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SHORT COMMUNICATION
NICOTINIC ACID DECARBOXYLATION IN TOBACCO ROOTS*

J.L R CuAnpLER} and R K GHoLsoNI

Oklahoma State Umiversity, Department of Biochemistry, Agricultural Experiment Station,
Stillwater, Oklahoma 74074, U S A

(Recewed 5 April 1971, 1n revised form 4 July 1971)

Abstract—An enzyme system which catalyzes the O, dependent release of *#CO; from nicotinic acid-7-14C
1 present 1n tobacco roots The enzyme is not present in tobacco leaves and stems The nature of reaction
catalyzed and 1ts tissue distribution suggest that this enzyme may be mvolved in nicotine biosynthesis

INTRODUCTION

THE BIOSYNTHESIS of the pyridine alkaloid nicotine 1n various Nicotiana species has been
studied intensively 1n several laboratories It has been shown that the pyridine ring of
nicotmic acid! but not the carboxyl group,? 1s incorporated into nicotine Therefore, the
carboxyl group of pyridine ring precursors must be released (presumably as CO,) during the
synthesis of nicotine This fact led us to examine crude extracts of Nicotiana rustica for
nicotinic acid decarboxylase activity In this paper, we report the results of experiments on
the release of *CO, from nicotinic acid-7-'4C by a particulate fraction obtaned from
tobacco roots. A preliminary report of this work has appeared 3

RESULTS
Intracellular Distribution
Centrifugation studies indicated that the enzymatic activity sedimented at 20,000 g
The results of a typical experiment are shown 1n Table 1

TABLE 1 INTRACELLULAR DISTRIBUTION OF NICOTINIC ACID DE-

CARBOXYLASE
Subcellular Specific activity
fraction ppmoles/hr/mg protein

Crude homogenate 67

500 g supernatant 132

500 g pellet 24

20,000 g supernatant 27

20,000 g pellet 420

The complete reaction mixture contained 60 pmoles K, HPO,,
pH 7 0, 80 nmmoles NA-7-14C, (1 uc) and 2 ml of enzyme prep n
a total volume of 3 0 ml
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pH Optimum

The catalytic activity was determined as a function of pH 11 0 0 M potassium phosphate
buffer A broad optimum was observed from pH 6 0 to 7 0, however, the activity decreased
rapidly above pH 7 5. All further studies were conducted at pH 7 0 in 0 1 M potassium
phosphate buffer The release of 14CO, from nicotinic acid-7-1*C was linear with time for at
least 4 hr under the assay conditions employed

TABLE 2 SUBSTRATE REQUIREMENT FOR NICOTINIC ACID DECAR~

BOXYLASE
Expermment Relative activity

Control 100
Evacuated (—0,) 001
—Nicotinic acid, + nicotinic acid

mononucieotide-7-14C 044
—Nicotinic acid, 4 quinolinic acid

-2,3,7,8-14C 0001

The complete reaction muxture contammed 2 5 mg protem of
the 20,000 g pellet, 80 nmoles NA-7-14C (1 uc), and 60 umoles
potassium phosphate (pH 7 0) in a volume of 3 0 ml The reaction
was incubated at 27° for 4 hr

Substrate Requirement

The data shown n Table 2 suggest that O, 1s required for the release of *CO, from
nicotinic acid If the Thunberg tube was evacuated with a water aspirator for 5 mun, only 19
of the control activity was observed Qunolinic acid-2, 3, 7, 8-1*C was not appreciably
decarboxylated by this enzyme system The enzyme preparation released 14CO, from nico-
tinic acid-(7-1#C)-mononucleotide with about 40%/ of the efficiency of the nicotinic acid
control. This activity may be due to prior hydrolysis of nicotinic acid mononucleotide to
nicotinic acid during the relatively lengthy imncubation time The formation of nicotinic acid
from nicotinic actd mononucleotide has been observed 1n beef liver 4 In a separate experi-
ment streptomycin sulfate at a final concentration of 0 0067 %, had no significant effect on the
release of *CO, from nicotinic acid-7-*4C Control 2977 counts/mun, plus streptomycin
sulfate 2424 counts/min

Cofactors

No cofactors for the reaction were identified. Addition of ATP, MgCl,, ornithine,
NAD, NADH, NADP, and pyridoxal phosphate did not stimulate the release of *4CQO,
from nicotinic acid by this tobacco root preparation Ormithine was included because 1t has
been shown to be a precursor of the pyrolidine ring of nicotine

K. for Nicotinic Acid

The catalytic activity as a function of nicotinic acid concentration was determined.
The apparent K, value for nicotinic acid as determined from a Lineweaver-Burk plot was
1-4 x 107 M
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TABLE 3 EFFECT OF SOME POTENTIAL COFACTORS ON NICOTINIC ACID
DECARBOXYLASE ACTIVITY

Additions 14C0, (counts/min)
1 None 4143
2 ATP 3 x 10~4M, Mg 10-* M 3992
3 2 4 Ornithme 3 X 1074 M 3840
434+ NADH3 x 10-°M 1266
534+ NAD3 x 10-°M 909
6 54 Pyndoxal P3 x 107 M 1055
73+ NADP3 x 10 M 2874
8 Boiled Enzyme 255

Reaction system given 1 Table 2

Tissue Distribution

The enzymuc activity 1n crude extracts prepared from leaves and stems was only 1-5%
of that observed m preparations obtained from roots. Nicotinic acid decarboxylase activity
was not observed 1n extracts of cotyledons of Ricinus communis seedlings

DISCUSSION

These experiments define a tobacco root enzyme system capable of releasing 14C0,
from nicotinic acid-7-14C. The enzyme system 1s located 1n a particulate fraction obtained
after centrifugation at 20,000 g for 30 min. This fraction contains mitochondrnia but associa-
tion of the activity with the mitochondria was not established

The role of this enzyme system 1n the metabolism of nicotinic acid remains to be de-
termined. However, 1t 1s tempting to speculate that 1t may function as an early enzymatic
step 1 the biosynthesis of nicotine. Experiments i vivo have demonstrated that the carboxyl
group 1s lost when the pyridine ring of nicotinic acid 1s incorporated into nicotine 2 It has
also been shown that nicotine biosynthesis takes place in the roots of tobacco plants rather
than the leaves and stems * It, therefore, appears possible that the enzyme system described
above, which releases the carboxyl group of nicotinic acid as CO, and which 1s present in
tobacco roots, but 1s not found 1n tobacco leaves and stems or 1n castor seedlings, may be
involved 1n nicotine biosynthesis However, these experiments provide no direct evidence as
to the fate of the ring carbons of nicotinic acid and it 1s also possible that the observed
release of CO, may be a result of a more complete degradation of this molecule.

Although 1t 1s possible that the observed conversion of nicotinic acid could be due to
microorganisms contaminating the tobacco root preparation, this seems to be highly un-
likely on the basis of the following considerations. Streptomycin sulfate did not materially
affect the extent of the reaction. The reaction was linear with time for 4 hr, if microorganisms
were responsible an increasing rate of *CO, release with time would be expected as they
multiplied. The apparent K, for nicotinic acid 1s very low and in the range where micro-
orgamisms would be expected to use the compound as a vitamin rather than a substrate for
growth. The reaction was only observed 1n tobacco root preparations and not in tobacco
leaves or castor bean seedling cotyledons.
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EXPERIMENTAL

Tobacco plants (Nicotima rustica) were grown 1n a greenhouse i hydroponic medium ® The roots were
excised, thoroughly washed with deionized water, blotted, and weighed After cutting the roots into short
segments, they were ground 1n a pre-chilled mortar with 2 vol of 0 01 M KHPO, buffer pH 7 0 The resulting
brei, which usually contamed 1 1 mg of protein/ml, was filtered through 5 layers of cheese cloth to remove
fiberous matenal

The reaction was carried out in Thunberg tubes as previously described for quinolinate phosphoribosyl
transferase  After incubation for the desired time, the reaction was terminated by addition of 0 2 ml of N
KOH through the side-arm After evacuating the tube with an aspirator, 1 0 ml of 15 % trichloroacetic acid
was carefully admitted into the vessel to release the 4CO, to dissolve in 0 3 ml of 1 0 N NaOH 1n the upper
bulb for 1 hr, then air was admitted into the vessel and the amount of *CO, released was determined by
Iiqud scintilation counting of an aliquot of NaOH Protemn concentration was determined by the method of
Lowry et al 7 Tobacco root mitochrondria (20,000 g pellet of Table 1) were prepared as described by Walker

and Beevers 8
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