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9) were found to have more double bonds below than 
above the 9-position. This does not necessarily mean 
tha t  the predominant  direction of migra t ion was to- 
ward  the ester linkage. As the distance of a double 
bond f rom the ester l inkage increases, its rate  of hydro- 
genation increases (15). Hence a sizable proport ion 
of double bonds whieh migra ted  to the outer positions 
may  have been preferent ia l ly  hydrogenated  and (lid 
not appea r  in the end product.  
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Biogenesis of Polyunsaturated Acid in Fish 1 

JAMES F. MEAD, 2 MITSU KAYAMA, a and RAYMOND REISER, 4 Laboratory of Nuclear Medicine and 
Radiation Biology, Department of Biophysics and Nuclear Medicine, and Department of Physiological Chemistry, 
School of Medicine, University of California, Los Angeles 

I 
T H A S  I~EFN K N O \ u  f o r  many  years  tha t  the f a t t y  
acids of fish are  nlore highly unsatura ted  and have 
greater  averag(~ (,llai2>h,ngths than  tllosc of most 

mamnlals.  Tha t  the (liff(,r(,nees nlay be ev(m more 
basic beeame al)l)al'(,2tt as the s t r lmtures  of the f a t ty  
aei(Is were de(erlnined. Despite tlleir high unsatu-  
ra t ion fish oils, i)t general, did not serve as a sonree 
of essential f a t t y  acids ( l ) .  This would indicate that  
they do not belong to the ]inoleic fanli ly 

[CHa(CII2)  4 - CII  -- terminat ion]  
(2,3) as do most of the mammal ian  polyunsa tura ted  
acids. S t ruc ture  determinat ions of individual  f a t ty  
acids have confirmed these ideas. For  example, Klenk 
and his coworkers (4,5) have shown tha t  most of 
the po lyunsa tura ted  f a t t y  acids of herr ing  oil belong 
to the linolenic family  (CHa - CH2 -- CH = termina- 
tion) (2,3), a finding which appears  to agree with 
those of Stoffel, Insull, and Ahrens (6) for  menhaden 
oil. 

I f  the f a t t y  acids of fish are so different f rom those 
of mammals ,  the question of their  der ivat ion and trans- 
format ions  is of interest. I t  has been shown in these 
laboratories (3) that  the synthesis of po lyunsa tura ted  
f a t t y  acids in the ra t  (and presumably  other mam- 
mals) is accomplished by  the addit ion of double bonds 
in the divinyl  methane relationship to unsa tura ted  
f a t t y  aeids derived f rom the diet or synthesized in the 
animal  body. In  mammals  the paren t  acid is usual ly 
linoleic f rom the diet, thus leading to the family  of 
essential f a t t y  acids including y-linolenie, 8,11,14-eico- 
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satrielmi(', and araehi(hlniC acids. In t he  absmlee of 
linoh,ie aeid, d ie tary  linolenic and biosynthetic oMe 
and pahnitoleic a(.ids (.an also be couwwted to higher 
polyunsat l l ra ted art(Is. The problems to he emlsid- 
ered in this eonnection are whether the polyllnsatu- 
rated acids of the fish are p redominant ly  of the lino- 
lenie family  because the fsh,  mllike tile manlmal, can 
synthesize thoir precursor or whether they are forlned 
by the famil iar  process from dietary  f a t ty  acids largely 
of the linolenic tylle. The possibility that  fish possess, 
to a greater  degree than mammals,  the abil i ty to ex- 
tend oleic acid must  also be considered. 

Klenk (personal  conlmunication) found that,  fol- 
lowing the injections of acetie-l.-C u acid into fish, 
ozonolytic degradat ion of their  po lyunsa tura ted  acids 
acids revealed some activi ty in the malonie acid frac- 
tion. This could only have arisen by a synthetic proc- 
ess, but  the na ture  of the f a t t y  acids degraded was 
uncertain.  Reiser and his coworkers (7,8) found tha t  
the nature  of the fish f a t t y  acids is marked ly  influ- 
enced by diet and came to the conclusion that  al though 
the differences between the f a t t y  acid compositions 
of marine-  and fresh-water  fish are due to differences 
in their  diets, they also have a marked  abili ty to 
synthesize polyunsa tura ted  but  not necessarily essen- 
tial f a t t y  acids. When  these authors placed fish on a 
fat-free diet, their  po lyunsa tura ted  f a t t y  acids were 
reduced but  they did not appea r  to develop any  deft- 
ciency symptoms.  This would be expected f rom the 
results of similar, t rea tment  of adul t  rats. 

In  the present  experiment  an a t tempt  was made to 
ascertain which, if any, polyunsa tura ted  acids might  
be synthesized by fish and to s tudy  fu r the r  the effect 
of d ie ta ry  fa t  on their  deposited f a t t y  acids. 

Experimental 
Treatment of Animals. Three mature  female Tilap4a 

mossambica which had been raised in salt water  and 
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three which had been raised in fresh water, all on 
Purina Trout  Chow, were maintained on ether-ex- 
tracted Purina  Trout Chow for five days. The fish 
were then each given an intraperitoneal  inject ion of 
sodium acetate-l-C ~4 for a total of  0.5 me. Af ter  6 hrs. 
they were killed by freezing. 

Extraction a~*,g Separation of Lipids. The fish were 
extracted in a Waring  Blender  with alcohol, alcohol: 
ether (70:30) ,  and ether. Evaporat ion  of these sol- 
vents  and drying  of the residue in vacuo gave the total 
fat. Weights  of these fract ions are listed in Table I. 

T A B L E  I 

W e i g h t s  o f  F r a e t i o n s  of  Sa l t -  a n d  F r e s h - ~ r a t e r  F i s h  

T o t a l  w t .  F a t - f r e e  
I r i s h  / r e s i d u e  

2988 g" S a l t  w a t e r  . . . . . . . . . . . . . . . . . . . . . .  7 6 . 5  ( 2 6 . 6 % )  
F r e s h  w a t e r  . . . . . . . . . . . . . . . . . . . .  4 9 0  1 3 4 . 5 ( 2 7 . 4 % )  

T o t a l  
l i p i d  

ft. 
2 . 1 7 2  ( 0 . 7 5 % )  
3 . 2 5 5  (0.66~?~) 

There appears to be no significant difference between 
salt- and fresh-water fish in these respects. 

The lipid of the two groups was combined antl 
saponified with alcoholic potassium hydroxide,  and the 
fa t ty  acids thus obtained were separated by low-tem- 
perature crystall ization from aeetorle. Weights  and 
activities of these fractions are listed in Table l I. 

TABIA~;  ] I 

~u  a n d  . \ e t i v i t i e s  of  F a t t y  A ( i d  F r a e t i o n s  

F r a ~ ' t i o n  W e i g h t  

�9 �9 . ~o t o t a l  f a t t y  a c i d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~., - 
S a t u r a t  'd  f t t t y  ac t  l s  ( i n s o l .  a t  - 5 ~  ) . . . . . . . .  [ (1.52 ( 1 5 . 5 G  ) 
" M o n o - u n s a t u r a t e d "  f tv  ('i Is  / 

( inso luhh~ a t  5 0 ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] ] ,69  ( 5 0 . 1 r ~ )  
'" ) v l s d u "  t e d "  f a t t y  ac ids  

(s~)h~bh~ at  - - 5 0 ~  ) .,i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 1 . 1 6 ( 3 4 . 4 ' / , )  

A ( ' t i v i t y  

( d.p.,~. 
per  nq  ) 

6 0 0  
6 95  

2 9 7  

91 

The mono-unsailu-ated and l iolyunsaturat( 'd frat.- 
tions were analyz('(1 tm the gas-liqui(l chromatogTaln. '  
In  Table Ill[ are ~'iven the alIlIroxinlate contp(isili(ins 
of these fraeti<ms, as e, alculate(I f rom the ehr(intal(i- 
grams. 

Sirwe llte " l lolyl tnsat t l rated ' '  fraction, whMi had 
tile desired polylulsaturated acids also eontailwd (;(tll- 
siderable quantit ies of (iMc a('id, which might  inter- 
fere with fu r the r  w(irk, a setIaraii(m was mad(' (m the 
reversed-phase column as des(.ril)ed previonsly (10). 
Tha t  the oleic aei(l was t, timph,tely removed by this 
process was e(/nfirln(xl by gas ehronmtographic analy- 
sis as dcscribed ab(ive. A sample of the polyunsatu-  
ra ted fract ion thus obtained was ntethylate(I with 
diazomethane amt sel)arated on a I)reparaiive gas 
chromatographic  e(thtnlU, a F rom 69 rag. of the mixed 
methyl  esters was obtained: 4.3 rag. methyl palmit- 
oleate (261 d.p.s, per rag.), 5.8 nlg. of methyl linoleate 
(33 d.p.s, per  nlg.), and 7.7 rag. of methyl  araehi- 
donate (60 d.p.s, per rag.), t i ther  fractions were ltot 
collected. 

Degradation of AcMs. Two types of degr'a(bttio~t 
were used in these stltdies: stepwise degradation,  
using the method of Dauben, I~oerger, and Pett,r- 
sen (11) modified as described previously (12), and 
permangana te  oxidation, essentially as described by 

5 A n a l y s e s  w e r e  p e r f o r m e d ,  u s i n g  a W h e e l e o  M o d e l  10  ( B a r b e r - C o l r n a n  
C o m p a n y )  w i t h  a 6- f t .  6-ram, I . D .  r , o lumn  of e t h y l e n e  g l y e o l - s u e e i n a t e  
p o l y e s t e r  on  6 0 - 1 0 0  m e s h  ( 'e l i te  a t  1.78 ~ P r e p a r a t i v e  s e p a r a t i o n s  w e r e  
c a r r i e d  out ,  u s i n g  Ihe  A e r o g r a l ) h  M o d e l  A - 1 0 0 - C  ( W i l k e n s  I n s t r u m e n t  
a n d  R e s e a r c h  C o m p a n y  I n c . )  using" a 5- f t ,  V-, in .  c o l u m n  of C r a i ~  
P o l y e s t e r - s u c e i n a t e  ( 1 , 4 - b a t a n o d i o l - s u c c i n a t e  p o l y m e r ) .  

T A B L E  I I I  

C o m p o s i t i o n  of  U n s a t u r a t e d  a n d  : P o l y u n s a t u r a t e d  
F a t t y  A c i d  F r a c t i o n s  

A c i d  

S a t u r a t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

" M o n o - u n s a t u r a t e d "  f r a e t i o n  
MTyrist ic  ( 1 4 :  0 )  b. . . . . . . . . . . . . . . . . . . . . .  

( 1 4 : 1 7 )  . . . . . . . . . . . . . . . . . . . . . .  
P a h n i t i e  ( 1 6 :  0 )  . . . . . . . . . . . . . . . . . . . . . . . .  
P a b n i t o l e i c  ( I 6 : 1 )  . . . . . . . . . . . . . . . . . . . . . . .  
S t e a r i e  ( 1 8  : 0 )  . . . . . . . . . . . . . . . . . . . . . . .  
O l e i e  ( 1 8 :  1 )  . . . . . . . . . . . . . . . . . . . . . . .  
L i n o l e i e  ( 18 : 2 ) . . . . . . . . . . . . . . . . . . . . . . . .  

" P o l y u n s a t u r a t e d "  f r a c t i o n  
M y r i s t i c  ( 1 4 : 0 1  . . . . . . . . . . . . . . . . . . . . . . . .  

( 1 4 :  1 )  . . . . . . . . . . . . . . . . . . . . . . . .  
I ~ a h n i t o l e i c  ( 1 6 :  ] ) . . . . . . . . . . . . . . . . . . . . . . . .  

( I 6 : 2 )  . . . . . . . . . . . . . . . . . . . . . . . .  
O l e i e  ( 1 8 :  1)  . . . . . . . . . . . . . . . . . . . . . . . .  
L i n o h d c  ( 1 8  : 2 )  . . . . . . . . . . . . . . . . . . . . . . . .  

( 1 8 : 3 1  . . . . . . . . . . . . . . . . . . . . . . . .  
( 2 0 : 3 )  . . . . . . . . . . . . . . . . . . . . . . . .  

A r a c h i d o n i c  ( 2 0 : 4 )  . . . . . . . . . . . . . . . . . . . . . . . .  
U n k n o w n  A ( 2 2 : 4 ? )  . . . . . . . . . . . . . . . . . . . . . .  
U n k n o w n  1~; ( 2 2  : 5 ?) . . . . . . . . . . . . . . . . . . . . .  
U n k n o w n  C ( 2 2  : 6 ?)  . . . . . . . . . . . . . . . . . . . . . .  

% of  
f r a c t i o n  

3 . 6  
3 . 7  

3 1 . 5  
3 .8  

2 0 . 7  
2 8 . 0  

8 . 6  

0 .8  
1 .8  
9 .5  
2 . 6  

1 7 . 0  
1 5 . 0  

4 . 5  
T r a c e  
1 3 . 4  

3 .1  
6 .7  

2 5 . 4  

% t o t a l  
" u n s t t t u -  

r a t e d "  
f r a c t i o n s  

2 .5  
2 . 6  

1 8 . 7  
5 .1  

1 2 . 3  
2 3 . 6  
1 1 . 2  

0 . 7  

1 .0  

1 . 8  

5 . 5  
1 .3  
2 . 7  

1 0 . 3  

% of  
t o t a l  f a t t y  

a c i d s "  

3 0 . 2  

4 . 3  

1 9 . 9  
9 .5  

0 . 6  

0 . 9  

1 . 5  

4 . 7  
1 .1  
2 .3  
8 . 7  

a A s s u m i n g  Ihe  fraction i n s o l u b l e  a t  - - 5 ~  to c o n t a i n  o n l y  s a t u r a t e d  
a c i d s .  

I, S h o r t h a n d  d e s i g n a t i o n  ( 9 ) .  

Haverkamp-Begemann ,  Keppler,  and Boekenoogen 
(13) .  

The methyl  arat 'hitlolmte obtained as described 
above was diluted hi 250 rag. with pure  unlabelled 
methyl  arachidonate 6 and was hydrogenated  over 
pal ladium on chareoal and saponificd to give 228 rag. 
of arae, hidie acid with 2.1 d.p.s, per  rag. (]as ehrtmta- 
RIgral)hie analysis (if a sample of the methyl ester 
rewmled a single peak. The araehidie acid (220 rag.) 
was degraded stelIwise (11,12) to give stearie aeitl and 
2 molemlles of benzoic acid, represent ing carbons 1 
and 2 of tile original araehidonie acid. The activities 
of these acids are lislcd in Table IV. 

T A  IHA'] l V  

, \ c t i v i l i e s  of  I h , ~ r a d a t h m  I ' r o d u c i s  of  A r a c h i d i c  Avid 

A v i d  ] A c t i v i t y  

A r a c h i d i c  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (d.p.a.,m, 664rn o lPer  e ) 

N()na(h,i 'nnoi(~ a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 52  
O< ' t a (hwanoie  a<'id . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 5  
B e n z o i c  a v i d  (CF) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 2 1  

. . . .  !.!.?2~.qi ~<il ((Co) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 2  

The i)er(,entao'e a(qivity of the various carbons of 
the araebi(lie aei(1 is as follows: 

CtslIa7 - -  ( ~ I [ 2  -- C O O H  

23 6 71 

Tile methyl  linoh,ate was diluted with inactive 
nlethyl linoleate to give, 121 rag. with act ivi ty  of 1.7 
d.p.s, per  rag. Af te r  saponification a sample of 68.5 
rag. was oxidized with q16 nlg. of potassium perman-  
ganate  ill ae, etic acid (13,14). Decolorization of the 
reaction mixture  wiih fol'nli(: acid, followed by dilu- 
tion and extraction with peniane~ yielded eaproic acid 
with all act ivi ty of 1.4 d.p.s, per  rag. Repeated ex- 
traction of the aqueous residue with ether gave aze- 
lair acid with an act ivi ty of 1.4 d.p.s, per rag. 

Preparation of Tetrabromostcaric Acid. A diluted 
sample of tim above prepared  ]inoleic acid (21.0 rag., 
0.95 d.p.s, per rag.) was brominated in ether with aa 
rag. of Br> Af te r  evaporat ion of the ether the pen- 

s O b t a i n e d  f r o m  t h e  H o r m e l  I n s t i t u t e .  
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tane-insoluble solid was crystallized twice f rom 82%. 
of acetone. The resul t ing te t rabromostear ie  acid had 
an act ivi ty of 0.074 d.p.s, per  mg. (expressed on the 
basis of the bromine-free compound) .  Too little activ- 
i ty remained for fu r the r  purification. 

Discussion 
The fish employed in these studies were maintained 

(in Pur ina  Trout  Chow until the s tar t  of the experi- 
ment when they were fed the same diet af ter  ether 
extraction. Under  these eircunlstances lhe fish dc- 
posited fa t  which apparen t ly  contained high propor- 
tions of the typical manlmalian polyunsatura ted  acilts, 
liaoleic and arachidmHt; acids. Linolenic acid, the 
typical  nlari,( ,  ~ f a t t y  acid, is present  in very  small 
amounts.  I t  therefore al)l)ears in agreement  with ln'e- 
vious studies (7,8) that  the fish deposits, to a signifi- 
('ant extent, the f a t t y  mdlts of the diet,. In this case 
these were tile typical  animal and vegetable fa t ty  
acids flu'nished lly the 4~j of fat  in tile diet. 

The longer-chain, nlore highly unsatura ted  acids, 
for whie, h arachidonic nlay 1)e taken as an example, 
al)pear to be forme(t by (lesaturation and elongation 
processes typical  of the mammal ian  metal)olism (3).  
If this is indeed the case, s t ruclure  determinatiorl will 
probably  show them to be derived largely f rom oleic 
or linoleie acid and not fronl linoleni(' a(,id as is the 
case with fish on a natm'al  marine  diet (4,5). Thus 
the same processes of alteration of unsatura ted  f a t ty  
acids found in nlanlnlals t)rol)atlly tlohls for fish with 
the exception tha t  in the la t ter  ease the llroeess (,~(m- 
tinues to produce fa t ty  acids of sonl(,what grea ter  
( 'hain-lcngth and higher degree of unsat lmtt ion.  

The t racer  studies reveah,(l tllal n)l(h,r (.()n(litions 
of tile exilerinlent the fish synth(,sizcd large amounts  
of f a t ty  acids. In agrceln('nt with animal stu(li(,s the 
ral)idly synthesized f a t ty  a(,ids were la)'g(,ly of the 
sa tura ted  type ;  the polyunsat lml ted  acids were by far  
the least active. 

Degradat ion studies in(licaied that  tile 2()-carbon 
I)olyunsaturated acid, probably  largely arachidonic, 
was synthesized by additio)l of acetate to a relat ively 
inactive 18-carbon portion, probably  largely  derived 
f rom linoleic. The na ture  of the active IS-carbon acid 
that  contr ibuted act ivi ty to the linoleic and the ter- 
minal  18 carbons of the arachidonic acid was indicated 
by two experiments.  Degradat ion of the linoleie frac- 
tion showed it  to contain equal act ivi ty  in the earboxy 
and methyl  moieties. Tha t  the active acid in the frac-  
tion was not linoleie is revealed by the fact  tha t  the 
act ivi ty did not appea r  in the recrystall ized tetra- 

bromostearie acid derived f rom the linoleic acid. A 
suggestion as to its na ture  can be made. Since it had 
un i form act ivi ty  throughout  the molecule, it could 
have been derived f rom oleic acid (similar degrada- 
tiou of the crude oleic acid fraction f rom these fish 
revealed that, unlike mammals,  fish appear  to synthe- 
size un i fo rmly  labelled oleie acid).  Fu r the rmore  an 
octadecadienoie acid derived f rom oleic must  be postu- 
lated for  rats  which have been fed a fat-free diet 
(14). This is the 6,9-o(~tadeeadienoic acid, which is a 
probable intermediate  between oleie and 5,8,11-eico- 
satrienoic acids (14). Another  l)robability is the pos- 
tulated 8,11-oetadecadienoic acid intermediat(, betwe(m 
palmitoleic and 7,10,13-eicosatrienoi(~ acids (14). The 
existence of this a(;id in rats  has been demonstrated 
hy Fnleo and Mead (3). Ei ther  of th(,se act(Is wouhl 
have the proI)erties of the active oetade(~adienoi(~ acid 
postulated in the present  study. 

in any  event the t racer  studies lend lo (~onfil'nl the 
hyl)othesis that  polyunsatura ted  f a t ty  acid metabo- 
lisnl is not quali tat ively different in fish and mamnlals. 
AIth</ugh small quanti t ies of polyunsa tura ted  acids 
can be synthesized f rom acetate, Mles(~ are apl /arently 
n<>t the higher essential f a t ty  acids, whi<.h musl be 
formed from die tary  linoleie acid. 

Summary 
Folh)wing injection of Tilapia mossambica wiih 

a(,etatc-l-C ~4, their  f a t ty  acids wore isolaied, fra('- 
t ionatcd, and degraded. The high (~ont(,nt oF lin()hqe 
and arachidonic acids was evi(le)ltly d(,rived from ill(' 
diet. Degradat ion of these acids revealed a distri- 
llution of cart)on-14 similar to thai fonnd in similar 
Sill(ties on mamnlals. 
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Search for New Industrial Oils. IV. 
F. R. EARLE, C. A. GLASS, GLENDA C. GEISINGER, and I. A. WOLFF, Northern Regional Research 
Laboratory, ~ Peoria, Illinois; and QUENTIN JONES, Crops Research Division, 2 Beltsville, Maryland 

A RELATED in previous papers  of this series (1),  
a p rog ram is in progress to determine by chem- 
ical screening analyses what  amounts  and gen- 

eral classes of f a t t y  acids are contained in seed oils 
of a large number  and var ie ty  of present ly  unculti-  
vated species. Those with sui tably high oil content, 

1 This is a laboratory of the Northern Utilization Research aud Devel- 
opment Division, Agricultural Research Service, U. S. Department  of 
Agriculture. 

2 Agricultural Research Service, U. S. Department  of Agriculture. 

and with f a t t y  acid composition thought  to be suffi- 
ciently different f rom tha t  of present  commercial 
vegetable oils to make them of potential  pract ical  
interest,  are then scheduled for  more intensive chemi- 
cal study. 

In  this paper  we repor t  results obtained on 158 
species represent ing 52 plant  families in 23 orders. 
Of these, 138 are previously unrepor ted  ill the eonlpi- 
lations of Hildi teh (2) and Eekey (3) or in more 


