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The electronegativity and bond length of fluorine bound covalently to a carbon 
atom are similar to those of the oxygen of a hydroxyl group bound to carbon’*‘. The 
carbon-bound fluorine is also capable of accepting, although not donating, a hydrogen 
bond3. Studies of enzyme-substrate interactions where fluorine has replaced one or 
more hydroxyl groups on the substrate have proved useful in investigating both the 
mechanism of action and the substrate-binding properties of a number of enzymes4-8. 

D-GalaCtGSe dehydrogenase (D-galactose:NAD Gxidoreductas,-) [EC 1.1.1.48], 
which catalyses the conversion of D-galactose into D-galactono-I.4lactone, has been 
isolated from both Psetzdotnonasf?ztorescetzs and Ps. sacclzarophilia. The enzymes have 
been purified and some of their kinetic properties investigatedgV”‘. 

We now report on studies of the reaction of the D-galactose dehydrogenase 
from Ps.Jzrorescem with a number of D-galactose derivatives in which the hydroxyl 
groups at C-2, C-4, and C-6 have been substituted by fluorine, and also on the kinetic 
isotope effects when D-galactose was replaced by D-galactose-Z-d as the substrate. 

Kinetic data obtained from the interaction of D-galactose dehydrogenase with 

the deoxyfhrorogalactoses are shown in Table I. The double reciprocal plots were 
linear and indicate a sequential mechanism. The low K, values for D-fucose (6-deoxy- 
D-galactose) and 2-deoxy-2-fluoro-D-galactose show that HO-6 is not important for 

binding of the substrate, and that if HO-2 is involved, it is as a H-bond acceptor. 
2-Deoxy-D-ZJJxo-hexose (2-deoxy-D-galactose), however, is a substrate for the enzyme, 
although kinetic data have not been reported”. The very high K,,, for 4-deoxy4 
fluoro-D-galactose shows the critical role played by HO-4 in the binding to the enzyme. 

D-Glucose, which is not a substrate for the enzyme, differs in configuration from 
D-galactose only at C-4. Thus, a H-bond donated from a correctly oriented hydroxyl 
group is probably the major factor in the binding of substrate to the enzyme. As the 
K, for D-fucose is low, the value for the 6-fluoro sugar should also be low. However, 
from an inspection of models, it seems that the fluorine on C-6 may be able to form a 

*Dedicated to the memory of Sir Edmund Hirst, C.B.E., F.R.S. 
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hydrogen bond with HO-4; as a hydrogen bond from HO-4 to the enzyme is important 
for substrate binding, this would have the effect of elevating K,,, Ttithout causing a 
significant decrease in V,, (Table I). Both Zdeoxy-2-tluoro-D-galactose and Qdeoxy- 
4-fluoro-D-galactose have substantially diminished V,,, values, which may reflect 
differences in substrate orientation causing a diminished rate of catalysis. The electron- 
withdrawing effect of fl uorine at C-2 may also affect the rate of hydride transfer. Such 
an effect was observed when 2-deoxy-Mluoro-D-glucose 6-phosphate was used as a 
substrate for D-glucose 6-phosphate dehydrogenase 6_ An isoto_pe effect of 2.0 was 
found for the reaction of D-glucose-I-d 6-phosphate with D-glucose 6-phosphate 
dehydrogenase _ I1 However, hydride transfer does not appear to be the rate-deter- 
mining step in the reaction mediated by D-galactose dehydrogenase. The isotope 
effect observed when D-galactose-l-d was used as the substrate was small (1.33). This 
value is similar to that (1.34) reported for ethanol-d, and alcohol dehydrogenase12, 
for which the dissociation of the E.NAD’ complex is rate determining at high 
concentrations of acetaldehyde; at lower concentrations, some prior step becomes at 
least partly rate-determining”. It is possible that a similar mechanism operates for 
D-gaiactose dehydrogenase. It would be of interest to investigate the isotope effect 
with 2-deoxy-2-fluoro-D-galactose-I-n as a substrate in comparison with the parent 
fluoro sugar: in this case, due to the electron-withdrawing effect of the fluorine, it is 
possible that hydride transfer would become totally rate-determining. 

TABLE I 

KINETIC CONSTANTS FOR D-GALAcTOSE DEHYDROGENASE FROM Pseudontonas~uorescens 

Substrate K, (sugar) 
(mhl) 

K, (NAD) 
(mM) 

~-Gal 0.93 0.4 1.0 
n-Gal-d1 1.0 0.36 0.75 

D-Fuc 2.04 0.4 0.65 
6F-~-Gal 57 0.4 0.85 

2F-D-Gal 5.81 0.25 0.045 

d!F-~-Gal 125 0.25 0.035 

EXPERIMENTAL 

D-Galactose dehydrogenase from Ps. fIuorescens was purchased from the 
Boehringer Corp. (London) Ltd. D-Fucose, D-galactono-I &lactone, and sodium 
borodeuteride (NaB’I&, 98 atom % 211) were commercial materials. The deoxy- 
Buoro-D-galac;opyranoses and 4-deoxy4fluoro-D-glucose were synthesized in these 
laboratories l 3 _ 

Preparation of D-galactose-l-d. - A solution of sodium borodeuteride (0.23 g) 
in water (5 ml) was added to an ice-cold, aqueous solution (20 ml) of D-galactono-l,4- 
lactone (I .78 g) during 1.5 h. After a further 0.5 h at O”, excess of sodium boro- 
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deuteride was decomposed with dilute acetic acid, and the resulting solution was 
stirred for 0.5 h with Amberlite IR-120(Hf) resin (3 g). After removal of the resin, the 
solution was concentrated to dryness, the residue was dissolved in methanol, and the 
solution was concentrated. This procedure was repeated 7 times. The crystalline 
residue (1.86 g) was recrystallised from water-methanol-ethanol (1: 1: 1 v/v), to give D- 

galactitol-l-d (0.85 g), m.p. 186-189”; lit. m-p. 188.5”. The identity of the compound, 
and the presence of ‘H at C-l, was confirmed by mass spectrometry. The mother 
liquor from the galactitol crystallisation was evaporated to dryness, and the residue 
was crystallised from water-methanol-ethanol-acetone (5:9:9:6, v/v) at - 10” to give 
D-galactose-I-d (0.26 g), m-p. 157-162”. G.1.c. analysis showed only galactose to be 
present, and a mass spectrum of the penta-acetate gave a peak at mJe 391 for the 
molecular ion and indicated a > 95% incorporation of deuterium. 

Assay of D-galactose dehydrogenase activity. - Assays were performed in 0. I hf 

Tris-HCl buffer (pH 8.6), by using the standard procedure of observing the rate of 
increase of absorption at 340 nm. Initial rates were measured with a Pye-Unicam 
SP500 monochromator and a Gilford model 220 absorbance indicator. The full-scale 
deflection of the recorder was set to correspond to a change in EXjo of 0.1. 
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