
Journal o f  Labelled Compounds - July-September - Vol. IX, n03 483 

THE BIOSYNTHETIC PREPARATION OF l - 1 4 C  -TRANS-ll-OCTADE- 
-CENOIC ACID 

W.W.Christie.  M.L.Hunter and C.G.Harfoot 

The Hannah Research I n s t i t u t e ,  

A y r .  S c o t l a n d  

Received on March 1 4 ,  1 9 7 3  

SUMMARY 

I- C-Trans-11-octadecenoic acid was obtained i n  60% overall 14 

1 4  yield by incubating I- 
-organisms. The product, pur i f ied  i n  the form of the methyl e s t e r  
by siZver n i t ra t e  chromatography, contained small m u n t s  of rela- 
-ted posit ional isomers a8 the  only impurit ies.  

c -1inoleic acid o i t h  sheep m e n  micro- 

Introduction 

Fatty acids containing double bonds of the --configuration, which 

originate a s  byproducts o r  intermediates  in the biohydrogenation of polyun- 

saturated fatty acids i n  the rumen, a r e  present  in significant amounts in the 

t issues  of ruminant animals . Acids of this  kind. labelled with 14C, were 

required for studies of the incorporation of fatty acids into milk and adipose 

t issue triglycerides in  rats and ruminants but were not readily available. A 

simple in vitro system was therefore  devised that uti l ises rumen microorganisms 

to  convert  d 4 C  -1inoleic acid ( e - 9 ,  cis-12-octadecenoic acid) to d 4 C  - 
- trans-11-octadecenoic acid in high yield. 

this acid a r e  now described. 

1 

The preparation and purification of 
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Results and discussion 

All  the i somer i c  cis-octadecenoic acids have been prepared by total  

synthesis2 but a l a rge  number of steps a r e  required and the expected yield 

f rom radioactive p recu r so r s  would not be high. u s - i s o m e r s  have been 

prepared in high yield by stereomutation of =-double bonds3 but 1- C -cis- 

9-octadecenoic acid is the only *-monoenoic s tar t ing ma te r i a l  readily available. 

A s  the position of the double bond is  known to have a marked effect on the rate  

a t  which the fatty acid is  incorporated into lipids in  t issues  , trans-9-octadecenoic 

acid would not have been suitable for our purpose. 

a major  pathway in the biohydrogenation of l inoleic acid to  s t ea r i c  acid by rumen 

microorganisms involves intermediate formation of cis-9,  trans-11-octa- 

decadienoic acid and trans-11-octadecenoic acid. 

process5,  when high concentrations of f r ee  linoleic acid (rather  than an esterified 

fo rm)  were incubated anaerobically with sheep rumen contents in vitro,  high 

yields of the *-11-monoenoic intermediate were obtained with very l i t t le 

s t ea r i c  acid formation. 

fermentable substrate.  In the incubation descr ibed he re  where 1- C -1inoleic 

acid was the substrate,  a typical pattern was obtained and gas-liquid radio- 

chromatography showed the presence of s t ea r i c  acid (770), monoenes (8170), 

- cis-9, N - 1 1 - o c t a d e c a d i e n o i c  acid (4%)  and unchanged linoleic acid (8%). 

monoene fraction was subsequently shown by analytical s i lver  ni t ra te  thin layer 

chromatography (TLC) to  consist  of a =-isomer (72%) and a *-isomer (9%). 

14 

4 

1 It is well-established that 

In numerous studies of this 

This was especially pronounced in the absence of added 

14 

The 

The N - m o n o e n o i c  i somer  a s  the methyl e s t e r  derivative was separated 

from the other products of the incubation by preparat ive s i lver  ni t ra te  TLC; 

gas-liquid radio-chromatography (as  i l lustrated in Fig. 1-A) indicated that the 
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compound was greater than 99% pure. In order to confirm the position of the 

double bond, a portion of the ester  was oxidised with permanganate-periodate 

reagent6 and the dibasic acid fragments were methylated for gas-liquid radio- 

chromatography. 

A C dibasic acid was by far the major component (80%) although there was 

also a significant amount of the Cl0 homologue (15%) together with small amounts 

of C 

t races  were obtained on the recorder). 

octadecenoic acid but some of the 9-, 10- and 12-isomers were also present. 

The radioactivity recovered in the w - m o n o e n o i c  components was 60% Of 

that added but the mass recovered was 50% greater than expected on this basis 

as a result of dilution of the added labelled linoleic acid or  of the trans-monoene 

formed by similar fa t ty  acids endogenous to the system. 

The recorder trace that was obtained is illustrated in Fig. 1-B. 

11 

and Clz components. (Mass t races  concordant with the radioactivity 
9 

The major product was then trans-11- 

Legend to Figure 

Gas-liquid radio-chromatography recorder traces. A. the trans- 

monoene fraction. 

periodate oxidation of the E - m o n o e n e  fraction. 

B. . Dibasic acid fragments obtained by permanganate- 
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Although in th i s  instance,  the rumen microorganisms were  obtained f rom 

fistulated animals,  rumen contents f r o m  f resh ly  slaughtered an imals  would have 

been equally suitable for  the purpose provided that they were  kept anaerobic 

and at 39OC until ready  for use. 

Lxper imenta l  

Mater ia l s  

14 
1- C -Linoleic acid was  purchased f rom the Radiochemical Cent re ,  

Amersham,  England. 

by gas-liquid radio-chromatography of the methyl e s t e r  derivative before and 

af te r  oxidation with permanganate-periodate reagent  ( see  below). 

Incubation 

It was  guaranteed 98 pe r  cent pure  and this was confirmed 

Rumen contents were  obtained f r o m  a Suffolk C r o s s  sheep fitted with a 

rumen fistula and receiving 0.25 Kg hay and 0.25 Kg concentrate mixture a t  

0900 h and a t  1600 h. 

were  s t ra ined  through gauze to  remove the l a r g e r  food par t ic les .  

The rumen contents were  taken before the morning feed and 

The s t ra ined  

rumen contents were  diluted to 4 0  p e r  cent by volume with buffer solution '. 
This  solution (10 m l )  was  incubated with the potass ium sa l t  of 1-14C - 

linoleic acid (6 mg;  

ensure  anaerobic conditions. 

chloroform ( 3 3  m l )  were  added and the mixture  was refluxed for 1 hour. 

pH was adjusted t o  2 with dilute hydrochloric acid,  the solution was fi l tered 

and chloroform ( 3 3  m l )  and 0.88 per  cent aqueous potassium chloride (10 ml) 

were  added. The bottom layer ,  containing the lipid, was  recovered  and the fatty 

acids were  methylated with 5 pe r  cent methanolic hydrogen chloride. 

50 pCi) for  6 h r s  at  39OC in  an  a tmosphere  of nitrogen t r  

At the end of this time, methanol ( 3 3  ml)  and 

The 



1 4  The biosynthetic preparation of I -  C-trans-11-octade-cenoic acid 48 7 

Thin layer chromatography with si lver ni t ra te  impregnated l aye r s  

The methyl e s t e r s  (in 5 mg portions) were purified by TLC on 20  x 20 c m  

glass  plates coated with a layer 0. 5 m m  thick of Kieselgel G (E. Merck,  

Darmstadt)  containing 10 pe r  cent (w/w) s i lver  nitrate.  

twice in the same  direction in  hexane-diethyl e ther  (95:5, V / V )  at a temperature  

of 4OC. 

fluorescein in 95 pe r  cent methanol (0.1 p e r  cent. w/v). 

migrated between the saturated and g - m o n o e n o i c  components and was well 

separated f rom both. 

column onto a bed of F lo r i s i l  (BDH Ltd., Poole)  about 1 cm deep and the e s t e r  

was recovered by elution with diethyl e ther  (100 ml). 

sample was determined by liquid scintillation counting of an aliquot. 

Gas-liquid radio-chromatography 

Plates  were developed 

Bands were located under UV light after spraying with 2 ' ,  7t-dichloro- 

The required =-ester 

The band was scraped into a small chromatography 

The radioactivity of the 

Fat ty  acid methyl e s t e r s  were separated on glass  columns (2 m x 6 mm) 

packed with 15 p e r  cent EGSS-X on Gas-chrom P (100-120 mesh;  Applied Science 

Laboratories Inc., State College, Pa. ) isothermally at 160°C in a Hewlett- 

Packard 5750 gas chromatograph. 

spli t ter  so par t  passed into the flame ionisation detector and the remainder  

into a Panax gas-flow anticoincident detector equipped with an autoscaler and 

print-out; in addition, the radioactivity and m a s s  t r a c e s  were displayed 

simultaneously on a dual pen recorder .  

The column effluent was divided by a s t r e a m  

Permanganate-periodate oxidation 

In o rde r  to confirm the position of the double bond, unsaturated methyl 

e s t e r s  were cleaved a t  the double bond by permanganate-periodate oxidation 

using the procedure of von Rudloff . 6 
The products were methylated with boron 
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tr if luoride-methanol reagent (BDH Ltd. ) and the radioactive dibasic acid 

fragments were  identified and determined by gas-liquid radio-chromatography. 
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