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Abstract—The product of oxidation of proline by pumpkin proline dehydrogenase reacted with o-aminobenzal-
dehyde to give a yellow compound that had an absorption spectrum similar to that obtained from chemically
synthesized A'-pyrroline-5-carboxylate. The product of the proline dehydrogenase reaction and synthetic A'-pyr-
roline-5-carboxylate had identical R, values. Both authentic A*-pyrroline-5-carboxylate and the product of the
enzyme gave a pink colour with acid ninhydrin on paper chromatograms and both had identical elution patterns
on Dowex SO(H*) columns. Neither synthetic A'-pyrroline-5-carboxylate nor the product of proline-dehydro-
genase produced y-amino butyrate with hydrogen peroxide.

INTRODUCTION
4-KETO-8-AMINOVALERATE is the oxidative product of proline in animal tissues'** which
is in equilibrium with A!-pyrroline-2-carboxylate.®> Proline-[1*N-?H] is metabolized to
glutamate which contains a large percentage of isotope but the nature of the intermediates
was not elucidated.* A particulate fraction of rabbit kidney or liver oxidized proline via
the cytochrome system® and glutamic-semialdehyde (which is in equilibrium with A'-pyr-
roline-5-carboxylate®) was the oxidation product. Following this observation, a large
number of animal tissues "~!! and microorganisms'*~!® were shown to metabolize proline
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via A'-pyrroline-5-carboxylate. However, in plants the catabolism of proline is reported to
occur via an unidentified intermediate.'®!”

The data presented in this paper show that A'-pyrroline-5-carboxylate is produced by
pumpkin proline dehydrogenase. and that A'-pyrroline-2-carboxylate is not involved.

RESULTS AND DISCUSSION

Al-Pyrroline-5-carboxylate was produced chemically and purified by ion exchange
chromatography. It produced a pink colour with ninhydrin®'*'* and reacted with o-
aminobenzaldehyde. On chromatography. followed by reaction with acid ninhydrin, A'-
pyrroline-5-carboxylate could be demonstrated. An aliquot of this fraction was treated
with H,O, and then chromatographed; no y-amino butyrate was formed. After treatment
with H,0,, A'-pyrroline-5-carboxylic acid is not converted to y-amino butyrate. whereas
A'-pyrroline-2-carboxylic acid is quantitatively converted to y-amino butyrate.”'*'® This
shows that A’-pyrroline-5-carboxylate was synthesized and not A'-pyrroline-2-carboxylate.
Solutions of A'-pyrroline-3-carboxylate are unstable.!®'® After chromatography
and recaction with ninhydrin, purified A'-pyrroline-3-carboxylate exhibited only
one pink spot (R, 0-11) (Table 1). However, 3 days later, two new compounds (R, 006,
0-09) were observed (Table 2) and the quantity of these new compounds increased as the
solution aged. Glutamate has an R, similar to unknown 1 and unknown 2 may be a poly-
merization product.'®

Tasre L. Stanirry o Af-pyrroline-5-carboxylate in acid solution at 4%

Days after

purification Treatment Compounds presentt R,
—-H.0, PCAT 011

+H.0, Unknown 1§ 0-06

R -H,0, Unknown 1 006
Unknown 2 009

PCAL Ol

3 +H,0, Unknown 1§ 0-06
Unknown 2 0-09

* The compounds were separated on DE-81 cellulose paper and identified by reaction with acidninhvdrin.
+ No y-aminobutyrate was observed.

1 PCA: A'-Pyrroline-5-carboxylate,

3 Has the same R as glutamate.

Pumpkin proline dehydrogenase is NAD-dependent and the amount of proline-[U-
'*(CT oxidized to A'-pyrroline-5-carboxylate in | hr was 4%, of the initial amount of proline
(3-1 umol). In rat liver mitochondria® high initial concentrations of proline (2-2 mM) are
converted to A'-pyrroline-5-carboxylate to only a minor extent (5%, in 1hr). However,
when the concentration of proline is low (0-3 mM) about 90°; of it is oxidized to A'-pyrro-
line-5-carboxylate in 3 hr. In pumpkin. proline was always poorly oxidized to A'-pyrro-
line-S-carboxylate, regardless of the concentration used.

A portion of the complete proline dehydrogenase reaction mixture which contained pro-

line-[U-"*C] was chromatographed on Dowex 50 (H ") columns alone or with an aliquot
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of purified synthetic A'-pyrroline-5-carboxylate (Table 2). Group 2 (Fraction 58-78) gave
a positive reaction with o-aminobenzaldehyde and was identical with A!-pyrroline-5-car-
boxylate when purified by paper chromatography. Aliquots of the enzymatically produced
A*-pyrroline-5-carboxylate (group 2) were applied to DE-81 paper, treated with 0 or 10%
H,0; and then chromatographed. Radioactivity was associated with A'-pyrroline-5-car-
boxylate and an oxidation product (see Table 1) on the chromatogram that was not treated
with H,O,. After treatment with H,0,, some Al-pyrroline-5-carboxylate was found with
a corresponding loss in radioactivity of glutamate and the oxidation product. No radioac-
tivity was associated with y-amino butyrate. According to Meister® and Johnson and
Strecker,® treatment with H,O, converts small amounts of A'-pyrroline-5-carboxylate to
glutamate, but most remains unchanged. However, treatment of A!-pyrroline-2-carboxy-
late with H,O, completely converts this compound to y-amino butyrate. The data pre-
sented show that A'-pyrroline-5-carboxylate is produced from proline by pumpkin proline
dehydrogenase, an observation different from that made with peanut.!”

TABLE 2. CO-CHROMATOGRAPHY OF SYNTHETIC AND ENZYMATICALLY PRODUCED A'-PYRROLINE-5-CARBOXYLATE

Reaction with o-amino-

Group Fractions* cpm x 1073 benzaldehyde
no. (tube no.) recoveredt (Aga3)
1 40-52 20 0-051
2 58-78 165 0-495
3 84-125 3000 0-002

* 7-5-ml Fractions were collected from a Dowex 50 (H™) column.

+ The enzymatic reaction mixture contained 3 umol of L-proline-'2C, 1-8 uCi of L-proline -[U-'*C], 0:9 umol
NAD, 500 ug of protein (proline dehydrogenase) and 0:1 M CO3-HCOj buffer, pH 10-3, in a final volume of
300 pl.

o-Aminobenzaldehyde was reacted with either synthetic or enzymatically-produced A'-
pyrroline-5-carboxylate and the absorption spectra of the yellow products determined.
Absorption maxima were observed at 440 and 292 nm. Strecker'® found absorption
maxima at 430 nm. 292 and 232 nm. The products described here did not absorb at
230 nm. The results also show that A'-pyrroline-5-carboxylate was produced by pumpkin
proline dehydrogenase, and that A'-pyrroline-2-carboxylate was not involved.

EXPERIMENTAL

Proline dehydrogenase was isolated from 7-day-old pumpkin (Cucurbita moschata Poir, cv. Dickinson Field)
cotyledons grown in the dark at 28°. Cotyledons were homogenized in 0-1 M phosphate buffer, pH 7-6. The
homogenate was filtered through cheesecloth and centrifuged at 31000 ¢4 for 15 min. (NH,),SO, was added to
the supernatant to 70°, saturation. The suspension was cooled at 0 for 30 min. centrifuged at 31 000 ¢ for 15 min.
the pellet dissolved in 0:1 M phosphate buffer, pH 7-6, and used as the enzyme source. A'-Pyrroline-5-carboxy-
late-[14C] was produced by reacting 3 umol of L-proline-['2C]. -8 uCi L-proline-{U-'*C] (185 mCi/mmol),
09 umol NAD, proline-dehydrogenase and 0-1 M carbonate-bicarbonate buffer, pH 10-3, in a final vol. of 300 pl.
After 1 hr incubation at 30° the reaction was terminated by the addition of 300 ul of EtOH and the precipitated
protein removed by centrifugation at 31000 g. A'-Pyrroline-5-carboxylate was synthesized by the method of
Jones and Broquist.?® 8 mg of x-amino-d-hydroxy-valerate and 40 mg of CrQ; were dissolved in 10 ml of 4M
HCl and maintained at 40° for 16 hr, The reaction mixture was taken to dryness under vacuum at 40° until most
of the HCl was removed. The residue was dissolved in H,Q, neutralized to pH 7 with KOH, and the Cr(OH),
pt. removed by centrifugation. The supernatant containing A'-pyrroline-5-carboxylate was stored at 4°, at pH
1-5. A-Pyrroline-5-carboxylate was purified by addition to 0-9. x 50-cm columns of Dowex-50 (H™) resin at 2°.
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The column was washed with 30 m] H,O and 55 ml 0-1 M HCl and the liquid discarded. A'-Pyrroline-5-carboxy-
late was then eluted with 0-5 M HCl and 7-5-ml fractions were collected. A'-Pyrroline-5-carboxylate was identi-
fied by the colour reaction (pink) with acid ninhydrin'® and its reaction with o-aminobenzaldehyde.® A'-Pyrroline-
S-carboxylate was applied to Whatman DEAE-cellulose paper (DE-81) and treated with 20 4l of 109, H;O. and
the liquid subsequently evaporated. Chromatograms were developed with H,O for 2 hr. This chromatography
separated glu, pro, y-amino butyrate and A'-pyrroline-5-carboxylate. Radioactivity was determined with a scin-
tillation spectrometer or with a radiochromatogram scanner.
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