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Abstract--In 50 cell suspension cultures of wide taxonomic origin, formation of trigonelline and nicotinic acid 
N-a-L-arabinoside from nicotinate was strictly alternative. The arabinoside was only found in cell cultures of the 
subclass Asteridae and in the higher orders of the subclasses Rosidae and Dilleniidae. Degradation of nicotinic acid 
could only be observed in cell cultures producing the arabinoside. Nicotinic acid degradation does not involve free 
6hydroxynicotinic acid. Cross feeding experiments with both conjugates and measurements of a nicotinic acid 
N-arabinoside: UDP-arabinosyltransferase support the hypothesis that metabolism of these two derivatives in cell 
cultures may be of chemosystematic value. Finally various discrepancies between plants and cell cultures with respect 
to nicotinate metabolism and to the natural occurrence of the two conjugates are discussed. 

INTRODUCTION 

Upon application of nicotinic acid [l-3], nicotinamide 
[3,4] or [carbony1-‘4C]-NAD [5] to various plant cell 
suspension cultures, the rapid formation ofeither trigonel- 
line (1) or nicotinic acid N-a-L-arabinoside (2) has been 
observed. Both 1 and 2 are formed in large amounts and 
can be regarded as reservoir forms of nicotinic acid and 
thus pyridine nucleotides [3,5]. 
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R = Me, 1 trigonelline 
R = Ara, 2 nicotinic acid arabinoside 

Trigonelline has long ago been shown to be of wide- 
spread occurrence in plants [6-93, and much later in 
plant cell suspension cultures [l, 3, lo] and in animals 
[ll, 121, whereas 2 has only recently been identified [2,4] 
in feeding experiments with various cell suspension 
cultures. It has also been recognized as a natural con- 
stituent in parsley cell suspension cultures [2] while its 
occurrence in intact higher plants has so far only been 
preliminarily described [ 131. 

In our previous studies [1-5],cell suspension cultures 
of 8 plants had been investigated and the formation of 
either 1 or 2 appeared to be mutually exclusive. Thus 

* Part VI in the series “Metabolism of Nicotinic acid in Plant 
Cell Suspension Cultures“. For .Part V. see ref. [S]. 
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cultures of Petroselinum crispum and Daucus carota 
(Umbelliferae) as well as those of Nicotiana tabacum and 
N. glauca (Solanaceae) formed 2, whereas cell cultures of 
Phaseolys aureaus, Cicer arietinum and Glycine max 
(Leguminosae) and of Chenopodium rubrum (Cheno- 
podiaceae) yielded trigonelline. Furthermore, the capacity 
for nicotinic acid degradation by the cell cultures seemed 
to be associated with the occurrence of the arabinoside. 
These results have led to further studies on nicotinic acid 
conjugation and degradation in a variety of plant cell 
suspension cultures from both angiosperms and gymno- 
sperms to determine the metabolic relation between 1 
and 2. 

RESULTS 

Metabolites of nicotinic acid 
Batch-propagated cell suspension cultures of alto- 

gether 50 plants were investigated and mostly used in 
late logarithmic growth phase. [Carboxyl- ‘%]-nicotinic 
acid (lo-’ M, 1 PCi) was given under aseptic conditions 
for 48 hr and 14C0, was collected. In most cases the 
substrate was rapidly and quantitatively absorbed by the 
cells. Cell extracts were analysed for distribution of 
radioactivity in nicotinate metabolites by PC (solvents 
L,, LJ or paper electrophoresis followed by scanning. 
1 and 2 were further identified according to previous 
methods [l-3]. Without exception, the plant cell suspen- 
sion cultures formed either trigonelline or nicotinic acid 
if arabinoside. Usually, formation of either 1 or 2 
occurred to a very high extent. As an example. Fig. 1 
demonstrates the mutually exclusive formation of either 
1 (Dioscorea compositu) or 2 (Digitalis purpurea). Con- 
siderable care has been taken to demonstrate by dilution 
analyses the absence of 2 from cell cultures producing 
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Fig. 1. Distribution of radioactivity in trigonelline (Trig) or 
nicotinic acid-N-z-r_-arabinoside (N. ara) in cell extracts of 
Dioscorea composita (A) and Digitalis purpurea fB) after applica- 
tion of [carboxyl-14C]-nicotinic acid. Nicotinic acid and nico- 
tinamide migrate much faster and their location on PC is not 
shown. Chromatograms were developed with X5”,, i-PrOH. 

trigonelline and vice versa. In no case could both com- 
pounds be isolated from the same culture. Therefore the 
mutually exclusive formation of 1 or 2 may be charac- 
teristic for plant cell cultures. The results of our analyses 
are summarized in Fig. 2 using the classification of 
Ehrendorfer [14]. All cell cultures investigated of the 
subclass Asteridae and those from the highest orders of 
the Rosidae and Dilleniidae produced the arabinoside 
while all the other cell suspension cultures of the Dico- 
tyledoneae. the Monocotyledoneae and the Gymno- 
spermae formed trigonelline. In case of Chenopodium 
rubrum (Caryophyllidae) both colourless heterotrophic 
and green photoautotrophic [15] cell suspension cultures 
were used. Though these two kinds of cultures greatly 
differwithrespecttoenergyandcarbohydratemetabolism, 
respiration, lipid composition, pigmentation and photo- 
synthetic activity Cl6 and unpublished], no difference in 
the formation of trigonelline as the most prominent 
metabolite could be observed. Nicotinic acid metabolism 
to either 1 or 2 in cell suspension cultures. therefore. 
might be of chemosystematic value. 

Endogenous occurrence of trigonelline 

1 and 2 should not be regarded as simple detoxification 
products of exogenously applied nicotinic acid but 
rather as normal cellular constituents. This has pre- 
viously been shown by the isolation of the arabinoside 

from parsley cell suspension cultures grown without 
nicotinic acid [Z] and is further documented by our 
experiments on trigonelline occurrence in leguminous 
ceil cultures. For the successful isolation of I,cell suspen- 
sion cultures of GI~cinp BUY (B, medium [20]) as well as 
of Cicer urietirrum and Phwolus aureuu.s (PRL-4-C 
medium [21]) had first to be grow-n on a nicotinate-free 
medium to remove any trigonellinc from exogenous 
sources. Attempts to grow C. clrietinurn and Gl.rcine mu-x 
for a longer period of time without nicotinic acid failed 
because growth steadily decreased and completely 
stopped after 5 -7 transfers into fresh medium. Phuseolus 

uureus cell suspension cultures. however. have been grown 
without nicotinate for some 20 passages (X-10 days each) 
without any reduction in cell yield (9.8 i 1 g fr. wt. per 
flask: control 10.2 _C 1.1 g fr. wt. per flask). 180 g of 
such mung bean cells were extracted, the extract clarified 
with charcoal and I isolated by PC (solvents L,. L,. L,. 
L,, L,), silica gel TLC (L,. L,) and cellulose TLC (LT. 
L,). I was characterized by cochromatography. paper 
electrophoresis and UV spectra before and after NaBH, 
reduction. The yield amounted to cu 0.03 pmol/g fr. wt 
which can only be explained by endogenous synthesis. 

The data on “C0,-formation from [carboxyi-‘4C]- 
nicotinic acid by the cell cultures listed in Fig. 2 allowed 
the distinction of two groups of cultures. All 29 cell 
cultures from which trigonelline had been isolated (Fig. 
2) produced no 14C0, or only insignificant amounts of 
less than 0.1 “,, [ 131. 071 the other hand. practically all 
of the 21 arabinoside producing cell cultures showed 
considerable 14C0, formation. While some cultures 
showed medium values between 0.2 and OS”,,, rates 
went up as high as 22 “,, (Table 1 j. Since production of 
14C0, from carboxyl-labclled nicotinic acid must not 
necessarily indicate degradation of the pyridine ring 
structure as well [17. 181. various parallel experiments 

(Table 1). Gieiation of 
with [6 “+C -mcotinic acid have also been performed 

‘*CO: from the ring turned out 
to be 3@-50 “(, lower than from the carboxyl group indi- 
cating that decarboxylation might be an early step in 
nicotinate degradation. The data prove the general 
capability for nicotinate degradation by those cell 
suspension cultures which produce the arabinoside. 

Experiments with (,-h?dror!.ilic.oti~7i~, ucid 

In previous experiments, parsley cell suspension cul- 
tures have failed to oxidize [6-‘%I]-6-hydroxynicotinic 
acid [4], though this acid has been demonstrated in 
microbial systems as an important intermediate in 
nicotinate degradation [lY]. Further studies using the 
nicotinate-degrading cell suspension cultures of Petro- 
selinum cri,spum. Guliu~n 7.ww7. Xicwicrnn tubacum and 
N. ylaucn (see Table lj were carried out with [6-‘“C]-6- 
hydroxynicotinic acid (1 Ok- ’ M ; 0.5 pCij. Though uptake 
of the substrate by the cells was nearly quantitative. the 
h-hydroxynicotinic acid could be reisolated as the sole 
compound. “C0,-values obtained with P. crispum. N. 
tabacum and N. glauca cell cultures were only 0.6.0.2 and 
0.1 5 ” (,. respectively. Considering the very substantial 
nicotinic acid degradation by G&urn ~~711~7 cell cultures 

(Table 1). the 0.5”,, of 14C0, obtained with [6-‘4C]-6- 
hydroxynicotinic acid indicates that this acid is not a 
free intermediate in nicotinate catabolism in this and the 
other cultures. 
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Gymrwspermae 

I. class: Ginkgoatae - Ginkgo bilobo 

II class. Plnatae - 2 Pinales 

j Pinaceae - Pinus prneo 
j Cupressaceae - Jumperus communis 

Angiospermae 

I. class: Dicotyledoneae 

Isubclass, Magnoliidae ~subclass.Caryophyllldae 

7 Papaverales 
=, Papaveraceae 
- Papaver orientolis 

II subclass. Hamamelidldae 

5. Urticales 
3 Cannabaceae 
- Cannob/s sotwa 

H 
I. Caryophyllales 

$ Chenopodlaceae 
- Chenopodium rubrum 

4. Capparales$3rassicaceae 
- Sinopis alba 

7 CucurbitalesXucurbitaceae 
- Cucumis melo 
- Bryonia albo 
- 6ryonio dioico 

12. Primulalesq Primulaceae 
- Anagaltis arvensis 

II. class: Monocotyledoneae 

I- 

I I subclass: Liliidae 

I. Liliales 
+ Agavoceae 
- Agave fonmeyono 
j Dioscoreaceae 
- Dioscorea composiia 

2. Orchidales 
j Orchidaceae 
- Cymbidium sp. 
- BP-assia sp. 
- cott/eyo sp. 

IO. Poales 

3 Pooceae 

- Trrt/cum oest~vum 
- Hordeum vulgare 

iTI subclass.: Rosidae 
I I m subclass: Asteridae 

I.Saxifragales 3Crassulaceae - Sedum acre l.GentianalesjRubtaceae-Galium mollugo 

2. Rosales 3 Rosaceae - Roso cv. sceptre 
- Galium spurium 

3. Fabales j Fabaceae - Mucuna deeringiono 
- Gahum verum 
- 

- Phoseotus oureus 
Galium oparine 

- Cicer arietfnum 
jApocynaceae -Catharon~us roseus 

- Glycine mox 5. Scrophulariales j Solanaceae 
- Arachis hypogoeo - Nicotiana glauca 

4. Sarracenia les 2 Droseraceae - Nicotiana tabacum 

- Drosophyllum lusitanicum 

9. Rutales 9 Rutaceae- Ruta groveolens 
IO. Sapindales > Hlppocastanaceae 

- Aesculus hippocostonum 
14 Rhamnales? waceae 

- Parthenocissus tricuspidoto 
15. Euphorblales?Euphorbiaceae 

- Euphorbio cyporissias 
18. Cornales 3 Cornaceae - Cornus a/ha 
19. Araliales > Umbelliferae - DOUCUS caroto 

- Pe troselinum crispum 

Figure 2. Scheme for distribution of trigonelline+plant names italics) and nicotinic acid-arabinoside+plant names bold italics 
and underlined) formation in plant cell suspension cultures after application of nicotinic acid. 

Feeding experiments with trigonelline and nicotinic acid 
arabinoside 

The mutually exclusive formation of 1 and 2 has led 
to cross feeding experiments with [carboxyl-r4C]-nico- 
tinic acid-N-arabinoside to trigonelline-producing cell 
cultures and with both [carboxyl-i4C]-trigonelline and 
[methyl-14C]-trigonelline to cell cultures forming 2. It 
was anticipated that the cell suspension cultures would 
preferentially metabolize their species-characteristic 
substrate, though the oxidation of a variety of unnatural 
substrates in cell cultures has been demonstrated [26]. 

When cell suspension cultures of Glycine max, C. arietinum 
and Ph. aureus were given [carboxyl-‘4C]-nicotinic 
acid-N-arabinoside (10e3 M, 0.2 pCi) for 60 hr, good 
uptake of substrate but no 14C0, could be measured. 
Careful PC analyses (L,, L,) revealed no other labelled 
compounds than 2; trigonelline was especially shown to 
be absent. Equivalent experiments with [carboxyl-‘4C]- 
trigonelline (lo- 5 M, 2 pCi), however, indicated a certain 
degree of metabolism of 1. In cell suspension cultures of 
Nicotiana glauca, radioactivity was found in CO, 
(0.1%). pyridine nucleotides (1.5 ‘z), nicotinic acid/ 



Table 1. Degradation of carboxyl- and ring-labelled nicotinic 
acid by plant cell suspension cultures during48 hr 

-__ -.- 

Cellculture 
‘“CO, ( (‘,,I from 

decarboxylation ring cleavage 
of nicotinic acid 

~~_.__._ 

4.6 
0.43 
0.2 

n.d. 
0.57 

n.d. 
14.4 
0.15 

n.d. 
n.d. 
n.d. 
n.d. 

Values ax a\erazes from at least 3 experiments; n d. = not 
determined. The individual cultures contained between 7 and 
Iogifr.~Vtlofccllr. 

nicotinamide (0.8 “,) and trigonelline (97 ‘5,)). In cell 
suspension cultures of Galium verum, radioactivity was 
determined in CO, (10.4 “<,). nicotinic acid N-arabinoside 
(5 O,l~. nicotinamide (2 ‘I,,) and reisolated trigonelline 
(85 “,,). 

The actual extent of demethylation of 1 was then 
measured by using [methyl-‘4C]-trigonelline (lo-’ M. 
I pCi) and found to be rather high (N. gluuccr 7 and G. 
wrum 11 ‘Ici. respectively). Application of the latter sub- 
strate to cell cultures of G. max. Ph. aweus and C. rrrietinum 
again led to values (0.4-3 I’,,) essentially as previously [3] 
determined. 

Measurement of arahinos~l-transj~rase 
F‘ormation of nicotinic acid from nicotinic acid hi- 

arabinoside for transfer into either the pyridine nucleo- 
tide cycle or catabolic pathways can be visualized to 
occur by the recently described UDP-dependent arabino- 
syl-transferase (yielding UDP-arabinose and nicotinate) 
isolated from parsley cell suspension cultures [2]. 
The above data on the mutually exclusive occurrence 
and partially exclusive metabolism of 1 and 2 forced us 
to measure this arabinosyl-transferase in several cell 
suspension cultures (Table 2). The experiments were 
designed to correlate enzyme activity with the degree of 

nicotinate degradation by a particular cell culture and 
with the capability to metabolize either 1 or 2. The data 
show that in some cell cultures (G. IWUIFI, P. crispunf. N. 
tuhac’um) efficient production and metabolism of 2 
seems to be partially correlated with activity of the 
nicotinic acid N-arabinoside: LJDP-arabinosyltransfer- 
ase. Furthermore. cell cultures which lack the ability to 
form and to metabolize 2 (P/r. UUIWLS. G. IISIS. Ch. ruhrwn) 
show extremely low and insignificant levels of the 
arabinosyltransferase. On the other hand. thequantitative 
relation of the arabinosyltransferase between the ccl1 
cultures ofP. crispum, G. t~wum, .Y. tahacum. D. cwof~z and 
G. IIICLX (Table 2) does not reflect the observed differences 
in cellular capacity for nicotinate degradation. 

The systematic analyses of SO cell suspension cultures 
from both the Gymnospermae and Angiospermae have 
demonstrated that the formation of trigonelline and 
nicotinic acid arabinoside from nicotinic acid is mutually 
exclusive. Despite the small number of cultures in- 
vestigated, the data in Fig. 2 indicate that nicotinic acid 
metabolism could be of chemosystematic value. as a 
marker at the level of order or subclass. Formation of 2 
in the orders Rosidae and Dilleniidae point to the 
accepted phylogenetic relationship between these orders 
and the Asteridae [14]. According to Fig. 2. there is a 
point in the Rosidae and Dilleniidae where the metabolic 
shift from 1 to 2 occurs. 

The chemosystematic difference in nicotinate meta- 
bolism is further supported by the observation that 
degradation of nicotinic acid seems to be restricted to 
that group of cell suspension cultures which produce the 
arabinoside (Table I ). In general, !‘%Z”02-values from 
exogenous substrates in different ccl1 cultures are subject 
to considerable variation due to experimental and 
physiological differences 122. ‘731 and should. therefore, 
be compared with caution. It is. however. highly signifi- 
cant that none of the 21 irigonelline-producing cell 
suspension cultures formed any notable amount of 
14C0, from labelled nicotinate. In contrast, degradation 
of nicotinate in the other group of cultures could readily 
be measured (Table 1~. Furthermore. I or 2 are not 
metabolically exchangeable because our cross feeding 
experiments have shown that 2 is no substitute for 1 
in the three legume cell cultures investigated. The same 

1 able 2. Values for nicotinic acid rv-7-t.-arabinoaide: UDP-arabinosyltransferase 121 in plant cell >ucpen\lon cultures and cnpa- 
hilily of cell cultures to degrade and metabolix nicotlnic acid 

Total activity Specific activity 
lnicotinate formed (nicotinatc formed! Degree of nicotinatc 

Cell culture Protein in LIDP depending de~xldation 
cmgr reactloni 

~nmol, hr) (nmol.‘mg protein x hrr (‘Table 1 I 
I TI Ill IV 

_.- -. ---- 
Pctrocrlii7um c,risprln 4.2 21.35 5.1 j $_ 
C;clliwll !‘(‘1’((,11 5.9 2.44 0.4 I -1 + 
Nicoritrntr trd7awn 0.9 0.31 0.34 i 
DUMX\ <‘~lrofci 7.8 0.1 0.04 
G/J 1’iiICJ ,W Y (I.1 0.82 0 11 
Phtrsc~~lu,~ tlureu,\ 6.2 0.29 0.04 
C‘ilrWlp0iliur,l ruhrWn 5.6 0.17 0.03 

-- 

F’ormation of nicotinic acid from 2 was measured and suitable controls without IJDP serc ako run. 
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has previously been found for 1 in parsley cell cultures 
[4]. Metabolism of [carboxyl-14C]- and [methyl-‘4C]- 
trigonelline in G. uerum and N. glauca is rather pronoun- 
ced and leads to free nicotinic acid. According to expecta- 
tion, this pool of free nicotinate is partly degraded and 
partly converted into 2. One must however, question the 
specificity of the observed N-demethylation because cell 
suspension cultures, especially N. gauca have repeatedly 
been shown to N-demethylate a wide range of substrates 
[26]. Enzymatic evidence with plant mixed function 
oxidases have resulted in the observation that various 
exogenous substrates will be N-demethylated [31, 321. 
It appears that removal of the N-methyl group is more 
facile than splitting of the N-arabinose, which is corro- 
borated by the absence of the arabinosyl-transferase from 
trigonelline-producing cell cultures (Table 2). Further 
enzymatic experiments are needed to fully explain these 
discrepancies. 

In comparison to the high values obtained with labelled 
nicotinic acid in cell suspension cultures of P. crispum 
and G. uerum (Table l), the very low yield of 14C0, 
found with [6-14C]-6-hydroxynicotinic acid clearly ex- 
cludes this latter compound as an intermediate cata- 
bolite. One may, therefore, visualize a catabolic sequence 
of nicotinic acid in plant cells where (oxidative) decar- 
boxylation precedes both substitution adjacent to the 
nitrogen atom and ring cleavage reactions. This assump- 
tion is supported by the constantly much higher rate of 
CO, from the carboxyl group than from the ring position 
(Table 1) and, furthermore, by the natural occurrence of 
compounds such as 3-methoxypyridine [24]. Enzymatic 
evidence for nicotinate decarboxylation has been obtained 
[17] and must be substantiated for cell cultures; at- 
tempts to isolate pyridine derivatives from nicotinate 
degrading cell suspension cultures have so far been un- 
successful [25 and unpublished]. The present experi- 
ments do not, however, exclude the intermediate occur- 
rence of glycosylated forms of 6-hydroxynicotinic acid. 
Though the nicotinic acid N-a+arabinoside: UDP- 
arabinosyltransferase [2] seems to be present only in 
nicotinic acid degrading cell suspension cultures (Table 
2), removal of arabinose from 2 must not necessarily 
precede nicotinate catabolism. A quantitative com- 
parison between rate of nicotinic acid degradation 
(Tables 1 and 2) and level of enzyme (Table 2) might 
indicate that 2 and not free nicotinic acid is introduced 
into catabolic pathways. Due to the strict compartment- 
ation of plant cells [26] or an expected rigid specificity 
of arabinoside-synthesizing enzymes, such an assumption 
could well explain the poor degradation of exogenously 
applied 6-hydroxynicotinic acid. 

The restricted occurrence and seeming chemosys- 
tematic importance of 1 and 2 in cell suspension cultures 
(Fig. 2) are in a certain contrast to the extremely wide 
distribution of 1 in the plant kingdom [S, 91. 1 has, there- 
fore, been denied any systematic value [IS]. Though 
some reports on trigonelline isolation can be questioned 
[13] due to outdated analytical techniques, the re- 
peatedisolationof 1[8,9] from Coffeeaarabica(Rubiaceae), 
S&mum tuberosum (Solanaceae), Stuchys siloatica (Labi- 
atae) or Dahlia vuriabilis (Compositae) cannot be 
reconciled with the distribution given in Fig. 2. This 
contrast could. however, originate from differences 
between cell suspension cultures and intact plants. 
Various examples for differences in metabolism and in 
occurrence ofcompounds between cell cultures and intact 

plants can be cited [27, 281. In most cases, reasons for 
these differences are unknown. In plants, trigonelline is 
mostly found in storage organs (roots, seeds, old leaves) 
where a permanent physiological role such as found in 
cell suspension cultures can perhaps be excluded. Thus, 
application of [U-methyl-‘4C]-trigonelline to trigonel- 
line-containing leaves of Coffeea arabica did not result in 
any metabolism of 1 [29]. On the other hand, formation 
and occurrence of 2 in intact plants has still to be shown. 
Preliminary data with tobacco seedlings [13] indicate 
that the arabinoside might be present. In this connection 
it will also be essential to determine in the tobacco plant 
the metabolic relationship between 2 and the nicotinic 
acid-N-glucoside described by Mizusaki et al. [30]; 
the latter compound could not be found in our four lines 
of Nicotiuna cell cultures. 

EXPERIMENTAL 

Reagents. [Carboxyl-‘*Cl-nicotinic acid (spec. act. 59 mCi/ 
mmol) and [6-“‘Cl-nicotinic acid (spec. act. 45 mCi/mmol) 
were obtained from Radiochemical Centre. Amersham. [Carb- 
oxyl-‘4C]-nicotinic acid-N-a-L-arabinoside (spec. act. 4.5 mCi/ 
mmol), [6-‘4C]-6-hydroxynicotinic acid (spec. act. 0.6 mCi/ 
mmol), [methyl-‘%I-trigonelline (spec. act. 0.3 mCi/ mmol) and 
[carboxyl-‘4C]-trigonelline (spec. act. 2.48 mCi/mmolj have 
previously been synthesized by cell culture or preparative 
methods [2-4]. All other chemicals were of commercial origin. 

Cell cultures. Growth and cultivation of the laboratory’s 
collection of cell suspension cultures have previously been 
described [2-4. 22. 231. Whenever necessary nicotinic acid was 
omitted from the media. Cell cultures were used in the late 
logarithmic growth phase. Cell suspension cultures from other 
laboratories were used in their growth medium [ 131 and prior to 
the experiments they were shaken on a gyrotory shaker (120 rpm. 
27”) for 24 hr in darkness. The application of substrates (auto- 
claved or filter sterilized) under aseptic conditions. collection 
and measurement of 14C0, as well as the determination of 
sterility of the cell cultures followed previous reports [22. 231. 

Isolation of metabolites. Cells were obtained by filtration. 
3 x washed with H,O and homogenized with an ultraturrax. 
in hot 80”,, EtOH for 1 min. The insoluble cell material were 3 
times further extracted with 809’0 EtOH under reflux. The com- 
bined filtrates were reduced under vacuum and used for chro- 
matographic separation. Pyridine nucleotides were extracted 
in the cold with HClO,. Identification of compounds investi- 
gated has been published [2-4]. 

Chromarographic solt;ents. PC was carried out on EDTA 
prewashed Whatman 3 MM paper with the solvent systems 
L.: GO”,., n-PrOH and L.: 85Y i-PrOH. Continuous PC with 

1 ” 

system L, for 80 hr weli sepaiates 1 and 2. L,: n-BuOH sat. 
with 25 “/A NH,; L,: n-BuOH-HOAc-H,O, 4: 1:s. Solvents 
for prep. TLC on Si gel were L,: H,O-EtOH-MeCOEt. 3: 3: 1; 
L,: EtOAc-MeCOEt-HCOOH. 7:2:1. Solvents for TLC on 
cellulose were: L,: MeOH-HOAc, 9:l; L,: C,H,-HOAc. 
45:25:4. Labelled compounds on paper chromatograms were 
located according to published methods [2]. 

Paper elecrrophoresis. According to previous reports [2]. 
Radioactivit_v. “C02, soluble and insoluble samples were 

measured for radioactivity as previously described [2,22]. 
Enzymatic studies. The nicotinic acid-N-x-L-arabinoside: 

UDP-arabinosyltransferase was essentially measured as pre- 
viously described [2] using protein preparation after precipita- 
tion with 80”;, ammonium sulfate in potassium phosphate 
buffer (0.1 M; pH 7.0). 
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