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| :.'MEASUREMENT oF PHOSPHOROUSmGARBON RATTOS
IN SOME PHOTOSYNTHESIS INTMIATES
Ao A. Benson o
'hﬁaalation Laboratory: -
Uhivers1ty of California

Berkeley9 Gallfornla

The majority of the early inﬁermgdiatesjof;carbonvdioxide_fixation by -
plantsaandﬂmicroorganisms_nowiappearjtg,bepgquﬁqnylatgdLderivatives o£ '
hydroxyvacidswand;sugarsol;Thebearliest inteﬂquiate,which is observed in
steady state photosynthesisfwasﬂidentifiéd.as phosphoglyceric‘acid.by its
adsorbtion properties on ion exchange resins and -isolated as the erystal-
line-barium galt by Calvin and co-workers. Subsequent compounds in. the
synthetic~seguence\leadingvto;sucrose werg'shown,to.haveAthguchromgtograghip
rroperties of several of the hexose phosphates involved in glycolygis;1 |

Hydrolysis of chromatographically isolated phosphate esters'by phos—
phatase preparations and-chrématogfaphy_of the products indicated that fﬁq
ma jor - phosphates were not;dérivaﬁiyesipf_q%pggtgd ??iéség of hexoses. The
experimentg.r§pp:ted in this paper prqvidedﬂpartﬁofﬁtpe,evidenqe u§e§ ip'fhe |
ideqhificgtién §fAthesa as ribulose 1,5-diphosphate an@dsgdoheptuloée ﬁonophég-
phateo . _ . | LEET s .o

Since the sugars were unidentifiedglt wasg suspeeted that a determina- -

. tion of the ratio of carbon to ppqsphargus 1nwthair_phospbates should give

clgesato,thgi: nature.. The close relationship.of the_ghrqmatogrgpbic,x

(%) The work deseribed in this paper wag sponscred by the U, -8, Atomic
Energy Commission, . R
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coordinates of sedocheptulose monophosphate with those of kngwn,ménophosphates
and of ribulose diphosphate with the known diphosphates practiéally estab-
lished the mumber of phosphate groups per molecule. It should be pointed
out that the method used isvﬁérticuiarly aéplicable-for unknown phosphate
eéters isolated in microgram quantities ér.léss by two-dimensional‘paper
chromatography.~ _ A _ '

When the photosynthetic intermediates of a_plént are equilibrated with

14

both radiophosphate and radiocarbon, phé ratioé of C7 to P32 invthe sepa-
rated phosphatefesters provide evidence for their compositione, Such ratios
were determined in Scenedegmus and compared with that of phosphoglyceric :
a¢id from thé same experiment'fof'whiéh the ratio is three. The ratio for -
any simple compound should be a simple fraction of that for phosphoglycerate.
Before cdmplete ClA equiiibration with a réservoir of an intermediate, the
ratio is a measure of the completeness of such equilibration. A summary of -
the results of preliminary experiments of this type described below provides
Ainformation required for'mofe precise determinations,
| Experimental Part

The green alga, Scenedesmus {1 gram of ceils in 100 ml. of suspénsion)é
was equilibrated‘with 1-2 mc, of radiophosphaté‘duriné 20 hours at moderate .
light intensity with adequate carbon dicxide. The light intensity was
raiséd to 2,000 foot candles for twenty minutes. The suspension was quickly

centrifuged and resuspended in water with the same illumination, 0140_ was

2
introduced and circulated vigorbusly through the the solution with a rubber

2 for periods of five and thirty-five minutes

tubing pump of small volume
after which the algae were rapidly killed in five volumes of boiling ethanol, -

The cells were filtered from the solution and re-extracted with 10% ethanol,
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The total extract was concentrated gnd the QXtiact of 10-25 mm.> of fresh celld
vas chromatographedl on oxalic acid-washed Wh;xtman Noo 1 filter paper; The
?%phosphate esters are’ readlly separated into- three major areasg phosphoglycerate,
) hexose monophosphates and the compounds with chromatographic propertles of the
" ‘hexose | diphosphate.so It was known from the 014 labeled hydrolysis products
that the phospboglycerate, glucose monophosphate and the diphosphate compound
; were quite pure while fructose .monophosphate is difficultly separated from
the phosphatevof a sugar w1th‘chromatographlc,propertles almost identical %o
those of sorbbseo | | | _ )

" The doubly_labeled ecmpougds‘whose,positions_the_radiograms defined
were éluﬁéd ahd appropfiate activities were counted on 3 cm. discs. The P32'
rédiogctivityfwas determined by supérimposingﬁa 12,5 mgq/cmz aluminum absor- .
“ béf:ﬁfpﬁ:fhe;sémﬁlé;‘ The absorber wﬁs.éaiibrated'with_ﬁure réﬁiophoé;héte )
and found to absorb 3% of the P° radiation and 975 of the G radiation.
'HénCe9‘the’P32 radiation could be calculated and subtracted fram the total
Gl4 plus P2 activities to give 014 radioactivity aldne; |

Since the P>° activity in the chromatograms was initially too high,

it was allowed to decay until P32 andvGL4

in phosphoglycerate were approxi-
mately equal. - At this time the measurements which involve differences
between_similarfnumbers'are most accurate, The resultsvgiven ianable.I
‘make it cleér that although precision of the'measureménts could be improved,
the results serve to demonstrate the rate éf equilibration of 61402 photo=
synthesis intermediates with the unlabeled metabolicvpools as"wellfas the

nature of the unknown sugar phosphates,
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Table I

. _ o ' .
Goncentration% Gu"/ p C&M/ P2 ,Cu/ p2

Compound =~ in Scenedesmus [Fheoretical] Measured|Standardized|Measured |Standardized
Phospho- 5, 7%1072M 3.0 1,60 3.0 1,35 3.0
glycerate 1 ' ~ a5
{Glucose

monophog="" " 3 _ - -
phate lomo Y 6:.0 1,12 T 2.1 ' 2935 ' 501

- : VA
Fructose plus » o
sedoheptulose‘ *5 091(10”4'}4 6055 ' 13 '204’ | 2062 4 5.8
monophosphates _ ~ 2663
Ribulose ~1x1072M 2,5 | 1.05 | 1.8 0.84 2.0
dipheosphate ' N ' 0690 ‘ 0,92 ' h

{(*) Scenedesmus has been observed in several experignerits to have 55% sedoheptulose

phosphate‘ in this particlilar phosphate area,

Discussion

The.results of phosphoglycerate and hexoses degradations in this laboratory
have shown that both approach uniformity of labeling in Scenedesmus after about five
minutes of photosy‘n'bhesis a"t' high light intensity with no great differences in rates,
The data for five minutes of steady state ‘photosyn‘ohesis given in Table I, however,
demonstrate that although the lgrge phos%vphog;'!ycera'be reservoir rapidly laﬁproached
saturation with C‘]‘Z*9 this is not at all true for the hexose monophcsphate reservoirs
which are only about one third as saturated, It is clear fram degradation data’
that the unifornity of labeling within C; units extends into the G reservolrs
even though the latter are in rapid equilibrium with large reservoirs such as those
of dextrins and starch, It is reasonable to expect that glucose phosphate radio-

activity will be the most thoroughly diluted by exchange with glucose from
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polysaccharide reservoirs. In a kinetié analysis of the incorporation of
314 inﬁo the intermediates of'sucrﬁsé‘sjhﬁhésisgzﬁﬁére exists a competition
between lnflux of 014 1abeled compounds and the dllutlon of this radloact1V1ty
by dilution or exchange with- ‘unlabeled reservoirs. o ‘

The requts of the thirtyaflve mlnute 0140 photosynthe81s suggest “that
the glucose monophosphate reseTVOir WAS nearly equlllbrated w1th Cl4 nd
that the 014/?32 ratlos probablymcould‘be sed" w1th'some'rellanceo' I Oné'._ x‘
accepts the'sﬁéﬁemhas only ah‘é@pfakimatigﬁ"ﬁo équiIi§rati5h5“ﬁﬁebglucos;".
monophosphate ratic could have been assumed 6.0 instead of'éhbésihg phos; ?' =
phoglycerate for a standard. 'THén one obtalns a Fatio of 6vef_séveh'féf .

sedoheptulose monophosphate and 2.4 for the ribulose‘diphdéphété;' -

A Scenedssmus suspension in nutrient solutidn'(él4 in PS) per 100 ml, was

equilibrated with 2 me;‘rg@io"phosphaté,dﬁyiﬁgwég*hoggsjphgpqsyathésistith‘
L% 002 in alr at 3,000 fd_Ce The cells were kllled 1n the light 1n bolllng

R

ethanol and thoroughly'wxiracted w1th hot dllute cthanol and watero Allquot
portlons of the concentféﬁgd extract were ch.romatographed° "The speclflc
activity of the phosphorous in the cell extract determined by total phosphorous
determination and P3% measurement was 6.7 x 107 cpm,./gram atam. The radio-
activity of the phosphoglycerate, for example, was determined by direct
counting of the chromatogram of extract from 105‘mm¢3 of eells and found to

be 57,000 cpm, Hence, there was 8.5 x 10 -9 ‘moles of phosphoglycerate and

the concentration in the original algae was 5.7 x 107 3 M. Since several

32

P" ~labeled compounds have chromatographic coordinates close to those of
ribulose diphosphate, its calculated concentration mayvbe somewhat less
accurate, Since the concentration'of theée esters is known to vary with
condition of the culture, pH light intensity, ete., these results may only

be con81dered as typical.
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| Sumnary
The ratios of carbon to phosphorous in several phosphatylated intermediates
of photosynthetic carbon dioxide fJ‘.xation have been determined by measuring

14

carbon and phosphorous radioactivity when they are saturated. with ¢ ~ and P32 |
The data obtained in these prrel:.minary experiments wrbh Scenedesmus serve as
evidence for the identifica'tions for _sedoheptulose monophosphate and ribulose
diphosphate and pmov:.de 1nforma'bion _regarding the degree of saturation wrbh ,
14 fox‘ a number of phosphorylated compou.nds, The concentrat:.on of _these |
compounds has been measured . _ |
The methods used are particularly applicable for phospha'be esters

isolble by paper chromatography.
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