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S U M M A R Y  

l lC-label led galactose,  glycerol  and m i t o t  have been 
prepared b iosynthet ica t ty  f r o m  llC-lobetled carbon diozide using 
species  of marine algae.  
conpaurda are m p i d l y  ez t rac ted  f r o m  the algae and puri f ied  by 
l iquid  chromatogmphy. 

Following bioeyl theeia the labe l led  

INTRODUCTION 

Biosynthesis has been used extensively for the preparation of 14C-labelled 

compounds. 

glucose and fructose labelled with the short lived isotope "C (half life 

20.3 min, 8') for use in in vivo metabolic studies, Swiss chard or broad bean 

leaves being used for the biosynthesis. ('*') In 1958 Bidwell described the 

products of biosynthesis in fourteen species of bmwn, red and green marine 

algae using 14C02 and found that the major labelled product was invariably 

D-mannitol in the brown algae, galactosylglycerol (floridoside) or a glycoside 

of mannose in the reds, and sucrose in the green algae(3). 

systems have been used for preparing 13C and "C labelled products"). 

Recently this technique has been applied to the preparation of 

. Since then these 

This paper describes the use of marine algae for llC labelling. The brown 

alga Fucus evesiculoaus was used to prepare llC-mannitol while the red species 

Girgartina stellata produced llC-galactose and llC-glyceml. 
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"CO 

by bombardment with 7 .5  MeV protons (14N(p,a) 

i n  ni t rogen is produced rout ine ly  on t h e  Medical Research Council cyclotron 2 
11 C r e a c t i o n ) .  

EXPERIMENTAL 

Biosynthesis 

The a l g a  (1.0 - 2.5g) is placed i n  a c y l i n d r i c a l  s i l i c a  i l lumina t ion  

chamber (25 cm x 2.5 cm diameter)  i l luminated by a P h i l l i p s  125 w "Powerwhite" 

f luorescent  lamp a t  a d i s tance  of  10 c m .  Car r ie r - f ree  11C02 i n  ni t rogen is 

then swept d i r e c t l y  from t h e  cyclotron t a r g e t ,  through t h e  chamber a t  a flow 

r a t e  of 50 m l  min-' f o r  a per iod of about 20 min. 

Separation of "C-Galactose and llC-Glycerol (G. s t e l l a t a )  

The a l g a  is t r a n s f e r r e d  t o  a 50 m l  boi l ing  tube containing 80% aqueous 

ethanol  (10 ml) and t h e  so lu t ion  i s  boi led f o r  10  min 

The s o l u t i o n  is then separated f rom t h e  a l g a ,  cooled, ex t rac ted  with d i e t h y l  

e t h e r  (20 ml). and t h e  aqueous l a y e r  bo i led  f o r  a f u r t h e r  1-2 min t o  remove 

t r a c e s  of e ther .  Di lu te  hydrochlor ic  ac id  (2N, 1 ml) is then added and t h e  

so lu t ion  is boi led f o r  a f u r t h e r  15 min during which tire t h e  temperature of 

t h e  o i l  bath is r a i s e d  t o  170'. After  t h i s  t i m e  t h e  so lu t ion  is neut ra l i sed  

by t h e  addi t ion  of  4 N l i th ium hydroxide and t h e  volume is reduced t o  1 . 0  - 1.5 m l  

by f u r t h e r  b o i l i n g  i f  necessary. 

out  i n  about b0 min, 

g lycero l  toge ther  with o t h e r  r e s i d u a l  organic  m a t e r i a l ,  

on an o i l  bath a t  130°C. 

The procedure up t o  t h i s  t i m e  may be c a r r i e d  

and produces a so lu t ion  of labe l led  ga lac tose  and 

The des i red  products a r e  separated by l i q u i d  chromatography using a 

96 cm x 0.8 cm column of AGSOW-X8 ( L i t )  200 - 400 mesh r e s i n  e l u t i n g  with 

water for i n j e c t i o n  a t  a flow r a t e  of 0.75 m l  min-'. 

t o  t h e  column is 0.9 m l .  The mass concentrat ion in t h e  e luant  is monitored 

by a Waters Associates R 401 D i f f e r e n t i a l  Refiactometer. and t h e  r a d i o a c t i v i t y  

The sample volume appl ied 

by a s c i n t i l l a t i o n  counter. 

D-Galactose is e l u t e d  a s  a peak with a maximum a t  25 m l  and g lycero l  a t  30 m l .  

A t y p i c a l  chromatogram is shown i n  f i g .  1. 
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1 Preparative l iqu id  chromatogram for the  separation of “C-galactose 

and llC-glycerol. 

The f rac t ions  containing the  ac t ive  products a re  collected and passed through 

0.22 p f i l t e r s  i n t o  sterile v ia l s .  

Separation of llC-*nnitol (i.evesiculosus) 

This is car r ied  out by the  same proceduw as described above d t i n g  the  

acid hydrolysis and subsequent neut ra l i sa t ion  stages.  

obtained in t h i s  cam i a  shown in Fig. 2 .  

a maximum at 25 m l ,  using a flow rate of 0.70 m l  8dn-l. 

DISCUSSION 

A typ ica l  chromatogran 

DrHannitol is e l u t d  as a peak with 

The algae wmre collected th. previous day and stored damp in polythede 
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Fig. 2 Preparative l iquid chromatogram fo r  the separation of llC-mannitol. 

bag8 overnight pr ior  t o  urn. 

bioayntheiis and both the  G. a t e l l a t a  and F.evesiculoaru c w l d  bo uad up to 

one week after col lect ion if they WON kept damp and atorad i n  the dark at a 

tompemturr k t w n n  5 and 10°C. 

No fur ther  t r e a t m n t  wan nceasa ry  pr ior  t o  

The product8 wore ident i f ied by coppariaon with the ratention volmea 

of authentic sample8 on the AGSOW-X8 (Li*)  coluen, and alao by gaa chromatography 

of the  a i l y l  ether derivatives, again by coaparf(ion with authentic aamples. 

Them ayat.fD. ym alao u d  t o  check tha t  hydrolyda of the g.lactoayl@ycerpl 
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pxvduced i n  t ho  cu. of O . m t o l l a t a  uas -late. 

could not bo rosolved on tho  pzupmtin AG5W-X8 ( L i t )  column. 

they uem reaolvod on a lb5  cm x 0.6 cm column of t h i n  main i n  tho Na' fom 

and chmratogrms of the hydmlysed and unhydrelyaod solutions am shown i n  

Fig. 3. 

Tho glycoside and galactose 

h v ~ r ,  

Tho glycoside had a rotontion velum of 36 m l  on t h i s  colunn, (r.laotoee 

ELUTION TlME (min8) 

30 35 a 45 50 55 60 

I 

I l l 1  l l l l l l 1 1 1 1 1 1 1 1 1 1  I I  I l l  I 

25 30 35 40 45 50 

VOLUME of ELUANT (mu 

Fig. 3 A n a l y t i c a l  l iqu id  ChmmStagFaaur of t he  hydrolysed and unhydrolysed 

extracts from G. stellata. 

The radioactiva tracoa a m  not corrected f o r  decay. 

Peaks, GAL galactose; GLYC glycerol; WNN mannitol, F M R  floridoside.  
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42.5 nl and g l y c e r o l  45.5 ml. 

completely reaolved using t h e  Na' form of t h e  r e s i n .  

I n t e r e s t i n g l y  t h e  two latter compounds w e r e  not 

I n  a l l  cases small mult ip le  a c t i v e  peaks (10 - 20% of the soluble a c t i v i t y )  

were e lu ted  f r o m  t h e  prepara t ive  column with an e l u t i o n  volume n e a r  t h e  non- 

sorbed volume. A 

l a r g e r  mul t ip le  peak due t o  inac t ive  impur i t ies ,  and a lso  l i th ium chlor ide  i n  t h e  

case of work with G . s t e l l a t a ,  was a l s o  present  i n  the mass t r a c e  i n  t h i s  region.  

Polysiphonia lanosa was used i n  place of G. s t e l l a t a  and 

The chemical f o n d s )  of t h i s  a c t i v i t y  w p  not  i d e n t i f i e d .  

When t h e  red  a l g a  

t h e  same procedure followed a very s i m i l a r  chromatogram was obtained.  

case however t h e  nrajor a c t i v e  peak was i d e n t i f i e d  as D-mannose again by gas 

chromatography of t h e  s i l y l  e t h e r  der iva t ives .  

l e s s  e f f e c t i v e  a t  biosynthesis  than t h e  o t h e r s  and it was e s s e n t i a l  t o  use it on 

t h e  day following c o l l e c t i o n .  

i d e n t i f i e d  t h e  glycoside present  i n  Polysiphonia f a s t i g i a t a  as a-D-mannopyranosyl- 

2-glycer ic  acid.  

In  t h i s  

This a l g a  appeared t o  be r a t h e r  

Colin and Augier") and Bouveng et  a1(6) have 

Deta i l s  of severa l  t y p i c a l  preparat ions are given i n  Tables 1 and 2 .  The 

In addi t ion t o t a l  times required f o r  t h e  complete procedures a r e  80 - 90 min. 

t h e  ex t rac t ions  are not  s t a r t e d  u n t i l  about 10 min. 

bombardment i n  order  t o  allow t i m e  f o r  mst of t h e  remaining 11C02 i n  t h e  t a r g e t  

t o  be f lushed i n t o  t h e  i l luminat ion chamber. 

described by Clark and Buckingham(') and is s i m i l a r  t o  t h a t  reported by Finn and 

Wolf(8) 

under which t h e  t a r g e t  was run i n  t h e  present  s e r i e s  of experiments. 

no accura te  es t imate  of t h e  o v e r a l l  radiochemical y i e l d s  of t h e  l a h e l l e d  products 

can be made, s ince  any "CO 

t o  reduce r a d i a t i o n  dose t o  t h e  worker t h e  in tegra ted  beam curren t  used i n  t h e  

present  s e r i e s  of experiments w a s  l imi ted  t o  a maximum of  10 UA h r s .  By using 

longer  bombardments a t  a higher  beam curren t  t h e  a c t i v i t i e s  of t h e  f i n a l  products 

a f t e r  t h e  end of cyclotron 

The t a r g e t  system used has been 

However, t h e  y ie ld  of  11C02 has not been measured for t h e  condi t ions 

Consequently 

not taken up by t h e  algae was not yecovered. In order 
2 
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could be increased by a t  l e a s t  a f a c t o r  of three .  

product w a s  obtained d i r e c t l y  by comparing t h e  a rea  of t h e  peak i n  t h e  preparat ive 

chromatogram with t h a t  of  a known weight of an au thent ic  sample run under 

i d e n t i c a l  condi t ions.  

The s p e c i f i c  a c t i v i t y  of  each 

On a molar b a s i s  t h e  s p e c i f i c  a c t i v i t y  of t h e  ea lac tose  obtained from 

G.stellata was approximately 1.8 times that of glycerol .  

proved t h e  s t r u c t u r e  of  f l o r i d o s i d e  obtained f r o m  I r ideae  l a m i n a r i ~ i d e s ' ~ )  t o  be 

Hassid and co-workers 

a-D-galactopyranoeyl-2-glyoerol and a lso  m e t e d  a meohanism f o r  i t a  biosynthesi p?: 
I f  t h i s  mechanism is cor rec t  i n  t h e  case of G.s te l la ta  t h e  ga lac tose  obtained i n  

t h e  present  experiments would be expected to  be labe l led  a t  t h e  3 o r  4 pos i t ions  

while t h e  g lycero l  would be labe l led  a t  t h e  1 pos i t ion .  

mechanism has been proposed for t h e  biosynthesis  of  mannitol, but it is l i k e l y  t h a t  

g lycero l  is a precursor  . 
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