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Some time ago we suggested that the DPN-dehydrogenases
might be built up from units of approximately the same
size (Jaenicke and Pfleiderer, 1962) since the majority
of these enzymes could bind one coenzyme molecule for ap-
proximately 40,000 g protein. This suggestion has become
more plausible since the recent demonstrations from
various laboratories that high molecular weight dehydro-
genases can be split into sub-units of approximately this
size by exposure to strong solutions of urea, guanidine,
acids, or alkalis (E15di et al., 1960; Sund, 1960; Appella
and Markert, 1961; Jaenicke, 1963 and 1964). It is possible
to measure the coenzyme-binding capacity of an enzyme by
means of fluorimetric or equilibrium dialysis techniques
or with the help of an ultracentrifuge. Since these methods
are in part laborims and time consuming and sometimes
give different results, the Sephadex gel filtration
technique, used by Hummel and Dreyer (1962) to measure the

binding of nucleotides to ribonuclease, and by us to deter-
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mine the DPNH-binding capacity of lactate dehydrogenase
(Pfleiderer, 196%; Warzecha, 1963), has been extended to

study other dehydrogenases.

MATERIALS AND METHODS

Except for lactate dehydrogenase which was isolated
pure as we have previously described (Pfleiderer and
Jeckel, 1957), all dehydrogenases were obtained from
C.F. Boehringer & Soehne, Mannheim, as was DPNH. Sephadex
G-50 fine (Pharmacia, Uppsala, Sweden) was vigorously
stirred in water and after frequent washing in 0,07 M
phosphate buffer pH 7,2 was allowed to stand in the
same buffer overnight. After removal of air under
vacuum, the gel was packed into a column (40 x 1 c¢m).
Enzymes were dialysed for 12 hours at 2° againgt the
above buffer and any insoluble material removed by centri-
fuging at 12,000 g. The protein contents of the superna-
tants were determined by the biuret method. The Sephadex
column was equilibrated with 0,07 mM DPNH in phosphate buffer.
Approximately 10 mg enzyme dissolved in 0,07 mM DPNH-
phosphate buffer was added to the column which was then deve-
loped with the same DPNH-phosphate buffer. The absorption
of the eluate at 253 mu was continually recorded by a
Uvicord Flow Photometer (ILKB-Produkter AB, Stockholm,
Sweden). Figure I shows a typical elution curve. The peak
was the enzyme~DPNH-complex which appeared within the

exclusion-volume of the column. The " trough " which

followed corresponded to the amount of DPNH bound by the
enzyme. After equilibrium between bound and free coenzyme
had been established, the registered absorbance returned

to the starting value. The eluate was smmpled by a fraction
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Fig.1. Elution profile (253 mp) after passage through a Sephadex gel
column being equilibrated with 0,07 mM DPNH.

collector and the samples corresponding to the " trough "
in the absorption trace were combined. The difference
between the DPNH present in this solution and that in

an equal volume of unchanged eluate (determined
enzymatically using pyruvate and lactate dehydrogenase)
was the amount of DPNH bound by the enzyme. Using the
molecular weight of the enzyme, the bound DPNH per mole-

cule of enzyme was calculated.

RESULTS AND DISCUSSION

Table I shows the DPNH-binding capacities of various
dehydrogenases determined by this method. There is agree-
ment in most cases with the published capacities determined
by other methods. Differences, which were reproducible, were
noticed in the cases of wa-glycerophosphate dehydrogenase

and glutamate dehydrogenase. In the case of the former
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enzyme Ankel et al. (1959) observed only one DPNH-binding
site / molecule whereas van Eys et al. (1959) using
the equilibrium dialysis method found 33 bound DPNH mole-
cules, two of which were very strongly bound. The
literature values for glutamate dehydrogenase (Kubo et al.,
1957; Sund, 1961) were lower than those reported here.
We have measured the DPNH-binding capacities at diffe-
rent enzyme concentrations, although not at very high
dilutions since then method is too inaccurate. The
DPNH-binding capacity remained constant. It is possible
that in more dilute solutions the coenzyme-binding
capacity might be higher since Sund (1961) has shown that
on dilution glutamate dehydrogenase dissociates there-
by exposing more DPNH-binding groups. If the dehydrogenase
contained secondary products of DPNH or nucleotides, as
we and others have previously reported (Ankel et al., 1959;
Wieland et al., 1962; Pfleiderer and Stock, 1962; Pfleiderer
et al., 1962), these were removed by treatment with char-
coal. For example: we found that the DPNH-binding sites
of lactate dehydrogenase were raised from 2,3 to 3,1
(Warzecha, 1963) by a charcoal tretment which according
to Wieland et al. (1963) should have removed the DPNH-X.
The high loss involved in this treatment of the more ex-
pensive enzymes prevented its use in every case so that
small corrections might have to be made to the values in
Table TI.

The results in the last column of Table I show that
6 of the DPN-dehydrogenases have one active sub-unit
of molecular weight 30 - 50,000 as measured by the gel
filtration method. The values for the DPN-binding sites

of the seventh enzyme, glyceraldehyde-3-phosphate
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dehydrogenase of rabbit muscle, after charcoal treatment,
were taken from Velick (1953) and Pfleiderer (1962). We
believe, especially after considering the newly discovered
enzyme sub-units such as are involved in the lactate
dehydrogenase isozymes (Markert and Appella, 1961), that

a general building principle can be recognised for the
dehydrogenases. Unfortunately it has not yet been possible
to isolate a sub-unit of 30 - 40,000 molecular weight
which is still enzymatically active. We have already used
the Sephadex method with sucecess to correlate the number
of coenzyme sites with enzymic activity during the reaction
of an enzyme with specific amino acid reagents (Warzecha,

1963).
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