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Abstract—No detectable levels of vitamin B,, were present in the leaves and stems of the lima bean, Phaseolus
limensis [2-'*C]Propionate was metabolized to 3-hydroxypropionate, acetate and other orgamic acids in a time
dependent manner. At no time period was radroactivity present in the fraction that corresponded to methylmalonate.
[2.3-'*C]JAcrylic acid was metabohized to 3-hydroxypropionate. These results are consistent with the major metabolic
pathway of propionate bemng 1ts conversion to acetate via acrylate and 3-hydroxypropionate rather than its
metabolism to a methylmalonate derivative and then to succinate.

INTRODUCTION

The role of vitamin B,, and cobalamine in propionate
metabolism 1n plants 1s not clear. Plants are generally
considered to lack vitamin B,, and cobalamine related
compounds In line with this, Stumpf et al. [1,2] reported
that plant tissue metabolized propionate to 3-hydroxy-
propionate and then to acetate rather than to a meth-
ylmalonyl derivative and then to succinate, as occurs in
vertebrates [3]. However, Laties and Hoelle {4] com-
pared the metabolism of propionates labelled in the 1, 2
and 3 positions 1n aged potato tubers and reported data
consistent with the participation of vitamin B,, depen-
dent methylmalonyl-CoA mutase. Furthermore, Poston
has reported the presence of methylmalonyl-CoA mutase
and leucine 2,3-aminomutase in potato tubers [5] and
leucine 2,3-ammomutase in bean seedlings [6]. Both of
these enzymes are vitamin B,, dependent. Because of
these apparent discrepancies in the occurrence of vitamin
B, and propionate metabolism in plants, we assayed the
levels of vitamin B,, and determined the metabolic fate
of propionate 1n the ima bean, Phaseolus limensis L.

RESULTS

No detectable levels (minimum level of detectability
0 04 pg/mg dry weight) of vitamin B, , were present in the
leaves or stems of the lima bean, P. imensis. In contrast,
the root tissue contained 46+7 pg/mg dry weight of
vitamm B,

To study the metabolic fate of propionate in the lima
bean, four- to five-day-old seedlings were injected with
[2-1*C]propionate, mcubated for varying periods of
time, and then the organic acids were extracted and
analysed by radio-HPLC. An example of the type of data
obtamed 1s presented i Fig. 1, and shows the profile of
metabolites obtained after a 30 min mcubation The
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major labelled organic acids were unreacted propronate
and 3-hydroxypropionate. Lesser amounts of radioactiv-
ity were present 1n the fractions corresponding to citrate,
acetate, and other organic acids. The effect of time on the
accumulation of labelled metabolites 1s presented 1n Fig.
2, and shows that the major metabolite of proptonate at
all mcubation times was 3-hydroxypropronate, with les-
ser amounts of radioactivity in other organic acids also
present. At no time were apprectable amounts of radioac-
tivity detected 1n the fraction corresponding to meth-
ylmalonic acid. The extraction conditions would convert
CoA derivatives to their free acid form, and therefore 1t 1s
not known whether the acids analysed were present 1n
plant tissue in the free form or whether they were CoA
derivatives. At no time pont did high levels of radioacti-
vity appear in the fraction corresponding to acetic acid
The effect of time on the disappearance of [1-14CJacetate
mjected into the stems of the plant indicated a relatively
slow rate of disappearance, with only 52% of the re-
covered radioactivity from [1-1*C] acetate metabolized
to other organic acids 1n 30 min This tndicates that the
relatively low levels of radioactivity in the acetic acid
fraction from [2-'*C] propionate may be due to a slow
conversion of 3-hydroxypropionate to acetate rather
than the rapid removal of acetate formed.

Stumpf et al. [1, 2] suggested that acrylic acid was a
likely intermediate 1n the conversion of propionate to 3-
hydroxypropionate 1n plants. The efficient conversion of
[2,3-1*Clacrylic acid to 3-hydroxypropionate (Fig 3)
supports this suggestion

DISCUSSION

Vitamin B,, 1s required as a coenzyme in the meta-
bolism of proptonate to succinate The generally held
view that plant tissue does not contain this vitamin was
consistent with Stumpf et al [1, 2] observations that
certain plants metabohized propionate to acetate rather
than to succinate. Similar observations have been made
in insects, where many species do not contain vitamn
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Fig 1 Radio-HPLC trace of the products of [2-!“C]propionate after a 30 min incubation in the ima bean The
labelled substrate was jected into stems and after 30 min, the plant ussues were homogenized, organic acids
extracted, the solvent reduced in volume, and radio-HPLC performed as described 1n Experimental
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Fig 2 Effect of time on the metabolism of {2-'*CJpropionate 1n
the ima bean The labelled substrate was injected into stems and
after the times indicated, the plant tissues were homogenized, the
organic acids extracted, the solvent reduced 1in volume, and
radio-HPLC performed as described in Experimental

B, [7] and also convert propionate to acetate rather
than to succinate [8-10] The reported presence of
methylmalonyl-CoA mutase and leucine-2,3-
aminomutase 1n several plants [S, 6], prompted further
work on vitamin B, levels and propionate metabolism
The data reported here, in which 1n tivo studies show that
the major route of proptonate metabolism n the lima
bean 1s the formation of 3-hydroxypropionate and then
acetate, 1s consistent with the concept that many plants
do not utilize vitamm B, i propionate metabolism The
reported presence of methylmalonyl-CoA mutase (which

requires vitamin B, as cofactor) in potato tubers may
suggest that plants differ m their use of vitamin B, or
that different tissues 1n the same plant may use alterna-
tive pathways

EXPERIMENTAL

Radioactwe substrates Na[2-'*C]propionate (27 mCi/mmol)
was obtamed from ICN Chemical and Isotope Division, Irvine,
Cabforma [2,3-**C] Acrylic acid (051 mCi/mmol) was pur-
chased from Pathfinder Laboratories, St. Louis, Missourt Na[1-
Y4Clacetate (57 mCi/mmol) was purchased from Research Pro-
ducts International, Mount Pleasant, Illinois

Plants 4-to 5-day-old lima bean seedlings grown 1n planting
mix were used for all expertments

Radioassay of vitammn B,, Between 2 and 3 g of plant tissue
was used for each expeniment Extraction and competitive bind-
ing radioassay was performed as described elsewhere [ 7] Separ-
ation of the free (unbound) vitamin B,, from the bound (In-
trinsic Factor-B,, complex) was performed by a sohd phase
method in which purified swine intninsic factor immobilized on
mucrocrystalline cellulose particles was used nstead of the dex-
tran-coated charcoal method

In vivo studies with labelled precursors Labelled substrates in
05 to 1ul H,O were mjected in separate experiments into the
stems of lima beans (groups of two), and incubated for the ime
periods given in the text Incubations were stopped by homogen-
1zing excised stems and leaves in 4 ml H,O Six drops of 0 IM
NaOH and 8 ml of MeCN were then added to ppt protein
Precipitate and other debris were removed by centnifugation at
2000 g for S min The extract was evapd to 0 5-1 mlin a 60' sand
bath under a stream of N, Extracts were then filtered (filter size
024) and ahquots were analysed by HPLC
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Fig. 3 Radio-HPLC trace of the products of [2,3-!*CJacryhc

acid 1n a 15 min incubation 1n the ima bean. The labeiied

substrate was injected into stems and after 5 min, the tissue was

homogenized, organic acids extracted, the solvent reduced 1n

volume, and radio-HPLC performed as described in Experi-
mental

HPLC. Organic acids were separated by HPLC on a Bio-Rad
HPX-87 (9u) 10n-exchange column using 0005 M H,SO, as

999

eluent Organic acids were detected by a UV spectrometer at 210
nm The material corresponding to each component was collec-
ted 1n a scintillation vial Unlabelled standards were co-injected
with each sample to allow detection by UV absorbance

Liquid scintillation counting 10 ml of Formula 963 (New
England Nuclear Research Products, Boston, Massachusetts)
was added to each sample and radioactivity was assayed by
hiqud scintillation counting at 80-85% efficiency
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