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INTRODUCTION 
. 

INAprelimiasryc ‘onontheroleofqainolinicacidasaprecursorofniootinic~ 
and its derivatives in plants Hadwiger et al.’ referred to in ti experiments on ricinine 
formation by &&us co-L. from quinolinic acid which were being condukd in this 
laboratory. The results of these experiments are now desuibed. 

Deg&ation of l-icink (I, Fig. 1) by Essery, Juby, Marion and Trumbull’ formed in Volvo 
by young castor plants which had been administered gly~zrol-l,3,-~4c and gly~zrol-2-~%! 
showed that glycerol could be incorporated intact into carbons 4,5, and 6. Juby and Marion 3 
showed that carbon-14 labeled succinate could give rise to carbons 2,3, and 8. Schiedt and 
Roeckh-Behren~,~ using a Merent degradation method, found a concentration of the label 
in position 3 when aspartate&%Z was the precursor. We have used a modification of this 
latter procedure to de&mine the location of label in ricinine formed from carbon-14 labeled 
glycerol,succink,aspartkandquinolinicacids. Theseresultsextendthepreliminaryklings 
of Waller and Henderson5 and confirm the findings of Marion and co-workers on the role of 
glycerol and ~~~precursorsandprovideevidencefortheroleofas~easa 
precusor of the a-pyridone ring of ricinine. Aspartate-lsN can nerve as a source of nitrogen 
for both the nitrile group and that in a-pyridone ring. 

*Foraprdhdwy~of~of~workam sk&mr&BFlvc.22,336(1%3)audtheM.S.~ 
ofIc.S.Yal& Okhhoma Stato univardty, August, 1%3. 

t&pportdinpartbyaRc4mrchGrant(~M Xl%M-O3)fimmthcNathalhsthteaofHalth,Unitod 
State3Publicxdth&rvice. 

lL.A.-,S.KBmm,C3.R.Wu.umandR.IC.Chmm, Biochn.~.Rcs.-. 
w, 466 (1963). 

~J.M.E~~~Y,P.F.JuBY,LM~~~~~KT~~~~, Cm. J. Chw. II,1142 (1963). 
~P.F.Ju~y~L.~,cmr.J.~41,117(1%3). 
4u.sczmmTanda.BoaaoE -, Z~.c=&~3f%y6a 

sG.R.W-andLM.Hmmmm, . 
881 * 

. onmlm. 5,5 (1961); (, 3% w6l). 



882 

Glycerol Aspartate 

Quinolinic acid 

(1) Ricinittc Nicotine 
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KBSWLTS 

The results shown in Table 1 indicate that qninolinic acid is a more Went precursor of 
ricinine than nicotinic acid. In the p&minary communication it was stated that quinolinic 
acid was about thme times more efkient than nicotinic acid; however, these results were 
from experiments of one week duration. The technique used for studying incorporation in 
this report provides reliable data that is not itiuenced by uncontrollable agronomic condi- 
tions that sometimes occur when Geld-grown plants are usedS5 It can be assumed that the 
label is equally ~s~bu~ between carbons 2, 3,7 and 8 of quinolinic acid-2,3,7,&W, 
consequently, the per cent ~~~~on would be increased by 25 per cent due to the loss of 
carbon 7 as Co,. A valm of 16.7 per cent would be used to compare with the 14.5 per cent 
incorporation of quinolinic acid-5-W! in which no loss of label occurs. To obtain unequivocal 
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TABLB 1. B~~FORA~~CARBDN-~~ LABElZDqWNCWNICACJDANDMCUIItW AcmINmlLwaNmE* 

RiGhim 
* , \ 

spcciik Aummt Alnount SW 

results on the relative efilciences of quinolinic and nicotinic acids experiments varying the 
amount of prewrsor administered were conducted and these results are shown in Fig. 2. At 
all levels tested q~o~~c acid was a more ef%ient precursor than nicotinic acid. A marked 
toxic effect was observed on those plants tbat rec&ved 5 pmoles of quinolinic acid per plant 
and this is the reason for the dotted portion of the curve. Nicotinic acid is also toxic, but 
much higher concentrations are requimd. 

In the motion of the Schiedt and Boeckh-&kens* pnx&ure for degrading ricinine 
it was necessary to ~~b~~ that the CO2 released upon hy~ly~ of the 5,~~~~- 
methyl&netboxy-3-cyano-2-pyridone came only fi-om carbon 8 (see Fig. 1). The results 
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shown in Table 2 were obtakd from degrading rkM~-8-~% formed biosynthetkahy’from 
nicotinic acid-7J’C and indicate that 97 per cent of the radioactkity from curbon 8 was 
recovered as COa in this procedure. This mod&d degradation procedure was used through- 
out this study since it was possible to distinguish between the amount of label in carbon 8 
and in carbons 2 and 3. Results from the degradation of ricinine formed from ~o~c 
acid42,3,7,8J*c presented in Table 2 show that the label was located in carbons 2.3 and 8. 

Precursor Role of Aspurtate, Succinate and Glycerol 

Results from using DL-zIS~~W~&~~~G~~N 88 a precursor are shown in Table 3. Aspartate 
can serve as a source of both the a-pyridone ring nitrogen and the nitrile nitrogen in an 
approximate 3 : 2 ratio. The percent incorporation of lSN into the c+pyridone ring and of 
l4c into the nitrile carbon (Table 2) are approximately equal. 

The labeling pattern of ricinine formed from succinate-1,~*4c, sucokte-2&l*, 
glycerol-1,3-I%! and gly~erol-2-~%Z is shown in Table 2. Data on the incorporation eiikien- 
ties of these compounds have been publisl~ed.~ 

DISCUSSION 

Ths~~teda~~cleatSy~~~theroloofquinolinic~dasamorteff~~ 
pmcursor ofrkinine than nicotinic acid. In this transformation carbon 7 of quinolinic acid 
islostasC0~andcarbons2,3and8beoomecarbons2,3and8ofri&ine asisshownin 
Fig 1. Quinolinicacidcanalsoserveasap reeursor of the pyridine ring of nicotine produced 
by Nicotimta trn.6 

Leete and Leitz’ proposed that NADH might serve as an intermediate in rkinine bio- 
synthesis; however, their proposal had not been supported. With the portion that 
nicotinic acid monom&otide can be formed from quinolinic a&d sod PRPP without 
proceeding through nicotinic & in E. cob by Andreoli et aL8 and in plants by Hadwiger 
et al.’ it becomes necessary to reconsider the proposal of Leete and Leitz. The pyridine 
nucleotides are implicated as precumors of riciuine (Fig. 1) because of the higher efhciency of 
quinolinic acid as a pmcursor and because free nicotinic acid is not an intermediate in 
nicotinic acid mononuckotide formation. Experiments to determme if the pyridine nucleo- 
tidescanserveas pmcumomareinprogress. Thispossibilitymakesitneeeauuytore- 
evahu&e the report of Walk and Henderson* that the earboxamide group of n&&amide 
umkgoes ~~01~ python to form the nitrile group of ricinine. It now appears 
~tat~two~~~~mayexistandtheseanshowninFig.1. ~sh~~~ 
separateroutesfarthep- r roles of quinokic acid (which involves the pyridine ma&o- 
tides as intermediates) and nicotinami&. Free nicotinamide could be formed by the action 
ofNAD+ nucleotidase. Newell and WallerlO have presented evidence for the occurrence of 
nicatinamidase in CWOP plants. The nicotinic acid thus formed may be utilized for synthesis 
of the pyridine nucleotides, nicotine and anabasine. The sigmkance of this route in which 
bothintact~~&andnicotinicacidderivadfromnicotinamideata~~further 
demonstrated by the finding that 15N also qqwus in the c+pyridone ring of r&nine when the 
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biosynthesis experiment using nicotinamideJsN (amide N) is allowed to proceed for a week.* 
The amide nitrogen can be incorporated into the ring when longer times are used and intra- 
molecular dehydration of the carboxamide group of nicotinamide to yield the nitrile group 
also occurs. It is Likely that the lSN (amide N) in the ring arises from the action of nicotin- 
amidase followed by labeling of aspartate with 15N which could then be utihxed in the 
formation of quinolinic acid and the other pyridine compounds as shown in Fig. 1. 

The mechanism of formation of quinolinic acid remains to be established. The present 
studies on the labeling pattern of ricinine from glycero~-1,3-1%, glycerol-2-l%!, succinate- 
1,4-l%, succinate-2,3J4C and aspartau~4~%-~~N serve as co&ming evidence for the 
occurrewc of a reaction between a 3-carbcn compound related to glycerol and a 4-carbon 
compound related to aspartate in the formation of pyridine compounds by plar~ts~~~ 11-15 
and bacteria.16~ l7 The results shown in Table 2 offer evidence that glycerol is utilixed intact 
in forming carbons 4,s and 6 and that succiuate and aspartate give rise to carbons 2,3 and 8 
of ricinine. 

The ratio of percent isolation of “%I (carbon 8) and 15N (a-pyridone ring) of 147 
provides evidence for the direct incorporation of qxutate into earkm 2,3 and 8 of ricinine. 
It is suggested that the pathway for aspartate proceeds via quinohnic acid as a precursor 
(Fig. 1). The lsN found in the nitrile group (approximately 40 per cent) p resumably arises 
via an ammonia pool. The evidence presented here for the role of aspartate as a precumor 
of ricinine is not contradictory to the earlier findings of no incorporation of a~partate-~H by 
Wailer and Henderson9 This result would be expected since there are no hydrogen atoms 
on carbons 2 and 3 of ricinine. The role of aspartate as a direct pmcursor of nicotinic acid 
was reported by Gross et a1.l’ who found that nicotinic acid formed from aspartate-1,4- 
l%15N by ~y~~~~ argon had a 14C to lsN ratio of 0% (05 &ore&al value). 
Inception of aspartateJ5N into the pyridine ring of nicotine by excised root cuhures was 
reported by Cbristman and Lawson; l1 however, since, equal amount of the label also 
appeared in the pyr.roMine ring their interpretation was that the nitrogen atoms in both rings 
arose via an ammonia pool rather than from aspartate directly. 

Known pathways of metabolism can be used in interpreting some of the randomixation 
of label which occurmd from using glycer01-1,3-~4C, glycerol-2-l% and succinate2,3J4c as 

precursors but the tInding of radioactivity in carbons 2 and 3 of ricinine from succinate- 
1,4-14C is not so readily explained. A plausible explanation for this labeling pattern is based 
on the formation of malonate from oxalocetate, a reaction which has heen found to occur in 
bush bean roots by de Vehis et d. l8 Aspartate was also ~0~~~ to be a source of 
malonate; however, oxafocetate was the immediate precursor. Wailer and Hendersonr9 

“D.R@~~TAMN~~~RF.DA~~~N, 
‘~T.~KK.P.HBLIMN 

Biocbm&tiy 5 382 (1%3). 
and R. U. BYHRRUM, E)todicnriptry 1,336 11962). 

I3 R A. ANWAR, ‘I’. Gawrrrr and R. U. RYERXVM, &&r&t&m Prrrc. 
1’ A. R FMXDMAN and E. Lxrs, J. h. Ckm. Sot. aJ,2141(1963). 

20,374 (tsar). 

l5 A. R. F~~BMAN and E. LEETZZ, J. Am. C&m. &be. 86,1224 (1964). 
16 I& v. UKFsOA and G* M. BRowN, J. BEd. Ckm. x+$2939 {19@). 
*‘I D. G-s, H. R. Scx@ns, G. HcfBNBR and K. Mm z-e:-Ott. No. 
is J. DE Vsus, L. M. SHANNON and 3. Y. Law, &%vu Physbi. a 686 (1963). 

9,541(1%3). 

*gG.R.W~L.M.~ u, Abatr.Fapurs, Am. Chem. Sot. 140~ 300(1%1), 



reported that malonate-l,fl’C and malonate-2-W could serve as precumors of rich&~ 
Thericininethusformedhasbeenpartiallydegx~M. Thedistributionofthelabelinricinine 
formed from (a) malonate-1,3-W was 30% in carbons 7 and 9,17x in carbon 822% in 
carbons 2 and 3 and the remainder in carbons 4,s and 6 and (b) malonate-2-W was 42% in 
carbons7and9,11%incarbon8,3O%incarbons2and3andtheremainderincarbons4, 
5 and 6. Using these data it is possible to interpret the labeling pattern in ricinine from 

. 
succmaWl,41’c. The mechanism by which malonate is incorporated into ricinine is not 
clear, but based on the incomplete ricinine labeling patterns presented it is predicted that 
several routes may be involved. The best known is the decarboxylation reaction described 
by Hatch and Stumpfso but there are at least ten d&rent metabolic pathway@ by which 
malonate can be formed by plants and it is likely that some of these are reversible. If the 
adecarboxylation reaction described by de Vellis et al. ls is reversible then the distribution of 
label from succinaWl,4J4e could be explained. Plants can form carbon-14 labeled acids 
of the Rreb’s cycle from malona~l,3J4c as demonstrated by Giovanelli and Stun~pf*~ and 
from malonate-2-W as demonstrated by Young and Shannon.** The incorporation of 
Ha%O, into the a-pyridone ring at carbon 2 was shown by Schiedt and Boeckh-Behrens.4 

EXPERIMENTAL 

Succinate-1,4-“C (590 mc/mmole) and -2,3-r% (8.75 mc/mmole) were purchased from 
California Corporation for Biochemical Research. Glycerol-1,3J% (3-76 mc/mmole) and 
-2% (7-O mc/mmole) were purchased from New England Nuclear Corporation. DG 

aqxutatil% (O-95 mc/mmole) and -lsN (45-O atom % %I excess) were pumhased from 
Schwarx Bio Research. Quinolinic acid-2,3,7,8-l% and -5J4c were prepared according to 
the procedure reported by Gholson et uZ.*~ using anilb~+U-~4c and glycerol-2-W pumhased 
from New England Nuclear Corporation. These compounds were checked for radiochemical 
purity by paper chromatography in the Eollowing solvents: n-butanol:acetic acid:water 
(4:l:l); 85% isopropanol; 95% ethanol:1 N ammonium acetate (7:3) and only one spot 
correspondingtothepartMarcompoundstudiedwasfound. Rachcompoundwasdissolved 
in distilled water prior to administration to the castor plants. 

cuhrul co?u#tiom 

Castor seeds of the Cimarron variety were germinated in sand at 30“. After germination 
plants of uniform sixe were sele&ed and placed under Gro-Lux lamps (Model F-4OGRO; 
Sylvania Electric Products, Inc., Salem, Massachusetts) at 25” for one week before adminic 
tering the labeled compounds. 

A~-~~hrpodermicneedle~uscdto~anapeninginthe~about~y 
betweenthcsurfheofthcsandandthelca~. UsingaHamiltonmicrosyringe20-4O~of 
the dissolved compound was placed at the opening on the stem. The liquid was completely 
absorbed within a few minutes. This was followed by several applications of distilled water. 

20 M. D. HATCH and P. K. STUMPF, P&m Fhysbl. 37,121(1962). 
21 J. (r+Iovm and P. K. SmBm, Pbt Physioi. 32,498 (1957). 
~RH.YOUNO8.lKlL.M. sHANNoN,pIBllt~~.5(,149(l959). 
uR.K.G HOLSON, I. UEDA, N. OGASAW~ and L. M. HENDBRSW J. EM. Ckn. 239,120S (1964). 
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A motion of the published procedure was use&g The major modikition consisted 
of homogcnirlng the washed plant with a mortar and pestle. The alkaloid was then extra&d 
and purified in a manner similar to the published method. 

Degradation of Ricinhte 

A modification of the procedure of Schiedt and Boeckh-Behrens’ was used. Kicinine 
(I, Fig. 1) was refluxcd with 2 N NaOH for 1 hr followed by acidification to pH 3 and N- 
methyl-ehydroxy-3-cyano-2-pyridone (II) was recrystallkd to constant specifk activity 
(m.p. 299”). The difference between the specific activity of I and II is the specific activity of 
carbon 9 of ricinine. II was hydrogenated to give the corresponding 56 dihydro compound, 
III, which had the same specific activity. The oxidation of III as reported’ was carried out 
by adding an excess of CO&ec 1 N KM,04. CO2 and oxalate were formed from carbons2, 
3 and 8 but randomization of the label occurred. This step was modiikd as follows: one 
mmole of III was dissolved in 20 ml of 0.1 N NaOH and 1 N KMnO4 was added dropwise 
while shaking until a faint pink color persisted for one hour. This mixture was centrifuged 
to remove MnOz. The supematant fluid was decanted and the residue washed thoroughly 
with water. The combined aqueous solutions were hydrolyxed with 6 N HCl(1 n@nmole I) 
and the CO? collected as NasCOs. The CO, was found to originate solely from carbon 8. 
The hydrolysate which contained oxalic acid (IV) and N-methyl-palanine (V) was passed 
through a Dowex-50 ion-exchange column in the H+ form at pH 25. Oxalic acid was eluted 
with water and Aknethyl+lanine with 25 N HCl. The oxalic acid was precipitated as 
calcium oxalate and combusted to CO, to obtain the amount of radioactivity located in 
carbons 2 and 3. The N-methyl-@&nine was subjected to exhaustive methylation. Acrylic 
acid (VI) was recovered by steam distillation. The tetra methyl ammonium salt (carbon 7) 
formed was gweci~ted as the reineckatc and recrystalhxed to constant specific activity. 
VI was hydrogenated at 1 atm. using PtOs as the catalyst to give propionic acid (VII). VII 
was degraded stepwise according to Schmidt and Phares” to give the radioactivity located 
in carbons 4,5 and 6. Determinations of the radioactivity in the O- and N-methyl carbons 
(7 and 9) were also made independently using the modiiied method of Pregl suggested by 
Dubcck and Kirk~ood*~ with results which agreed with those obtained with the Schiedt and 
Boeckh-Behrcns’ procedure. This degradation can be carried out on 1 mmole of ricinine. 

Isotope AnQ!ysis 

Carbon-14 analyses were made either by the wet combustion procedure of Van Slyke 
et cd.26 with subsequent counting of the CO, with the vibrating reed electrometer or by 
counting the compound directly in a liquid scintillation spectrometer (Tricarb, Packard 
Instrument Company, LaGrange, Illinois). 

Nitrogen-15 analyses for ricinine formed from aspartate-4-14C-1sN were made on an 
Atlas CH4 mass spectrometer equipped with high mass double coktors and a meatming 
bridgchymeasuri ng the isotopic excess for the parent ion (P-&Y 164) and for a fragment 
ion (F=m/e 82). It was established through the use of appropriately labeled biologically 
synthesized ricinine samples that m/e 82 contained one of the methyl carbons, carbons 4, 
5 and 6 of the a-pyridone ring and the nitrogen atom, but not the nitrile nitrogen atom. 

24 E. R. PIuaes, Arch. Bkk?n. B&&s. 33,173 (1951). 
=M.DtmaxaudS. Rn=‘mo~, 3. Bid. Chmn. 199,307 (1952). 
26 D. D. VAN S~noe, J. FUZIN i&J. R. Wmam, J. B&I. aem. 191,299 (1951). 
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The reproducibility of lsN m canuemcntsbythistcclmiq~was &041%. (Tbismass 
spcctromctric technique was recently developed by the author (G.R.W.) ih Dr. Ragnar 
Rybagc’s Laboratory of Mass Spectromctry, Chemistry 1, Karolinska Institute, Stockholm, 
Sweden. The complete procedure is to be published shortly.) 

Nitrogen-15 amdyscs for the ricinine eqxdwnt dedbed in the fwtiote on p, 886 were 
performtdby~.SeymoarMeyerson~amodifi&dConsolidated21-103~~~Mass 
Spe&rometer.27 

“Ii.M.ORunB,c.IL ~,RW.v~a~1~aedW.H.Matplq7tkMdst.Aa.Soc.T~ 
MlztdaLv~~. cbnraitrss m4 (19s). 


