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Tlcle coapound8 uare 8yntharlzed on 4 prep4r4civs sc414 ruing 41L*llne ph04- 
phrt44s, orthopho8phorlc wnottter phoaphohydrol4sa L.C. 3.1.3.1, in rover- 
tt hydroly418 conditloru. Optialr4tion for one of the 25 phorphoryl 4cctp- 
torn invmtlg4ted (glycerol) show8 th4r up to 556 rynthtrl8 yield can be ob- 
t41ned wing 4 large exceaa of l b8trmta, condltioru in which rhe enzFtfc 
4ctlvity remin high. From the rasulte obtained vich different phorphoryl 
group donors, pho8ph4ct, pyrophosph4te end polyphorph4tcr 4nd with rruy~r 
of dlfferene nourcts. it ems up that the best rerulcs 4re obt4ined with py- 
ropho8ph4te and with chm ue4kly purified c4lf lnte8tiae 41~11ns phorph4t4- 
se. The extent of ttuymtlc hydrolyris of the donor c4n be reduced to 
the of two different pH opclu for the two re4ctloru. pho8phoryl4- 
tlon end hydrolysl8. The synthesis c4n bs 41~0 perforaad using inert co-801- 
vents which 4110~ to reduce thr 4wunt of 4cceptor used, 48 long 4s Zn* is 
4dded to the re4ctlon mmdium. The result8 4rm 
lytlc wch4nlsa of 4lk4llne phosphetess. 

dlacu8ssd in tern8 of the c4t4- 

Anong the differant v4y8 th4t org4nic cheaiats 

pounds, cruymctr occupy 4 key porlcion owing to the reglo 
, 9 1 

invst~lgett to l ynther ite new com- 

end stereorptclflcity thrt they gt - 

ntr4lly 4llou *oL*-). Our interc8t in chlr41 phosphoric ester8 both 48 blologic4lly 4ct1v4 

aoleculer cr end 4180 for mech4nlstlc purposes 5 hrs led un to coruldtr tnzynss to be used 

for synthetic routes. p4rtlcul4rly klrusts which l re the phorphoryl4eing enzymes 6. Hove - 

vcr. kinores 4re gsntr4lly sptciflc for ehtlr substrecss and 41~0 require the expensive ATP 

4s cotnryba. Even with the improvtotncs achleved ulth ATP recycling 7, the we of much cnry- 

q s suffers 8trong llnlt4tion4 8. 9 . A v4y for 4n 4ltern4tiv4 uy be offered by enzymes 

using Inorganic pyrophoephett in pl4ce of ATP ; pyruvete klnase from sow strains of bactr- 

ri4 lo oprr4tts in such conditions. Pyrophosphaca cm indmed ba connldartd 4s 4 high tnsr- 

gy solecu ulth 4 A’C, 0 -5.27 Kc41 per oole comp4r.d to cho v4lue of -7.60 for ATP in the 

same conditions ll. To the best of our knovltdgt. such en 4ltem4Eive h48 rmt yet bean con- 

sidered. 

Br4rlng this In mind we lrrveselg8ted the po48lbilltle8 opend by the use of hydro- 

lytlc tnrymts because they gtner4lly 4re of low l peclflcity touerds l cctptor rolsculer in 

reverse hydrolysis rs4ctions. ln p4rtlcul4r, the raadlly wailablo l nzymrr of ths phosphate- 

se group c4t4Iyze the hydrolysis of phosphoric wnoesters 12 4ccording to the folloulng 

tqu4tion : 

0 

RO-L-O- 

(4) 

+ ii20 _ ROH + 

(b) 

0 

HO-F-O- 

b- 0- 

+ 
to d-boa corrt8porul.tnca should be l ddraaaed . 
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In 4qumous dilute st4n&rd condltLons, the l qullibrium Is shiftsd towsrds hydroly- 

sis with a &Co - -5 kc41 lo14 -’ 13; but lf the equilibrlua can be notably shifted to ths 

left, 4 synthatlc wthod for phosphoric esters b~omes 4vril4blo. Such 4n 4tterpt ~4s made 

as l 4rly 4s 1928 lG, but further &velopm4nts L5*16B1’ hrve led to llmltad yields of phos- 

phoric est4rs. The b4st v4lua of 22& ~4s obt4lnad for glycerolphosph4te with 4n i=blll- 

tad phosphat4sa in 4 biph4slc syst*n 18 .CLnothar route vam to develop 4 trsnsphosphoryls- 

tion tb4ctlon. the phosphoryl group of 4 phosphcmst*r being first cr4nsferred 

ph4t4sa. then in 4 second step to 4n 4cc4ptor. 4ccordlng to : 

R’OH 

0 0 0 

RO-i-0. + Enz 

-s 

w_0_;_0- R*O.;-O- + 

b- ;- A- 

ROH 

Different types of donors such 

pyruv4ta 19, phosphoroamldates 

re used, 

glycerol 

the acceptors balng 4lcohol ,* *I I 

20, 21 19 4nd 4180 sug4rs . Even 

4s phosphoric *stars 19. 20 I 
21 .S-subrtitutad wnoestsrs 

phosphocraatino I9 

of phosphorothlolc 

phosphosnol- 

22 4clds , ve- 

ulnoalcohols *’ @ 23, frls and polyol4 

though this type of rsrctlon h4s led to 

to the phos- 

Elu 

such 4s 

4 better 

undarstsnding of the mochsniso of the 4ruyutic ro4ctlon. the prop4r4tlv* intrrest rem4im 

low. sines the synthasls of 4n aster vith 4 yield of 308 in the bsst c4ses requires the con- 

sumption of a larpr lwunt of 4n other ester+ 

Urn tharefora coruidorad tha re4ctlon 4g4ln in the phosphoryl4tlon dlrtction (b). 

vith the idaa thst a mora f4vour4bls l qulllbriu displ4cewnt might be obc4inrd by u4lng py- 

rophosphaca inste4d of phosphata. Ye vere l ncour4gad in thls spprosch by the f4ct that s py- 

rophosphotrarmfersse activity hns be4n d.ewnstr4tsd with 4lk4lln.s phosph4t4sa 2G-27 

On this b4sls, u4 lnvestlg4ted the rynthmtic possibllltl4s of this anzymstlc rcsc. 

tlon. with scxllua pyrophosphste as s donor, snd different 4ccaptorm such sm 4lcohols, po- 
lyols, amino-4lcohols usad ln large excess to shift tha squllibrlum on the ester side. In 

each came the re4ctlon progress ~4s followed by 31 P NHR spectroscopy snd the products vere 

isolstad ln thm most l ignlflc4nt cssas. “T)ls flrat part of the work us8 devoted to setting 

down, for s rafarmcs re4ctlon the phosphoryl4tlon of glycerol, the condftions lm4dlng to 

the bssc ylalds In phosphoric aster snd to the louast snzymclc hydrolysis of the inorgs- 

nit pyrophosphsta. 

PLsuL’Is 

I - OPTIHfZAfItW OF GLYCGRSL PHOSPHORYLATIO~ 

4) B ‘l P M¶R spectra of a standard l sssy performed with sodlw pyro- 

phosphste ss donor, glycerol as sccsptor (556 v/v, in wster) snd cslf lntssclne slksllne 

phosphstsse, sre given in Figure 1. From high flald to lou flold l re ~uccrssively obssnwd 

the peak of rho dacre4slng pyrophosphste, than rho phosphste formed 4nd glycarophosph4te. 

E4ch spsctnm ~4s recorded avery 415 minutes. AS the rrsnnfar of l phosphoryl group from the 

pyrophosphato to the sccapcor llber4cas 4 phosph4te group, 1008 yield of phosphorylstion 

corresponds to two l quiv4ltnt pe4ks of phosph4te (6 - 2.5 ppa) snd glycsrophosphate (6 - 4. 

2 ppm both at pH : 7.9). Actually. th* pa4k for phosphsta Ls higher thrn ths pe4k for the 

glycerophosph4ce owing to 4 co~pstitive l nzyu4tlc hydrolysis of the pyrophosphste to phos- 

phste. Phosphorylation yields 4ro c4lcul4ted on this b4sis. For ref4rence 4sr4ys. psrticu- 

14rly chose concemlng th4 detsralnstlon of stereoseloctivity (see below). the glycerolphos- 

phate *star has be*n isol4t*d (s** sxpsriwnt41 section), Concarnlng th* glycerophorph4te 

pr4ks. the major ona cormsponds to the o lsamar as lndicaced by the triplet (the spsctrun 

1s recorded vlth coupling for protons) corraspondlng to tha coupling of ths pho~phorw atom 

vith thm CH2 group, the minor to the B 140-r (Flgur4 2). As indlcatad brlou, the ratlo of 

the tuo isomers dapmds upon the teactlon conditions but salactive formalon of the a iSO- 

mar (r9ON) 1s obt4ln4d In moot ~484s. 



Fnzymmtic syntheus of phosphoric monaeaten 63-U 

phomphoric 
csccr 

phodphrtc 

I I I 

Figurm 1 : WR 31 P l pmccrm (32.44 KHz) of &lycmrol phomphorylmtlon klnmtlcm in vmtmr (55b. 
v/v) by calf intmrtlnml l llcallnm phomphmtmms (100 U/ml), pH : 7.9 ; modirv pyro- 
phorphmte 150 dJ ; tsmperaturc : 37’C ; the tWR l peccrm mtm rscordmd every 

65 m. 

E 
OH 

Q 
0 - p_- o- 
OH 

0 

I @has phmtm 

; cl5 PPE 

Flgurm 2 : lotR 31 P qoctnm (121.49 HHm) of the mixturm of thm NO immra Q: and b-elycoro- 
phomphmte ebtmlnmd in the lrrt run In figure 1 (t - 675 PII). The mpsctruw wmm tm- 
corded couplmd for proton. Thm coupling conmtmnc for chm triplet ( 6 - 1.9 ppa) 
corrmmpend ng eo thm Q imomer irn 6.5 Hr. 

1 
Thm doublet for the @ imomar @vmm 6 - 4. 

6 ppm l nd JH_P - 8.2 Hr. 

b - w of u. 0no of the pommiblllrimm for incrommlrq the ylmld In l mtmr 

l nd dacreaalng cha hydrolymim of the pyrophomphmtm, urns l pommlblm diffmrmncm in pH 8mnmiti- 

vity for the hro l cclvictar, mince It is h#vrrfo~ hydrolytic l nrymm chat pH opti= for hy- 

drolymim l nd l ynchmmim romcc1on.m l ra dlfforanc ‘a ?lgura 3 l hwm thm rmmultm obtminmd ln 
chlm roepact : &a two mxima for l ccivity era distinct : pH : 5.8 for hydrolymim rm4c- 

clan of thm pyrophomphmce l nd pi : 8.5 for phoaphorylation rmmctlon. Ie camem out l lmo chmc 
l mtmf yhld h rppr~clrbla l iocm 558 lm obtalnrd : thim vmIum im l i~lflcamly hl&ar corpm- 
red to that prwiouly obtminad I’. 
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Fiyra 3 : Xnfluoncs of the pH on &lycerol phoaphorylatlon, by l llullna. phorphatme, 
sodium pyrophosphatr as donor, G8h incubation cims. Cxp~rlaeneal 

us in& 

cha sama am Fig. 1. 
conditions were 
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Figure G : Phorphotylatlon of l thylrneglycol wfng pyrophoaphace as donor by l llullno phor- 
phetere (calf lntmmrirw. 100 U/ml). Influence of th@ cotaoantrartoa of the accep- 

tor (ethylene&lycol) on the ylsld (8, y axis) of phoqhorylrcion, hydrolyslr end 

pyrophosphate conrmptlon, ptl : 7.9 ; teopotatura : 37 ‘C, &Oh incubation tins. 
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c - a of G . A l mcond 4ppro4ch to l hifc the aqul- 

librlm mra coward* phoophoric *scar synthasls, ~4s co us4 4 14r8@ .xc4ss of 4=4ptor, 

with possibly a subsaqwnt affect on decrm4slry the axtwit of hydrolysis ;buc thim offact 

of using 4n axears of substrate muc raaaln capp4tibls with 4 l lgnificant l cclvltJ of the 

l nzyps. Figure k indic4tss chm r8rulcs corresponding to the phosphoryl4tLon Of *thylena gly- 

col. It 1s firat noticmblm chat the wu)uclc l ccivlty rmuins high, up to TO* of l thyla- 

nu glycol In terms of consumed pyrophosph4ca (4 bl4nk shows th4c the donor does not hydro- 

lyzr ln therm conditions). Horaovsr wh4rs4s the hydrolytic 4cclvicy is dscre4sln8, the phor- 

phoryl4tion goes through 4 maximum (4~ 608 v/v). AC chlr ~ruim. phosphorylstion ylmld ir 

higher th4n the hydrolysis yield. For other wceptors described In p4rt II, this 60~ concmn- 

tr4tion of the 4cceptor ~44 uoed ln 411 sxpsriwnts. 

d - Influanrs of the we w . Ye tasted v4rlow 

ch4ln lcn8ths for polyphosph4tcs to btsrrins lf they Vera rscogni2ed 4s subscrsces 4nd 

wh4t would be the effect of the chain on the yield. fable I lndic4tss the resul Cl obc4lnsd 

rich different polyphosph4ccs, ths vrlurs brln8 comp4rsd with those for pyrophosph4te 

(first row). In 411 ~4444, lt cows out first that phosphorylation yl4lds 4~0 hl@her th4n 

hydrolysis ylrlds 4nb recond th4t polyphosph4tss ulth mom th4n fivm phosph4c4 groups 4r4 

poor substrates for both hydrolysis 4nd phosphorylatlon reaccloiu. ~180 by comparing re- 

rulea obt4insd after Cr2 4nd 91 hours raspsccivrly. for pyrophosph4cs (4484~s 1 l d 8) the 

incro4so in ester yield (338) is hl@ar chrn uh4c would ba axpaccsd from the raulnina pyro- 

phosphsts after 48 h (9t). This indlc4tsd that tha phosph4cs forwd in the rmcclon with py- 

rophosph4ra (from both hydrolyria and phosphoryl4tion rsactionr) is In turn tr4nsfsrrsd to 

tha acceptor at a slower rate. This point VU checked 44 lndic4ted below. 

TABLE I 

Inflwncs of the chain lsnath of the phosphoryl donor 

4ss4y Donor cons-d hydrolyols phorphoryl4tion 
nr. polyphosph4ca yield yield 

8 % 8 

1 n-0 90.6 48 .4 42.2 
2 n-l 51.0 16 .O 35.0 
3 n-3 38.8 9 .a 29.0 
4 n - 13 10.5 I .O 6.5 
5 n - 23 6.8 3 .G 3.6 
6 n - 43 6.8 1 .l 3.7 
7 n - 73 2.8 0 .6 2.2 

8 n-0 100.0 24.8 75.2 
9 n-l 68.0 20.0 66.0 

10 n-3 63.7 20.6 63.3 
11 n - 13 16.0 6.0 10.0 
12 n - 23 6.6 1.9 4.7 
13 n - 43 6.6 1.9 1.5 
16 n - 73 2.6 0.G 2.2 

C4lf lntastlrm 4lk4llne phosph4t4sa 100 U/ml, pH : 7.9. Clycarol concantration : 608 v/v; 
tupmr4ture : 37 ‘C ; coruentr4clon polyphomptmta 20 g/l. n : nuobsr of lntsml phos- 
phoxyl groups for polyphosph4tss. 

Cxp4rlrrncr 1 to 7 ; &Oh Incub4tion tlmm. l xpatiwats 8 to 14 : 91h incubation tin 

l --off DhQ&& 

fl mm. Ths remctlon condltioru 4r4 u follow : pl4 : 7.9 (diethmolmina 0.4 n 4s 

buffer). tha concmtratlon In &lycarol belly kept at 608 v/v. R4sults shown in flgW& 5 in- 

dieat@ that not only tha yield of phosphoryl4tion but 4140 tha r4tss 4r4 hlghar with pYro- 

phosph4tm chur with phosphate (by 4 factor of 3.5 for initial v4loclti4s). Basidrs th4 f4cc 

th4t PF’Who.Phat8 I8 4 bsttar group from 4 prep4r4tlva 44p4ct, it 4pp44r4 tht pyopho4ph*- 

t* 14 4 htt4r mbrtrata (initial valoefties) than tha normal phosphate sub8tr4tm far the 

phoaPbca*@. iloraovmr chase plots 411~ 4 dlrecc c#parlaon in chm phorphoric @#tot rptb- 
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81s of tha ral&tlvm cffLClmrri.8 of phosphate l d pyrophosphat*. Them two donors brhava 

dtffarmtly and phosphoryl tr4nsf4r with pyrophosphata procmads dlrrctly 4nd not with prsli- 

n lrury hydrolysis to phoswta Collornd by transfmr. Urn also notlcsd a dlffarance in eho 

shape of the mo plots (cumatuta and Lnitl41 rare), vhich uy be dus to ths luhibltlon l f- 

fact by the phosphata 29. 

Reset ion 
yitld 

2 

50 - 

A phoaphorylrtion uamg pytpphosphrtc as donor 

0 phosphotylation using phosphatt 44 donor 

A hydrolyrir 

0 conrumd py ropho4phatc 

Flgura 5 

20 &O 60 80 100 120 140 t/w 
: Comp4tlson b4twssn th4 ratm of glycerol phosphoxylstlon with pyrophosphata snd 

phosphate by calf fntsscirul phosph4ts.44 (100 U/al) in glycorol/uatmr (6Ot v/v) ; 
pn :7.9 ; rodlurr phosph4t4 4nd sodium pyropho4ph4to : 150 3( ; tmperatura : 37.C. 
Th4 HHR spmctr4 srm recorded ovary 20 on. 

f - w nf m of v, Thrsa phosphatssa propars- 

tlons from E. Coil, chicken snd c4lf lntrstim, war4 l uccs4slvaly tested in the ssae condl- 

tlona with glyc4rol u substrrta (60%, v/v in water) 4nd pyrophosph4tm 48 4 donor. Results 

4xpr4srad in stsndardlzsd actlvitlas vora platted 44 Indicated In figure 6 4nd srmrrlred 

In t4bls II.Inltlsl vrlocitles. yialds of phosphoryl4tlon and hydrolysis datorminad after 

tha was tim (675 m) 4r4 succossivsly lndlcatad. It comas out th4t both in tsros of fni- 

ti41 wlocitl4s 4nd yield of reaction. the calf intestlno l zyna 1s the most off lciant and 

thsrafora rhould be u44d for prap4r4tlv4 purposss. Also us teatsd the offact of thr purity 

of the l ruyw using tvo sr~plas of 12 U/q lyophllis4rs 4nd 80 U/q protein r4spsctiv4ly. 

R4sults are 8lvon in tsbla II. They lndlc4t4 th4t the purity of ths wuyws 4mrts 4 wak of- 

fact, tha best rrsults b4fns howwar obt4irwd with the 144s purified l nzym4. both in terms 

of inltl41 vmlocltlss 4nd yi4ldr of phosphorylstion. Thor4 r4sults 4rs in 4gr44msnt with 

the ganar41 obstrv4tlon that tha stablllty of l nzynes &craasm uhan lncrasslng thalr purl * 

ty. This l ffmet might ba import4nt in our conditions. u tha damtur4ting affect of lsrg4 

concentrations of sub4tr4t4 1s to ba considerad. Fror 4 propmratlw polnt of view, it 1s no- 

cauorthy that the but results arm obtained rlth the crub l NIJU. 

6 * L As u ; i-COlp@titi- 

v4 snzymtlc hydrolysis of tha donor pyrophosphate can ba limltsd by uking profit of the 

difforsnca in the two pH optiu for synthesis 4nd hydrolysis (s4a b) ; ii-14rg4 concmntf4- 

tions of acceptor can be uaad since the l zymatlc l crivlty remains high up to 60 a (v/v) 

cancrntr4tfon, 4t least wfth glycerol 4nd l thylsneglycol (sea c) ; Ill-pyrophosphsts 4nd 

rhort chain polyphosphatas b4h4vo 4s good donors, p4rticul4rly the fornr which gives f4s- 

tar r4to thsn phosph4tm (sac d 4nd l ) ; illl-amon6 ths dlff4rant sourc4s 4nd purltlas of an- 

Zymas lnvastl@tad, cruds calf lntastlrw 4lkalin.4 phorphatssa gtvms the hart results (ma f). 



Flyra 6 : Exampla of lnflurnca of tha l ntyn orlglno on cha glycerol phomphorylatlon wing 
pyrophoaphata aa donor in &lycarol/uater (608 v/v) ; pH : 7.9 ; modi- pyrophor - 
phate 150 3( ;tauparatura : 37 ‘C ; l nzymo : ueakly purlflod calf lntwtlna ale4 - 
line phoaphatasa (10 U/q lyophlllrata) ; pH : 7.9 ; aodium pyrophosphatr : 150 
ti ; twprratura : 37’C ; the NKR rpsctra are recordad wary 6S m. 

fABL?i II 

Inflwncm of tha origin of the armyma 

1.v. (pp.) 1.v. (hyd) 1.v. (tr) R~(PP) R2 (hyd) R3(tr’l R3m2 

e1 1.3s 0.76 0.56 92.8 39.6 53.G 1.3s 

e2 0.49 0.36 0.15 57.1 28.4 28.7 0.99 

t3 0.20 0.13 0.06 6.9 3.4 3.5 0.97 

& 1.13 0.65 0.67 83.3 3G.3 69.0 1.62 

Enzymm ware urayad wlth paranltrophmylphorphata and wad at 117 U/al 

Cl : calf incmmtltn l lkalirm phoqbhataaa (12 u/q lyophlllmata) 

E2 : E. Coil l lbllna phosphatarm (217 lJ/ag protaln) 

e3 : chlckan lntastfno l lkallna phosphatase (1s U/q protaln) 

E6 : c4lf ioteatina l lkrllna phosphatarr (80 U/q procoin) 
l.v.(pp+) : lnltial velocity of pyrophorphato conamptlon : U/o1 
f.v.(hyd) : lnltial velocity of pyrophomphate hydrolysla : U/ml 
l.v.(tr) : initial velocity of phoaphorylatlon : U/ml 

Rl : ylald of rmctlon for pyrophomphata conruqtlon : 6 
Rt : yimld of raactlon for pyrophoephata hydrolyaim : N 
R3 : yiald of rractloa for phorpboryl tramfar : 8 

RI, 12, R3 mra drtarminmd after Gbh incubation tlw. 



Accmptor l xpwiment Conamad Ylald 
nr. phosph4 tm phosphoryl4tion hydrolysis 

N a B 

glucoss 1 82.0 15.2 66.8 
rib080 2 66.0 9.L 56.6 

CH,-CHOH-C4ZH 3 83s 12.1 71.6 
CH+b CHZOH 6 53.5 9.8 43.7 

m - 2 iiocli; -cH20H 
5 100.0 51.4 48.6 
6 56.4 19.5 36.9 

HOcH,-cHOH-CH~ 
HocH;-cH2-CH 6H 

61.2 15.6 45.6 

&t 
8 62.2 20*2 42.0 

Hoa+cH2-O( 2-c-H )pxHycH2oH 
a 

9 66.9 11.6 55.5 
HocH 

hc 
-C?42-0CH2-CH2 H 10 53.2 16.6 36.6 

Q12- OH-CHOH-CM* 
~~cH2-cH -o),-di,-ap 

11 71.0 12.2 58.8 

oi 12 60.5 11.4 69.1 
HocH+H 4X2-CH OH 
HOCH2-CH2-CH2-CH2 B 

13 loo.0 52.1 47.9 
14 58.0 18.7 39.3 

HOCH2-CH2-CH -CH -a20j4 
HOCH2-CH&H20f 

15 61.5 29.5 35.2 
16 78.8 26.0 52.8 

HWH2-CH -S-CH2-CH -OH 17 86.0 31.3 54.7 
HCXH, - & &4-CMH-CH20H H-CWH-CH 18 91.3 21.1 70.2 

19 2.4 0 2.6 
20 0 0 0 

;; 
35.8 3 32.8 

1.8 0 1.8 

SH-CH;CiSH 
23 6.9 0 6.9 

I 
24 14.8 0 14.8 

SH(C+)3 H 25 100 0 loo 

tlujw : 100 U/ml ; pH : 7.9 ; tsrp4r4tura : 37 l c ; sodium pyrophosphes : 150 dl ; 
68h lncubat ion tlm . 

4) -ii.-. T&la III 81~s the result4 vhich vare obc4ln4d vlth dlffa- 

rmt WPeS of subrtratra Lncludlng 4Icohols, sug4rs 4nd polyols. Th4 ylslds 4ra axpressed 

in Gem of cons-d pyrophosphstm, yields of phosphorylatlon and hydrolysis of the pyro- 

phosphate. Concentrations used Vera those setclad for glycerol. 

TABLE III 

fiosphorylation by Calf intastlnm alkaline phosphatme of differant substr&tes, 

- Plr4t, conc4mlng 4lcohols, 4 14rga sat have bean teat@d. lncludlng propmol, lsoprop4- 

nol. bu~nol-1, butrno~-2 and cyclohex4nol ; ln 44ch c4se, there 1s no phosphoryl4tion snd 

only qu.4ntlt4tiva hydrolysls of tha pyrophospiute ; phosphoryl4tion only occurs if mother 

functlomlity is pras4nt (athylrnlc or 4cstylanlc group) 41 In sxpmrlmnts 3 snd 6. The 

yield of phosphoryl4tlon 1s ln thm r4ng4 of 101. 

- On the other hand, dlols 4nd polyols 4ro good subscr4tas urd only mmophospholyl4tion oc- 

curs. This ~4s lndic4cad from the sln.gla pask obt4ln4d for the phosphoric astot formod par- 

tlcularly in reprmsant4tlva cuss (experiments nr. 7, 13 4nd 18) . Tha yields of phosphoq- 

larion (baaed on cormmad pyrophoaphata) rmgas from 10 to K)@, thm brsc raaults bolna ob- 

c4lmd ulth trials 4nd cermlrul dlol struccuras (axpwlmants S,l3 411-d 6,8,15.16.17 respcti- 

vmly). 

- Ulth substr4tes ba4rlng 4n h4taro4tw such 4.s nltrogan or sulfur, different 8itUthn8 oc- 

cur : vlth ulno4lcohols (usrd ln lsrgs 4xcess), phosphorylrtion 1s net oboened. also the 

l tuym.4tlc 4ctlvlty 1s r4duced, since chm hydrolysis r44ctlon of cb pyrophoaphata procetscb 

to 4 s-11 extant. With substr4t.s barring 4 sulfur stc#, the l nryutlc 4ctlvlty I4 wlntsl- 

n46, but pho4phorylsclon 1s not obserwd. 



Enzymaw rynthcus of pbosphewk mottcuaen 

Am ciw phorphoKyl4tion 

of coapowulm such 48 glycerol leada to l product bearing a chiral cantar, ua torted pormi - 
ble snanciomric l xcamm form4tlon in the corr4mpanding ra4ctlon. fir8t by uring optical ro- 

tation ~4surwmnta. 

E 
OH 41k4l in4 

phorpb4t4mm 
OH OH + PPi - + E + 

a pi 
OH n4+ 

Rut owing to the weak 8p4CifiC optic41 rot4tion of a-glycerol pho8ph4t4 ([CD];’ - 1.5’). 

the r4corbd 4ctivlty. either in the molutlon after l ll~ln4tion of the 4nzyw or on ths i80- 

14tad product, la qu4rciorublo, 8iIlCm po8mlbly 4180 due to iapuritier of the l ruym. ue ths- 

rafots procosdcd to 4n 4nzyrutic 4mm4y ruing L-a glycsKophomph4te dehydKOg4n484, 8p4CifiC 

for thi8 l nmntiar 30. mi3 4ss4y Y48 448oci4tsd with 4 colorl~cric titration of the CO- 

tal pho8ph4cs liberated by the hydrolyrlm l fter tr44tsosnt with phosph4t4m4 of the aan o- 

glyccrophorph4tm s-14, thlm hydroly818 bming claimd 48 non rpscific *6. Urn 41~0 checked 

this point by proceeding to the tntyutlc hydroly8im of th4 L-a-glyceropho8phrts 4nd the K*- 

ce~lc mixture, ue found the 84m4 v4lu4 (1.4 f 0.1 micromole of e8ter hydrolyzed par l lnutr 

and 06 of enzyme, 8mm cxpeKinent41 l ection). Frog thmss dsttmin4tion8 cow8 the conclu- 

rion th4t the l nzyutic phomphoryl4tlon 18 lerding to 4 r4carlc alxturs. m4 rm4ctlon im 

th4K4form only rsgioralsctiv4 4nd not st4KeO8ml4CtiVC. 

c - w in ectivltv w bv w of m. In order to 

l hift the l quilibrluo tou4rd.m syntheaim. l XpOKiWllt8 were performd using insrt w4tor olsc t * 

blm co4olvanc such l s 61-8 uhmr4 l nzysam Lamp thdr 4ctlvity 31 4nd uhich clcl evan be u4ed 

for wuymatic l ynthyamim 32. Clyw/w4tor ~ixturam cont4lning up to SO@ of the co8olvmnt c4n 

b4 re4lired in which augur 4nd polyolm (much mm glycerol) 4re l oluble. rhorams thm w4tor 4c- 

33 tivity is 8ignifiC4t1y decreued . Expsri~ntm were perfowd with keaplng tha amxmt of 

vatat con4t4nt (GO % v/v) : the uount of glycerol acceptor ~48 progra8aivoly raducmd by re- 

pl4clng it by the inert comolvant. Such birury nixcurer uatsr/glF aig,hc 4lmo be of gre4t 

intererc for rubrtr4tea for uhlch high concmntr4tionm in w4tmr c4nnot bo obt4ln.d. T4ble IV 

glvem the corresponding rmmultm obtminad uich glycerol cha contsntr4tion of which v4rlsr 

from 60 co 10 % v/v, the complement to 601 being introduced by ponoglyw or triglyre. Ra- 

sultr are corparsd co ths rafersncm r44ction (601 glycerol, sxpsrlwnt nr. 1. t4ble IV) uhe - 

K@ 49 8 pho8phoKyl4tion 4nd 36 % hydKolyri# 4rm obsswed. The rs8ultr indlc4t4 that the l ruy- 

abtic 4ctlvity lm reduce& : for lnmt4rum with 101 of rddad corolvsnt only 66.5 8 of pyropho8- 

ph4ta 18 tr4NfOrwad verlum 87a without thi8 corolvent. everything e1mo b4ing l qu41. t¶oreO- 

Vet chs phorphoryl tr4rufer re4ction i8 more l ffactd th4n hydKOly8i8 rincs thim l acond remc- 

tiOn bacon8 prmdooirunt ; 4nd the mama ir obmrrved for 14rg.r munt8 of either 61yU. A 

8CKiking diffarancm in regio8electIvity wes obrorvcd with theme corolvent8 : 48 indic4ted on 

t4b1s IV, the 14rgs1y PradoaiNnt o-la-r in the l bmanca of glyra 18 reduced when glyw is 

4dded ; in much olxturam, by incrsrring the amount of 61~. the fl-lmorar becore even predo. 

minmnt (mae exparlment nr. 15). But it lm int4rrrtin~ co notm -4nd cmntmd 14tmr on - th4c 

both no-1 pho4phoryl tranmfar tmmctlon and solactivity arm ramtorsd by 4ddlng lo-& H of 

zinc chloribr to tha mixture (for pyrophorph4t4 150 H 4nd enryw 100 U/ml, mma l xperlmnt8 

nr. 5,6,12 l nd 13 in t4blr XV). 



A. Pm.4Dlm fl al. 

TABLll IV 

l!ffoct of co-solvmt 4ddltlon on 4nxyutlc sctlvlty 

l xparlwnt glycerol glY- COluuMd hydrolysis phorphoryl4tlon sslrct - 
nt. 8 pyrophorphaco a b vlty t (I) 

a a/b 

1 60 0 87.0 49.0 38.0 
2 50 10 46.5 26.5 20.0 
3 40 20 46.9 38.4 18.5 
4 

10-4 n 
30 30 45.4 29.2 16.2 

5 Zn* 30 
6 5.10~bn 

30 89.2 52.4 37.1 
zn+’ 30 30 93.0 55.8 37.2 

7 20 40 42.2 27.0 15.2 
a 10 50 33.1 22.3 lo.1 

95/5 
??/23 
74/26 
61/32 
?2/2g 
?2/28 
61/39 
52/48 

9 50 10 45.9 26.8 19.1 ?9/21 
10 40 20 14.3 27.9 16.4 75125 
11 30 
12 10’4 n Zn* 30 

30 42.4 28.6 13.6 69/31 

13 5.10’4H Zn* 30 
30 68.4 56.6 31.8 69/31 
30 95.0 56.5 38.5 ?4/26 

14 20 40 43.6 31.0 12.6 
15 

56/44 
10 50 40.8 31.0 9.8 &O/b0 

%uyW: 100 U/ml ; modiu Pyrophosphats 150 3I ; pH : 7.9 ; wstmf 18 kapt const4nt 108 
v/v ; temp4r4tura : 37 l c ; Q(rh lncub4tlon tla4, In run 5, 6, 12, 13 : ZnCL2 added. 
(a) a/d 18 tha concentrationa ratio of tha tvo phosphoglycerol isomsrs glvsn in figure 2. 

first. cwnts concrrnlng the preparative lntmrort of thaw r@actlona are tha fol- 

loving : high rmglosml4ctlvlty md rgprmcl4blo ylslda ln phosphoric maters of polyols srs ob- 

tmlnmd In elqls condltlonn, vlth a hydrolytic l IUF. Using 4 18rg4 l xcs81 of 4ccaptor. py- 

rophosphata aa donor and l little purified stuym sllovs thr synth~ia of UP to 551 yield of 

aster of glycerol. lb opclmlz4d condltloru. #ottlad for this l bstrate hsvo then been sxten- 

dad to othsr 4cceptorr. The raactlon wlth phosph4t4ss 14rgsly compates for preparative purpo- 

xe@ with other wuy~s particularly glycsrol kirusa which prover to ba too speelflc @B9 and 

4180 COUpteJ vlth chemical phosphoqlatlon vhlch 1aad.s for polgols to a 8lxturs of pro- 

duct8 34m3s. Tha mxcms~ of wch an enzymatic rynthorlm reller firrt upon rho dlffsrencs In 

tkm tvo pH optima corrsapanding to the phorphoql transfer snd hydroly4lr rs4ctionr. 4nd 41. 

SO on the f4ct that the snxymtlc activity remins high wan uhrn wing large l xcs#o of rubr- 

tmto, rsqutmd to rhlft cha squfllbtlw townrd ryntharls of phosphoric a&tar. Concsmtng 

than ths rrsults obtalnsd with diffrrmnt typea of structurea, va first note that vlth rlbo- 

14 snd glucom. yielda of phosphoxyl4tion sta vwk ovlns to thr low concantratlon of rubsera- 

to 4llowrd for solublllty ra4aocu. For the follouing substracss (urays 3 to 18 in table 

III). we mta t)Ut phosphoryl4tlon occurs only vhe~ 4n othmr functlon4licy thin the hy- 

droxyl group being phorphorylated lx prsrmt, for lnst4ncs vlth sn unsstur4tsd group (as- 

rays 3 and 4), uhar*as phorphotyl&tion dear not occur for rlmpls alcohola. Concemlng Po- 

lyols w nota tbt ts_lN1 dlol l tmcturaa (ursy~ 4,6.8.10.13,15.16. table 111) giv* bet- 

tmr rasulrs than IntsrruL dlols (sss4ys 7 4nd 11). Although it hss besn 4houn th4t for hydro- 

lyrlr rtrrlc affect4 4ra v44k on ths k,,t& p4ruater 36. trmafsr ylsld swa to bs mor4 dr- 

pmndent on such affects + Ue l lso noto th4t longer dial structures such aa ln run# 9 and 12 

evan with tex-dnd dlols glvs again poor rarultr. It reve414d fram thaws sxporlments th4t 

for phosphoryl4tlon to occur, tvo requirements h4ve to be nt : high concentr4tion of 4cc4p - 

tot, 4nd Pr484=4 OTI thlr l ceaptor of tvo slaccron-rich cencarr at a propa distance. 



Eruymtx rymt.hais of #m.phonc moncuatm 

HOWVU) Thea faaturan 844m co b4 rartrlcted to polyolr #inc. amirr, alcohol8, WV- 

chiol8 and dlthiolm srr not phoaphorylmtad (mraya 19-25 tila III). In frt with =i=lco- 

hola, thaaa ramultr arm the conamqwnca of a too excamLve laoreaaa in pH which c8mot b4 h- 

lanc8d by thm buffer ; for 8ucb a hlfi pH ~41~. cha l nzyutlc activity im too lw. ck ch.c- 

k4d that at lwmr concrntratlonr in ulnoalcohol where thm 8nryutlc 4ctlvlty i8 rmatorad. 

phorphoryl4tlon occur8 48 pravlouely lndicacod by oth4r 4uthora 1’*14,*0 (t&lo III). Hovs- 

ver thar8 i8 TYI longer pr8p8r8tlvs intorert at much l u4ak concantr8tion. Hydroxythlol and 

dlthiols do not 18ad to a pho8phorylat4d product. l v4n rhan 8ruym4tlc activity rrulnr high 

(48888Y 25), 

Concmrnlng the phorphoryl group donor, rmaulta lrdlc4te that valu&l4 yield8 4r4 

obt4lnrd ulth pyrophoaphaa irut88.d of mora l xpsnslvm phosphoric utar8 ; this 8upplmntr 

th4 8ynth8cic int8rsrt of thl8 4nxy~cic pho8phoryl8tion. CLL8o cwp4r8tlvs l xpulrnt8 b8t- 

v48n pyrophorph4t8 urd phoophato (Pig. 5) indic4te th4t t-h8 four 18 tha 4ctu*1 phorphorylr- 

tin6 4gent md not the pho8ph4ca r8rultlry from a prallminmy hydrolymia of tha pyrophorpiu- 

t4. Thi8 point h8d not ye baen ob8orv4d In th.a rynths818 dlr8ctlon. Houev8r chs phorpiW4 

rasultlng fram both hydroly8ir and truufer roution vith th8 pyropho8ph4to raut8 then, but 

8t 8 rlou8r tat*. The u8a of polyphorph4tr8 might b4 slso of soms pr8p4ratlvo interest. But 

our rrrulto lndic8te that only the flnt toru up co five phorphoryl group8 hwa moma Inte- 

re*t, ainca lonser ch4lru uka th4r poor 8ub8tr4te8. 

T?~84 ro8ult8 4nd 4180 thora concaming the 8almctivity 4nd the u14 of cosol- 

vents h8vs to be put together of ulth th8 8v4118blr dam conc4ming th4 4ctlv8 8itr of l lk8- 

11~ phosphat4r4. In the hydrolytic direction It h88 basn rhown chat 8t lw pho8phoric l 8- 

tar concmtration 4nd pH : 8, the rate limitlw rc4p lr thm foruclon of 4 pho8phaewyw 4t 

84rlns 102, vhmra88 in saturating condltlona, the reaction of the u4ter mol8cula on th4 ln- 

t4rmedl8ts pho8pho88rlne becOw r8ta datarmlnlng 36.37 . barring thlm ln mind, w can conmi- 

dor th8t, In tha condition4 used (lsrgt sxcasa of subrtr8ts), thm r8lativs ylald8 of tr4n8- 

far v8r8u4 hydroly818 will d8pm.d on the rel8tlvm r88cclvltl~r of the rccqtor 8nd the m4- 

tar rol4culrr. It lo fndoad known that the v4tar molacule firmly blnb to the rlnc c4tfon 

pre88nt in the 8ctlvs alto ” ronderiry it a b4ttmr ~~~loophll~, the pK being shlftsd from 

15 to 7.2 ‘0J9. To compete vlth th4 v4ter molecult, the 8ccspcor fir8t h4s to b4 recognl- 

red by the anzyl, 4ncl bm bound to the cation. Rmrults obt8lnad u8lng alyw8 (r8duc4d l ryyu- 

tic 4ctivlty rartored by l ddln6 tlnc) show that th4 acceptor l cc~lly bin& to the zinc ca- 

tion, since it can be dirpl8cod by thm glyw uhich i8 a good lig8nd for ruch c8tlons 40. Tha- 

refore the ba8c ctuufsr roactlonr ~111 be obt4ln8d for 8cceptor8 8bls to biRd 84 blbnc4ta, 

tha rarult being 4n locraass in thmlr nucleOphlliCiCy tov8rd.8 phosphoratina. CLI for the 

chsngs in a8ltctlvlty induced by glynr, thlr rorult may be lnt8rpratsd by a modlflcation in 

conforutlon of pho8phat488 81 thl8 h88 baen obsrrvad for ocher entywr Irl . 
To 8uauflZ4. this study 8xampllfiaa th4 po88lbilitlrr extendad by thm uas of sruy- 

ms of the phorphat8rs typa, for tha l ynthari8 of pho8phoric 88tars. Work I8 nou In pro- 

gram8 to 8dd 0th~ laptovawntr 8nd duvalop at 8 larger 8~414 ruch enzywtlc 8ynthaai8. 

m : tatruodium pyrOphOSpht4, ugnaslum chlor1d.a snd chsrlcsls wad ss buffrts VI- 

ra purchued from I4mrck. k-nitrophonyl phorph*ts from Slv, and the diffmrmnt polyphosphs- 

tma from Bmncki8mc-Wpuck GNBH. 

W: 4lkallrw pho8ph4t488 EC 3.1.3.1. calf lnt88tfw spoclflc scclvfty 10 U/w lyophi- 

1184to was purchuad from Sign. t4lf lntostin8 phoaphstsss ulth 4 rpeeifie 4etlvlty of 

80 U/y protsin from Bo4hring4r ; 4lblior phorpht488 I. Coil frar Slgms (217 U/q pro- 

taln) and chickan int84tin4 l lkalinm pheaphtu4 ftoa Sipa (15 U/q). 

w : Thm l ruymm ~4~4 ssssyod by tha hydrolysl8 of l-nltrophmnyl pho8phate at QH 9.8 

(trl8 kfC*r) and 37 l C ; thr U ia dafinod as the u&mr of ricropolaa of 4-nltrophmyl 

pho8ph4ta hydroly84d par minut8 and p4r q of lyophlllzad l nzym4 or p4r mg of protalno. 



recorded on B~cksf ha 80 oprrstlng l t 32. 

.497 iulr. both equlppd with Poutiar Trsns- 

form ; tbr rrfmr*nc* was phosphoric acid 85% snd lock on dautatlum nm used. 

Th progrum of thm en.xFtic rmotions was follovsd by srrpllng l vwy fit the raactlon mix- 

tur* ; the umple YU fro&an w -18 l C to stop tha r*actlon. After rousrring up. 500 ricro- 

litors of math srrplm wars s&d to 200 l lcrollters of D20 and the rwulting rolution sru- 

lyrmd. 

of w : phosphorylst 

grstion in ‘lP NWl of the signals corraspondkq to tha 

ion yialda u*r* dotmrrlmd by lntr - 

pyrophosphstm, the phosphste l nb 

tha phorphorlc aster formad I1 , I2 snd I3 ra*p*ctlv*ly (**o Ilg. 1) (m ch*ck*d thst In- 

t*rultl*s u*ra proportlorul w conc*ntr4tlotu). In s trmsfar r**ction for sn sgulvslmnt 

of phosphoric *star. an l qulv*l*nt of phosphate lr l lso formd. Th*rmfor* s yield of 100) 

corro8ponda to tw, 8ignalr I2 l nd 1~ of aqua1 lnt*nsltl**. b pho*phorylstlon but also par- 

tlsl hydrolysis of tha Qnm pyrophoaphata is slso occurlng. X2 lr grostar thm 13. ‘Iha 

pyrophosphsta comrprd for phosphorylstlon 1s I,, tha pat traruformd by hydrolyrls balng 

12 - 1~ / 2. Tharafora the tots1 consumd pyrophctsphate Ir dmflnsd sa CP.ths ylold of phor- 

phorylstlon ss RP l rul thm ylold of hydrolyrls u RH : 

I2 - IJ 13 I2 - 13 
CP = - +fj ; RP-- ; We- 

2 CP 2 x CP 

: 

U*s parformad using three solutlons h.6.C 

A : sodim scatata, ((r.Q), copp*r mulf*t* (0.258) ln 100 ml of l cmtlc rcld 2N. 

B : Amonla mlybdatm 58 In water 

C : Methyl ulw-4 phenol sulfate 26 l nd sodlru sulflta 58 in watsr. 

For tha ssssy. to 0.5 ~1 of l olutlon (0 to 1 rl( in phosphsta) 4th 1 ml of water. mra sd- 

The ded 2.5 ml of solution A, 0.15 DI of solution B and 0.5 al of solution C succ*sslv*ly. 

optic*1 d*nslty at 700 M wss r*ad l ftar 5 l lrtutas of incubstion. Concentrations we* ds- 

tarmlmd from a raf*ranc* plot. 

s) To dacarrlnr thm lnflu.anc* of thm pH (Pig+ 3). thm rmferrncm molutlon was preparad 81 

follovs : buffor l thanolrPlnr 0.t H (pH sjustmd by sdding HCl) msg~~slw chloride 2 d(, •~- 

dl- pyrophospht* 150 3(, amount of l zp : 10 w of lyophlllrsd powd*r corrmspondlng to 

100 U ;glycarol 558 v/v with v*t*r ; tmparatura : 37 l C + 0.5 the cots1 vola being 5 ml. 

Tha progross of the raactlon VU follovsd for Ggh. 

b) Thm aam condltioru wera used to lnvrrtlgste the influence of the conc*ntr*tlon of *thy- 

l*mglycol in uat8r vwylng fro8 60 to 9OU v/v (?lg. G). 

c) For axparimanc* uith polyphosphstas. conditions domcrlbmd in l > uora wed. vlth pH : 7. 

9,mxcspt thsc sodlu pyrophosphsta vu raplaod in l sch cs.s* by 0.1 g of polyphomphst* for 

5 ml of rrsction solution ; progrmss wss follorad for 91 hours (Tsblm I). 

4) For comparison btummn pyrophosphsta and phoaphatm sa donor, condltlon* -or* l * in C) 

cha concontratlon ln phorphsca or pyrophosphscm bmlng 150 &I. Progr*s* vss follor*d for 

160 minute* uith l rqliry for “P fMR snslysls avary 20 l imt*s (Fig+ 5). 

a) For roscclons rlth acceptors othar than glycmrol snd l thyl*mglycol, condltlonm war* 

thr folloulng : pH : 7.9, donor M&\P pyrophosph*t* 150 31, l nzym 100 U/ml. t*mper*turr : 
37 l c, tots1 volw 5 ml (Tab10 III). 

For llquld sccaptors, m wad a 608 v/v cone*ntr*tlon. Par solld.s, th*y uers dl**olv*d at 

ssturatlon in the buffar l d trlglym (trlothylrna glytol dinthyl *that) md monoglyw 

(dlnchoxy-1,2 l thrm) 601 v/v umra succ*sslrmly usad *a co-•olv*nt. Products srulyslr and 

their qumtit~civo &t*rmirmtlon veto udo aftmr 48h r**ction at 37.C. 



Enzywlic syntbcris of phosphhs monocstM 638s 

: l nmy=m wmm l mmmymd a* dorcrlbad l bovm. Tha 

munt of l tam~ wad vmm atm&rdlted to 350 U/3 11 of r**ction wdlu ; pH : 7-9 (di*thm- 

nel&nr hffat). 2 31 in Mpmiim chlorib, 1X, d in pyropkko4ptiat4 4nd conmatr4tioo in 

glycmrol 608 v/v ; t*mr*tura : 37’, reution ratam umra follord for 67s m, rlth ME 

l upling *vary 45 rinutmm. 

br w-3 Dv : r)l4 folio- 

wing re*ctlon vam ummd for the l mmmy : 

&?I 
glycerol- JP + IUD+ + hydrulnm - glycerol-3?-hydrmrona + lull + H20 + H* 

NASH concsntrmtlon vu dat*rminad by l pactrophoco#try l t 340 IY. 

The corramponding l olutloru uera prepmrsd : for 50 rl molution in wmtmr. 2.6 g of hydrmtl- 

n* mulfmte 3.75 g of glycln 0.1 g of EDTAH2Nm2, l nd 2s. 5 ml of l odltm hydrai& w. 

Th* rolution of NAD* wmm G(kg in 1 ml vmt*r (60 Pn) ; CDH (goehringmr) ~48 1700 U/ml.FOr 

l *ch l mmmy, umro olxad 1 01 of buffer l olutlon (pH : 9.S), 0.1 01 of NAD+, 0.0s 11 of l olu- 

tlon to be l rulym*d, 0.95 ok of uatar l nd O.oOS ml of CDH molution (tot*1 volu# 2.105 ml). 

Th* optical d*NLty l t 360 M ~8 remd l ftar S rinute8 l t 20.C. 

a&&&& of m by m : VU parfor#d umlng thr calf in- 

tartin* phomphmtmmm (10 U/og lyophlllmmta). Th* r**ction 8olutlon urns 1 ml of 10.25 &l in 

L a glyc*rophomp)uc* 0.2 ml of phomphmcmm* l olutlon (10 U) mnd 0.5 ml of di*thmnoluinm 

buffer 50 ti, pH : 9.8, tappermturs : 37 ‘C ; lncub*tlon tlu : 22 hours. 

v : urns perforwd using thm l w *nzym mm l beve *nd 8mme buffmr l nd PH. Concmn- 

tratioru of L-a-glycmrophomphmt* l nd D.L-o-glyc*rophomphmt* wro 20 In. th* concontrmtlon 

in l nzym 0.5 rg./wl. Thm rmmctlon progromm wmm follouad by coloriwtrld titration of the 

f ormd phomphmta . 

In a 100 ml fhmk contmlning 30 01 

of glycerol. 20 ml of uator and 1.66 g of l odiw pyrophomphmtm (150 3(), pH mdJumt*d l t 7.9 

mddlng HCl, 0.5 g of thm lyophylim*d l nzyu wmm l dd*d *nd tolp*r*turs fix*d at 40 ‘C. Af- 

tar 41 hourm of lncu.b*tlon, the r*mctlon l ixtura (55 N yl*ld for glycerophomphmtm) wmm 

first ultrmflltr*tsd. then diluted tulc* with water. A stoechlorstric amount of ugneaiw 

chlorlds wmm then l ddad l nd thm pH incrs*m*d l t 10 l dding sodium hydroxide ; thm phomphm - 
tm q~ntlt*tivmly prscipltmtsd. The phomphoric mmtmr wmm then map*rated frar the l xcm88 of 

glycerol by ion axchange chromatography (IRA 35 tierlit, l lution of tha l mt*r vlth mo- 

diva hydroxide 0.G H).Tha pH of th* l olutlon u*m th*n l djustmd to 6.5 with rulfurlc meld, 

l nd the forwd modiw mulf*te wmn pracipltatmd by l dding three volumem of ethmnol. Th* re- 

Mining solution warn then lyophilirsd. The yield after purlflc*tion for glycsrophomphmte 

urns 65 % (0.35 g)(yiald for puriflcatlon 81 a), the purity VU checked mm for other *I- 

tarm by thin lmyer chromtogr*phy (polygraa Cal 400 ; elutlon vith mixture laopropanol l&O 

ml I vatar 60 ml. trichloro~cetic l cid log l nd wnim 0.0 ml ; datectlon with l prmy of m 

l olution contmlning wn1u.m rolyb&t* lg. hydrochloric l cid 1N : 10 al, prchloric l cid 

5 ~1. umt*r 25 ml ; l ftar mprmy.thm plmc* wmm hamtad UO’C for t4n olnutem. Thr purity wmm 

mlmo chockad by ‘H l nd 31 P MXR l pactromcopy l nd mpectr* vero idmntlcml to thoma of muth*n- 

tic l rapl*m. 
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