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J« Go Buchanan 
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Abstract 

The recognition and characterization of a sucrose phosphate as an 

intermediate in sucrose ..̂ -sseros*-* synthesis ̂  green plants is described. 

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

mation siaggestedo 

(*} The work described In this paper ¥as sponsored ty the U, S, Atomic 
Energy Goamission« 
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the ^nthesis of sucrose in green plants has for lojig been a problem to 

plaat biocheadstsa The sttcrose phosphorylase enzyme from yseadoaonas 

S i S ^ S a ^ U s win catalyse the reaction 

smerose + l^B)^ ^^-—.^ a-R-glticose-l-phosphat© + B»frmctos© 

and &.®sidj Botidoroff and Barker^ haT© isolated sticroee syathesised %• tMs 

enasymes It appears ̂ hoveTer^ that this is not the meehanisa by which sttcros© 

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

presence of ttie exmjme is higher plants« In Part H ^ of this series it 

was showa tibat when Cl3i3,orellf. were allowed to phetosyathesize la radioacti-re 

carbon dioxide ̂ siicrose was the first free s-oga? to b© formed« fhis was 

interpreted to a»an that in sucrose synthesis in higher plants^ only phos-

phoiylated deri-yatives of sugars were inTolTed, irobablj yieldli^ a sucrose 

phosphate as the first sucrose-containing pcoducto There is season to sus

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

work on the utilization of sucrose ly aderoorganisias and that it is -tte 

fimetose moiety which phosphorylated« lore recently^ Putman and la@sid|>̂  

working with leaf panches^ hate obtidned ©Tidenc© for the fomatioa of a 

phosphoiylated suerog© derivative in sucrose ^nthesiSo 

¥e have esaained the "hexose monophosiiiates*' produced during photo^athesis 

in 0^2® 5hi©s0 were teeated with an iavertase-free ^osphatas® prepiration 

and subjected to paper ohromatograplayo In several eases, there were only 

miaat© teaces of sucrose formed by ttde treataeatj but in sugar beet (5 aiautes 

in Q-^g) there was an appreciable qumti%-» It was identified %• co<-ehro^» 

tograj^y and e^^matic iydrolysis to glucose and feuctoseg themselves Identi

fied by co-chro33»togr^%-o 

When this "hescose aonoj^osptette" sfflBple was subjected to cteonatograp^ 

in ̂ butaaol/picrl© acid/water, radioactive areas corresponding to glueose-6-

|A,os|iiat©j fructo8e-6-phosphatej sedoheptulose and aanaose phos^ates^ and 
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HOCH, 

SCHEME I 

Fig,! 

7 + 0 0 2 - >-PHOSPH0GLYCERIC ACID 

(several steps) 

FRUCT0SE-I,6-DIPH0SPHATE 

FRUCTOSE-I-PHOSPHATE 

'0SE-6-PH0SPHATE 

GLUCOSE-6-PHOSPHATE 

GLUCOSE-1-PHOSPHATE 

SUCROSE URIDINE 
TRIPHOSPHATE 

Fig, 2, Th-- Path ©f Sucrosr^ Syntbfsis fropi CO 
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a t 35® Co under toluene, with 2C» |%<. of enzyme^ for periods of 24=72 hours<, 

fhe "ftiosiiiatase" was shown to be devoid of invertase activi^ 'e 

Peteetioa of a ^ o s ^ o r y l a t e d Sucrose Derivative 

the source of radioactive compouMs was an extract feom sug^" beet leaves 

which had photo^nthesiaed for 5 minutes in Cl^2«> *̂ ® radioactive area used 

was thB.% designated "hexos© aoao|ii©sphat©s" ©n ehroaatogra^ in the staadard 

solvents CB»nol8 a-butanol-propionle acid).* 

She "hexsse aoao|iios^ate" area was extracted and lydrolyzed with ^©s-

phatas©o On rechroaatograpl^j, besides th® usual moaosacsharideSs, there 

aH5eared a spot in a position eharaeteristie of a disaccharideo figto-e 3o 

In one experiasnt, th© unknown spot was rechresiatogs'aphed with carrier 

sucrose ClOO f)„ After e^wsiff® to tilMg the cteoaatogram -ms spr^ed with 

aailine-trichloroaeetie acid and heated at 100® for 5 niHuteso I t was then 

sprayed with orciaol-trichloroacetic acid Corciaol C0e5 go) ,̂ teichloroaeetic 

acid (15 go)s Vbutanol (90 cco)j, water (lO eco) } and heated i a tlie s a » 

way as l»foreo fh® hroun. spot which appeared was completely coincident with, 

the darkened area oa the radioautograph^ 

In another experiment the disaecharide spot was mit out aad treated with 

"Polidase-S« (known to have invertase activl%')a fh© hydrolysat© was ehro-

aatogfaphed with glucose and fructose carrier« After e^©sure to fila^ t i» 

chrMjatogram was sprayed with ssamoniaeal silver ni t ra te ( ^ AgSOj ia aethaaol) 

and heatedo fhe blaek sp>ts were eoiacideat with th© dark areas on the fila» 

(Figure 4) 

fhe S@|»ration of thg Sucrose Bios^mte ft0« 

Monosaccharide Bios^ates 

The "hexose aonoplio6ph.ate** area was extracted aM treated with a saaU 

quantity of the acid form of_ Dowex-50o Glaeose-^^phosiiiate (250 j pt Ba sa l t j 
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TaKL® I 

fiompouM 

Suoro®® phosj^at® 

SlueoB®»6«phosphat® 

Glueos® 

Eruotos®«6-phosphat® 

Iruetose-l-pho splat® C"? } 

f ructos® 

©•P«Be 1 

Ca)' 

180 

80 

20 

110 

0 

0 

Cb) 1 

G 

80 

120 

no 
90 

20 

fh® glueos®-6»pho®iftiat® aad the fractoee-4"pbo@phat® prolaaW^ arises, 

from a n a i l anouat of cross eontaaimtion b®tw@®a them m& 8u©ro@® phoa-

fdrnt® oa ^h® original ^JOTIQ acid ehx>offiatograa» Sine® psf^tically a l l of 

the aufflp©®® phosphat® had T»®n l^fdrolyzed and only half of "tti® radioa©tivi%' 

or igimlly pp®s®at i a i t appear® m glucos®, ^a»®t a n of th® r@st being 

3JI tt® 3»¥ phositot® appearing i®xfe t© fpuetose-^^ios^iat®^ i t follows 

that IMs |fcos|iaat® i s a frwto®® phosj^t® different from fru©tos®-6-

ph08phat®« fh® aiiouat of £M® Iteetos® pr@@®iit i s roughJj about l/lO of 

that of tito® frwt©®@ j^oijfeat® ®ugg®gtiag that th® rat® of tydro3jsis of 

•Siis fruetos® phosphat® eorr®®p®nds t© ttwt of fruetos®»l-«^oephat®« fhi® 

would l®ad t© M^ teitativ® ptroetTa?® for th® smeros® ^©sphat® ehmm i a 

Figir® lo 



/o 

•t- RUCTOSE SEDOHEPTULOSE 

"DISACCHARIDE" 

5 M!N. SUGAR BEET 

PHOSPHATASE-TREATED 

"HtXOSE MONOPHOSPHATES" 
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FRUCTOSE 

GLUCOSE 

5 MSN. SUGAR BEET 
WI^OWN PHOSPHATE TREATtD 
WITH PHOSPHATASE AFTER 

^ REMOVAL OF FREE SUGARS 

SUCROSE 

Fig.6 
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