
CGrbohJYirars Ressarrh. 53 ( 1977) :09-I 16 

18 Ekcirer Scientttic Publishing Company, Amsrerdam - Prmtcd in Belgium 

RADLATION-INDUCED DEPHOSPHORYLATION OF 

SUGAR PHOSPHATES 

,‘iIhOIAY K. KOCHEThOV, LEV 1. KUDWASHOV. hflhH%IL A. CHLEWV. APID LIDY~ P. GRINEVA 

A’. D. ZelrnrAy Insrrfure of Organic Clremrsrr~~. .~cI~&vII.~ of Scwnces, .\lorcnu* (U.S.S.R.) 

rRccri\ed October 16th. 1975; asccp[cd for publication. June 215t. 1976) 

y-Risdiolysis of 10 and SOmbr D- plucitol &phosphate ps~e C(H,PO,) values 

l.S and 1.2 for solutions saturated with nitrous oxide and argon, respectively. The 

main, neutral products were r-gulose and 6-deoay-5-heuulose. Radiolysis of solutions 

of D-glucose 6-phosphate and D-glticitol &phosphate in D20 afforded &deouyhekos- 

5ulose-6-d to_eether \\ith D-&co-hexodiaidose from the former, and 6-dcoxy-5- 

hexulosed-d with L-gulose from the latter. A scheme for the dcphosphorvlatioo 

process is proposed. 

INTRODUCTION 

Radiation-induced scission of phosphate ester bonds is an important trsns- 

formation of biologimlly significant phosphate~tM3 and is mainly responsibie for 

radiation-induced cleavqe of DNA chains’. The role of other reactions. e.g.. 

destruction of deovyribose moieties, is not essentis15. Thus, a study of the mechanism 

of radiation-induced dephosphoqlation may throw\, some light on the chemical 

nature of the radiobiological processes. 

Recently, we habe demonstrated3 that dialdoses and dro\yhe!osuloses are the 

main, neutral products of the radioljsis of nqusous solutions of sugar phosphates. We 

now report on the brhaviour of D-glucitol 6-phosphate, \i hich \!as selected in order 
to avoid the influence of a hcmiacetal group and to simplify the structure of the 

neutral products.. 

RESULTS AND DISCUSSION 

The G(H,PO,) values for IO and 5Omhr D-glucitol 6-phosphate were I.8 and 

1.2 for solutions snturnted with nitrous oxide and argon, respecti\sly, when measured 

Immediately after irradiation. The irradiation of ~-glucose 6-phosphate, under 

analogous conditions. gave G(H,PO,) values of I.7 and 1.1, respectively. These 

results indicate that the stability of the phosphate ester bond for alditol phosphates 

does not depend on the concentration and is almost equal to Loot of the corresponding 

sugar phosphate. 
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chromatography (retention time, 180 mtn) The [lr]; value (+ 13’, water) 15 5imtlsr to 

that of L-gulos~‘~ The acetate of .-I was identical (g I c.. columns / and 2) tvith 

D-ptl]Oje penia-acsralc. The aldttol {[a], -2” (f 7. nater): lil.” [rlD - 7’ for D- 

plucitol) derived from A and its hexa-acetate Here indistinguishable [p.c. (solvents / 

and _?), g l.c. (columns / and _‘)I from D-glucltol and D-glucitol hexa-acetate. respec- 

ttvely. Therefore. .-I must be L-gulose: no other hexose was detected on radiolysis of 

D-@UCilOl 6-phosphate. 

The product B ( RGLC 1.8. solLent /). Isolated as for A. afforded. on reduction 

with sodium borohydride, two deouyaldttols”, the acetates of which were identtcal 

(g.1.c.. column 2) wtth those obtatned from 6-deokjhs\os-Sulose by reduction and 

acetylation. The acetates gave mass spectra contnintng fragment ions (~I/LS 317. 303. 

389. 231. 317. 201. 157, I-IL erc.) characteristrc’ 3 of 6-deouvhekitol penra-acetates. 

Reduction or B wtth sodium borodeuteride and subsequent acetylation ga\e ti\o 

products. the mass spectra of which contained several tons (w/e 289. 217. 187, 170. 

157, and 145) in common kvirh the foregoing penta-acetate. and ions (III;I~J 318, 303. 

232. 302. 160. 130, and S8) shifted by one mass-unit. These results proved the presence 

of one deutertum atom m the posrtion adJacent to the methyl _proup Hence, B is a 

6-deory-5he\ulose. The similarity of the struc:ure of the main. neutral products 

formed on radtolysis of D-glucitol 6-phosphate to those from ~-glucose 6-phosphate 

and D-rtbose 5-phosphate suggests a similar mechanism for the scission of the 

phosphate group. and sholrs that this process doe> not depend on the presence of the? 

hemtacetal Froup 

Irradiation of glycerol monophosphates atTords’” radicals having the odd 

electron in ,z. /II. and ;I-positions. whtch can eltminatc H,PO,: radical 1 is the least 

stable and dephosphorylation gives 2. Radicals of type 2 are posjible precursors of 

deosyketo sugars. 

I P 

Recently’. a mechanism of dephosphorylation gas proposed (3-6) for the 

lbrmatron of 5-aeouy-D-Prl,rhro-pentos-~-ulose from D-ribose j-phosphate. We have 

Independently observed-’ the formatton of thrs product. However. the relative 

probabilrties for radical 3 to undergo a dlsproportionation reaction or furanosekng 

opening have not been dcrermtned and the -ale of the solkent in the elimination of 

the phosphate group is not clear. We ha\e reported” on the low probability of other 

schemes for radiation-induced dephosphorylntion’s.“. 
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A comparison of the structure of the phosphate-free producrs obtained on 
radiolysis of 50mhr ~-glucose 6-phosphate and o-_giucitol 6-phosphate in Hz0 and 
D20 was made. Radiolysis of D-glucose 6-phosphate in D,O followed by removal of 
phosphates gave 6-deoxyhexos-5-ulose-6-n. The presence of one deuterium atom at 
position 6 in this product was demonstrated by reduction (sodium borohydride) 
followed by acetylntion and g.l.c.-m.s. of the product. The mass spectrum contained 
peaks at tn/e 3 IS, 304,232. 202, 160, and 130, shifted by one mass-unit in comparison 
with those of the corresponding product obtained after radiolysis in H,O, whereas the 
fragments without a lsbelled methyl group (nz/e 289, 2 17. 187, 170, 157, 145. efc.) were 

not shifted. The fragment ions are sho\\n in 7 and 8; secondaq frqnents obtained 
by elimination of Ac,O or AcOH are shown in parentheses neit to rhe corresponding 
primary ions. 

7 

a 

Deuterium was not incorporated into D-gko-hexodizddose, as the mass spectra of 
the derived D-_glUCitOl hexa-acetates associated with radiolysis in H,O and D,O Lvere 
identical. Likewise. on radiolqsis of a solution of w,olucitol 6-phosphate In D20, 
deuterium tvas incorporated into the resulfin, 0 6-deo\y-5-hexulose (at position 6) but 

not into the r-ylose. 
The foregoing data indicate that o-g/lxo-heuodialdose cannot be formed from 

~glucosc 6-phosphate riu an enol phosphate as earlier suggested’, since this should 
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involve deutcrium incorporation ot C-5: dcuterium incorp,oration was not observed. 
.A similar findrng was associated with the formation of L-gulose from D-glucitol 

6-phosphste. 

One possible scheme for oxidation Ga a disproportionation reaction is hydrogen 

transfer with subsequent formation of a double bond, as follow~“~: 

This reaction may also proceedI by the electron transfer 

R;+R; + A:+&, 

where R, and RI are primary radicals, and 4: and A; the ions. This su,ogestion is in 

zood agrreemenr with the results of a study of the radiolysis of different phosphates in 

the presence of radrosensitizers’ ‘. Thus. G(H3P04) IS increased by the electron 

affinjty of the ndded sensitizers, ~\hich fxilirarc the electron-transfer reactron. 

It is possible that the primary radical. lkirh an unpaired electron at C-6. formed 

from D-glucose 6-phosphate and D-giUCitOl 6-phosphate undergoes a disproportiona- 

lion reaction bsith electron transfer, e.g. [for R = l (CHOH)3-CH,OH], 

R-ChO+-?H-0Po,H2 + R; -) R-CCHOH-:H-OFO,H, + [R;j- e 
9 10 

I 
Oh- 

h,PO, + 
t-l+ 

R-CHOH-~k3 m fi - CnOH-Cn-OFO,t-i> 

I 
11 CH 

On losing an electron. radical 9 gives the ion 10 which. after addition of OH- and 

hydrolysis, leads to the product 11 (A). Accordin, 0 to this scheme. deuterium in- 

corporation into 11 ivould not occur. If the radical R: is of type 9, then it mi_eht react 

as follows: [R = -(CHOH)3-CH,0H] 

9 - ii;- 

R-C-CH, - 

II 
0 

.-i,,,,, - ,R- cWH-i:] 

These types of reaction are known in cnrhene chemistry rind would allow the 

dcuterium incorporation into the CH, group that is observed experimentally. 
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Based on the previous paper”. one might expect the formation of the primary 

radical with the free valency ar C-5. Ho\\evsr, this seems unlikely because the 

formation of a hevose 1~1th inkerred stereochemistry at C-5 was not observed. 

The scheme” for 

o-glucose &phosphate 

6-phosphate as folloirs: 

the formation of deoxybeto compounds by radiolysis of 

and rtbose 5phosphate can be rewritten for D-glucitol 

This scheme ivould alloy dsuterrum incorporation in the stage 12- 13. Both radical 

and ionrc schemes for the formation of deoxycarbonyl compounds explain the 

incorporation of deuterium. and additional experiments are necessary to distingursh 

between them. 

Recently. Stelter L-I 01.” proposed a mechanism for the formation of 5deox)- 

D-rf?‘fhfU-pentOs3-UlOSC on radiolysis of D-ribose S-phosphate. where deuterrum 

rncorporation cannot occur. We hare observed deuterium rncorporatton Into the 

h-deouyhe\os-5ulose and 6-deoxp-Sheuulose formed on radiolysts of solutions of 

D-glllCO% &phosphate and D-glucrtol 6-phosphate In D?O, so that a drffercnt 

mechanism must occur kvirh these compounds. 

Thus. primary phosphates undergo radiation-induced dephosphorylation and 

oxidation to aldehydej. L-Gulose is the main, neutral product from D-glucitol 6- 

phosphate, and 6-deoxy-5hexulose is also formed as a result of eltmtnatton of 

H,PO,. The process irhrch IS analogous to chemrcal hydrolysis does not rake place 

to a significant extent. 

ESPERlhlEhTAL 

Sugar phosphates were irradiated in oxygen-free. aqueous solutions (50 and 

IOmh!) saturated with argon or nitrous oxide. using a 60Co y-source (dose rate. 

4.2x 10’6eV.ml-‘.sec-‘). A commercial preparatron of the disodium salt of 

D-@UCOSe 6-phosphate, which contained < I 96 of ioorsanic phosphate. was used. 

D-GluciIol 6-phosphate obtained by reduction of D-glucose 6-phosphate with sodtum 

borohydride, followed by neutrahsation of the desalted solution with NaHCO,, was 

homogeneous on chromatography and electrophoresis, and contained c !.2?C oi 
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Inorganic phosphate. The heavy water contained 80 ?GJ of D,O and HOD, as revealed 

by mass-spectral data. 

Paper chromatography and electrophoresis were carried out on Wbalman No 3 

and 3 papers, using (I) I-butnnol-pyridine-water (6:4:3), (2) ethanol-i%ater (9S.5), 

and (3) butanonc-acetic acid-sa:uratec! aqueous boric acid (9:l:l). and a pyridine 

acetate buffer (pH 4.5). G.1.c. was performed on Ovarian Aerograph series 1700 and 

Fye Unrcam I04 instruments with 2-m columns of (I) 3% of SE-30 on Chromosorb W 
and (_?) Jo; of ECNSS-I11 on Gas Chrom Q. hlass spectra trere measured \vith a 

CH-6 Varian hlAT Ins!rument at 70 eV G.l.c.-m.s. \\‘as carried out on Ovarian 

hlAT-III GCjhlS (GNOhl) and LKB model 900 instruments, with column 1. 

Reducing sugars were determined by the Park-Johnson method’, and InorganIc 

phosphate by the hlarsch method’*. The alholine treatment and the isolation of the 

products of radiolysis uas carried out as pre\ iously descrlbed6. For Identification of 

.4. a liquid chromarograph type 71-100.~ (CSSR) was used with DA X-4 resins and 

0.5sr borate buffer (pH 3.5). ~-Glucose 6-phosphate was determined by rhe de- 

hqdrogenasc (Calbiochem) procedure’“; the Irradiated wlutlons do not inhlblt the 

enzyme actlon. Rcductlon and acetylatlon of neutral sugars were etrected by the usual 

procedures I I. 

D-Gulose teas obtnlned bj the modified procedurez4: to a solution of D-gulono- 

I ,-Llactone ( 100 mg) In pyrldlne-lraler ( I : I. 2 mi). a solution of sodium borohydride 

(100 mg) in I ml of this misture was added with cooling The solution kvas stirred at 

0’ for 2 h and at ambient temperature for 2 h, ihen deionized, and concentrated wilh 

methanol. Final purlrication ivas carried out by preparative p c. (sol\enr I) to give 

chromatographically pure D-pulose f 28 mg). [z]? - I?’ ic 1.2. \vater)“. 
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