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These data permit the following partial structure 
for novobiocin: 
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DIPHOSPHOPYRIDINE NUCLEOTIDE, A COFACTOR 
FOR GALACTO-WALDENASE1 

Sir: 

The interconversion of GaI-I-P and G-I-P in 
galactose adapted yeast2 '3 and in mammalian tis­
sue4 has been found to occur according to the 
equations 

Gal-l-P + UDPG -7-»» UDPGaI - G-I-P (1) 

USPGaI ZZ± UDPG (2 1 

Sum: Gal-l-P : G-I-P 

Reaction (1), catalyzed by a specific uridyl trans­
ferase3'4 is a reversible transfer of the uridyl 
group from G-I-P to Gal- l -P . Reaction (2) is an 
inversion a t the C4 of the monosaccharide moiety 
catalyzed by galacto-waldenase.3 

Galacto-waldenase has now been purified about 
30-fold from a water extract of calf liver acetone 
powder. The extract was adjusted to pH 5.5 and 
acetone ( — 10°) was added to a final concentration 
of 2 5 % . The precipitate was dissolved in glycine 
buffer, pH 8.0, and fractionated with alkaline 
ammonium sulfate (active fraction 4 5 - 6 5 % satura­
tion). This precipitate was dissolved in water and 
ammonium sulfate was added to 3 5 % saturation. 
The active protein was then precipitated by ad­
justing the pH to 4.9. Fur ther purification was 
obtained by absorption and elution from calcium 
phosphate gel followed by a final alkaline am­
monium sulfate fractionation. 

The activity of the fractionated preparation of 
galacto-waldenase was measured by the rate of 
D P N reduction when UDPGaI 4 was added as sub­
strate and U D P G dehydrogenase5 6 and D P N were 

(1) T h e following a b b r e v i a t i o n s h a v e been used : G a l - l - P for 
a-D-galac tose-1-phosphate , G - I - P for a-D-glucose-1-phosphate , U D P G 
for u r id ine d iphosphoglucose , U D P G a I for u r id ine d iphosphoga lac tose , 
D P N for d i p h o s p h o p y r i d i n e nuc leo t ide , D P X H for reduced d iphos -
phopyr id ine nuc leo t ide , T P N for t r i p h o s p h o p y r l d i n e nuc leo t ide ; 
U D P G A for u r id ine d iphosphog lucu ron ic ac id . 
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When purified galacto-waldenase was incu­
bated with UDPGaI in the absence of the indica­
tor system, the inversion reaction did not pro­
ceed. I t could be initiated, however, by adding 
catalytic amounts of D P N . This is illustrated 

in Table I. Tha t the cofactor is D P N and not some 
impurity in the preparation is borne out by experi­
ments using purified Neurospora, DPNase. 7 D P N 
preincubated with DPNase until it was no longer ac­
tive when assayed with alcohol dehydrogenase was 
not active in the galacto-waldenase system. A 
control with D P N similarly preincubated with 
heat inactivated DPNase was active. D P N H 
was inactive in the system unless it was oxidized 
by preincubation with acetaldehyde and alcohol de­
hydrogenase. D P N could not be replaced by T P N . 

TABLE I 

EFFECT OF DPX" ON GALACTO-WALDENASE REACTION 

Reaction mixture consisted of 0.065 /imole of UDPGaI con­
taining 0.009 ,umole UDPG as impurity, 4.0 fimoles of cys­
teine, purified galacto-waldenase (12 /igm. protein), and 
D P N or TPXT as indicated in a total volume of 0.5 ml. of 
0.1 M glycine buffer, pK 8.7. The reaction mixture was 
inactivated after 15 min. incubation at room temperature 
bv heating at 100° for 20 sec ; 200-/il. aliquots were ana­
lyzed for UDPG with D P X and UDPG dehydrogenase.6 

UDPGaI remaining was determined in the same cuvette bv 
the subsequent addition of galacto-waldenase. A blank 
of 0.009 ,umole due to UDPG originally present in the 
UDPGaI has been subtracted. 

DPX 
DPX 
DPX 
DPX 
DPX 

PXH 
PXH 
TPX 
TPX 

Nucleo t ide added , 
Mtnole 

None 
0.0005 

.002 

.02 

.016 (DPXase treated) 

.016 (Heated DPXase 
treated) 

.014 

.014 (enzy. reoxidized) 

.02 

.20 

U D P G 
formed, 
^mole 

0.000 
.006 
.012 
.026 
.000 

.024 

.000 

.022 

.002 

. 004 

U D P G a I 
ut i l ized, 

/itnole 

0.000 
.005 
.012 
.023 
.002 

.023 

. 000 

.021 

.005 

The marked effect of catalytic amounts of D P N 
suggests tha t the inversion occurs by an oxidation 
and subsequent reduction a t the C4 of the carbo­
hydrate. The structure of the hypothetical oxi­
dized intermediate remains to be determined. 
At tempts to accumulate such an intermediate are 
in progress. 
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