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Although sedoheptulose-1,7-diphosphate (S-1,7-P)’ and octulose- 

l,El-diphosphate (0-1,8-P) have been shown to accumulate during the metabolism 

of inosine by human erythrocytes (l-3), no evidence has been presented thus 

far for the occurrence of these phosphate esters in intact human erythrocytes. 

ITF has recently been reported present in relatively high concentrations in 

erythrocytes of two siblings of five members of a family (4); this character- 

istic appears to be linked to a genetic trait. During analysis of the “ITP 

zore” obtained by HVPE of neutral trickloroacetic extracts of erythrocytas of 

these subjects, an additional phosphate ester was found having no ultraviolet 

absorbing propertfes. The compound was identified as S-1,7-P (4). Extension 

of this work to “non-ITP” erythrocytes, revealed the presence of S-1,7-P and 

small amounts of ITP in normal fresh human erythrocytes. The subsequent searcl 

fol* 0-1,8-P in fresh erythrocyte preparations also disclosed its presence and 

that of UDP. 

’ The following abbreviations are used: DHAP, dihydroxyacetone phosphate. 
E-4-P, erythrose-4-phosphate. HVPE, high voltage paper electrophoresis. 
ITP, inosine triphosphate. O-l ,8-P, octulose-1 ,El-dlphosphate. R-5-P, 
ribose-S-phoephate. S-1,7-P, sedoheptulose-1,7-dfphosphate. UDP, uridine 
diphosphate. 

265 



Vol. 21, No. 3, 1965 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

MATERIALS AND METHODS. 

S-1,7-32P and O-1,8-32P were prepared as described by Vanderheiden 

(3). IT3”P and UD3”P were obtained by isotope equilibrium exchange with 32Pi(AT32P) 

(5). 

Preparation of extracts. ------------------------ The trichloroacetic acid extract of fresh heparinized 

blood (four 10 ml aliquots) is prepared as described by Vanderheiden and 

Boszormanyi-Nagy (5). In this case however, the saline red cell suspension 

(6 ml) obtained after the saline wash, is mixed and treated directly with 

19 ml of 10.5% trichloroacetic acid. The extract of the four samples is pooled, 

neutralized and lyophilized. Finally the dried material is dissolved in 1.0 ml 

of cold distilled water. The separation and atialysis of the phosphate esters 

is carried out as described by Vanderheiden (3). 

In order to facilitate the localization of the phosphate esters in 

HVPE sheets, known amounts of 32P-labeled reference markers, (S-1,7-P - ITP, 

and O-l ,8-P - UTP)2 of high specific activity, are applied with the sample on 

the HVPE sheet prior to electrophoresis. After separation and detection of the 

radioactive bands, eluates from strips of the “S-l ,7-P - ITP” and”O-1,8-P - UDP” 

zones obtained from fresh erythrocytas from various subjects, were further puri- 

fied by ion exchange and (or) paper chromatography, and analyzed by enzymatic 

and spectrophotometric assay. ITP and S-1,7-P were separated by ion exchange 

chromatography in a column of Dowex 1 Cl x 10 (100-200 mesh) 0.5 cm diameter 

and 7 cm height. Paper chromatography was carried out on acid-washed Whatman 

#I paper using isobutyric acid - 1 N NH+OH - 0.1 M sodium EDTA (50:30:0.8) 

(Solvent I), or absolute ethanol - 1 M ammonium acetate, pH 3.8 - 0.1 M sodium 

EDTA, pH 8.2 (75:29:1) (Solvent II). The method described by Horecker (6) was used 

a S-l ,7-32P and O-l,8-3a P, obtained by HVPE (from blood incubated with 
inosine and 3aPi) of erythrocyte phosphats esters, contain small amounts 
of 32P-labe18d ITP and UDP. ITP is found with S-1,7-P, while UDP is 
found with 0-l,B-P. The concentration of these compounds in the reference 
marker solutions is determined after separation by HVPE and paper chrom- 
atography as illustrated in fig 1, or by difference of the total phosphate 
and the phosphate equivalent calculatsd from the enzymatic assay of S-1,7-P 
and O-l ,8-P. 
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for the enzymatic determination alf S-1,7-P and 0-1,8-P. Isotope dilution was 

also used to determine the concentration of the phosphate esters in question 

in some of the blood preparations. 

RESULTS AND DISCUSSION. 

The first indication of the existence of more than one compound 

in ttle S-1,7-P and 0-1,8-P zones from HVPE was obtained in comparative analyses 

of these compounds in blood samples incubated with inosine (See Table 5, ref. 3); 

the l.otal phosphate concentration1 of the eluates from the S-1,7-P and O-1,8$ 

zone:; was slightly higher than the phosphate values calculated from the DHAP 

assa]’ of the products of aldolase cleavage of the respective diphosphates. 

The studies reported here confirrr the fact that a different phosphate ester 

is present in each of the two HVPE zones. When the eluates from the S-1,7-P 

zone was subjected to paper chromatography in Solvent II, in addition to 

S-l, “-P (Rpi=0.36), an ultraviolet absorbing spot was observed with an Rpi 

(O.Otl) similar to that of ITP (See Fig 1); ion exchange chromatography also 

revezlled two major components, one eluting with 0.05 N HCl (S-1,7-P), and 

the Aher (ultraviolet absorbing) eluting with 0.2 N HE1 (ITP). The spsc- 

tral characteristics of the second compound resembled those of hypoxanthine 

nucl3otides. Similarly when the eluate from the 0-1,8-P zone was subjected 

to o3per chromatography in Solvent I, in addition to 0-1,8-P (Rf=0.13) an 

ultraviolet absorbing compound was observed with an Rf (0.22) corresponding 

to tiat of UDP and with absorption spectrum characteristic of uracyl nucle- 

otidss. 

The results of analysis of the different compounds obtained from 

HVPE of preparations of several samples of human erythrocytes, are shown in 

Table 1. The S-1,7-P concentrations determined in four different sets of 

conditions (See Table I), either by enzymatic assay or by determination of 

phosphate, range from 0.4 to 3.9 pg P/g Hb with an average value of 1.7 pg 

P/g Hb. The values for ITP, obtained efther by subtracting the S-1,7-P 

(determined enzymatically) from the total phosphate, or by determination of . 
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Figure 1 

Separation of S-1,7-P from ITP, and 0-1,8-P from UDP by paper 
chromatography. 1 - Eluate from the S-1,7-P zone from HVPE. 2 - Standard 
ITP plus I. 3 - Standard ITP. (l-3) Solvent II. 4 - Eluate from the O-l,B-P 
zons from HVPE. 5 - Standard UDP plus 4. 6 - Standard UDP. (4-6) Solvent I. 
Radioactivity is indicated by cross-hatch areas: ultraviolet absorbing spots 
are indicated by broken lines. (Ascending chromatography on acid-washed 
Whatman #i, 16-I 8 hrs.). 

phosphate after separation of the two compounds, range from 0. to 4.5 Pg P/g 

Hb, with an average value of l.E m P/g Hb. In the case of D-1,8-P the 

values range from 0.2 to 1.1 pg P/g Hb, with an average value of 0.6 k&g P/g 

Hb. The concentration of UDP ranges from 0.6 to 2.8 Pg P/g Hb with an average 

val!Je of 1 .S kg P/g Hb. These compounds (S-1,7-P, 0-1,8-P, ITP and UDP) 

although present in relatively small concentrations, appear to be normal 

constituents of human erythrocytes, 

From the present knowledge of erythrocyte metabolism it is 

difficult to assign a definite role to ths sedoheptulose and octulose diphos- 

phates. It may well be that they exist as trace aide products of the 

aldolese reaction between DHAP and E-4-P and R-5-P (1), with no significance 
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in the overall metabolism of the erythrocyte. In the case of the nuclsotides, 

UDP is of course an intermediate in the formation of cofactors essential 

for the isomerization of sugars. The role of ITP however, is still subject 

to spsculation; it may represent vestigial traces of a cofactor essential in 

the metabolism of cells in the early stages of development. 
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SUMMARY. Fresh human erythrocytes were found to contain sedoheptulose-1,7- 

diphosphats, octulose-l,B-diphosphate, inosine triphosphate and uridlne 

diphoephate in average concentrations of 27,10,19, and 29 m/.JNoles/g Hb respec- 

tively. 
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