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Ah&act-The biosynthetic role of iuorgauic and organic r sN labeled compounds was studied usiog the cyauo- 
substituted pyridiue alkaloid riduioe produced by Ricinus comrmmjs L. ‘lhe relatively e&ieocy of iucorpora- 
tiooofthecompoumlsstudiedwasformamr ‘de>glutamiue> NH.+NOs> aspartate~uicotiuamide(amideN)~ 
KNO, > nicotinouitrile (&rile N) > l-methyhricotiuamide (amide N) > I-methyhricotiuouhrile (uitrile N). 
The distribution of the rsN label between the riug and nitrile nitrogen atoms of ricinine showed that the rsN- 
pyridine compouuds gave riciuiue labeled ouly in the nitrile nitrogen whereas the simpler compounds gave the 
alkaloid labeled in both the riug and &rile uitrogar atoms with the label lxiug higher in the &rile uitrogeu 
during the lhst 4 days but beiog equally distributed a week after administration of the precursor. 

INTRODUCTION 

Rx- (I), the a-pyridone alkaloid produced by R&us communis L. (O-l-O-2 per cent fresh 
weight), may be derived from the pyridine ring of nicotinic acid, nicotinamide and the pyridin- 
ium moiety of the pyridine nucleotides,‘* 2 metabolites which may arise directly from the con- 
densation of small molecules such as aspartic acid and a glycerol derivative.‘6 Feeding 
experiments with aspartic acid-15N have shown that the ring nitrogen and the cyano nitrogen 
carry approximately the same nitrogen-15 abundance; however, the interpretation of these 
results has differed.‘* 5 The role of the nitrogen atoms derived from aspartate is under further 
study in this laboratory and will not be reported on at this time; however, it will be shown that 
the nitrogen atoms may be derived from other sources. A preliminary report on the incorpora- 
tion of nitrogen-15 into ricinine from K15N03 and 1sNH4NOs was presented7 but detailed 
evidence was not shown on the ditribution of the lSNin ricinine formed from these compounds. 
This report includes studies on both inorganic and organic nitrogen compounds as precursors 
of ricinine. 

l supported m part by research gram GM-88624 from the Natioual Institutes of Health, u 
Marylaud. 
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A complication that arises in the analysis of ricinine is the two nitrogen atoms, which must 
be differentiated one from the other. This problem may be overcome by (a) using a degrada- 
tion technique that will convert one of the two nitrogen atoms, and only one, to ammonia and 
then analyzing the ammonia in the mass spectrometer, or (b) analyzing the alkaloid directly 
in a mass spectrometer. The latter procedure was used in this study.8 This technique exploits 
the particular virtue of mass spectrometry for studying reaction paths in biosynthesis. which 
is its ability to locate a label within a molecule without prior chemical degradation. 

RESULTS AND DISCUSSION 

Table 1 shows the incorporation of nitrogen-15 into ricinine from various labeled pre- 
cursors and Table 2 shows the location of the labeled nitrogen atoms in ricinine. A comparison 
of the precursor role of inorganic nitrogen (iSNH4NOs and Ks5NOJ showed that ammonium 
nitrogen is a better precursor than nitrate nitrogen. The extent of incorporation of nitrogen- 
15 from K15N0s varied threefold in different experiments while little difference was observed 
when 15NH4NO:, was the precursor. These results support the view9 that ammonia, the pro- 
duct of nitrogen fixation, is incorporated into organic molecules in preference to nitrate. 
Nitrogen-l 5 from each of these simple molecules was found in both atoms of ricinine but the 
predominant amount was always located in the nitrile nitrogen. 

The role of formamide is of considerable interest since it was the most efficient precursor 
found in this study. Its incorporation was rapid as indicated by the O-27 per cent value ob- 
tained after 12 hr and 0.86 per cent after 24 hr, but it fell off rapidly showing only a 30 per cent 
further increase in 24-96 hr. The ricinine-labeling pattern (Table 2) shows all of the label 
located in the nitriIe nitrogen after 12 hr. about 25 per cent in the ring and 75 per cent in the 
nitrile nitrogen at 24 and 48 hr and equal dist~bution after 96 hr. Formamide lo is an efficient 
nitrogen source for oat, wheat and millet plants. It may also be toxic” to plants in large 
amounts; however, no sign of toxicity in the Richus communis L. plants used in this study was 
observed. Although the significance of the rapid incorporation of nitrogen-15 into the nitrile 
nitrogen is not clear, the nitrogen-15 probably becomes part of the amino nitrogen pool and is 
transferred to the nicotinic acid derivative to form the nicotinamide derivatives’-) which 
cerve as precursors of ricinine. It should be pointed out that whereas nitrate. ammonia, 
glutamine, aspartate and other forms of organic nitrogen are endogeneous constituents, the 
natural occurrence offormamide is not known in plants. Therefore, in contrast with the other 
forms of organic nitrogen supplied, formamide- ‘“N will probably not be subject to dilution 
by endogenous material. 

r G. R. WAILER, R. RYHAGE and S. MNERSON, Anat. Biochem. 16,277 (1966t. 
‘I R. M. ALIBON and R. H. BURRIS, J. Bioi. Chem. 224,351 (1957). 

In B. E. BROWN and F. R. REID, Soil Sci. 43,341 (1937). 
‘I G. E. BLACKMAN. J. Exprl Botany 3. I (1952). 
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TABLE 1. DISWBUTION OF NITROGEN-IS IN BIOSYXTHESIZEO RICININE* 

Precursor 
-.-. .- 

K*sNOf 

‘NH;N03 

HCO’5NH2 

L-Glutamine-lsN 
(amide N) 

Nicotinamide-I’N 
(amide N) 

I-Methylnicotinamide-l:N 
(amide N) 

Nicotinonitrlle-15N 
(nitrile N) 

I-Methylnicotinonitrile 
(rutrile N) 

Duration 
of 

experiment 
(hr) 
_..- 
96 

48 
96 

I? 
24 
48 
96 

48 
96 

168 

9b 

96 

96 

96 

1 “N excess 
in 

ricinine 
(1’“) 

-._ -.. 
0.03 

O-20 
023 

0,27 
0 86 
1.03 
l-23 

0.23 
0.30 
0.49 

0.24 

1 “N excess IsN excess 
in in u-pyridonc 

nitrile nitrogen ring 
(1’“) t “0) 

0.02 33 

0.025 11 
008 35 

(-@01) 0 
0.23 27 
0 20 20 
O-52 42 
0.05 It 

0.06 lo 
O-22 46 

(-0.01) 0 

0.03 0.0 0 

0.02 00 0 

0.0’ 0.0 0 

f:N excess 
in 

mtrilc 
( “,,I 

67 

YX 
65 

IO0 
73 
SO 
58 

78 
X0 
5J 

100 

loo 

100 

100 

l The percent *sN excess in ricinine and in the fragment ion m’e 83 was determmed in the manner described 
under Experimental. 

Incorporation of nitrogen-15 from L-glutamine- lsN (amide N) is of about the same order 
of magnitude as the incorporation of nitrogen from DL-aspartic acid-15N.3 A predominant 
amount of label from this compound was found in the nitrile nitrogen up to 96 hr. but. after 
i68 hr (1 week), an equal amount of labeling was found in both the ring and nitrite nitrogen 
atoms. It was somewhat surprising that a more rapid equilibratjon of the amide nitrogen with 
the amino nitrogen pool was not observed. Glutamine is probably the immediate nitrogen 
donor to form the amide of nicotinamide and therefore higher labeling in t hc nitrile nitrogen at 
short times after feeding would be expected. 

Nicotinamide-*SN (amide N), I-methylnicotinamide- lSN (amide N). nicotinonitrileJ5N 
(nitrile N) and l-methylnicotinonit~le- i5N fnitrile N) were incorporated into ricinine and all 
of the nitrogen-l 5 label was located in the nitrile nitrogen. The efficiency of nicotinamide-’ sN 
as a precursor was considerably higher than that of the other compounds and was of the same 
order of magnitude as was obtained with nicotinamide-7- I4 C .‘s3 The extent of incorporation 
of the other nitrogen-15 labeled pyridinium compounds was of the same order of magnitude 
as that obtained with the ~or~sponding carbon-14 Iabeled compounds.* These data support 
the results previously presented on the occurrence of the pyridine nucleotidc cycle and its 
relationship to the biosynthesis of ricinine in R. commuh2 

The data presented on the distribution of nitrogen-15 in ricinine, show that the rates of 
synthesis of the nitrile group and that of the pyridine ring differ. This is to be expected since 
the pyridine nucleus is formed before changes occur in the carboxyl group attached to 
carbon-3. All nonpyridine compounds studied were capable of providing nitrogen in both the 

* Unpublished results obtained in our laboratories on the biosynthesis of ricinine from nicotinonitrile-7- 
14C and I-methylnicotinonitnle-8-W have provided results comparable lo those shwn in Table 1 for the 
corresponding 1SN labeled compounds. 
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ring and nitrile positions; however, the labeled pyridinium compounds provided nitrogen only 
for the nitrile group. The high e5ciency of formamide as a nitrogen donor is noteworthy but 
further studies will be required to clarify its role in plant metabolism. 

EXPERIMENTAL 

Growth of p&m ami isolation of ricide. The cultural conditions, administration of labekd compounds 
and procedure for isolation of ricinine are the same as those previously publi&xLlz ‘IEe plants were harvested 
at appropriate times following injection of the precmsor, and ricinine was isolated from the who& plant. 

Preparat~& of ~~N-compormdr 
NicotfnamicW~N (onride N) umf nfcotittonitriI4~N (tdtri15 N). NicotinamideJsN (amide N) containing 

30.9 % 1SN excess in the amide nitrogen was synthesized from nicotink acid and lSIUI+ by direct amidation of 
the acid in vucuo in a sealed vessel by the procedure of Pike and Shane.13 To convert nicotinamide to nico- 
tinonitrik, the procedure reported by Camps l4 was employed. The nkotinamidals and P205 were distilkd 
at 30 mm Hg pressure. The nicotinonitrik-1w upon cooling crystallized to a snow-white solid and vms 
purified by distillation at ordinary pressure. 

l-mthyticot~lrrrunlrio-‘sN (amok N) and I-mcthy&ukotinonitrile-IsN (nitrik N). OIE ml of methyl iodide 
was added to 1 mmok of nicotinamide-1sN and the mixture was refluxed at 50’ for 6 hr. The mixture was dh+ 
solved in a minimum of hot water and recrystallized from ethanol and ether as I-methylnicotinamide iodide. 
It was further purilied by repeated ruaystaIlization from the same solvents: m.p. 205-6” uncorr. 

I-methylnicotinonitr&~~N (nitrile N) was prepared by methylating the nicotinoni&ikJ~N with methyl 
iodide in a sealed tube at 100” and puritied by the same method employed for l-methylnicotinamidal~N. 
(m.p. 203-204” uncorr..). 

Preparation off0 rmutm%J~N. The WIIs was generated from lsNH,NO, and continuously swept with a 
stream of Nz gas through 38.0 mmole of methyl formate u&d to - 78”. The system was flushed with NZ gas 
for an additional hour. The vessel containing the methyl formate and liquid ‘SNHs was seakd under vacuum, 
andthenallowedtowarmgraduallyto450andheldthereforlfhours. Thetubewasopenedandtheu 
methyl formate and NH, were immediately removed by use of a water aspirator. The purity of the formamide 
was confirmed by de&mi&g its refractive index and its molecular weight (unlabeled spuzie~ has a mass of 45, 
labekdspecieshasamafsof46bymass.spectrometricana@is). 

Other nlnoam_lS lobclcd com~~un&. GlutamineJsN(amine)with 97 %atom excess of 1w was purchased 
from Merck, S&p and Dohme Gf Canada. 

Nimett-15 unaivses. The mass suectrometric method of Wall= et al.* was used. The labeled ricinine 
samples &re anal& direcdy in an Adas CH4 mass spectrometer equipped with high mass double colkctors. 
This technique permits the amount of “N in the nitrile and ring nitrogen atoms to be determined. 
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