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1. Introduction

The py~dine nucleotide-linked oxidation of free
sugars to their corresponding Iactones has been ‘
described in several organisms [1--14]. The enzymes
acting on free aldopentoses seem to catalyze the first
reaction of a pathway leading to intarmediates of the
citric acid cycle [3] but the possibility of their in-
volvement in biosyathetic pathways should not be
Ytightly dismissed. Drespite their generaf occurrence
[15] only the arabinose dehydrogenases from Pseudo-
monas |3, 5—7] and a related enzyme from nammalian
fiver [11—13] have been studied with some detail. We
wish now to report the presence in NVewraspora crassa
of several sugar dehydsogenases, and the partial purifi-
cation and properties of a D-arabincse:NAD dehydro-
genase.

2. Methaods

Wild type strzin 74 A of Newrospora crassa was
grown in Vogel’s medium [16] containing 2% SUBrose
as carhon source. The tlasks were shaken on an 5
Eberbach rotatory shaker at about 140 rpm at Zr
Approx. 8 g (wet weight} of mycelia were susperiled
i ice-chilled 0.05 M Tris-HCY pH 7.2 buffer and ﬁ
giinded in an ice chilled mortar. The suspension fras
centrifuged at 4° at 4,000 rpm for 20 min in a Sorvall
RC z cemrifuge. The superna!ant liquid was further
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centrifuged at 40,000 rpm during GO nun in a Hitachi
ultracentrifuge. The sediment was discarded.

Dehiydrogenase activity was assayed through the
reduction of NAD or NADP at 340 am in the presence
of sugar. The reaction mixiures contained 10 mM KCl,
100 mM Tris HClL bufter {pH 7.3), 1.6 mM EDTA,

0.5 mM NADY or NADPT, 100 mM sugar and eneyme
in a tinal volume of 0.5 mi. A similar system withant
sugar was used as a blank. A Gilford spectrophoto-
meter thermostatred at 30” nrovided with a recording
attachment was used. One unit of activity is the
amount of cnzyme catziyzing the reduction of

{ umole of NAD(PY® por min at 30°.

Polyaceyiamide gel clectrophoresis was performed
at about 10° exactly us describad by Pavis [17] ar
4 mA per column. Histochemical localization of
enzyme activities were done by staining the gels par
10 min in the medium described above plus 0.04 mg/ml
phenazine methoasulfate and 0.4 mg/mi nitroblue
tetrazolium.

Bartial purification of D-arabinose dehvérogenase
was accomplished by DEAE-ceHulose (Whatman DE-32)
chromatography in a | X16 cm glass columi. A linear
gradient (240 ml) from 0O to 8.5 M KCi was appilied to
the column and 2-ml fractions were collected in a
Gilson microfractionator. Protein was estimated by
measuring the absorbance of the effluent at 280 nm.

3. Results

Direct measurement of dehydrogenase aciivity in
hieh-speed supernatant liquids revealed voutinely very
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Fig. 1. Polyacrylamide gel electrophoresix of s high speed
supernatant liquid from A. crassa. 100 ul of extract were
changed in each crlumn. Aficr o!cctrop!rmn:sis the tubes were,
immersed for 10 min iri the assay medium canl:mlng mixtires
of sugars and pyridine nucieot.ides a Ind.lcatcd and then fixed
in 7% acetic acid. -

weak reduction of pyridine nucleotides with high
blank values. Acrylamide gel electrophoresis however,
revealed a1 least 6 distinct bands of enzyme activity .
{fig. 1). Bands 1 to 3 were.visible when the medium -

contained D-glucose and NADP?. The pair D-xylose— .

NADP* was also active although at 2 much lawer rate.
Band 4 appeared with glucose as hydrogen donor with
cither NAD* or NADP* as acceptor. Band 5 was
observed with the pair D-arabinose—NADP* only
when high amounts of extract were electrophoresed.
Band 6 was always present as 2 rapidly and heavily . .
stained band when D-arabinose (or L-fucose) and
NAD?* were present in the reaction mixtuve, ...
lsolation and partial purification of the enzyme -
eorresponding to band 6 was accomplished by DEAE-
celtuloze column chromatography (fig. 2). A thin, .-
syimmetrical peak eluted fram the column at about
0.13 M KC1. Attempts to concentrate the enzyme:

activity by ammonium sulfate precipitation ar freeze- .
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Concentration of substrates, 100 mM; NAD* concentration,
0S5 mM. .

* Dorabinoss = 100

drying fcsulted in the almost complete loss of the
activity. Thus, withont further purification the fractions
were used for enzyme characterization. , o

Substrate specificity studies are shown in table |
using NAD" as hydrogen acceptor inasmuch as NADP'
was completely inactive. D-Arabinose is by far the
best substrate, although L-fucose and D-ribose were -
also attacked but to a much lesser extent.

The effect of D-arabinose concentration on the
velocity of NAD* reduction and viceversa is shown in
fig. 3. Classical Michaelis—Menten kinetics were ob-
tained. The calculated K, values were 6.7 X10~4 M
for D-arabinose and 2.96 X 10-4 M for NAD™. We
have oot performed detailed analysis of the reaction
products but since the addition of hydroxylamine to
the reaction mixture at pH 6.5 resulted in hydroxam—
ate producmn we presuinc that an arabonolactone is
the immediate product of the oxidation reaction.-

4Ds¢tmu i

'I'his report adds several enzymp_s 1 the gmwmslm

‘ of dehydmgenases that catalyze oxidation—reduction

reactions of free sugars. The enzymes frgm _Neurosport
are present in very small amounts. For mstancc, hﬂﬂ-
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‘Fla- 3. The effect of substrate and acoeplor concentrations on the velocity of N-arabinose dehydrogenase. A) Effect of D-arabinose
.conéentration at a fixed level (0.5 mM) ot'NAD*‘ B) Effect uf MNAD* concentration at a fixed level (100 mM) of D-arabincec. In-
l‘-fs are doublc reciprocal plots. ;
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kinase and glucose 6-phosphate dehydrogenases are at
least one thousand times more active than D-arabinose
dehydrogenase. Thus the pathways in which these

dehyd,

D-arabmcse dehydrogenases so far rep ‘rted For m-
stance, the enzyme from. Psendomonas [6] is ablé to
utilize both NADY: and NADP*. Also, the Neurospora
dehydrogenase is different from the pig enzyme whose
preferred substrate is L-fucose 112). Finaily, it is also
different from the D-arabinose dehydrogenase from rat
liver which is active only with NADP* as hydrogen
acceptor |11, 15].

Preliminary experiments on cofonial mutants of
Nenrospora have shown interesting quantitative differ-
ences in the amount of arabinose dehydrogenase and
will be soon reported.
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