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Summary

The relatively slow reduction of NAD"* and NADP* by sodium cyanob-
orohydride leads to formation of the enzymically active form of NADH and
NADPH. This reaction could be useful as a simple procedure to enzymically
introduce a specific label into substrates when tritiated or deuterated cyn-
anoborohydride is used for obtaining the reduced nicotinamide adenine dinu-
cleotide.

Nicotinamide adenine dinucleotides are rapidly reduced by sodium boro-
hydride to yield a mixture of several products of which only about one third
is the enzymically active 1,4-reduced nicotinamide compound [1—4]. This
observation and the very rapid decomposition of sodium borohydride at pH
levels below 8.0, prevented the general application of this reduction for the
production of tritium or deuterium labeled NADH and NADPH for use in
coupled enzyme systems.

The cyanoborohydride ion is a highly soluble, mild and selective reduc-
ing agent which is stable even at low pH levels [5, 6]. It has been recently
employed in biochemical research to facilitate carbonyl reduction in acidic
solutions and for reductive amination of sugars and other aldehydes [7—12].
It was also noted that cyanoborohydride can convert pyridininum ions to
their tetrahydro derivatives [13].

Trying to facilitate reductive amination by cyanoborohydride in several
enzyme systems containing nicotinamide-adenine dinucleotides, we have noticed
the occurrence of a slow reduction of the coenzymes as was evident by ap-
pearance of their typical absorbance peak at 340 nm. The spectrum of the
reduced NAD" or NADP* obtained was identical to that of 1,4-NADH. The
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Fig. 1. Rates of NAD" (4.4 mM) reduction by NaBH,CN (100 mM) in 80 mM buffers at 23°C. Increase
of absorbance at 340 nm was employed for computing the formation of NADH" using a molar absorp-
tion value of 6.22 X 1073, ®, Tris-HCl; 0, phosphate; &, MES ((2-N-morpholino)ethanesulfonic acid).
Use of HEPES buffer (N-2-hydmxyethylpiperazine-N'-2-ethanesult’onic acid) at pH 6.8—8.2, and trie-
thanolamine buffer at pH 7.6—8.8, resulted in similar rates,

reaction was therefore studied in some detail as described in the present re-
port. i

NaBH; CN was obtained from Ventron Corp., Danver, MA. Nucleotides,
enzymes and substrates were supplied by Sigma Chemical Co., St. Louis, MO,
and Boehringer-Mannheim Biochemicals, Indianapolis, IN. Spectrophotomet-
ric measurements were carried out at room temperature in quartz cuvettes of
1-cm light path in a Gilford Model 200 or a Cary Model 118 recording spec-
trophotometer.

Reduction of NAD" at millimolar concentrations by NaBH;CN proceed-
ed at a moderate pace at pH range between 5 and 8 with only small variations
of rate observed in the different buffers used (Fig. 1).

As expected, reaction rates were clearly dependent on the concentrations
of both reactants (Figs. 2 and 3). Maximal rate constant for the bimolecular
reaction at the conditions described was about 2 X 1077 M-s™! . Concen-
tration of cyanoborohydride had to be at least 10—20 M excess over NAD"
in order to facilitate maximal rates of reduction. At concentration of NAD"
in the 1—10 mM level, these rates were achieved with 0.1 M NaBH;CN,
whereas higher concentrations of the reducing agent usually resulted in a
slow down in the appearance of the 340 nm absorbance. The rates of reduc-
tion could be significantly increased by elevated temperatures (not shown).
The reduced NAD" produced in this reaction was predominantly the 1,4-
NADH isomer. This was established by its ability to be immediately convert-
ed to NAD" when 5 units beef heart lactate dehydrogenase and 2 umol sodi-
um pyruvate, or 0.05 units equine liver alcohol dehydrogenase and 2 umol
acetaldehyde were added to the cuvette containing the excess cyanoboro-
hydride and the partially reduced NAD". In a similar situation, NADPH pro-
duced by reduction of NADP" with cyanoborohydride was immediately
oxidized when 10 units yeast glutathione reductase and 2 pmol oxidized
glutathione were added to the solution. Between 70—80% of the absorbance
at 340 nm produced by short term reductions of NAD* or NADP" at pH 5—8
(Fig. 1) was abolished by these enzymatic couplings. Using criteria described



173

in the literature [2, 3, 14] it was established that the residual absorbance at
340 nm which was not removed by enzymic oxidation could most probably
be attributed to presence of the 1,6-NADH isomer. The specific molar absor-
bance of this isomer at 340 nm is very close to that of 1,4-NADH [14]. In
comparison to short term reductions, when 1.4 mM solutions of NAD" were
reduced over 24 h with 0.1 M NaBH;CN at pH 6—8 (Figs. 2 and 3) the yields
of 1,4-NADH obtained were 85—93%. The higher yields could be explained
in part by the slow isomerization of 1,6-NADH to 1,4-NADH which may
have occurred during the prolonged incubation [3, 14]. It is obvious from
this preliminary information that an exact study of the kinetics of formation
and identity of the various NADH species produced by cyanoborohydride
reduction has yet to be carried out.
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Fig. 2. Effect of mcreasmg NAD" concentrations on the rate of reduction by 100 mM NaBH,CN in
80 mM buffer at 20°C. ¢, HEPES, pH 7.4; 0, MES, pH 6.0; A, Tris-HC1, pH 8.0; O, phosphate pH 6.6.

Flg 3. Effect of varymg concentrations of NaBH;CN on the reduction of NAD" in 80 mM buffer at
20°C. e, 11 mM NAD" in Tris- HCI, pH 7.9;0, 4. 4 mM NAD' in phosphate, pH 6.6.

The hydrogens of cyanoborohydride ions can be easily exchanged for
either deuterium or tritium [5, 6]. It therefore should be very convenient
and efficient to prepare in high yields labeled 1,4-NAD(P)H using cyanoboro-
hydride reduction. The reduced and tagged coenzyme could subsequently be
coupled in an enzymic oxido-reduction reaction to produce a specifically la-
beled product. Such coupled reactions could be carried out either directly
with samples of the original reduction mixture still containing excess cyan-
oborohydride (providing it does not inhibit the involved enzyme) or alter-
natively with labeled NADH isolated from the mixture by standard ion-ex-
change chromatographic procedures. The use of sodium cyanoborohydride
for these reductions has some advantages over that of sodium borohydride.
This is particularly apparent in the relatively high yield of the enzymically
active, reduced isomer of the coenzyme; in the stability of the reducing agent
at neutral and acidic solution, and in the fact that carbonyls, if also present
in the system, will not be reduced at pH levels higher than 5.0.



174

References
1 Mathews, M.B. and Conn, E.E. (1953) J. Am, Chem. Soc. 75, 5428—5230
2 Chaykin, S. and Meissner, L. (1964) Biochem. Biophys. Res. Commun. 14, 233--240
3 Chaykin, S., King, L. and Watson, 8.G. (1966) Biochim. Biophys, Acta 124, 13—25
4 Werner, D.A., Huang, C.C. and Aminoff, D. (1973) Anal. Biochem. 54, 554—560
5 Borch, R.F., Bernstein, M.D., and Durst, H.D. (1971) J. Am. Chem. Soc. 93, 2897—2904
6 Lane, C.F, (1975) Synthesis, pp. 135—146
7 Avigad, G. and Englard, S. (1972) Arch. Biochem. Biophys. 153, 337—346
8 Gray, G.R. (1974) Arch. Biochem. Biophys, 163, 426—428
9 Schwartz, B.A. and Gray, G.R. (1977) Arch. Biochem. Biophys. 181, 542—549
10 Dottavio-Martin, D. and Ravel, J.M. (1978) Anal. Biochem. 87, 562565
11 Lee, R.T. and Lee, Y.C. (1978) Abstracts 176th Meeting American Chemical Society, Miami,
Biol. 11
12 Hase, S., Hara, S. and Matsushima, Y. (1979) J. Biochem. (Tokyo) 85, 217—220
13 Hutchins, R.O., Natale, N.R. and Taffer, I.M. (1978) J. Chem. Soc. Chem, Commun,, pp, 1088—1089
14 Chakraverty, K., King, L., Watson, J.G. and Chaykin, S. (1969) J. Biol. Chem. 244, 4208—4217



