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Abstraet--Heterotrophlc cell suspension cultures of Petrosehnum hortense rapidly convert exogenously applied 
nicotinic acid to nicotmlc aod-N-fl-D-glucopyranoside and not to the previously reported nicotinic acid-N- 
arabinoside. The structure of the N-glucoside was determined by spectroscopic techniques and compartson with 
synthetic material. The nicotinic actd-N-glucoside was also found to be an endogenous conshtuent of parsley cells at a 
level of ca 35-40 nmol/g fr wt. Application of [U-14C]-aspartate to parsley cell cultures led to the accumulation of 
labelled nicotinic acid-N-glucoside, which was subsequently turned over with a half life of 24 hr mdtcating raptd 
metabolism of the N-glucoside 

INTRODUCTION 

Nicotinic acid can be regarded as an important con- 
necting link between primary and secondary metabolism 
in higher plants Bemg a constituent of the pyridine 
nucleotide cycle, nicotinate is a precursor and a degrada- 
tion product of the pyrtdme nucleotlde coenzymes N A D  
and NADP which play a decisive role m 
oxidation-reduction reactions [1, 2]. On the other hand 
nicotinic acid is the basic unit of the pyridme alkaloids [3, 
4]. Furthermore, plant cells are able to completely de- 
grade nicotinic acid [5] or to form conjugates [6-9]. In 
the case of suspension cultured plant cells the rapid 
alternative conversion of exogenously applied nicotinic 
acid to either the N-methyl or a N-glycosyl conjugate has 
been observed [9, 10]. From heterotrophic parsley (Pe- 
trosehnum hortense) cell suspension cultures, a glycosyl 
conjugate had been isolated and shown to be nicotinic 
acld-N-arabmoside [8, 11]. In this study we have now 
revised the structure of this nicotinate conjugate as 
nicotinic acid-N-glucoside, which had already been isola- 
ted from roots of Nicotiana tabacum [6]. We also report 
on tracer experiments in parsley cell cultures and demon- 
strate rapid turnover of the nicotinic acid conjugate, 
which is thought to be a storage form for nicotinic acid 
[9] 

RESULTS AND DISCUSSION 

Structural elucidation of mcotmic acid-N-glucoside 

When the putative nicotinic acid-N-arabinoside for- 
med from exogenous nicotinate by suspension cultured 
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parsley cells [11] was used as reference material for 
studies on nicotinic acid metabohsm m tobacco (Nlco- 
ttana tabacum) plants, this N-glycoslde revealed the chro- 
matographic properties of nicotinic aod-N-glucostde 
[12]. The latter compound has already been purified and 
thoroughly characterized from tobacco roots [6]. These 
observations caused us to reinvestigate the structure of 
the nicotlmc acid-N-glycoside formed by parsley cell 
cultures from exogenous mcotmtc acid 

Reference material was synthetic nicotinic acld-N-fl-D- 
glucopyranoslde, which had been prepared following 
pubhshed methods [ 13, 14] and characterized by spectro- 
scopic techniques (see Experimental) 

The relevant nicotinic acid-N-glycoside was isolated 
from batch-cultured parsley cells (728 g fr wt) incubated 
with 10 -4 M mcotmic aod for 12 hr After ethanol extra- 
ction of the cells the glycoside was purified by ion 
exchange chromatography on DOWEX 1 x 8 followed by 
TLC in the solvents S1 (Ry=0.14), $3 (RI=0.39) and $4 
(Ry=0.21) During the chromatographic separations a 
sample of [7-14C]-nicotmlc acid-N-glycoside from the 
parsley cells (see Experimental) served as reference. Crys- 
talhzation of the isolated product from aqueous ethanol 
yielded 27 mg nicotinic acid-N-glycoside (mp 234-236°). 

The UV and IR spectra of the isolated product and the 
chemically synthesized nicotinic acld-N-glucoside were 
exactly supenmposable. Furthermore, the 1H NMR spec- 
tra of the isolated nicotinic acid-N-glycoside, the syn- 
thetic nicotinic acid-N-glucoside and the putative nico- 
timc acld-N-arabmoslde from previous studies [ 11] were 
identical. An additional signal of aliphatic protons (6 
= 1.3 ppm, d) previously observed m the spectrum of the 
so called arabinoside might have led to the false conclu- 
sion that a pentose was linked to the nitrogen atom of 
nicotinic acid" File nicotinic aciff-N-gfycosid.e was also 
subjected to acidic and enzymatic hydrolysis followed by 
GC analysis for identification of the sugar moiety [15]. 
The gas chromatogram revealed signals for the ~ and fl 
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Table 1 Pool sizes of endogenously synthesized mcotmlc acid-N-glucoslde 

from parsley cell cultures cultivated on mcotmate-free medmm 
_ _____ 

Period of growth Fresh weight Nlcotmlc acid-N-glucoslde content 

(days) (g/flask)* (nmol,‘g fr wt) (nmoljflask) 

1 21 370 

2 32 406 

3 40 38 3 

4 48 38 0 

5 66 43 2 

6 81 39 9 

7 100 356 

8 121 36.3 

10 1 3 0 35 3 

12 13 5 33 I 

14 134 29 1 

*The culture flasks were Inoculated with 2 5 g fr wt 

100 

130 
153 
184 
285 
347 
356 
439 
459 
454 
385 

anomers of glucose as demonstrated by co-chromato- 
graphy The ‘H NMR spectrum was conststant with that 
of glucose and there was no evidence for the presence of 
arabmose 

These spectroscoptc and chromatographtc data prove 
that suspenston cultured parsley cells convert mcotmtc 
actd to mcotmtc acid-IV-glucosrde and- not to mcotmtc 
acid-N-arabmosrde 

Pool sizes of endogenously synthesrzed mcotmc aczd-N- 
glucoslde 

Results from previous experiments [ 111 support the 
assumption that mcotmtc actd-h’-glucostde IS not ex- 
clusively synthesized from nicotnuc acid apphed to sus- 
pension cultured parsley cells, but that the conmgate 1s 
also an endogenous constttuent of these cells. Therefore, 
the endogenous level and pool stze of the mcotmtc actd- 
N-glucostde was quantttattvely measured over a com- 
plete growth period m cell cultures of Petroselinum 
horteme which had been culttvated on ntcotmate-tree 
medium for at least 20 passages 

A new method for the purtficatton of mcotmlc acid-N- 
glucostde was devised whtch allowed reproducible quan- 
tttatton of the conmgate requtring less starting material 
than previous methods. ion exchange chromatography 
provided partially purtfied extracts from whtch mcotmtc 
acid-AJ-glucostde could be quantttated by HPLC Identt- 
ficatton was achteved by co-chromatography wtth the 
chemrcally synthesized N-glucostde and by FDMS anal- 
ysls of the compound after HPLC separation 

Ntcotmtc acid-i”i-glucostde was thus quantttated over 
an extended growth period of 14 days (Table 1) A nearly 
constant level of 3540 nmofmcotmtc acid-Wgiucostde/g 
fr wt could be detected whtch slightly decreased when the 
cell culture entered the stationary phase after 12 days of 
growth These data prove that parsley cell cultures are 
able to synthestse mcotmrc actd-N-glucoctde 

Metuholtsm of mcotmzc actd-N-glutosrde 

Glucose 1s considered to be one of the most important 
conjugatmg moieties of prtmary and secondary plant 
constituents The transformatton of plant metabolites to 

storage and detoxtficatton products ts the essential aspect 
of glucosyl-conmgatron reactions [ 16, 171 

Our studies on the metabohsm of mcotmate-N-gluco- 
stde atm at eluctdatmg a possible reservoir function for 
this conmgate, from which mcotmtc actd can be released 
for coenzyme synthesis or the observed degradation 
reaction of-mcotmate L5] We have theretbre determined- 
the turnover [18] of the N-glucostde m parsley cell 
suspension cultures 

During the logartthmtc growth phase 2 22 MBq [U- 
‘“Cl-aspartate was admimstered to 65 g parsley cells m 
the presence of 10. ’ M non-labelled aspartate for 10 hr 
After separatton from the mcubatton medium and further 
subculturmg, the cells were allowed to grow for 168 hr on 
aspartate-free medium Every 24 hr (or 48 hr) ahquots of 
the cells were harvested and subjected to methanol 
extraction Ntcotmic acid-N-glucostde was purtfied and 
quantttated by HPLC The conmgate was collected and 
radioactivity determined by liqutd~scmttll’ation counting 
The results prove the rapid mcorporatron of the precur- 
sor in nicotmic actd-i\i-giucostde (Fig IDA) After sub- 
culturmg for 24 hr, 0 184% of the [U-‘4C]-aspartate had 
been mcorporated mto the glucoside (sp act. 
17 kBq/pmol) The dtlutton factor (sp act of the precur- 
sor divided by the sp act of the isolated comugate) of [U- 
“C]-aspartate in its incorporation into nicotinic acid;N- 
giucostde was 54-J Very similar dilution factors of6W 
[19] and 263 [20] were reported for the mcorporatton of 
asparttc acid- into nicotine and. rtcmme Such small’ diiu- 
tton factors pomt to a close metabolic connectton be- 
tween the apphed precursor and the obtamed product 

During the mcubatton period of 7 days the specific 
radtoacttvtty of the nicotmic acid-hi-glucostde declined to 
2 2% ofits maximum value (Ftg 1 A). ‘The total radroac- 
ttvtty of the glucostde isolated showed the same course 
(Fig IS) thus mdtcatmg the rapid metabohsm of mco- 
tmtc acid-l\i-glucostde A decrease of the sp act due to 
difutton of the labelled- compound- by subsequent syn- 
thesis of unlabelled glucostde would have kept the value 
of total radtoacttvity constant The parallel decrease of 
both spectfic and total radtoacttvtty of the conmgate 
clearly prove a turnover of mcotmtc acid-N-glucostde m 
heterotrophtc parsley cells with a half hfe of 24 hr 

The endogenous syntheses and rapid metabohsm of 
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(b) 

1 
48 98 144 

Incubohon tme after lobelltng [hr] 

Ftg. 1. Tracer experiment demonstratmg the turnover of the 

mcotuuc actd-llr-glucostde m parsley cell suspenston cultures (a): 

Trme course of spectfic radtoactrvtty of rucotnuc actd-l\r-gluco- 

stde after apphcatton of (U-r4C)-aspartate for 10 hr (b) Ttme 

course of total radtoacttvrty of rncotnuc acid-i\r-glucostde after 

apphcatton of (U-t4C)-aspartate for 10 hr 

nicotinic acid-l\r-glucoside in parsley cells lead to the 
assumption that this conjugate functions as a storage 
form for nicotmic acid for the synthesis of NAD and 
NADP in the pyridme nucleotide cycle [Z] or degrada- 
tion [S]. The role of a nicotmate detoxification product 
may rather be attributed to nicotinic acid glucose ester 
which had been found in parsley cells when exposed to 
mcotmic acid in concentrations higher than lo- 5 M [3] 
This ester has not been observed m these studies 

The turnover of nicotinic acid-N-glucoside is presently 
explained by the reversibility of the UDP- 
glucose-nicotnnc acid-N-glucosyltransferase reaction 
WI. 

In contrast to batch-propagated parsley cells, hetero- 
trophic cell suspension cultures of Papillionaceae convert 
nicotimc acid to the N-methyl conjugate, trigonelline 
[lo]. Application of [U-i4C]-aspartate to soybean (Gly- 
crne max L.) cell cultures led to the accumulation of 
labelled trigoneiline, but failed to demonstrate a turnover 
of the N-methyl-conjugate (B. Upmeier and W. Barz, 
unpublished results). Demethylation of trigonelline seems 
to proceed too slowly to meet the mcotinate requirement 
of the cell for pyridine nucleotides. In contrast to the 
nicotinic acid-l\r-glucoside from cells of Petroselznum 
hortense Hoffm., trigonelline cannot be regarded as a 
storage form for nicotimc acid, but exhibits the properties 
of a typical secondary plant product. 

EXPERIMENTAL 

Chemtcals. All chemrcals for the synthesis of mcotuuc actd-N- 

glucostde were purchased from Merck (Darmstadt, F R G.), Roth 
(Karlsruhe, F.R.G ) and Schuchardt (Mumch, F R G ) Ntcotnnc 

actd was from Merck (Darmstadt, F.R.G ), acetomtrtle was 
obtained from Baker (GroB-Gerau, F R G ) Ion exchange resms 

came from Serva (Heidelberg, F R G ) and the putattve mcotimc 

aad-N-arabmostde was from prevtous studtes 

The radtochemtcals [7-14C]-n~cotm~c acid (2 07 GBq/mmol) 

and L-[U-‘4C]-aspartate (8 3 GBq/mmol) were obtamed from 
Amersham, U K 

Ceil cultures Heterotrophrc parsley (Petroselrnum hortense 
Hoffm.) cell suspcnston cultures were cultivated on Gamborg 

B,-medmm [21] under condttrons prevtously described 1221 

The apphcatton of compounds under asepttc condtttons, the 

collectton and measurement of r4C02 followed prevtous reports 

c231. 
Thn layer chromatography Chromatographtc solvents were 

Sl: n-BuOH-HOAc-H,O (6 3 l), S2 Me&O-H,O (4.1); S3. 

Me&O-H,0 (7 3), S4 MeCOEt-MeOH-H,O-HCO,H 

(11 6 2 1) Chromatography was performed on sthca gel plates 

GF,s, (Merck, Darmstadt, F R G). 

Radroactwtty. All soluble samples were measured for radtoac- 

trvtty as prevtously descrtbed [ll] Labelled compounds on 

chromatograms were located accordmg to ref [ 1 I] 

Ion exchange chromatography. Cell extracts were apphed to a 
column (50 x 10 mm) filled wtth Dowex SOW x 8 (100-200 mesh, 

Hc-form) The column was washed wtth 50 ml Hz0 and eluted 

wtth 50 ml 2 M NH,OH. The NH,OH-fractton was collected, 

brought to dryness and the residue was dtssolved m 1 ml MeOH 

prtor to HPLC 

HPLC. A Kontron chromatograph was equtpped wtth a 

Kontron UV-VIS detector (LCD 725, Kontron Analyttk, Han- 

over, F.R G ) and a Shtmadzu C-RlA integrator Separation of 
mcotnuc actd-l\i-glucostde from partially purdied extracts of 

parsley cell cultures was performed with a LtChrosorb NH,- 
column (250 x 4 mm, 5 pm, Merck, Darmstadt, F.R.G ) The 

chromatograms were developed by tsocrattc elutron wtth 80% 

MeCN and 20% H,O. Product quantrtres were determmed from 

the peak height or area usmg external reference compounds. 

GC analyses were conducted wrth a Vartan Aerograph 2440 

equtpped wtth a flame tomsation detector. The column (2.8 m) 

was filled with 3% OV-101 on Chromosorb W AW-DMSC 

(10&200 mesh) as stationary phase the temp. of the injector and 

the detector was 250” The gases were N, (70ml/mm), H, 
(30 ml/mm) and au (450 ml/mm) For dertvatrzatton compounds 

were carefully dried under vacuum and redissolved m absolute 

pyrrdme. TMSt derrvattves were prepared by treatment wtth 

hexamethyldrsdazane and trrmethylchlorostlane according to 

ref [24] or wtth MSTFA (pyrrdtne-MSTFA 2 1) for 12 hr at 

room temp 

Mass spectra FDMS analysts of chromatographrcally purtfied 

mcotunc actd-Ar-glucostde provtded the followmg data MS m/z 

(rel mt ): 286(M)+ (34) 106(mcotmyl)(58) and 60(C,O,H,)(17). 

‘H NMR spectroscopy NMR spectra were recorded at 90,270 
and 100 Hz 

Preparatron of N-@-D-glucopyranosyl)-3-carboxypyrtdwuum 
hydroxide Under acrdtc condrtrons D-glucose and Ac,O were 

converted to pentaacetylglucose which yrelded acetobromoglu- 

case after addttron of HBr [25] The condensatron of mcotma- 

mtde wtth acetobromoglucose was performed accordmg to ref 
[13]. Hydrolysis of the acetyl motettes was carned out in 3% 

HBr at room temp. Crystalhzatton from MeCN-rsoPrOH (1 1) 
and from EtOH-rsoPrOH (1 1) gave N-(P-D-glucopyranosyl)-3- 
carboxamtdo pyrtduuum bromtde, as Judged from UV and 
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‘H NMR spectra The mcotmamlde conJugate was transformed 
to the correspondmg carboxyhc acid accordmg to ref 1141 and 

the acid was purified by ton exchange chromatography on 

Dowex 50 (He-form) The glucoslde was converted to the 

hydroxide form by treatment with Ag,O and H,S Recrystalh- 
zatlon from aq EtOH or aq Me,CO afforded colourless needles 

of N-(/?-D-glucopyranosyl)-3-carboxypyrldlmum hydroxide (mp 

232-234 ‘) [6] 
Prepcrrallon of [7-“‘Cl-n~cotrntc acid-N-yljtostde Dark 

grown cell suspension cultures of Petrosehnum horfense were 

Incubated with [7-‘4C]-n~cotmlc acid (74 KBq per flask, 10e4 M 

mcotuuc acid) for 12 hr Cells (2 x 17 g fr wt) were separated 

from the medmm and extracted with hot 70% aq EtOH using an 
Ultraturrax homogemzer Cell debris were agam extracted with 

hot H,O and bolled for 5 mm The extracts were collected, 

coned and subJected to TLC in Sl wtth the putative mcotmlc 
acrd-N-arabmoslde 18, 1 I] as reference The radIoactIve material 

which co-chromatographed with the arablnoslde was eluted 

from the silica gel with H,O, coned and used as labelled reference 

for the preparative lsolatlon of mcotmlc acid-N-glycoslde from 

parsley cells 

Pur+carwn of the mcotmate conluyate for ,strucrural eluc~- 
dullon After mcubatlon with 10 -4 M mcotmlc acid for 12 hr 

parsley cells (728 g fr wt) were harvested and extracted as 

described dbovc The extract was treated with activated char- 
coal The filtrate was reduced to a few ml and the extract was 

subJected to Ion exchange chromatography on a Dowex-1 x 8 

column (300 x 28 mm. formate form) The mcotuuc acid-N- 

glycostde could be removed from the resm with H,O The HZ0 

fraction was brought to dryness The residue was redissolved m 

aq MeOH and purltied by TLC m Sl, S4 and S3 After elutlon 

from the slhca gel 27 mg mcotuuc acid-N-glycoslde could be 
ccystal!!zed from +bueou EtOH (mp 232-234’ ) 

S~ertrocrap~ d$\e\ Ths synthxtlc mcot~m acui-N-&co- 

side, the N-glycoslde isolated from the parsley cells and the 

putative mcotmlc acid-N-arabmoslde 18. 1 I] showed the follow- 

mg spectroscopic propertIe\ The UV spectrum showed maxl- 

mum absorption at 263 nm which was shlfted to 335.-340 nm 

after addltlon of NaBH, thus mdlcatmg the existence of a 

quaternary pyrldmlum compound 126. 271 KCN caused a 

maxlmum absorption at 313 nm The ‘HNMR spectrum 
(2?0 Hz, DZO) showed four aromttcproton_ uat6935(1H,q_C-2 

PyrH),6909(lH,d,~=6Hz.C-6PyrH),690l(lH.d,5=8Hz, 

C-4, PyrH) and 6 8 24 (IH, m, C-5 PyrH) The nonaromatlc part 

of the spectrum revealed signals between 6 4 04 and 3 65 due to 

the sugar protons The anomerlc proton of the glucose molcty 
was monitored at 6 S 87 (1 H, d, J = 9 Hz, C-1’H) mdlcatmg that 

the glucose was m the p-form Mass Fpectra were recorded at two 

different temps At 150” mamly fragments of the mcotmoyl 

mo~ty were found MS m/z (rel mt) 123 [mcotmoyl] (100). 106 

[mcotmyl] (41), 105 [mcotmyl -H] (611, 78 Lpyrldyl] (46), 51 
(25), 50 (17) and 39 (11) Signals due to the glucose moiety were 

268 [M - IS] + (1) and 163 [glucopyranosyl] (1) A spectrum 

recorded at 230 showed the decay of glucose m more detads MS 
m/z (rel mt ) 26X [M - 181’ (2), 163 [glucopyranosyl] (18), 123 

[nicotmoyl] (37), 146 [glucopyranosyl- H,O] (26), 97 (19), 73 

[C30,H,] (57), 60 [C,O,H,] (50) and 57 (50) The above 
mformation indlcdted that , N-(p-D-glucopyranosyl)-3- 
carboxypyrldmlum hydroxide had been successfully synthesized 

It served as reference during further qtudles on mcotmlc acid 

conJugates from parsley cell cultures 

Il_vdrolj.ss of nmf~n~c aud-N-ylycostde An ahquot of mco- 
tmlc acid-N-glycoslde was Incubated with 3 M HCI for 6 hr at 

I.00 The s.oln. was neutrrahzed and desalted by ~-on. exchange 
chromatography on Dowex 50W x 8 (H ‘-form) and Dowex-1 

x 8 (formate form) 

For enzymatic hydrolysis mcotmlc acid-N-glycoslde was dls- 

solved m 50 mM citrate-phosphate buffer pH 5 5 and Incubated 

with a a-glucosldase (1% w/v Emulsln, Sigma, Munich, F R G ) 
for 10 hr at 37’ The reactjon was stopped by addmg an equal 

vol of MeOH 

Exrrac tmn procedure for mcofm~ acid-N-ylucovdr yuantrtat- 
mn Cells were harvested by filtration on a glass funnel, washed 

with H,O and homogemzed m a mortar with 50% aq MeOH 
(4 ml/g fr wt) at room temp The extract wds obtamed by 

filtration and the extraction procedure repeated twice with 80% 

aq MeOH The methdnohc extracts were pooled and concentra- 

ted under red pres to n vol of cu 2 ml The pH was adJusted to 

pH 1 with 10 M HCI and the extract was centrifuged prior to ion 

exchange chromatography 
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