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·
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Abstract

The recognition and characterization of a sucrose phosphate as an

intermediate in sucrose by sucrose synthesis by green plants is describedo

A tentative structure for this phosphate is proposed and its mode of for-

mation suggestedo

(*) The work described in this paper was sponsored by the U.. S .. Atomic
Energy Commissiono
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The synthesis of sucrose in green plants has for long been a problem to

plant biochemistso The sucrose phosphorylase enzyme from P§MQ,1Q.OPY

§acAAaroMilA will cata.1J'se the reaction

sucrose + B.3F04 ~ ~ Oo-!t-glucose-l-phosphate + ~fructose

and Hassid,9 Doudoroff and Barkerl have isolated sucrose synthesized by this

enzyme 0 It appears, however.? that this is not the mechanism by which sucrose

is synthesized in the green planto It has not been possible to show the

presence of this enzyme in higher plantso In Part 1'1,2 of this series it

was show that when Chlorwa were allowed to photosynthesize in radioactive

carbon dioxideo9 sucrose was the first free sugar to be formedo This was

interpreted to mean that in sucrose synthesis in higher plants, only phoscoo

phorylated derivatives of sugars were involved, probably yielding a sucrose

phosphate as the first sucrose=containing producto There is reason to sus=

pect that there is a naturally occurring sucrose phosphate in nature from

work on the utilization of sucrose by microorganisms and that it is the

fructose moiety which phosphorylatedo More recently$ Putman and Hassid,\l.3

working with leaf punchesj) have obtained evidence for the formation of a

phosphorylated sucrose derivative in sucrose synthesiso

We have examined the "hexose monophosphates tl produced during photosynthesis

in 014020 These were treated with an invertase-tree phosphatase preparation

and subjected to paper chromatographyo In several cases, there were o~

minute traces of sucrose formed by this treatment,\l but in sugar beet (, minutes

in ol.402 ) there was an appreciable qum tity 0 I t was identified by co-chroma

tography, and enzymatic hydrolysis to glucose and fructose , themselves identi

fied by co-chromatograpbyo

When this "hexose monophosphate" sample was subjected to chromatography

in ~butanol/picric aCid/water, radioactive areas corresponding to glucose-6

phosphate, fructose-6-phosphate" sedoheptulose and mannose phosphates, and
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sucrOiS8 phosphate were obtainedo The sucrose phosphate gave suerose on phos-

phatase treatment,. and on acid hydrolysis,\! glucose and a fructose phosphate

were prooUC'ledo The latter did notco~chromatographwith fructose=E),.,phosphateo

The sucrose phosphate in sugar beet leaves has the probable strucrture8

(Figure 1)

It wou1.d seem that in sucrose synthesis in green plants there are
/

two possible mecha.ni~-o Glucose=l=phosphate might r~ct with fructose-I-

phosphate to give sucrose phosphate,. which would be dephosphorylated to

sucrose 0 Alternatively,. sucrose phosphate synthesis might be envisaged to

occur through uridine diphosphate glucose I)4 which becomes labeled shortly

before sucrose in kinetic experiments with 0140
2

} The uridine diphosphate

glucose may be formed frcQlm glucose-l=phosphate by a series of reactionB

ana.lagous to those proposed by Kornbergo6 These alternative schemes are

summarized in Figure 20

Although it has not been possible t© find appreciable quantities of the

sucrose phosphate in mmy of the plants studiedl} we believe that this is

probably due to its reservoir size being very smaJ. and that the mechanism

of sucrose synthesis is very similar in green leaves and in algaeo

Experimental

The chromatographic techniques were those described in Part V0
7 The

solvent 1-butanol=piiClric acid was that of Hanes and Isherwood,.8 as modified

by Moyle and MitcheU9 to avoid crystallization of the picriiCl acid on the

chromatogram during chromatograpby8 :!:,=butanol (80 coo) ~ water (20 CGo),

picric acid (2 go)o The enzyme preparatic>DS used were nPolidase-S u1 (Schwarz

Laboratories!) Inc0) and "Phosphatasetl (General Biochemicals,. Inc 0)0 Both

were 'Used in 1% solution,. without buff'ero The incubations were carried out
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1/

CH O-P-OH2 I

o
HO

? + cO2 ----<>,PHOSPHOGLYCERIC ACID

1(several steps)

FRUCTOSE -1.6-DIPHOSPHATE

1
FRUCTOSE-I-PHOSPHATE

OH

SUCROSE
PHOSPHATE + UDP

SUCROSE
PHOSPHATE

SUCROSE

FRUCTOSE-6-PHOSPHATE

1
GLUCOSE-6-PHOSPHATE

1
GLUCOSE-I-PHOSPHATE7u.DPG + P-"'P-=-------

_ ATP

URIDINE
TRIPHOSPHATE

SCHEME I SCHEME 2

Fig. 2. Th" Pn.th of Sucrosl'" .3ynthpsis. froM CO2





UCR,L.,1946

at 35° Co under toluenes> with 200 J/go of enzyme, for periods of 24=72 hourso

The tlPhosphataseil was shown to be devoid of invertase activityo

Detection of a Phosphorylated Sucrose Derivative

The source of radioactive compounds was an extract .from sugar beet leaves

which had photosynthesized for 5 minutes in cl4020 The radioactive area used

was that designated uhexose monophosphates tl on chromatograms in the standard

solvents (Pheno18 !l=butanol=propionic acidJo

The ithexose monophosphate" area was extracted and hydrolyzed with phos=

phataseo On rechromatograpby» -besides the usual monosaccharides,\l there

appeared a spot in a position characteristic of a disaccharidso Figure 30

In one experiment, the unknown spot was rechromatographed with carrier

SUClrose (100 r)o After exposure tp film» the chromatogram was sprayed with

aniline=trichloroacetic acid and heated at 1000 for 5 minuteso It was then

sprqed with oreinol=trichloroacetic acid (orcinol (005 go)>> trichloroacetic

acid (15 go)>> rbutanol (90 CCO)9 water (10 ceo) ) and heated in the same

wq as before 0 The brown spot which appeared was completely coincident with

the darkened area on the radioautographo

In another experiment the disaccharide spot was cut out and treated with

nPolidase-S fI (known to have invertase activity) 0 The hydrolysate was chro=

matographed with glucose and fruGtose Garriero After exposure to filml) the

chromatogram was sprayed with ammoniacal silver nitrate (5% AgN0.3 in methanol)

and heatedo The black spots were ©oincident with the dark areas on the filmo

(F:igure 4)

The Separation of the Sucrose Phosphate fro~

Monosaccharide Phosphates

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

quantity of the acid form. of Dowex-5o.o Gluc~~~:::~phosphat~ (250 y .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 ::-butanol=picric acido Four bands were producedo (Figure 5)

The slowest moving band was extracted and chromatographed in phenol to remove

the picric acid and aJ:JY free sugars which might 'be presento The only free

sugar observed had the same Rf value in phenol as glucose 0 "When the phosphate

was extracted from the phenol chromatogram and treated with IfPhosphatase/

followed by chromatography, three sugars, with. the Clhromatographic coordinates

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

In another experiment$) using the same sample of radioactive hexose

monophosphates, the sucrose phosphate, freed from picriCl acid by chromato

graphy in phenol after partial separation from the other phosphates in

1=butanol=picric acid, was divided into two parts (a) and (b) 0 Sample (a)

was rechromatographed in two dimensionsg phenol (first direotion)$) .:\!=butanol=

picric aoid (second direction)o Under these conditions, three major spo~

were produced (Figure 7)0 One co-chromatographed with glucose=b=-phosphate,

and another with fruotose=6=.phosphateo The other, the most radioactive of

the three$) behaved as sucrose phosphateo

Sample (b) was mixed with the same carriers as (a) and hydrolyzed with

001 ! 1111 at 1000 for 5 minuteso The hydrolysate was then chromatographed

in the same way as aboveo FaUX' major (and several minor) spots were visible

on the radioautographg glucose=6=phosphate$) fructose=EFphosphateJ) glucose

(all identified by co=ehromatography) and another phosphate close to but not

coincident with the fructose=6=phosphateo (Figure 8) Only a very small

amount of radioactive fructose was present, although spraying of the chro=

matogram. showed that practically all of the c4t'Tier fructose was presento

Table I shows the relative rAdioactivities of the compounds (.appro:x:1mate)o
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Table I

copomo

Compound ea) I (b)

- - I

,

Sucrose phosphate 180 (l);

Glucose-6-phosphate 80 80

Glucose 20 120

Fructose-6-phosphate 110 no
Fructose-I-phosphatee?) 0 90

Fructose 0 20

UCRI-1946

The glucose-6=phosphate and the fructose-6=phosphate probably arises

from a sllU:l.1.i amount of cross conta.m1.nation between them and sucrose phos

phate on the original picric acid chromatogramo Since practically all of

the sucrose phosphate had been hydrolyzed and only half of the radioactivity

originally present in it appears as glucose, almost all of the rest being

in the new phosphate appearing next to fructose-6=phosphate 9 it follows

that this, phosphate is a fructose phosphate different from fructose=6=

phosphate 0 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=phosphateo This

'Would lead to the tentative structure for the sucrose phosphate shown in

Figure 10
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