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Albstract--A hitherto lmknown amino acid, nicotlanine, was isolated from the leaves of tobacco plants. By 
the use ofi.r., u.v. and NMR spectrophotometry, colour reactions and synthesis the new amino acid was 
identified as L( +)-N-(3-amino-3-carboxypropyl)-~-carboxypyridinium betaine. 

INTRODUCTION 

hq THE course of  our studies on nitrogen metabolism in tobacco plants, we have observed 
several ninhydrin-positive compounds whose behaviours on paper and ion-exchange 
chromatography are not  coincident with any of  known naturally occurring amino acids. 
Among them, an amino acid was conspicuous as it could also be detectable on paper chro- 
matograms by Pauly's reaction 1 and by u.v. absorption. The compound, nicotianine, has 
an elution volume similar to that of  cystathionine, being eluted before methionine at 30-50 ° 
run with an amino acid analyser. 

Nicotianine is consistently found in all organs of  tobacco plants (Nicotiana tabacum) 
and much more was present in younger leaves than older ones. 

In order to clarify the chemical structure and physiological role of  nicotianine, the 
isolation and identification of  the compound was undertaken and is described in this paper. 
A preliminary account on this work has been reported. 2 

RESULTS 

A 70 ~o aqueous methanolic extract of  green tobacco leaves (Nicotiana tabacum, "Bright  
Yellow") was treated with Dowex 50 × 4 resin (H + form) and the separated cationic constitu- 
ents were subjected to displacement chromatography according to the method of  Partridge 
and Brimley. 3 The crude nicotianine thus obtained was further purified by cellulose column 
chromatography. Final purification was achieved by preparative paper chromatography 
and recrystallization from aqueous methanol yielding colourless needles decomposing at 
241-243 °, [~]V ~ + 24"0 in water, with an empirical formula of  CIoHx4OsN 2. 

The substance gave a blue to violet colour on paper chromatograms with ninhydrin and 
tests for sulphur, 4 secondary 8mine, 5 aromatic amine, 6 benzene ring, 7 carbonyl group, 8 

1 T. MANN and E. I.~o~, Biochem. Jr. $3, 140 (1953). 
2 M. Nooucm, H. SA~/A and E. TAMAKI, Arch. Biochem. Biophys., 123, 1017 (1968). 
3 S. M. PJ~t~n>oe and R. C. Bp.wflJ~, Biochem. J. 51, 628 (1952). 
4 F. L. HOHN, Ind. Engng Chem. Anal. Ed. 17, 199 (1954). 
5 F. FmOL and V. ANoint, Mikrochim. Acta 1, 138 (1937). 
6 M. Istm>ATe and T. Sxg~oucm, J. Pharm. Soc. Japan 70, 398 (1950). 
7 A. L. LE ROSEN, R. T. Mo~veK and J. K. CAXLTON, Anal. Chem. 24, 1335 (1952). 
s O. L. BRADY, J. Chem. Soc. 756 (1931). 
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hydroxyl group 9 and tertiary pyridine group 1° were all negative. Successive treatments of 
nicotianine on a paper chromatogram with cupric nitrate and ninhydrin proved it to be 
=-monoamino acid. 11 It also becomes visible on a paper chromatogram by Pauly's reaction 
giving an orange colour, although the sensitivity is relatively low. The u.v. spectra of nico- 
tianine and nicotinic acid in water are shown in Fig. 1. As seen in the figure, the spectrum of 
nicotianine (~tm~, 265 nm; shoulders, 258 and 271 nm) is closely similar to that of  nicotinic 
acid (Am=, 262 nm; shoulders, 256 and 268 nm). In addition nicotianine, on reduction with 
sodium borohydride, has two absorption bands at 260 and 350 nm; the spectrum is coincident 
with those of 1,6-dihydro compounds of N-substituted nictotinic acid derivatives. 12 Further- 
more, nicotianine, after being heated up to 230 ° in a sealed tube, gives a positive test for 
tertiary, jpyridine compounds. 1° 
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FIG. 1. TH]~ u.v. SPECTRA OF t~COT~N]NE (1), N[CO'nNZC ACID (2) AND 9OROm~DRIDn REDUCED 
NICOTL~NINE (3). 

These results suggest that in nicotianine, a pyridine ring is present in which the nitrogen 
atom is substituted by some group resulting in a pyridinium compound. 

The N M R  spectrum of nicotianine in deuterium oxide shows six bands (~- in ppm); a 
quartet (7.35), four triplets (6-21, 5.16, 1-80 and 1.00 respectively) and a singlet (0.65) (Fig. 2). 
The band at 5" 16r is partially overlapped by a strong signal due to HDO, but from its shape 
and intensity it seems most reasonable to assume the band is a triplet whose area is similar 
to that of the 1.00~- band. Thus, the relative areas of the six bands are approximately 2: 1 : 
2:1 : 2:1. This indicates that of the fourteen protons in the molecule, nine are not exchanged 
and five are easily exchangeable with deuterium. The three bands in low-field region are 

9 F. FEIGL, Spot Tests, Vol. II, p. 129, Elsevier, New York (1954). 
10 E. KoDicmc and K. K. R~DI, Nature 168, 475 (1951). 
11 p. O. LARSEN and A. I~xr_g, Biochim. Biophys. Acta 38, 148 (1960). 
12 K. WALLmq~LS and H. SCHOLY, Ann. 621, 106 (1959). 
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interpreted as due to four protons attached to pyridine ring. The other three bands in 
relatively high-field region seem to be due to five protons attached to aliphatic carbon atoms. 

INTEGRATION 
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The above results indicate that the possible structure of nicotianine to be N-(3-amino- 
3-carboxypropyl)-/g-carboxypyridinium betaine (monohydrate) (I). 
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The NMR spectrum of nicotianine is well consistent with the structure. The signal at 
7.35~ is attributable to the two H(f) protons which are coupled with H(g) proton and H(e) 
protons thus giving a quartet formed by partial overlapping of two triplets. The triplet at 
6.21r is attributable to H(g) proton coupled with the two H(f) protons and the triplet at 
5.16~- is understood to correspond to the H(e) protons whose signals are strongly shifted 
downfield by the deshielding effect of the pyridine ring. The triplet at 1.80r is attributable to 
H(c) proton attached to the beta carbon of the pyridine ring. Two doublets caused by the 
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couplings between H(c) and H(b), and between H(c) and H(d) would form the triplet by 
partial overlapping. The 19th triplet seems to correspond to H(b) and H(d) protons. The 
chemical shift of H(b) proton seems to become near that of H(d) proton owing to the da 
shielding effect of the adjacent carboxyl group. The singlet at 0.657 is interpreted as due to 
H(a) proton whose signal is shifted downfield as compared to that of H(d) proton by the 
adjacent carboxyl group. 

As shown in Fig. 3, the i.r. spectrum of nicotianine does not have the absorption corres- 
ponding to C!=O stretching vibration of non-ionized -COOH (generally falls in the range 
1730 to 1680 cm-‘) but has a broad absorption near 1630 cm-r which seems to be ascribed 
to --COO-. When nicotianine was treated with excess hydrochloric acid, only its mono- 
hydrochloride (Ci0Hi304N2Cl) was obtained. The i.r. spectrum of the hydrochloride still 
has a strong absorption at 1630 cm-l, which seemed to correspond to the -COO- of the 
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FIG. 3. THE i.r. SPECTRA OF NIWTLWINE (1) AND L-N-(3-~~3-cPRoP~)-~-cARBoxy- 
PyRIDINRTM~~MONOHyDRATB(2)INKBrDIsKs. 

nicotinic acid moiety. In addition, a new absorption band appeared at 1700 cm-r which is 
attributable to the -COOH of the a-aminobutyryl moiety of the hydrochloride. Thus the 
betaine structure with 1 mole of water of crystallization seems to be most probable for the 
crystalline nicotianine. 

The final confirmation of the structure was attained by comparing nicotianine with 
synthetic L( +)-N-(3-amino-3-carboxypropyl)-@arboxypyridinium betaine. 

According to the method of Frankel and Knobler,r3 methyl L-c+amino-y-iodobutyrate 
hydrochloride was prepared from L-homoserine, which was then heated with ethyl nicotinate 
to yield the ester of the pyridinium salt. The ester was hydrolysed with 3 N hydrochloric acid 
and the hydrolysate was then freed from chloride ion by successive treatment with silver oxide 
and hydrogen sulphide. After recrystahixation from aqueous methanol, r.-N-(3-amino-f 
carboxypropyl)~/?-carboxypyridinium betaine monohydrate was obtained in colourless fine 

13 M. ~PJKEL and Y. KNOBLEX, J. Am. Ckm. Sot. SO,3147 (1958). 
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needles; [=]2~v +28.4 in water (c---5.0); ~m~ 265 nm (e=4480). It begins to char above 200 ° 
and decomposes at 243 ° as in the case of nicotianine. 

As seen in Fig. 3, the i.r. spectra of nicotianine and the synthetic compound in KBr disks 
are perfectly identical. Their u.v. and NMR spectra were also identical. The R s values of 
the synthetic compound in paper chromatography with various solvent systems and its 
elution volume in the ion-exchange chromatography with an amino acid analyser were in 
good agreement with those of nicotlanine. Thus the chemical structure of nicotianine was 
demonstrated to be L(+)-N-(3-amino-3-carboxypropyl)-~-carboxypyridinium betaine. 

D I S C U S S I O N  

Nicotianine appears to be the first example of a naturally occurring pyridinium containing 
amino acid. Although its physiological role in tobacco plants is still unknown, the presence 
of nicotinic acid moiety in its molecule is of great interest in considering the metabolisms of 
nicotine or nicotinamide compounds in plants. The experiments on the biosynthesis and 
conversion of nicotianine in tobacco plants are now being undertaken. 

E X P E R I M E N T A L  

Isolation o f  Nicotianine from Tobacco Leaves 

Green tobacco leaves (Nicotiana tabacum, "Bright  Yellow "),  30 kg, were homogenized with 1001. of  70 
aqueous methanol. The homogenate was filtered through three layers of nylon cloth and the filtrate was 
concentrated in vacuo to about  20 1. The water-insoluble matters precipitated were removed by filtration 
through a Buchner funnel with the aid of celite. The filtrate was passed through a column of Dowex 50 × 4 
resin (H + form, 50--100 mesh, 4"7 1.). The column was washed with deionized water and the cations on the 
column were then eluted with 15 1. of  2 N aqueous NH3. The eluate was concentrated in vacuo to a syrupy 
mass, which was then taken up into 5 1. of  deioniTed water. Activated charcoal, 300 g, was added to the 
solution and the mixture was stirred for I hr  a t  room temperature. The mixture was filtered through a Buchner 
funnel and the charcoal on  the funnel was washed with deionized water. The filtrate and washing wore com- 
bined. According to the method of Partridge and Brimley, 3 the decolorized solution was subjected to dis- 
placement chromatography using five columns of Dowex 50 × 4 resin connected in a series of units of diminish- 
ing dia. (5.2 × 54, 3.9 × 27, 2.5 × 28, 1.6 × 22, 0.9 × 23 ern). The cations on  the columns were displaced with 
0.2 N aqueous NH3 until  the effluent from the second column became positive to ninhydrin, and therc~ter  
0.14 N aqueous NH3 was employed as the developer. The effluent from the last column was collected in 
20-nd fractions. Nicotianine was eluted with leucine, isoleucine, y-aminobutyric acid and  minor amounts of 
other amino acids. 

The fractions cont~inin~ nicotiauine were combined and the combined solution was evaporated in vacuo 
to dryness. The residue (1.7 g) was dissolved in a small amount  of distilled water and the solution was trans- 
ferred onto the top of a cellulose column (2.4 × 90 cm) which was previously equilibrated with a mixture of  
n-butanol, acetic acid and water (6: 3:1). Elution was carried out with the same solvent as used for the equili- 
brat ion and the effluent was collected in 20-ml fractions. The fractions containing nicotianine were combined 
and  the combined effluent was concentrated to dryness in vacuo. The residue (870 rag) was dissolved in a small 
volume of water-saturated phenol and  the solution was absorbed on the top of a cellulose colunm (2.4 × 90 cm) 
which was previously equilibrated with the same solvent. Elution was carried out using water-saturated 
phenol and the effluent was collected in 10-ml fractions. The fractions containing nicotianine were combined 
and, after the addition of water, excess phenol was extracted with CHCI3. The aqueous phase was evaporated 
in vacuo to dryness, gtving 250 mg of amorphous substance. The final purification was undertaken by prepara- 
tive paper chromatography. The amorphous substance was dissolved in a small volume of water and the 
solution was spotted in line on  purified sheets of Whatman No. 1 filter paper. Chromatography was carried 
out with solvent system of n-butanol: acetic acid: water (4:1: 5). 

Nicotianine was detected on the chromatograms under u.v. light. The bands of nicotianine on  the chro- 
matograms were cut out and extracted with distilled water. The extract was concentrated in vacuo to a small 
volume and treated with activated charcoal. After removal of the charcoal, the solution was evaporated to 
dryness, giving 160 mg of white substance. The substance was dissolved in a small amount  of  water, to the 
solution was added methanol until the solution became slightly turbid and the mixture was kept in a refrigera- 
tor  overnight. The separated crystals were further recrystallized three times similarly as above to yield 54 mg 
of  fine colourless needles of nicotianine; decomp. 241-243 °; [~]~4 + 24 (cffi 2.0 in water). (Found:  C, 49.4; 
H, 5.9; N, 11.3. CIoH~4OsN2 required: C, 49-6; H, 5.8; N, 11-6 per cent.) 
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Preparation of Methyl L-~-Amino-y-lodobutyrate Hydrochloride 
According to the method of Frankel and Knobler for the DL-COmpounds, 13 2"4 g of L-homoserine ([,,]2v6 

--8.8 in water (obtained from Kyowa Hakko Kosyo Co. Ltd., Tokyo)) was refluxed with 50 g of constant 
boiling HI and 50 ml of toluene for 6 hr. After removal of HI and toluene by azeotropic distillation, the 
residue was extracted successively with CHCIs and ether until a yellowish granular product (L-~-Kmino- 
y-iodobutyric acid hydroiodide) was obtained; m.p. 143°; yield 6"4 g. Further purification by dissolving the 
substance in acetone and precipitating with excess of ether gave a pale yellow crystalline substance; m.p. 
143°; [,,]~ -23-2 (c=5.0 in ethanol). 

Methyl L-,,-amino-~,-iodobutyrate hydrochloride was prepared by esterification of L-=-amino-y-iodo- 
butyric acid hydroiodide (5.4 g) in dry methanol saturated with HC1 (yield, 4.2 g). The crude product was 
dissolved in ethanol and precipitated with excess of ether, giving colourless needles; m.p. 102-103°; [~]~ 
+25.2 (c=5.0 in ethanol). 

Preparation of L-N-(3-Amino- 3.Carboxypropyl)-~.Carboxypyridinium Betaine 
Methyl L-~-amino-y-iodobutyrat¢ hydrochloride (1.4 g, 5 mmoles) was dissolved in 7.5 g (50 mmoles) of 

hot ethyl nicotinate and the mixture was kept at 80-85 ° for 12 hr. A greasy material which separated out 
during the reaction was removed from the solution, washed with ether and then dissolved in 5 ml of ethanol. 
To the solution was added 100 ml of ether under vigorous stirring and the precipitate was hydrolysed with 
20 ml of 3 N HCI at 100 ° for 3 hr. The solution was evaporated to dryness and the residue was dissolved in 
10 ml of distilled water. The solution was passed through a column of Dowex 50 × 4 (H form, 100-200 mesh, 
1"5 × 19 cm). After washing the column with distilled water, the cations on the column were eluted with NHCI 
and the eluate was collected in 20-ml fractions. Each fraction was examined by paper chromatography and the 
fractions containing only the reaction product were combined. The combined solution was evaporated to 
dryness, the white residue was dissolved in a small volume of water, to the solution was added excess of 
alcohol and the precipitate was collected (yield 0.6 g). Further recrystallizations by the similar method gave 
the pure betaine monohydrochloride (de~omp. 237-238°). (Found: C, 46.2; H, 5.2 N, 10.5; CI, 13.3. 
C10H1304N2C1 required: C, 46.1 ; H, 5.0; N, 10.8; CI, 13-6 per cent.) 

The hydrochloride (500 rag) was dissolved in 5 ml of water, to the solution was added 0.5 g of Ag20 and, 
after rernoval of the insoluble precipitates by filtration, the filtrate was treated with H2S. The precipitated 
Ag2S was removed and the solution was evaporated to dryness. The residue was once recrystallizeA from 
aqueous methanol giving colourless fine needles of N-(3-amino-3-carboxypropyl)-~8-carboxypyridinlum 
betaine monohydrate; yield 340 rag; decomp. 243°; [,~]~ +28.4 (c--5.0 in water). (Found: C, 50.1 ; H, 6.0; 
N, 11.6. Calc. for C10H14OsN2: C, 49.6; H, 5.8; N, 11.6 per cent.) 
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