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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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IDENTIFICATION OF RIBULOSE PHOSPHATES IN 01402
" PHOTOSYNTHESIS PRODUCTS ( )
K;,&, Benson - »
Radiation Laboratory
University of Califbrnia, Berkeley

The intgrmediates involved in carbon dioxide fixation by plants are
largely phosphorylated hydroxy acids and sugaré,~ & compound observed dur-
ing the firét.few seconds of 01402 photosynthesis in’all the plants investi-
gated in this laboratory has now been identified as ribulose (adonose)
diphosphate,

The diphosphate ester occupies a paper chromatographic position near
vthat of fructose and gluboSeelié-diéhosphatesl and 2,3~diphosphoglyceric
acid, A m.onophosphate2 ester which gives the same labeled sugar upon
phosphatase ("Polidase®) hydrolysis 6ccupies a chfqmatograﬁhic position
intermediate between triose p}.1osphxa.'i:,es'1 and the hexose monophosphates,

In young cultures of Scenedesmus the concentration of the diphosphate
approaches that of phosphoglycerate,

Independent evidence of the phoéphorous conten£ of ribulose diphos-
phate was obtained from meaéurements éf G;A/PBZ ratién in ehromatographi—

.cally separated compounds derived from Sgenedesmus saturated with P32 (12
“ hours equilibration in radiophosphate) and G}A (35 minutes photesynthesis
in 01402). The measured.rétiés (samples were counted when the ratios -jere

- near unity for optimum accuracy) were all muitiplied by an apprbpriate

(*) This work was sponsored b y the United States Atomic Energy
Commission, _ o




Sl

| UCRL~1281
factor to give 3.0 fof phosphoglycerate, 5.1 for glucose mohophosphate, 5.8
for fructose plus sedoheptulosé ﬁongphosphate, and 2.0 for ribulose diphos—
phate, The calculated vélue for ribulose diphosphate is 2.5,

~ The chromatographic position of the“radioactive sugar Rf(phen01}=0.60;
in(bu@apqlfprqpiqpic‘aci@f?gifri}?0927}:co:responds exactly té that of
fibulose prepared by epimé;izétién_éf‘fibose or arabinose in pyridine., No
common hexoses or tetroses‘havé éuch a bosition. |

The radioactive sugar reéists Erpmine but is cleaved by oXygen, par-
ticulérly under basic conditions such as in diethyiamine solutions or on
anion exchange resinsg, Radiocactive glycolié, glyceric and a polyhydroxy
acid (presumably erythroniéB)‘are obtained upon air oxidation., These prod-
ucts are those expected from ribulosefoxidation; The labeled diphosphate
was found té be oxidized by air in diethylamine solutions to give phospho=-
glyceriec and phosphoglycolie acids as major products, These were identified
by chromatography of the Pydrolysis products which were found in the expected
positions of glydéric acid and glycolic acidA, ‘

The radioactive'sugar was epimeriged in p‘yridine5° Go—chromatography
of the resultant mixtureé'with ribose and érabinOSe showed identity of the
two major fadioactive'prodﬂcts'withvthe,added sugars, The radioéétive |
2,Apdinitrophenylosazone7 of D-arabinose was preparediwith a tracer quantity
of the labeled ribulose, It wasvfound to have the calculated specific
activity and this was undiminished by repeated recrystallizatiohs from methyl
éellosolve, \

The radicactive sugar was catalytically hydfogenated with Adans cétalyst
and the piroduct was found to co-chromatograph with added ribitol but not

with arabitol.
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The foregoing observations léad 4o the conclusion that the radiocactive
compounds isclated from planits are ribulese 1l,5-diphosphate and ‘monophosphate.
&n examination of the kinetics of formation of this compownd from G40, dur-
ing steady state pho‘bosynthésis and a discussion of its importance as a C

donor in the cyele for regeneration of the CO_-acceptors will be published.
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