in a
significantly enhanced AFR level (Fig. 2, spectrbjnA

sustained AFR level was observed during the 3-h incuba-
tion period; there was no significant difference between pjys alamethicin (0.1 mg/img protein)

the ESR signals in the 1st or 180th min of incubation

(Fig. 1).
It was reported that gulonolactone, the substrate o

gulonolactone oxidase, is able to promote protein thiol ox-

idation in rat liver microsomes (Csadaal., 1999). There-

Table Il. Localization of Ascorbate Oxidase Activity

AFR signal (A.U.)

(a) Subcellular localization of ascorbate oxidase activity

Rat liver total homogenate 46D 75 (4)

Mitochondria 253+ 10 (4)
t Cytoplasm 176k 96 (4)

Microsomes 548t 69 (13)

(b) Microsomal localization of ascorbate oxidase activity

Native rat liver microsomes 548 69 (13)
Plus 3, 5% trypsine 20Z 44 (4)
67041 (4)

Note.The 0.1-mM ascorbate were incubated in the presence of micro-
f somes or other subcellular fractions (1 mg protein/mL) at room temper-
ature for 10 min. Alamethicin was added at the beginning of the incuba-
tion, trypsine-treated microsomes were preincubated in the presence of
trypsine for 60 min. AFR levels were determined by ESR spectroscopy.

fore, AFR generation upon gulonolactone addition was Data are mean SD (n). A.U., arbitrary units.
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place of oxidation is easily accessible for ascorbate Table IV. Effect of the Inhibitors of Ascorbate Oxidation on Ascorbate
(Table 1) and Protein Thiol Consumption in Rat Liver Microsomal Vesicles

(pmol/min/mg protein)

Inhibiton of Ascorbate Oxidation in Rat

. . Ascorbate Protein thiol
Liver Microsomes Treatment consumption  consumption
Ascorbate oxidation proved to be heat- and protease- None _ 463+ 32 325+ 58
AN . . . 0.1 mM 1,10-phenanthroline 248 39* <10*

sensitive in rat I|v_er microsomes supporting the Presence o7 1w dinyridyl iy -10°
of a protein-mediated process. AFR generation was de- 1 mm neocuproine 278 8 25+ 16"
creased to the basal autooxidation level after boiling of Boiled microsomes 19% 36* NM

microsomes (Fig. 2, spectrumTable I1l). Protease treat- _ : _ _
ment (3_5% trypsine, see above) also broke down AFR Note. Microsomes (1 mg p_rot‘elln/mL) were |ncubate_d in the presence

. _— . of 0.1 mM ascorbate and inhibitors of ascorbate oxidation a€C3or
generation to the aUtOO_XIdatlon level (Tabl_e ”’_ Flg. 2, 60 min. Ascorbate and protein thiol concentrations were measured as
spectrae). The enzymatic nature of the oxidation was gescribed in Materials and Methods section. Results are expressed as
further investigated by the addition of inhibitors of can- meanst SD of 4-6 experiments NM; not measured.
didate enzymes. Hemoproteins, flavoproteins, and metal- *Significantly different from control valugy < 0.05.

loenzymes were the most suspicious means of ascorbate
oxidation. Econazole and quercetin (known cytochrome pqrein inhibitor sodium azide was ineffective. On the
P-450 inhibitors), which have been reported to de- oher hand, addition of various metal chelators, such as
crease ascorbate oxidation and its consecutive uptlake '”todipyridyl, 1,10-phenanthroline or its copper-specific ana-
the ER lumen (Csalat al, 2000), reduced effectively 5,6 neocuproine (Fig. 2, spectrahreduced effectively
the intensity of the AFR signal both in the presence or o AFR signal. These compounds did not diminish the
absence of microsomes (Table Ill). Addition of the flavo-  5,tgoxidation of ascorbate either in the absence of mi-
protein inhibitor diphenylene iodonium and the hemo-  ¢rosomes or in the presence of heat-treated microsomes
(Table 1l1). Decreased AFR generation was reflected in
Table Ill. Inhibition of Ascorbyl Free Radical Formation in Rat Liver ~ ascorbate consumption: 1,10-phenanthroline, dipyridyl,
Microsomal Vesicles and neocuproine inhibited ascorbate consumption mea-
sured by HPLC (Table IV).
To estimate the involvement of reactive oxygen

AFR signal (A.U.)

—Microsomes  +Microsomes species in ascorbate oxidation, the effect of enzymatic
Control 1504 11(6) 548+ 69 (13) and ngnenzymanc ant|OX|dan.ts was also checked. The su-
Boiled microsomes _ 235 65 (4) peroxide scavenger superoxide dismutase, the hydrogen
1% dimethyl sulfoxide — 608& 74 (3) peroxide metabolizing catalase, and the general free rad-
0.1 mM econazole 4832 (3y 240+ 52 (10f ical (mostly hydroperoxyl radical) scavengers mannitol

0.1 mM quercetin G&iﬁ @y 125444 (4y and dimethyl sulfoxide did not decrease either ascorbate

5 mM mannitol 443+ 57 (7) ti AFR | | tina that fi

600 U/mL superoxide dismutase — 498129 (5) Consump_lon or . eve 5“9965 Ing ) a _reac Ive Oxy-

900 U/mL catalase _ 502 69 (4) gen species are not involved in the oxidation procedure

0.1 mM diphenylene iodonium — 444 74 (3) (Table III).

10 mM sodium azide — 394 32 (3)

0.1 mM 1,10-phenanthroline 26421 (4) 202+ 11 (4) . . .

Boiled microsomes-0.1 mM 1, _ 164 (2) Effect of the Inhibitors of Ascorbate Oxidation on
10-phenanthroline Protein Thiol Consumption in Rat Liver Microsomes

0.1 mM neocuproine 192 18 (4) 200+ 16 (4)

Boiled microsomes-0.1 mM - 214(2) Ascorbate addition, as it had already been reported,
neocuproine resulted in the oxidation of thiol groups in microsomal

0.1 mM dipyridyl 144+ 36 (3) 198+ 55 (3) : ) e

Boiled microsomes-0.1 mM _ 143 (2) proteins (Csalat al., 1999). Compounds, which dimin-
dipyridy! ish ascorbate consumption and AFR and dehydroascor-

_ _ _ _ bate formation (quercetin, econazole), decreased also pro-
Note.Microsomes (1 mg protgln/mL) were incubated in the presence tein thiol consumption (Csalat al, 2000)_ However, the

of 0.1 mM ascorbate and various compounds at room temperature for . hibit hani fth t 1dnotb lari
10 min. AFR levels were determined by ESR spectroscopy. Data are 'n ! I,ory mechanism orthese agen SCOU- notbeen clarl-
meanst SD (n). A.U., arbitrary units. fied since they decreased AFR level even in the absence of

*Significantly different with respect to control valugs € 0.05). microsomes (Table Ill). Therefore, we have investigated
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254 component, a local ascorbate oxidase activity was inves-
tigated in the present study.

Results on microsomal ascorbate oxidation detected
by HPLC and ESR methods suggest that the oxidation
204 m process is enzyme-mediated: (i) in the presence of rat
liver microsomes AFR level is at least three times higher
than the autoxidation level; (ii) heat- or trypsine-pretreated
microsomes lost their AFR generating activity, i.e., AFR
154 formation remained at autoxidation level; (iii) addition of
specific inhibitors decreased ascorbate consumption and
AFR generation significantly; and (iv) ascorbate oxidation
seems to be specific to the microsomal fraction.

10 Investigation of the subcellular localization of ascor-
bate oxidase activity showed that the highest increase in
AFR signal was observed upon the addition of the mi-
crosomal fraction. Mitochondrial fraction also increased
5] AFR formation slightly, in accordance with the finding of
Li et al. (2001). However, this effect might also be due to
7/ 1 the intimate association of microsomes and mitochondria,
/-—T i.e., the presence of ER membrane in the mitochondrial

protein thiol consumption (nmol / mg protein / h)

fraction (Lightowlers and Lill, 2001). In fact, typical mi-
. — crosomal marker enzymes are presentin the mitochondrial
0 5 10 100 fraction with relatively high activities. Permeabilization of
neocuproine (UM) microsomal vesicles hardly modified the intensity of the
signal indicating that the membrane does not form a bar-
. ; ; . rier for ascorbate, i.e., the ascorbate oxidase activity is
crosomes. Microsomes (1 mg prot_eln/mL)werelncupated|nthe prese'ncefaCed towards the cytosol. The decrease in ascorbate ox-
of 100 uM ascorbate and the indicated concentrations of neocuproine | ’ !
for 30 min at 37C. Protein thiols were measured at the beginning and idation upon protease treatment further strengthened this
at the end of the incubations. Data are mear8D, n = 3-6. assumption.

It can be supposed that ascorbate oxidation and AFR
formation are secondary processes mediated by reactive
oxygen species generated in the microsomal system. Thus
we have investigated the effect of different antioxidants on
ascorbyl radical level. Antioxidant enzymes (superoxide
dismutase, catalase) did not alter AFR generation indicat-
ing that superoxide anion or hydrogen peroxide formation
does not play a role in the mechanism. The nonenzymatic
hydroxyl radical scavengers mannitol and dimethyl! sul-
foxide were also ineffective. These findings show that the
primary process is not superoxide anion or hydroxyl free
DISCUSSION radical generation.

The enzyme(s) responsible for microsomal ascorbate

The results presented here indicate that ascorbateoxidation cannot be identified on the basis of the present
can undergo an enzymatic oxidation in rat liver micro- experiments, but the limits of possible candidates can be
somes. The physiological importance of the finding is that restricted. Liver microsomes are abundant in various cy-
dehydroascorbate as a small molecular weight electrontochrome P450 isozymes. The effect of two typical cy-
acceptor can participate in the machinery of the oxidative tochrome P450 inhibitors, econazole and quercetin, on
folding of proteins in the ER lumen. The role of dehy- microsomal ascorbate oxidation might suggest that one of
droascorbate in protein disulfide isomerase-mediated pro-these isozymes catalyzes the reaction. However, econa-
tein thiol oxidation has already been demonstrated (Nardai zole and quercetin decreased the AFR signal even in the
et al, 2001), just as dehydroascorbate transport throughabsence of microsomes. Therefore, their action as en-
the ER membrane @ihegyiet al., 1998). The missing  zyme inhibitor cannot be clearly estimated. As another

Fig. 3. Inhibition of protein thiol oxidation by neocuproine in rat liver mi-

the effect of metal chelators, which inhibited enzymatic
ascorbate oxidation more specifically. Dipyridyl, 1,10-
phenanthroline, or neocuproine almost completely in-
hibited ascorbate-dependent protein thiol oxidation at
100 uM concentration (Table 111). Neocuproine caused
a concentration-dependent inhibition; more than 50% in-
hibition was already observed at ;AM concentration

(Fig. 3).



Ascorbate Oxidation in the Endoplasmic Reticulum 323

cytochrome inhibitor, sodium azide, was poorly effec- grants from the Hungarian Academy of Sciences and the
tive, the involvement of cytochrome P450s seems to be Hungarian Ministry of Health.
unlikely. Various flavoproteins also have oxidase activ-
ity. However diphenylene iodonium, a typical flavoen-
zyme inhibitor did not affect the generation of the AFR REFERENCES
signal. Inhibitory effect was observed upon the addition
of metal chelators dipyridyl, 1,10-phenanthroline, and Al-Sadoni, H. H., Megson, I. L., Bisland, S., Butler, A. R., and Flitney,
neocuproine; both AFR generation and ascorbate con- _F W.(1997)Br. J. Pharmacal121, 1047-1050.

ti decreased. These compounds were ef_feclaanhegyl, G., Braun, L., Csala, M., Pask'F., and Mandl, J. (1997).
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tive only in the presence of native microsomes, i.e., a Banhegyi, G., Lusini, L., Pusi, F., Rossi, R., Fulceri, R., Braun, L.,
decrease in AFR generation could not be observed in  Mile, V. di Simplicio, P, Mandl, J., and Benedetti, A. (1999).
the absence of microsomes or in the presence of heat-gs - Biol, Chem274 12213 12215,
h " . h p Banhegyi, G., Marcolongo, P., PusF., Fulceri, R., Mandl, J., and
inactivated vesicles. Therefore, their effect can be at- Benedetti, A. (1998)J. Biol. Chem273 2758-2762.
tributed to the inhibition of a metalloenzyme rather than Benedetti, A., Fulceri, R., Romani, A., and Comporti, M. (1988pBiol.
to the chelation of transitory metal ions present in the Chem 263 3466-3473.
0 : y p Burchell, A., Hume, R., and Burchell, B. (198®)lin. Chim. Actal73
buffer or to the reduction of AFR. The compounds used 183-191.

in the study can chelate ﬁe FéJr, Cu*, and Cl3+ ions Csala, M., Braun, L., Mil’e, V.,. Kardon, T., Szarka, A., Kupcsulik,
P., Mandl, J., and &\hegyi, G. (1999)FEBS Lett.460, 539—

with different affinity (Lovstad, 1988). The effect of the 543,
relatively copper-specific neocuproine (Al-Sa'denial., Csala, M., Mile, V., Benedetti, A., Mandl, J., anctiegyi, G. (2000).
1997; Gocmeret al,, 2000; Pinchuket al., 2001) may Biochem. J349, 413-415.

.. K K . Csala, M., Szarka, A., MargittaE., Mile, V., Kardon, T., Braun, L.,
suggest the participation of a copper oxidase in the pro- Mandl, J., and Bihegyi, G. (2001)Arch. Biochem. Biophy&88
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