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THE PATH OF GARBON IN PHOTOSYNTHESIS, XIX
THE IDENTIFICATION OF SUCROSE PHOSPHATE
IN SUGAR BEET LEAVES®

do Go Buchanan

Radiation Laboratory and Department of Chemistry
Univ ersity of California
Berkeley, California

Abstraeﬁ
The recognition and characterization of a sucrose phosphate as an
intermediate in sucrose by sucrose synthesis by green plants is described.
A tentative structure for this phosphate is proposed and its mode of for-

mation suggested.

(*) The work described in this paper was sponsored by the U, S. Atomic
Energy Commission.
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The synthesis of sucrose in green plants has for long been a problem to
plant biochemists. The sucrose phosphorylase enzyme from Pgeudomonas
saccharophils will catalyse the reaction

sucrose + 33?04:__'"_* G@:glucose»kphosphate + D-fructose
and Hassid, Doudoroff and Earkerl have isolated sucrose syﬁthesizéd by this
ex‘xzymeo It eppears, howevéf s that this is not the mechanism by which sucrose
is synthesized in the green plant. It has not been possible to show the
presence of this enzyme in higher plents. In Part IV of this series it
was shown that when Chlorella were allowed to photosynthesize in radioactive
carbon dioxide, sucrose was the first free sugar to be formed. This was
interpreted o mean that in sucrose synthesis in higher plants, only phos-
phorylated derivatives of sugers were involved, pro‘bably yielding a sucrose
phosphate as the first sucrose=containing product. There isreason to sus-
pect that there is a naturally occurring sucrose phosphate in nature from
work on the utilization .of sucrose by microorganisms eand that it is the
fructose moiety which phosphorylated. More recently, Putman and Hassid 93
working with leaf punches, have obtained evidence for the formation of a
| phosphorylated sucrose derivative in sucrose synthesis.

We have exemined the '"hexose monophosphates™ produced during photosynthesis
in 014029 These were treated with an invertase-free phosphatase preparation
and subjected to paper chromatography. In several cases, there were only
minute traces of sucrose formed by this treatment, but in suger beet (5 minutes
in G.u'ﬂz) there was an appreciable quantity. It was identified by co-ghroma-
tography, and enzymatic hydrolysis to glucose and fructose, themselves identi=
fied by co=chromatography.

When this "hexose monophosphate' sample was subjected to chromatography
in t-butenol/picric acid/water, radioactive areas corresponding to glucose-6-
phosphate, fructose-6~phosphate, sedoheptulose and mannose phosphates, and
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sucrose phosphate were obtained. The sucrose phosphate gave sucrose on phos—
phatase treatment, and on acid hydfolysisz glucose and a fructose phosphate
were produced. The latter did not co-chromatograph with fructoseaémpﬁosphateo

The sucrose phosphate in sugar beet leaves bas the probable structure:

(Figure 1)

It would seem that in sucrosé‘synthesis in green plants there are
two possible mechanisms. Glucose-l-phosphate might reaééywith fructose=1-
phosphate to give sucrose phosphate, which would be dephosphorylated to
sucrose. Alternatively, sucrose phosphate synthesis might be envisaged to
occur through uridine diphosphate glums%4 which becomes labeled shortly
before sucrose in kinetic experiments with 614@205 The uridine diphosphate
glucose may be formed from glucose-l-phospbate by & series of reactions |
analagous to those proposed by Kornbergo6 These alternative schemes are
sumarized in Figure 2.

Although it has not been possible to find appreciable quantitiés of the
sucrose phosphate in many of the plants studied, we believe that this is
probably due to its reservoir size being very smdl and that the mechanism
of sucrose synthesis is very similar in green leaves and in algae.

Experimental

The chromatographic technigques were those described in Part V.7 The
solvent i-butanol-pieric acid was that of Hanes and Isherwm@d,s as modified
by Moyle and Mitchell? to avoid crystallization of the pierie acid on the
chromatogram during chromatography: t~butanol (80 cec.), water (20 cc.),
picric acid (2 go). The enzyme preparations used were i;Pol::‘ll,c.iase-==S“ (Schwarz
Laboratories, Inc.) and "Phosphatase? (General Biochemicals, Inc.). Both

were used in 1% solution, without buffer. The incubations were carried out
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at 35° C. under toluene, with 200 Mg. of enzyme, for periods of 24~72 hours.
The "Phosphatase" was shown to be devoid of invertase activity.

Detection of a Phosphorylated Suerose Derivative

The source of radicactive compounds was an extract from sugar beet leaves
which had photosynthesized for 5 minutes in ¢l40,, The radicactive ares used
was that designated "hexose monophosphates" on chromatograms in the standard
solvents (Phenol: n-butanol-propionic acid).

The "hexose monophosphate" area was extracted and hydrolyzed with phos-~
phatase. On rechromatography, besides the usual monosaccharides, there
appeared a spot in a position chgré,cteristic of a disaccharide. Figure 3,

In one experiment, the unknown spot was rechromatographed with carrier
sucrose (100 y). After exposure to film, the chromatogram was sprayed with
aniline-trichloroacetic acid and heated at .1,;0()O for 5 minutes. 1I't. was then
sprayed with orcinol=trichloroacetic acid (oreinol (0.5 go)9 trichlorcacetic
acid (15 go), t~butanol (90 cc.), water (10 ec.) ) and heated in the same
way as before. The brown spot which appeared was'completely coincident with
the darkened area on the radioautograph.

In another experiment the disaccharide spot was cut out and treated with
"Polidase~S" {known to have invertase activity). The hydrdlysate was chro-
matographed‘with glucose and fructose carrier. After exposure to film, the
chromatogram was sprayed with ammoniacal silver nitrate (5% AgNO3 in methenol)

and heated. The black spots were coincident with the dark areas on the film.

(Pigure 4)

The Separation of the Sucrose Phosphate from

Monosaccharide Phosphates

The "hexose monophosphate" area was extracted and treated with a small

quantity of the acid form of vD_iQwex~=5Q9 Glucose=6~phosphate (250 v of Ba salt,
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treated with acid Dowex=50) was added as carrier and the solution chromato-
graphed as a band in Ewbuténglmpicric acid. Four bands were produced. (Figure 5)
The slowest moving band was extracted and chromatographed in phenol to remove

the pieric g@id and any free sugars which might be present, The only free

sugar observed had the same Ry value in phenol as glucose. When the phosphate
was extracted from the phenol chromatogram and. treated with "Fhosphatase,"
followed by chromatography, three sugars, with the @hromatogfaphic coordinates

of glucose, fructose and sucrose were produced, (Figure 6)

In another experiment, using the same sample of radiocactive hexose
monophosphates, the sucrose phosphate, freed fr@m piceric acid by chromato-
graphy in phenol after partial separation from the other phosphates in
t-butanol-picric acid, was divided into two parts (a) and (b). Sample (a)
was rechromatographed in two dimeﬁsionsg phenol (first direction), t~butanol-
picric acid (second direction). Under these conditions, three major spots
were produced (Figure 7). One co-chromatographed with glucose-6-phosphate,
and another with fructose—é-phosphate. The other, the most radiocactive of
the three, behaved as sucrose phosphate.

Sample (b) was mixed with the same carriers as (a) and hydrolyzed with
0.1 N HC1 at 100° for 5 minutes. The hydrolysate was tﬁen chromatographed
in the same way as above, Four major (and several minor) spots were visible
on the radiocautographs glucose-b6=-phosphate, fructose-6-phosphate, glucose
(all identified by co-chromatography) and another phosphate close to but not
éoincident with the fructose-6-phosphate. (Figure 8) Only a very small
amount of radiocactive fructose was present, alﬁhough spraying of the chro-
matogram showed that practically all of the earrier fructose was presemt,

Table I shows the relative radioactivities of the compounds (approximate).
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Table I
CoPollo

Compound - (a)i | (v)

| Sucrose phosphate | 180 ‘ -0
Glucose~6=phosphate 80 80
Glucose 20 120 |
EructOSeméwphosphate 110 110
Fructose~l-phosphate(?) | 0 90
Fructose . 0 20

The glucose~6-phosphate and the fructose-6-phosphate probably arises
from a small amount of cross contamination between them and sucrose phos—
phate on the original picric acid chromatogram. Since practically all of
the sucrose phosphate had been hydrolyzed and only half of the radiocactivity
originally present in it appears as glucc;se s almost all of the rest being
iﬁ the new phosphate appsaring next ‘to fructose-6-phosphate, it follows
that this phosphate is a fructose phosphate different from fructose-6-
phosphate, The amount of free fructose present is roughly about 1/10 of
that of the fructose phosphate suggesting that the rate of hydrolysis of
this fructose phosphate corresponds to that of fructose=l-phosphate. This
would lead to the tentative structure for the sucrose phosphate shown in

Figure 1.
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