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Catabolism of L-Canavanine and L-Canaline in the J ack Bean, Canavalia

ensiformis (L.) DC. (Leguminosae)

Gerald A. Rosenthal* and Milan A. Berge

The metabolism of L-canavanine and its primary metabolite L-canaline was investigated in the jack bean,
Canavalia ensiformis (L.) DC. (Leguminosae). L-[1,2,3,4-1YC]Canavanine and L-[U-1*C]canaline were
synthesized from L-[U-1“Clhomoserine. After 1.5 h, 35% of the administered radiolabeled canaline was
converted to acetone-soluble products; this amount decreased with time to 5.3% at 12 h. This fraction
was primarily responsible for respiratory loss of C as 1*CO,, which reached 52% of the administered
canaline after 12 h. The water-soluble, neutral fraction accounted for no more than 10% of the injected
canaline. The water-soluble, charged materials contained 35-40% of the C at each time period; five
compounds were identified within this fraction. They are homoserine, phosphohomoserine, lysine,
canavanine, and canaline glyoxylate oxiime. Canavanine-administered plants provided a degradation
pattern remarkably similar to that of canaline-administered plants, indicating the importance of ar-
ginase-mediated hydrolysis of canavanine to canaline in the process of canavanine catabolism.

L-Canavanine, the 2-amino-4-(guanidinooxy)butyric acid
antimetabolite of L-arginine, has been isolated from 1200
legumes (Bell et al., 1978). It is the principal nonprotein
amino acid of the jack bean, Canavalia ensiformis (L.) DC.
(Bell, 1958). This potentially toxic secondary plant me-
tabolite can play an important role in legume chemical
defense against herbivores, particularly insects (Rosenthal,
1986, 1988). It also functions as a nitrogen-storing me-
tabolite, able to support de novo amino acid synthesis
(Rosenthal and Rhodes, 1984; Rosenthal et al., 1988).

The Graduate Center for Toxicology (G.A.R., M.A.B.)
and the T. H. Morgan School of Biological Sciences
(G.A.R.), University of Kentucky, Lexington, Kentucky
40506-0225.

0021-8561/89/1437-0591%$01.50/0

Previous studies of canavanine catabolism in the jack
bean reveal that this arginine analogue is cleaved hydro-
lytically by arginase (EC 3.5.1.5) to L-canaline and urea.
The latter compound is degraded by urease (EC 3.5.3.1)
to CO, and NH;. Working in consort, these enzymes are
responsible for mobilizing two of the three nitrogens of
canavanine’s guanidinooxy group (Rosenthal, 1971). But
what is the metabolic fate of L-canaline? In 1970, Topfer
et al. reported that [3H]canaline gave rise to tritiated ho-
moserine in germinating seeds of Caragana spinosa, but
they did not provide data on how significant this reaction
was in overall canaline degradation. Thus, an objective
of this study is to employ L-[U-“C]canaline and L-
[1,2,3,4-“C]canavanine to determine to what extent ho-
moserine functions in the catabolism of these nonprotein
amino acids.

© 1989 American Chemical Society



5§92 . Agric. Food Chem., Vol. 37, No. 3, 1989

o a [o]
OH ———> OH
HO HO
NH, NH
Cbz
1 2

Rosenthal and Berge

o
b c
R § P
NH
I

Cbz

3

0 d 0 e 0 o
oOH —— oTs — o.
BzIO BzIO BziO N
TH TH TH H
Cbz

Cbz Cbz

4 5

f (o] g [o]
N fo) —_ 0\ NHy
HO “SNH, HO N=<
NH, NHa

7

6

NHy

8

Figure 1. Reaction conditions for synthesis of L-[U-"¥C]canaline and L-[1,2,3,4-¥C]canavanine: (a) CICOOPh/NaHCO,/H,0; (b) H,0/ citric
acid/ 4; (c) NaOH/ETOH /H,0, evaporate, benzyl bromide/ DMF; (d) tosyl chloride/ET,N/THF; (e) benzohydroxamic acid/NaH/DMF;
(f) HCI/ETOH/ A, HC1/H,0/ A; (g) NH,OH/pH 6.2, CuO, H,NCN/ZnCl,, H,S.

Homoserine is important in the nitrogen metabolism of
canavanine-producing legumes, for it supports trans-
sulfuration and direct sulfhydration reactions leading to
cystathionine, cysteine, and methionine formation (Giov-
anelli et al., 1979). Previous study of L-[U-1*C]homoserine
metabolism in jack bean (Rosenthal, 1982) disclosed that
homoserine served as a precursor for lysine production.
Thus, if canavanine is converted to homoserine, it would
also support primary metabolic reactions via lysine bio-
synthesis. We also sought to determine if and how reac-
tions other than those involving canaline contribute to the
metabolic fate of the aliphatic chain of canavanine.

EXPERIMENTAL SECTION

Preparation of L-[U-“C]Canaline and L-[1,2,3,4-'4C]Ca-
navanine. Synthesis of L-[U-1“C]canaline and L-[1,2,3,4-1C]-
canavanine (Figure 1) were achieved by modification of the
method of Ozinskas and Rosenthal (1986a). Analytical data on
all of the reaction products were provided elsewhere (Ozinskas
and Rosenthal, 1986a).

L-2-[(Carbobenzyloxy)amino]-4-hydroxybutyric Acid (2). Two
millimoles of L-homoserine (1) and 3.7 MBq of L-[U-*C]homo-
serine (Amersham; 1.48 GBq/mmol) were dissolved in 7 mL of
1 N NaHCOj;, and the resultant mixture was cooled to 0 °C and
reacted with 1.2 equiv of benzyl chloroformate as four aliquots
over a 1-h period. After 2 h on ice, the reaction mixture was stirred
at 23 °C for 24 h and extracted with ether (2 X 10 mL). After
the aqueous phase was acidified to pH 2-3 with 3 N HCI, it was
extracted with ethyl acetate (3 X 10 mL). The extract was dried
over Na,SO,, filtered, and evaporated in vacuo. Final yield of
2 was 90 £ 3%.

L-2-[(Carbobenzyloxy)amino]-4-butyrolactone (3). Compound
2 was refluxed with 10 mL of 150 mM citric acid for 6 h at 115
°C; the reaction mixture was extracted with ethyl acetate (3 X
10 mL). After the ethyl acetate was concentrated, it was treated
with Na,SO,, filtered, and evaporated in vacuo. Final yield of
3 was 97 £ 2%.

Benzyl L-2-[(Carbobenzyloxy)amino]-4-hydroxybutyrate (4).
Compound 3 was dissolved in 5 mL of absolute ethanol and treated
with 1.05 equiv of NaOH in 0.5 mL of deionized water. Formation
of the sodium salt of 3 was allowed to proceed at 23 °C for 60
min. The reaction mixture was dried, twice resuspended in ab-
solute ethanol, and finally dried exhaustively in vacuo. The
residue was dissolved in 3 mL of dry DMF and reacted in the dark
with 2 equiv of benzyl bromide for 24 h at 50 °C. The reaction
mixture was transferred to ethyl acetate, washed with deionized
water, twice with saturated NaHCOj;, and with saturated NaCl,

dried over Na,SO,, filtered, and concentrated. The ethyl acetate
fraction was purified by silica gel flash chromatography with ethyl
acetate /hexane (1:1, v/v). Final yield of 4 was 96 + 2%.

Benzyl L-2-[(Carbobenzyloxy)aminol-4-[(p-tolylsulfonyl)-
oxylbutyrate (5). Compound 4, dissolved in 1.15 mL of THF
(filtered over alumina) and 1.05 mL of triethylamine, was cooled
to —10 °C and reacted with 2 equiv of p-toluenesulfonyl chloride
in 1.25 mL of alumina-filtered THF. The reaction mixture was
stirred mechanically at 4 °C for 48 h and terminated by removing
the solvent under a stream of N,. The residue was taken up in
10 mL of ethyl acetate, extracted twice with 0.5 N HCI, saturated
NaHCOj, and saturated NaCl, dried over Na,SO,, and filtered.
After the ethyl acetate was concentrated, it was purified by silica
gel flash chromatography with ethyl acetate/hexane (1:3, v/v).
Final yield of 5 was 90 = 1%.

Benzyl L-2-[(Carbobenzyloxy)amino]-4-(benzamidooxy)-
butyrate (6). A solution of 3.1 mmol of sodium benzohydroxamate
and 75 mg (3.0 mM) of NaH in 4 mL of DMF was allowed to react
at 23 °C for 15~20 min or until H, evolution ceased. To this
reaction mixture was added 1.6 mmol of 5 in 4 mL of DMF and
the resultant solution reacted at 55 °C for 24 h. After the DMF
was concentrated by rotary evaporation in vacuo, 10 mL of ethyl
acetate was added and the mixture extracted with 0.5 N HCI, H,0,
saturated NaHCOj,, and saturated NaCl. After being dried over
Na,S0,, the extract was filtered, concentrated, and purified by
silica gel flash chromatography with ethyl acetate/hexane (4:5,
v/v). Final yield of 6 was 80 £ 2%.

L-2-Amino-4-(aminooxy)butyric Acid (L-Canaline) (7). Com-
pound 6 was refluxed with 7 mL of ethanolic HCI for 4 h at 95
°C. After the solvent was removed by rotary evaporation in vacuo,
the residue was dissolved in 7 mL of 3 N HCI and refluxed for
3hat 110 °C. Ether (2 X 10 mL) was used to extract the reaction
mixture prior to removing HCl by rotary evaporation in vacuo.

If L-[1,2,3,4-1%C]canavanine is desired, the residue is taken to
pH 6.2 with 1 N NH,OH and the solvent removed in vacuo,
resuspended in deionized water, and then reacted with CuO to
generate L-canaline—~Cu?* (Ozinskas and Rosenthal, 1986b). The
latter substance is guanidinated with zinc cyanamide to yield
L-1,2,3,4-1C]canavanine after the method of Ozinskas and Ro-
senthal (1986b). If L-[U-!4C]canaline is sought, the canaline
hydrochloride salt is treated with triethylamine and the free base
isolated as described (Ozinskas and Rosenthal, 1986a). The overall
yield of L-[1,2,3,4-14C]canavanine from L-[U-14Clhomoserine is 45
% 5%.

Preparation of L-[G-1*C]Canaline and L-[G-'*C]Canavanine
from L-[G-*C]Homoserine. L-[G-*C]Homoserine is prepared
by feeding 10-day-old pea plants, Pisum sativum, with Na,'COj.
In our procedure, 92.5 MBq of Ba*CO; (Amersham; 2.0-3.6
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MBq/umol) was dissolved in 4 mL of deionized water, treated
with a 2-fold excess of Na,SO,, and reacted at 30 °C overnight.
The solution, clarified by filtration, was diluted to 925 kBq/mL.

Paired 10-day-old pea plants were carefully removed from a
loamy potting soil and rinsed free of soil and the roots of both
plants placed in a 10-mL, narrow-mouthed, serum bottle that
contained 5 mL of “C-labeled sodium carbonate (4.63 MBq) in
vigorously aerated, half-strength Hoagland’s solution. The plants
were allowed to take up the radiolabeled materials for 24 h on
sunny day in which the temperature did not exceed 25 °C, har-
vested, and stored at —60 °C.

The frozen pea plants (n = 40) were ground in excess acetone
and the acetone-defatted plants extracted with 50% aqueous
ethanol containing 0.1 N H,SO, overnight at 4 °C. After the
extract was centrifuged at 12000g for 12 min, the supernatant
solution was filtered over Whatman 541 paper and concentrated
in vacuo. The pH was taken to 2-3 with a saturated solution of
Ba(OH),. After 15 min at 4 °C, BaSO, was removed by centri-
fugation as above. The supernatant solution was filtered over
paper as above, adjusted to pH 3.5 with 1 N HC], and placed on
a 20 X 75 mm column of Dowex 50 (H*). The column was washed
with 0.7 L of deionized water and developed with a 0.5 L of 200
mM ammonia and the column effluent concentrated by rotary
evaporation in vacuo. After treatment with decolorizing charcoal,
the amino acid laden effluent was taken to complete dryness by
rotary evaporation in vacuo.

Homoserine lactone was prepared by refluxing the homo-
serine-containing residue in ethanolic hydrochloric acid for 90
min at 105 °C and drying in vacuo at 55 °C for an additional 30
min after solvent removal. Deionized water was added to the
residue and the drying process repeated twice. The residue was
then dissolved in 3 N HCI and refluxed for 90 min at 115 °C.
Afterward, the HCI was removed exhaustively by rotary evapo-
ration in vacuo and the residue dissolved in deionized water, taken
to pH 3.0 with 1 N ammonia, and placed on a 20 X 75 mm column
of Dowex 50 (NH,*). The column was washed with 0.7 L of
deionized water and homoserine plus the basic amino acids eluted
with 0.5 L of 200 mM ammonia. Homoserine lactone was con-
verted to homoserine in situ when the column was treated with
200 mM ammonia.

The effluent was dried by rotary evaporation in vacuo and the
residue dissolved in deionized water, taken to pH 3.0-3.5 with
2 N ammonia, and applied to a second Dowex 50 (NH,*) as
described above. Basic amino acids were retained on the column
while homoserine was eluted with 0.7 L of deionized water. The
effluent was concentrated in vacuo and treated with decolorizing
charcoal. Automated amino acid analysis of the final product
revealed it was free of ninhydrin-positive substances other than
L-homoserine. L-Homoserine yield was about 6% of the pea on
a dry weight basis; the specific activity was 1.32 kBq/uzmol.

Growth of the Plants and “C-Labeled Compound Ad-
ministration. The 4C-labeled compounds were administered
to 9-day-old jack bean plants by direct injection into the fleshy,
green cotyledons (the storage tissues of the seed). Each of the
two segments constituting the cotyledons received half of the
administered dose: radiolabeled amino acid (29.6 KBq) and carrier
compound (15 umol) when applicable, in sterile water.

The plants were fed in the morning of a bright fall day in which
the temperature reached a maximum of 24 °C. All treatments
were replicated three times, and the above-ground parts were
collected at the indicated time intervals and stored at -60 °C.
Conditions for the growth of the plants prior to 14C administration
were described previously (Rosenthal, 1982).

Preparation of the Plant Extract. Frozen plant materials
were ground in a large excess of acetone at full power with a Sorvall
Omni-mixer. The resulting homogenate was filtered and the
acetone-defatted plant material allowed to dry at 22 °C.

The acetone-defatted plant material was extracted with 150
mL of 50% aqueous ethanol containing 0.2 N sulfuric acid by
mechanically stirring overnight at 4 °C. After centrifugation at
12000¢ for 15 min, the supernatant solution was concentrated by
rotary evaporation in vacuo and adjusted to approximately pH
4 with Ba(OH),; BaSO; was eliminated by centrifugation as above.
The supernatant solution was rotary evaporated in vacuo to
dryness, dissolved in deionized water, and evaporated as above.
After the residue was taken up in a minimum volume of deionized
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water, it was adjusted to pH 3.5 with 1 N HC], filtered, and stored
at 20 °C.

Purification of the Plant Extract. The plant extract was
purified on a 20 X 120 mm column of Dowex 50 (H*). After the
column was washed with 1 L of deionized water to secure the
water-soluble, neutral fraction, the water-soluble, charged fraction
was obtained by elution with 0.5 L of 200 mM NH,.

The water-soluble, charged fraction was treated as described
to convert homoserine to its lactone. After conversion, the final
residue was dissolved in a minimum of deionized water, taken
to pH 3-3.5 with 1 N NH,OH, and placed on a 20 X 120 mm
column of Dowex 50 (NH,*). The column was washed with 0.5
L of deionized water; the effluent contained phosphohomoserine
and a canaline oxime (Figure 1). Homoserine, lysine, and cana-
vanine were obtained by treating the column with 0.5 L of 200
mM ammonia. The column effluent was concentrated by evap-
oration in vacuo, taken to pH 3.5 with 1 N HC], and rechroma-
tographed on Dowex 50 (NH,*) as described above. Radiolabeled
homoserine eluted with the water wash, while lysine and cana-
vanine were obtained by developing the column with 200 mM
ammonia.

The “C content of lysine and canavanine was determined by
automated amino acid analysis in which the column effluent was
collected without reacting with ninhydrin. The column effluent
was then assayed by liquid scintillation spectroscopy. Radio-
labeled homoserine accounted for all of the “C found in the
appropriate column effluent and was not analyzed further by
automated amino acid analysis.

Phosphohomoserine and the canaline oxime possessed a very
similar elution volume, but phosphohomoserine eluted first. These
two compounds were reacted with an equal volume of 6 N HCI
at 100 °C overnight in vacuo. This procedure dephosphorylated
and lactonized the homoserine derivative. The two compounds
were then separated by ion-exchange chromatography with Dowex
50 (NH,*). The canaline oxime was eluted with deionized water
and homoserine with 200 mM ammonia.

The canaline oxime was identified as canaline glyoxylate by
treating the canaline oxime with hydrogen at 22 °C for 3-4 h in
the presence of palladium black (Rosenthal, 1979). This procedure
reductively cleaved canaline glyoxylate to form homoserine and
glycine in stoichiometric yield. The reaction products were
identified by automated amino acid analysis.

Processing the L-[guanidinooxy-*C]Canavanine-Treated
Plants. Nine-day-old jack bean plants treated with 185 KBq of
L-[guanidinooxy-*C]canavanine were processed as described
above to prepare the standard plant extract. The plant extract
was placed on a 20 X 120 mm column of Dowex 50 (H*), washed
with 1 L of deionized water, and developed with 0.5 L of 200mM
ammonia to remove amino acids and any hydroxyguanidine that
might have formed. The column was then treated with 2 N NaOH
to elute [!C]guanidine that might have been produced from
L-[guanidinooxy-1*C]canavanine; the effluent was taken to neu-
trality with 2 N HCI and assayed by liquid scintillation spec-
troscopy. The amino acid containing effluent was applied to
Dowex 50 (NH,*), washed with 0.5 L of deionized water, and
developed with 200 mM ammonia. L-[guanidinooxy-1“C]Can-
avanine and any [*C]hydroxyguanidine would be present in the
final effluent.

The final effluent was evaporated in vacuo and the residue
dissolved in 3 mL of 50 mM sodium tricine buffer (pH 7.6) and
treated with a sufficient excess of jack bean leaf arginase and
urease to insure complete hydrolysis of the L-[guanidinooxy-
14Clcanavanine (Rosenthal and Thomas, 1985). The reaction
mixture was deproteinized with 2 mL of 50% (w/v} trichloroacetic
acid and centrifuged at 12000g for 12 min and the supernatant
solution extracted three times with anhydrous ether. The reaction
mixture was concentrated in vacuo and taken to pH 3.5 with N
NH,OH, placed on a 20 X 75 mm column of Dowex 50 (NH,*),
and washed with 0.5 L of deionized water. [MC]Hydroxyguanidine,
generated from L-[guanidinooxy-4C]canavanine, would be eluted
with 200 mM ammonia.

RESULTS AND DISCUSSION

L-[U-*C]Canaline is rapidly metabolized by 9-day-old
jack bean plants (Table I). Within 1.5 h, 35% of the
administered radiolabeled canaline is converted to ace-
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Table I. Catabolism of L-[U-*C]Canaline by 9-Day-Old
Jack Bean, C. ensiformis

% administered time, h ue,
fraction or substance 1.5 3.0 6.0 12.0
1. acetone-soluble 35.1 22.8 14.6 5.3
I1. water-soluble
a. neutral 3.9 10.4 89 2.9
b. charged (total) 37.6 39.9 38.9 35.1
homoserine 21.5 18.9 15.4 13.4
phosphohomoserine 3.5 4.8 4.6 2.9
canaline glyoxylate 10.6 12.5 15.5 14.4
lysine 1.2 2.1 1.6 2.3
canavanine 0.8 1.6 1.8 2.1
max respiratory loss 18.9 22.4 331 52.1

tone-soluble components. These “C-bearing metabolites
are rapidly degraded; at 12 h postadministration, only
5.3% of the administered *C remains in this fraction.
Degradation of the acetone-soluble components is prima-
rily responsible for the respiratory loss of *C. Analysis
of the 12-h-treated plants reveals that more than half of
the initial 1“C is absent from the tested fractions (Table
I). Metabolites such as triglycerides and fatty acids would
be acetone soluble and readily respired to CO, and sub-
sequently lost. This finding indicates that most the ali-
phatic carbon skeleton of L-[U-1“C]canaline is converted
to acetone-soluble components that are subsequently lost,
most probably through degradation and conversion to
carbon dioxide. If so, canaline actively supports the energy
requirements of the developing plant.

The radiolabeled water-soluble neutral fraction, con-
taining such metabolites as monosaccharides, di-
saccharides, and polysaccharides, increases to about 10%
of the administered *C after 3 h and declines thereafter
(Table I). Since the total water-soluble charged fraction
accounted for about 38 £ 2% of the administered L-[U-
14C)canaline throughout the experiment, the water-soluble
neutral components has to be produced from the ace-
tone-soluble materials or their degradation products.
Recovery of the 1*C from the acetone powder for the sam-
ples used in this study was 96 £ 1% thus, virtually all of
the administered *C was accounted for by the data of
Table I. Overall, the acetone-soluble constituents increase
rapidly and then decline sharply; water-soluble neutral
compounds build more slowly, but they too are efficiently
utilized.

A substantial part of the L-[U-*C]canaline is converted
to L-homoserine and L-phosphohomoserine. If canaline is
converted directly to homoserine, this reaction would re-
quire a novel enzyme able to mediate a reductive deami-
nation of the aminooxy group of canaline. No enzyme is
known presently that can cleave an O-N linkage. More-
over, isolation of radiolabeled phosphohomoserine suggests
that homoserine formed from canaline is itself phospho-
rylated. Phosphohomoserine functions in the biosynthesis
of cystathionine, cysteine, and methionine (Giovanelli et
al., 1979). These three sulfur-bearing amino acids do not
accumulate sufficiently to evaluate the storage in these
metabolites of *C derived from radiolabeled canaline ca-
tabolism. Nevertheless, the evidence is strong that via the
reactions shown in Figure 2 canavanine and canaline
support the primary nitrogen metabolism of this plant.

Canaline also supports the production of lysine (Table
I), but this undoubtedly results from the ability of L-[U-
14Clhomoserine to produce radiclabeled lysine (Rosenthal,
1982). In addition, canaline provides the carbon skeleton
for an unusual higher plant conjugate, an oxime originating
from canaline and glyoxylic acid.

A particularly interesting observation is the finding the
L-[U-%C]canaline gives rise to L-{U-!4C]canavanine. At

Rosenthal and Berge

NH,
é-NHz
ﬂ POy’
0 o
| n
CH, CHy
R L
H-%—an H—%—NHZ
COOH COOH

L-canavanine L~homoserine phosphate

(d)
(a)

(c)
NHz
|
\\\\ 0 OH
| |
CH CH
1 2 (b) | 2
_
CH, CH,
| |
H—C —NH, H—C —NH,
| |
COOH COOH

L-canaline L-homoserine

(o)
(f)

COOH

éH NH,

N S,

o cH

éHz %Hz

éHz CH,

H—(l:—NHz H—(IZ—NHz

(l:OOH (I:OOH

L-canaline-giyoxylate L-lysine

oxime

Figure 2. Metabolic reactions of L-canavanine in C. ensiformis:
(a) hydrolytic cleavage employing arginase (EC 3.5.3.1); (b) re-
ductive deamination, enzyme unknown; (c) phosphorylation em-
ploying homoserine kinase (EC 2.7.1.37); (d) biosynthesis em-
ploying ornithine carbamoyltransferase (EC 2.1.3.3), arginino-
succinic acid synthetase (EC 6.3.4.1), and argininosuccinic acid
lyase (EC 4.3.2.1); (e) oxime formation between canaline and
glyoxylate; (f) lysine formation via 2,3-dihydropicolinic acid or
meso-2,6-diaminopimelic acid.

present, there are only two ways in which this can occur;
transamidination involving a nitrogen donor such as ar-
ginine or via the anabolic portion of the reactions of the
Krebs—Henseleit ornithine-urea cycle (Rosenthal, 1982).
To distinguish between these possibilities, L-[guanidino-
14Clarginine was fed to comparable 9-day-old jack bean
plants along with cold canaline. No significant production
of L-[guanidinooxy-1*C]canavanine was noted. Thus, our
earlier demonstration that L-[guanidino-2N-*N]arginine
serves in the production of L-[guanidinooxy-3N-1%N]can-
avanine (Rosenthal et al., 1988) means that this reaction



L-Canavanine and L-Canaline Catabolism in the Jack Bean

Table II. Water-Soluble, Charged Radiolabeled Products 12
h after Administration of L-[U-¥C]Canaline or
L-[1,2,3,4-14C]Canavanine to 9-Day-Old Jack Bean, C.
ensiformis

radiolabeled product, % admin 4C

admin
radiolabeled  homo- phospho- canaline

compd serine  homoserine glyoxylate lysine
canavanine 12.2 2.1 13.8 3.1
canaline 124 2.4 13.2 2.9

must occur by a route other than by direct trans-
amidination of canaline to form canavanine.

As mentioned previously, it is not possible to prove that
canavanine is made from canaline, via the formation of
O-ureido-L-homoserine and L-canavaninosuccinic acid,
since these compounds do not accumulate in the jack bean
plant. However, canaline does produce canavanine. Can
this occur via the partial reactions of the ornithine—urea
cycle, i.e. those fostering canavanine production from
canaline via O-ureido-L-homoserine? This biosynthetic
route was evaluated by providing 15 umol of carrier car-
bamoyl phosphate at the time of [1*C]canaline adminis-
tration. The addition of exogenous carbamoyl phosphate
doubled radiolabeled canavanine formation after 12 h.
This can only occur if carbamoyl phosphate fosters O-
ureido-L-homoserine formation as a prerequisite to cana-
vanine synthesis. On the other hand, the amount of ra-
diolabeled canavanine found in jack bean plants admin-
istered L-[U-14C]canaline is small and the present evidence
fails to support a role for canaline biosynthesis from ho-
moserine. Other than by arginase-mediated hydrolysis of
canavanine, there is presently no evidence that canaline
can be biosynthesized by a higher plant and thereby pro-
duce sufficient canaline to sustain canavanine biosynthesis.
Moreover, nearly all of the catabolized canaline is diverted
into homoserine and its derivative or oxime formation.
This is inconsistent with a major role for canaline in ca-
navanine biosynthesis. In conclusion, while canaline can
serve as a canavanine precursor, metabolism of this or-
nithine analogue does not appear to be sufficiently active
to account for the in vivo canavanine production that
occurs in young jack bean plants.

Analysis of 9-day-old jack bean plants provided L-
[1,2,3,4-14C]canavanine for 12 h reveals a degradation
pattern that agrees with that obtained for canaline (Table
II). This establishes the importance of arginase-directed
catabolism of canavanine to canaline in the degradation
of this arginine analogue. This conclusion is supported by
another line of inquiry. Namely, that administration of
L-[guanidinooxy-*C]canavanine to comparable jack bean
plants failed to provide evidence for the production of
guanidine or hydroxyguanidine. Thus, canavanine is not
degraded directly to yield homoserine and guanidine or
hydroxyguanidine. These degradative pathways operate
in canavanine processing by procaryotes (Kihara et al.,
1957). Rather, canavanine is first converted to canaline
and homoserine produced via the catabolism of canaline.
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It appears that the eventual production of ammonia from
urea is of such importance to the developing jack bean
plant that canavanine hydrolysis to canaline and urea is
the overwhelming pathway of canavanine catabolism.
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