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ABSTRACT

July 15, 1958

2-Carboxy-~-li-ketopentitol is converted enzymatically by a cell-free pre-
paretion from spinach leaves into a substance undergoing acid-lactone inter-
conversion. This substance has no phosphate or ktone groups and is probably
a8 dlcarboxylic, six-carbon sugar acid or the saccharic or saccharinic acid
type.'The significance of these findings with regard to the metabolic role of

2-carboxy-lh-ketopentitol diphosphate is discussed.

* The work described in this pasper was sponsored by the U.S. Atomic : f
Energy Commission. :
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THE METABOLISM OF 2-CARBOXY-4-KETOFENTITCL DIPHOSPHATE
. L
VY. Masea end M. Calvin

Rediation laboratory and Department of Chemistry
Iniveraity of California, Berkeley 4, Celifornia

The tentative identification o 2-carboxy-i-ketopentitol diphosphste (CKPD)
among compounds incorporsting 34C from 14C0, by suspensions of photosynthesizing
Chlorells cells has recently been reported®. Little evidence wes available to
determine whether this substance played a significant role in metabolism, or
whether it was formed nomenzymaticslly by menipulation of the cell extraets
during anslysis.

Subsequent studies on its relative rate of formation from 14C0, compared
with other photosynthetic intermediates in Chlorells cells have shown that it
did not appear labelled in noticeable smounts in the first minute efter the
introduction of MCO. This would seem to suggest that it is not sn artifact
of manipulation formed from the primarily-produced 2-carboxy-3-ketopentitol
diphosphate®» 3. However, the fact that it is never seen in very large amounts:
and thet it would inerease by & factor of six due to the labelling of the pre-
sumed precursor of carboxylation, ribulose diphosphate, might lead to such an
observed result. The question of iis enzymatic or anonenzymatic formation thus
remains equivocal.

Attempts were mede t0 feed Chlorella cells in the light with CKFD. The
cells vere suspended in 0.00lL M ammonium phosphate buffer, pH 3.55, and were

incubsted for five minutes in the light with CKPD isclated chromatographicslly?

* The work described in this paper was sponsored by the U.S. Atomic Energy
Commission.

il Present address:
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from photosynthesls experiments; unlabelled carbon dioxide was also present.
Subsequent chrommtogrephic analysis of the cells after killing with boiling
ethanol® showed the presence of uaénmd CKPD (55% of the totel 1%¢), the
monophosphate corresponding to CKPD (384) and ribulose monophosphate (7%); the last
of these was probably derived from contaminating ribulese diphosphate in the

CKPD used as substrate. Most probebly, CKPD wes unsble to enter the cells, and
was acted upon only by a surface phosphetase. Other experiments with ridulose
diphosphate-14C showed that the cells were slso impermeable to this substance.

As astudies of photosynthesis were being carried out in this lsboratory
with chloroplast and sap preparstions from spinech lesves, the opportunity was
teken of using such preparations to study the utiliszsetion of CKPD. Chloroplasts
were prepered by grinding the leaves with isotonic sucrose containing phospmnte
buffer, pH 7.22. "The whole chlamplgats were separated from fragments and other
smaller subcellular perticles by centrifugation, and were resuspended in the cell
sap. The latter wvas obtained by blending deep~frogzen spinach leaves in & chilled
blender (with no addition of liquid) =nd subsequently thawing the mush and
centrifuging it for fifteen minutes at 20,000 g. The clear supernatant
(yellowish-green in colour) wes adjusted with potassium hydroxide to pH 7.22.
The mixture of chloroplasis and sap was fortified with the following cofactors;
magnesium and mengenese lons, di- and triphosphopyridine nucleotides, adenosine
diphosphate, coeﬁ;ayme A, thlsmine pyrophosphate, and escorbic aecid. Full details
of these prepsrative techniques will be published elsewhere®.

The chloroplast-sap mixture was incubated for thirty minutes in the light
with CKFD The reaction was stopped by the sddition of four volumes of ethanol
et room temperature, and the soluble materisls analyzed by diromstography and
radiocsutography as before®*. Fig. 1 slows the pattern of 3C incorporstion from

CKPD by chloroplasts and sap. Apart from a few very weakly active substances,
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19% of the 4C in the original substrate wes recovered as CKPD, 9% as the corres-
ponding monophosphete ester, =nd TR% a8 s new compound, henceforth referred to as

substance I (Fig. 1). Compound I had spproximately the same chromatogrsphic be-

haviour as cltric acid in the solvent system used, but was not this substance.

It was quanﬁmiﬁélﬁwconwrmd to another substsnce (II) by treatment for a

few minutes with 0.1 N hydrochloric acid st 100°. Mere elution of substance I
from the paper chromstogrem, followed by rechromstography, resulted in the forma-
tion of some II (3% of I snd 65% of II: Fig. 2). I could be recovered from II

by heating for a few minutes st 100° with 0.1 N sodium hydroxide. This bebaviour

of I and II on trestment with scid and alksli suggested that substance I was an acid,

and II the corresponding lectone. I wes not dephosphorylated CKPD: the latter
does not lactonize, and its Achremtographm relation to hemamelonic acid and lace
tone is quite differemt from I (Fig. 2)*. Heating I with 0.1 N hydrochloric
acid or 0.1 N sodium hydrowide for thirty mimutes at 100° had no effect other
than the formation of II in the presence of acid. Trestment of I with 2il-
dinitrophenylhydrazine, followed by extraction of the hydrszones and chromato-
grephy®, produced no hydrszone of I, end no chenge in the chromatograsphic be-
haviour of I was cbitalned by treatment of it with potessium borohydride; I there-
fore possessed no ketone function. Human seminal ecid phosphatase was without
effect on I, thus indicating the sbsence of & phosphate ester.

Substance I was conpared with a oumber of suthentic markers by electro-
phoresis et 600 V. for three hours in 0.1 M exmonium acetate buffer, pH 9.1;
the mobility was equal to that of glycerle aecid, and greater then thet of ribonic
and hamemelonic acids. However, I was not glyceric acid (from chrometographic
end lactonization data), and the possibility arose that it was a dicarbarylic
sugar acid (a saccharid acid) which would have the seme charge/mess ratio as
glyeeric scld, and hence bave simllsr electrophoretic properties st pH 9.1.

Electrophoretically, gluco-saccheric acid moved a little faster than glyveric
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ecid and I. Chromatogrsphically, gluco-saccharie scid produced s double spot, both
of which moved approximstely together with hememelonic =cid. The ghico-ssccharic
lactone, formed on heating the acid with hydrochloric acid, also produced two
spots; one of these was chromatograsphically very close to II, while the other
moved an equsl dlstance in phenol-water and a little more slowly in butanol-
proplonic acid-water. There is no daabdbt that I is not identical with gluco-
saccharic acid liself: +the electrophoretic mobilltiss are a little differenty I
lactonizes wore readily asnd forms only & single lactone spot, and I also moves
further in butanol-propionic acld-water then doces gluco-saccharic scid.
Two of the possgible structures which might fulfill the requirements of the

exlisting evidence are s saccheric acld end a saccharinie scid derived from CKPD:

CHg O CHaO0H
-HOC-C-CH HOOC-C~QH
B-C-0H H- C-H
H-C-0H H-C~-OH
COOH COCH

& saccheric acid & saccharinic acid

Further studies® on the feeding of the chloroplest-sep prepsration with
lsbelled ribulose diphosphmte or labelled phosphoglyceric acid have shown that the
same preparation used for CEKPD studies converted both these substrates to
other intermedistes of the carbon reduction cyclei. In the presence of unlsbelled
carbon dioxide, 1%¢ from ribulose diphosphete sppeared mainly in phosphoglyceric
acid, the suger monophosphates and phosphoenvlpyruvate. Labelled phosphoglyceric
acid was converted predominantly into the sugar momophosphates and phosphoencl-
pyruvete, with & small amount of sctivity in the diphosphetes. The faet that CKPFD
was not converted into any of these cycle intermediates (Fig. 1) argues against
its direct participation in the photosynthetic carbon cycle.

Although the utilization of CKPD by a cell-free preparstion from spinasch

has been demonstrated, ite formetionm in this plent hae not yet been investigated.
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The fact, also, that CKPD was converted to only one other substance by the spin-
ach preparation (apart from the monophosphate ester) allows no definite conclu~-
sions to be reached of its role in metsbolism. The conversion of CKPD to I
mey be a nonspecific enzymstic resction, and the formetion of I may have no

Physiological significance.
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Fig. 1. Radioautogram of extract of spinach chloroplasts and sap
incubated in the light with 2~-carboxy-4-ketopentitol diphosphate
for 30 min.
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Fig. 2. Radioautogram of substance I after elution and rechromato-
graphy showing presumed acid and lacone forms (I and II). The
outlines of the marker spots of hamamelonic acid and lactone
are included for comparison.



