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Uridine diphosphate-D-glucose dehydrogenase of hen oviduct

UDPglucose and UDPglucuronate, as well as many other nucleotides, have
been isolated from hen oviduct! In addition, the tissue contains enzymes wlhich
decarboxylate UDPglucuronate? and use the UDPxylose formed as donor of the
D-xylosyl motety for synthesis of glycoproteins?.

NEeUFELD AND HArL? have suggested that in tissues which contain glycosidi-
cally-bound p-xylose, UDPxylose functions as an allosteric feedback inhibitor of 1ts
own synthesis by exerting 1ts action on UDPglucose dehydrogenase (UDPglucose:
NAD oxidoreductase, EC 1 1 1.22) The latter enzyme mediates the formation of
UDPglucuronate, the immediate precursor of UDPxylose. In this paper the partial
purification of UDPglucose dehydrogenase of hen oviduct and some studies of 1ts
inhibition by UDPxylose are described.

Protein was estimated by the method of LowRry et al > UDPglucose dehydroge-
nase was assayed essentially as described by STROMINGER et al ® Reaction mixtures
contained, 1n addition to the enzyme 1.25 pmole UDPglucose and 2 5 ymoles NAD
in 1 ml of 0 1 M glycine buffer (pH g 0) Absorbance at 340 mu was determined with
the Gilford Model zooo multi-sample spectrophotometer The Model 215 Automatic
Blank Compensator was used to correct readings for endogenous activity in the
absence of UDPglucose. A umit of activity 1s defined as the amount of enzyme required
to give an ncrease 1n absorbance of 0.001 per min 1 a cell with a 1-cm light path
under the above conditions at 30°.

Young laying hens were killed by decapitation, and the complete oviduct was
removed and used for enzyme purification. All subsequent operations were performed
at 0—4° 80 g of tissue was homogenized in 220 ml of 0 15 M KCl1n a Waring blender for
1 min After removal of large particles by centrifugation at 12 ooo x g for 20 min, the
turbid supernatant liquid was clanfied by centrifugation at 80 ooo X g tor 45 min
The clear supernatant flud (crude extract) was brought to 409, satn with sohd
(NH,),SO,, the precipitate was discarded, and the supernatant fluid was brought to
589, satn. with more sohd (NH,),50, The precipitated protemn was taken up mn
sufficient 0.0z M sodium phosphate buffer (pH 7 o) (buffer), to yield zo ml of solution
((NH,),SO, fraction) 2o ml of the latter were applied to an 80o-ml Sephadex G-100
column (3.5 cm diameter) (equilibrated with buffer) which was eluted with buifer.
UDPglucose dehydrogenase emerged from the column immediately after 1 void vol
of effluent (G-100 eluate), indicating that its molecular weight exceeds 100 000 G-100
eluate (110 ml) was concentrated by addition of sohd (NH,),SO, to 659, satn, and
the resultant precipitate was dissolved 1n a volume of buffer sufficient to yield 6 ml
of solution 3 ml of this solution were applied to a 200-ml column (2 5 cm diameter)
of Sephadex G-200 equilibrated with buffer (4 mM in EDTA), the column was eluted
with the same buffer Active fractions were pooled (G-z200 eluate) Chromatography
of the latter on CM-Sephadex yielded a preparation with zo-fold greater specific
activity; however, since this procedure gave variable yields of highly unstable enzyme,
1t was not used routmely Table I summarizes the purification procedure Conc. G-100
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TABLE I

SUMMARY OF PURIFICATION OF UDPGLUCOSE DEHYDROGENASE

Fraction Vol Total Specific Recovery
(ml) units activity (%)
(unats{mg
protein)
Crude extract 3oo0 13 500 o 85 100
(NH,),SO, fraction 30 11 500 20 85
G-100 eluate 120 8 ooo 300 59
G-200 eluate 70 6 ooo 450 14

eluate was used for kinetic studies after dialysis against o oz M phosphate buffer
(pH 7.0) for 4 h. This fraction was stable for at least 6 months at —10°

Formation of UDPglucuronate from UDPglucose was shown as follows. 10 ul
of conc G-100 eluate was incubated with 0.2 umole of NAD and o 2z gmole of UDP-
glucose 1n 2o ul of glycine buffer (pH g o) at 30° for 30 min, the reaction was stopped
by boiling UDPglucuronate was identified as one of the reaction products by co-
chromatography with authentic [1*C]JUDPglucuronate in 959%, ethanol-1 M ammo-
nium acetate (pH 7 0) (7 3, v/v)?

The oviduct dehydrogenase has an optimum activity at about pH go The
effect of UDPglucose and NAD concentrations on the reaction rate was studied under
the conditions of assay with appropriate concentrations of each substrate The apparent
K, values determined from these data by the method of LINEWEAVER AND BURK®
are 4 0 10~ M for UDPglucose and g o 10-% M for NAD

A study of the effect of UDPxylose on the reaction rate 1s presented in Fig 1
It can be seen that UDPxylose 1s a strong mhibitor of the hen oviduct dehydrogenase
At low concentrations of UDPxvlose, inhibition appears to be strictly competitive
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Fig 1. Dependence of reaction rate on UDPglucose concentration at different concentrations of
UDPxylose The conditions of assay are those described 1n the text except that the concentration
of UDPglucose was varied UDPxylose concentrations A—A, no UDPxylose added, O—O,

oosmM, (J—[], ot mM, O—O, o015 mM, \/—\/, 0 3 mM
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with UDPglucose (K, = 1 4 10> M) However, at high inhibitor concentrations the
plot shows an upward inflection with diminishing UDPglucose concentrations, similar
curves have been reported for other UDPglucose dehydrogenasest.® By plotting the
logarithm of v/(vmax — ©v) versus the logarithm of {UDnylose concentration (for
discussion see ref 10) at different concentrations of UDPglucose, parallel lines were
obtained which yielded an average apparent number of inhibitory sites of 1 25 While
this value 1s lower than that obtained for the UDPglucose dehydrogenase of liver,
pea seedlings?, or Crypfococcus laurentii®, 1t 1s significantly greater than 1 o, indicating
that UDPxylose exerts a cooperative inhibitory effect here also These data suggest
that the UDPglucose dehydrogenase of hen oviduct, like the other dehydrogenases
mentioned, is allosterically inhibited by UDPxylose This 1s consistent with the
previous findings concerning the role that this sugar nucleotide plays in controlling
its own intracellular concentration

It 1s of interest that UDPxylose is a non-cooperative competitive inhibitor
(average number of ihibitory sites equals 1.0) of UDPglucose dehydrogenase of
Aerobacter aerogenes, an organism which lacks D-xylose and presumably does not form
UDPxylose (A Bporan aND D. S. FEINGOLD, unpublished data)
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