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SUMMARY 

L -/I C/g 1 y c e r o t e t r u  1 o s e (&-/I C/e  r y t hru  1 o 8 e I w a s 

prepared  by  a two s t e p  p r o c e s s .  S t e p  one i n v o l v e d  
t h e  f o r m a t i o n  o f  ~ - / 1 4 C / ~ l y c e r o t e t r u l o s e  I -phospha te  
by c o n d e n s a t i o n  o f  s p e c i f i c a l l y  I4C- labe1 led  1,s- 
d i h y d r o x y d i m e t h y t  k e t o n e  I -phospha te  ( d i h y d r o x y -  
a c e t o n e  p h o s p h a t e )  w i t h  fo rmaldehyde  a s  c a t a l y s e d  
b y  c r y s t a l l i n e  r a b b i t  musc le  a t d o l a s e .  S t e p  two in- 
v o l v e d  t h e  enaymatic d e p h o s p h o r y t a t i o n  o f  C-/14C/ 
e r y t h r u l o s e  I -phospha te .  Based on t h e  c r i t e r i a  of 
t h e  c o n s t a n c y  of t h e  s p e c i f i c  a c t i v i t y  of C - e r y t h r u -  
l o s e  and i t s  d e r i v a t i v e s ,  namely  C - e r y t h r u l o s e  phe-  
ny losaaone  and C - e r y t h r u l o s e  0 - n i t r o p h e n y l h y d r a e o n e ,  
t h e  compound was conc luded  t o  be  p u r e .  

Us ing  / l -%/ -  and /2 -14C/d ihydroxyace tone  phos-  
p h a t e ,  L - / I - I 4 C / -  and C - / 2 - 1 4 C / e r y t h r u l o s e  were pre- 
pared  and used  f o r  t h e  e n a y m a t i c  p r e p a r a t i o n  of 0- 
/ I  -I 4C/- and / 2 -I C/+ y t u  1 o s e  5 -phosphate  , 0-/ I -I ‘ C / -  

and / 2 - 1 4 C / f r u c t o s e  6 -phospha te ,  0 - / d 4 C / :  and 
/ 2 - 1 4 C / a Z t r o h e p t u l o s e  ? -phospha te ,  g-/l-14C/- and 
/2-14C/mannoheptu lose  ?-phosphate  and 0 - / l - 1 4 C / -  
and /2 -14C/g tycero  D-ido octutose 8 -phospha te .  The 
a u t h e n t i c i t y  o f  e a c h  o f  t h e  prepared  1 4 C - l a b e t l e d  
sugar  p h o s p h a t e s  was v e r i f i e d  by  chromatograph ic  
and s p e c i f i c  d e g r a d a t i v e  p r o c e d u r e s .  
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AbbreviatScma 

ATP, adenosine 5'-triphosphate; ND+, nicotinapLide d e d n e  dinucleotlde; 

NADE, nicotinamide a d d m  dinucleotide, reduced Porn. 

INTRODUCTION 

Waneketolase, a group transferring enzyme of the anaerobic -(pent of 

the pentose phosphate pathwqf, haa a remerkably broad specifioity for ite 

ketol donor snd aldo acceptor substrates(''2). Of the lmom ketol donom 

- L-erythrulose affords three advantages fo r  the enzymatic synthsaia of C-1 and/ 

or C-2 14~-1abe11ed &to auger phosphates. Firs t ly ,  e r y t ~ o s e  maots 

with transketolase and the aldehyde acceptor (reaction I) to giw, a produot 

aldehyde ( g l y c o l e l d e ~ )  whlch can be removed by coupling with a secoad 

enzyme, alcohol dehydrogenase (reaction II). 

Secor,dly, as the equi l ihr im of reaction (II) lies far t o  tbe right at pH 

7.4(3), the formation of the keto sugar phosphate can be monitored Speotro- 

photometrically by observing the decrease i n  absorb- at 340 m due t o  

the oxidation of  NADH t o  NAD'. Thiraly, as only one product and one substrata 

are phoaphorylated ar.d these d i f f e r  by two carbon atoms, the isolation of 

the product keLo sugar phosphate may be readily achieved by paper chmmat0- 

graphy. In this paper use is made of the above properties of -derytW~~ 

( ~ C I  and [2-'4~1) for the preparation of ,D-[I-'~c]- ami [2-'4~] q l ~ l o m  

?-phosphate, g [1-14C]- and [2-14Cl fructose bphosphate, &[l-'4C]- sld 
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\2-14C~al.troheptu10se 7-phosphate, 

phosphate and &[1-14C]- and [ 2 - 1 4 C ] ~ l ~ r o  %& octuloae &phosphate. 

[l-14C1- axl [2-14C] mamoheptulosa 7- 

The previous enzymatic methods for  the preparation ofgxylu lose  

5-phosphate(4) and 

preparations contamhated with &ribdose >phosphate and &ribose %phosphate. 

The method described i n  this paper allow8 the preparation of high specific 

act ivi t r  ard high purity lLwlulose j-phosphate where  this may be labelled at 

C-1, C-2, or C-1 and C-2 as derived frcm the correspondhgly 14C-leblhd 

- terythnilose. 

- D-[I-%]- and [2-%j fructose 6-phosphate is an alternative method for 

the preparation of this substame free of - ~ l u c o e e  &phosphate. 

11-14c~ xyldoae 5-phosphate(5) d w a y s  gave r i se  to 

T!,m method described in this paper for the preparation of 

Recent etudies on the resotion sobeme of the non-oxdddative pentose 

phosphate path~ay(~”l)  haw led t o  tbe proposal of a new pathway of c a b -  

hydroate metrboliem(8) involving the new intemediates -D-srabinose 5-@oaphate, 

- D-Blycaro D - g  octulose 1,8-diphosphate, - ) o e r o  D-& ootulom 8-phosphate 

and D-altrobeptuloae 1,7-diphoephate. Idanddory to the studiee on the 

reaction scheme of t h i s  new pathway hava been methods for  the preparation 

of S p e C i f i C d l l y  14~-1abe11ed tmptdose aria octulose phosphates. TO the 

authors’ !mowled.* no previous methods haw been described for  the preparation 

of specifically 14c,labelled D-altroheptulom 7-phosphate, D-nmohsptulose 

7-phOSphat4 =,a - w m  D-& octulose aphosphete. 

EXPExmmTAL S E T I O N  

mymati0 syntheeia of [ ~4cldihudmluaoe tone ~ h a ~ h a t e  

- L-[*-’~cI ~ l ~ - l ( 9 )  pad r~-14~~glyosrol  (me ~abiooh4micp1 centrr, 

Amersham, &skiy wend) were used f o r  tb preparation of _L[1-14C]- and 

[2-14C]-erythrulose I-phosphate respeotively by the following method. !The 

reaction mixture ran composed of 1 Panole of hydrasine, 0.2 mole of glyolne, 

2pmoles Q C 1 2 ,  3.0pmlea  of AlF, 3.0,umleo of HAD’, 2 5 p g  of -M-glyoerol 
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pimsphet. deiqdzmenrw (1.2 units+) ~ n d  ayci of [ 1 4 ~ ] ~ y o e r o l  (the solution 

of &-[>14C]gl.yoerel and [2-1%],31prol hed kritial specific radioactivitiee 

of ~ .5yc i&le  mmi 8 p C i / F l e  and were adjnatod to a finel radiosat idty 

of lo,uci/ml and 3,.uci/d, respeotively) in a total volume not exceeding 8 IDI 

and adj- to pH 9.8. The reaotion ras oomemed by the addition of l W y g  

of glyoe- (8.5 m i t e )  and the p r o p a s  of the rate and extent of 

produetion of ~ ‘ % ] ~ - e t o n r  pim-te ma mopitoreti epectropimto- 

m e t r i d l y  by moording the inorease in abmrbanoe at 340 M due to the 

reduotion of BAD+ in a anitably diluted aliqwt of the renotion mixtnm. 

When no further ohmgo in optical density a t  340 ~ I E  waa evident (the reaation 

man usually f o d  to be qusptitative aftor 180 ainutes) the rosation mirtm 

ww cdjmtd to pE 3.5 w i t h  10 Y HC1 pad pasod through a colunn (0.5 x 10 aa) 

of oationio =sin (BioBsd, Bc m-X4 200-400 meah in the hydmgea fon) to 

cleave the hydrazone a d  to ra&m SAD’, BADE end p ~ t e i n .  The acid eluate 

w a s  aasayea for dihydroxyaaetone phosphate(”) and radioactivity. Because of 

the ir iatabi l i ty  of t h i s  

the acid solution at -2OOC; a decomposition of 15-20$ was  detected when 

stored mder these conditions for 6 months. 

i t  was used the same day or  stored a8 

Enamatic amthesis of LC 4c1 arythrulose . 
- L [l-’4C] - end ~ [ 2 ~ 4 C ] e q ~ l o ~  w e r e  prepared from the c~rrespondir~g 

14C-labelled dihydrolryacetone phosphate by a two step procedure. 

step involved the preparation and isolation of 

by a modification of the procedure of Charalampous and L;ueller(12). The 

reaction m i x t u r e  raa composed of 0.5 mole of borate buffer, pi1 7.3, 0.75 mole 

‘he f i r s t  

r4C]erythrulose I-ohosphate 

1 mit of ensym activity i s  defined as the mmunt of mzyme that 

oonvertm a miomaole of nubatrate to product in 1 minute under optimal 

ooabitionm of U.PJ at 38c. 
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of Wl,, 30y/moles of [14C]-dihydro%ya.cetor,e phosphate (equivder,t to 

approximately ZOpCi), 1 5 p o l e s  of fornddelwde and 2 

(18 units). 

nitrogen atmosphere, at which time the enttire reaction mixture w a s  passed 

through a colmn (0.5 x 10 om) of BC 5ail-Xq r e a h  as described above. The 

eluted material including the deionized ra ter  w a s h i r e  (4 bed volumes) was 

concentraw by evaporation under vBcuM a t  NOC to 0.2 ml and applied to 

'fiatmen 3 MM paper a8 a band 20 om wide. dith autheritic kerythrulose 1- 

phosphate aa a reference tAe k [ 1 4 C ]  erythrulose 1-ahosphate wae isolated 

f r o m  possible contaminants by ascending chrmatography ushg the Gi3 solvent 

system described by i ~ ~ d 1 3 ) .  

f rom the paper *, assayed and the specific radioactivity determirad (Table 1). 

The average yield of &-f4C]erythrulose l-,ho.spiiate from four preparations 

raa 7 2 2pnoles. me second step iwolved conversior. of ,G [I-'~c]- ani 
[2-14C] erythniloae 1-phosphate to  the corresponding 14C-labelled erythmlose 

by enzymatic dephosphorylation. The reaction mixture contained 1 m l  of  sample, 

3 mg of plant. acid phosphataae (type 1,digma Chemical Co., St. Louis, Mo.), 

3Opolee  of M&12 and 0.3 mole of scdiun aoetate-acetic acid buffer, pH 4.8 

In a totel volume of 4.0 ml. 

37'~ for 3 h~ars after 

mired-bed resin ( 2  g) ccmposed of equal parts of  Dowex !%!/ (€I+ form) and 

Lbmx 1 (HC03- fon). The resin wan washed with 10 Idl H20 and the combined 

eluate (pH 3.5) wan evaporated to dryness m i e r  Y B E U U ~  at a temperature rat 

erne- ~ O C .  m e  mm~crystolline res- r w  extracted with me-01. 

Upon remopol of the methanol in a stteam of cold air the residue of g-[14C]- 

* 

of  aldolase 

The reaction was allowed to proceed a t  38'~  for 3 hours uricier a 

,G C ~ C ]  nythnilose 1-phosphate w a  eluted 

Dephosphorylation raa allowed t o  proceed at 

time the reaction mixture waa psased throu a 

- L-erytbniLose is unstable and w a s  not stored as the free compound but 

an I=erythrulose 1-phosphate on p e  chromatograms which had been 

i r r igated with the W solvent(13). 3 
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TABLE 1. R o w r t i e s  of synthesized 14C-labelled sugar K&IO suhates . 
Synthesized [%I sugar phosphate Yielda €I: $0 Speoifio 

4 Radioactivity 
($1 (d.p.m./pole) 

&- [1-14C]erythrulose 1-phosphate 

;- [2-%] erythrulose +phosphate 

g- [1-14C] xylulose 5-phosphate 

2- [2-’4C] xylulose 5-phosphate 

p -  [l-14C] fructose 6-phosphate 

2- [ d 4 C ]  fructose 6-phosphate 

2- [l-14C] a h e p t u l o s e  7-phosphate 

2- [2-’4C] a h e p t u l o s e  7-phosphate 

2- [1-’4~j manr heptulose 7-phosphate 

g- [2-14C] =heptnlose 7-phosphate 

g- [1-l4C] &ycero g-i& ootulose &phosphate 

g- [2-14c]glywr0 D-I& octulose ~ p h ~ s p h a t e  

23.5 0.29 0.57 

98.7 o.29 0.57 

1.42 x lo6 
6 

6 

6 

6 

6 

6 

6 

6 

6 

22.9 1.39 x 10 

1.48 x 10 

99.2 1.47 x 10 

95.7 0.21 0.41 1-35 x 10 

96.9 1.40 x 10 

98.9 0.19 0.3 1.42 x 10 

99.4 1.35 x 10 

70*2 0.19 0.38 1.39 x 10 

76.4 1.48 x 10 

1.46 x 106 82.1 0.14 0.27 
6 

81.6 1.40 I. 10 

Methods for the preparatior. of eaoh of the 1 4 C - l ~ U d  sugar phomphates are 

given i n  the text.  

re la t ive t o  the quantity of [14C]dihydro~acetme phosphate, and the yield 

of other ‘ 4 ~  sugar phosphates re la t ive to the quantity of ~ 4 ~ l e r y t h r u l o a e ,  

employed i n  the respective syntheses. bRf and h4 values are given for M3 

solvent. pun twice i n  the same direction(’’). 

%‘he yield of ~[14C]erythrulose 1-phosphate w a s  oaloulated 
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erythrulose was dissolved in 1 n: of ice-ald 0.01 YI aaetic mid, asrayed 

enzymat ic~~y( l4)  anti the specif:.: radioactivity deb-& (average yield 

for 5 preparations w:188 1 9 . 8  h P m  ['4C]glycerol). 

h t l y  0.5pmole of the p r e m  k f4~1erythni~oee m a  a f h d  to 500 

p o l e s  of unlabelled &erythmlose, thepkmylosesone prepm?d(12), snd 

recrystallized from alcohol (m.p. 166.5 - 16T°C, rmooaected; r e p o M  

1680C(15).) Identical amounte of the prepared radioactive I=erythni~ose ard 

unlabelled g r y t h r u l o s e  were wed for the preparation of tbe o-nltrophenyl 

hydrazone derioative(16) (m.p. 152-153OC, mcorrected; reported 153 0 C (q) 
The speoific radioactivity of each derivative was determined by collecting 

approximately 20 mg onto a pre-weigtred filter disc and cotmting in a Gas 

Flow Counter. 

radioactivities of the f44 eq-ttmlose pimnyloswxe 
2 2 hydrwme were 6.1 x 10 and 5.9 x 10 d.ps./pole, reepectively. 

All counts rere corrected to inf ini te  thinrress. %e~ specific 

o-nitmphenyl 

Partial degradation only of the prepared ''C-lobelled _Ler)-Umrloms 

was atterapted. ~ e c h  

of unlabelled materiel and oxidized with periodic aoid according to t b  method 

of Reeves(17). Oxidation of &[1- C)erythruloee by thls method gwm rim tu 

the fornation of radioactive foraaldebyde, derived from C-1 and C-4, &oh 

acmted f o r  97.2$ of the total '% oontabed by the molecule. Although 

discrimination between fonneldehyde dea-l- from either C-1 or C 4  ma not 

possible the radioactive fonnaldehydq wan concluded to have dedmd frm C-1 

a s  i n d i c a t e d  by  the d i s t r i b u t i o n  of I 4 C  i n  g-[ 14C] f r u c t o s e  C-phos- 

phate  formed from C-[ 1-I4C] e r y t h r u l o s e  a n d  g-ery throse  4-phosphate 

[i4~]erythni~oeo ( l p o l e )  rae diluted w i t h  250rJPo1.aa 

14 

(reaction I) and ehom in  ale 2. ~ , [ 2 - ' 4 c ] w w o s e ,  when eimiiocly 

degraded gave rim to milabellad fomddehyde (Table 2). Prom the dis t r i -  

bution of 14C in g[14C)fmctoae 6-phoaphete formed hvrm &[2-'4C]arjrtbrulo~ 

ee 4-phosphste (Table Z ) ,  C-2 only of &-[2-'4C]erytbnrlose np. 

conclude0 to be labeUed. 
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DISCUSSION 

S h o e  only C-1 snd C-2 are trensferred to the aldehyde acceptor in 

the t rmsketo leso  oatalysad maat ion  (I) &[1-14C]glpero1 may ale0 be ueed 

as the  sw ing  material for t he  preparation of C-1 labelled keto sugar 

phosphates. & [1-14C] Glyxmwol, however gives rise to 4-11 ,3-14C]erythrulose 

which caunot be distinguished hpm &-[2,4-14C]ery-tbmlose by the degradativs 

procedures employed and therefore does not allow the  m r i f i o a t i o n  of the [14C] 

subs t ra te  for resaction (I). L-[3-14C]Glyoerol(9) waa thus the preferred 

starting material. 

As shown in Table 1 r e l a t ive ly  lower yields of the pmduct keta 

sugar phosphates, D-mamoheptulose 7-phosphate and gK1Ycero 3-& octulose 

&phosphate were obtained rben garab lnoee  5-phosphate and ggluclose 

6-phosphate were the  respective acceptor aldehydes f o r  reaction (I). This 

observation was in agreement with previous 

- D-ecabinose %phosphate and -D-glucoee &phosphate are l e a s  active than 

either &glyceraldehyde >phosphate o r  D-erythrose 4-phosphate as acceptor 

that the substrates 

aldehydes for transketolase. 

The ident i f ica t ion  of each of the synthesized 14C-labelled compounds, 

apart  fran &-f4C]erythrulose, w a s  determined by ( i )  the fornation of iden- 

t i f i a b l e  products from an enzymatic reaction ( f o r  example, ir, the trsr.sketo- 

lase catalysed reactions I11 & I V  each syr,tliesiaed 14C-labelled cornpowd 

gave r i s e  to products whose iden t i t i e s  were t o t a l l y  cons is tes t  vit i l  t i eo re t i ca l  

predictions based on the established uLechcanisn of t i e  enzyme")); and (ii) the 

chromatographic charac te r i s t ics  of tllo supr moiety aher. compared ivith 

published values. 

A l l  14C-labelled com?ounds spt!lesizwl wero stored as aqueous ;:zq;:uratior,s 

(approximately 1 m ~ )  p~ 3.5 ar,d at -20Oc. 

erythrulose 1-phosphate and 2- f4C] xylulose 5-phosph?tc shoved m y  .:ecoril- 

UrLder these cor.ititix,s or.ly I=[~~cI-  
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poaition(approximate1y l@)aftar 3 months. 

found t o  be #articularly unstable i n  neutral  or  01i:;htly alkaline solutions 

even at  O'C. 

Both of  tiiese compourds were 

The method described in this conrmurication pennitted the preparation of 

ketu sugar phosphates labelled with 14C in carbon atoms one and two. Although 

the  preparation of these compounds with other carbon atoms labelled is not  

discussed ir, t h i s  paper, the method has successfully been used for the prep- 

a ra t ion  of &[8-'4C] glycero D-* octuloae Ephosphate from ur.labelled 

- LerJrthnilose and 2kl4C] glucose 6-phosphate. 
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