
J U L Y ,  1 9 6 0  K R Z E M I N S K I  ET A L . :  C O N V E R S I O N  OF S O M E  C 1 4 - L A B E L L E D  C O M P O U N D S  3 7 1  

required for successful alkyd preparat ion was found. 
Under  certain conditions the acidolysis reaction oc- 
curs simultaneously with esterification; use is made 
of this fact to improve the process. Commercial use 
of the acidolysis reaction in alkyd-resin manufacture  
is economically at tractive because it is noncatalyt ic;  
therefore no catalyst residues need to be removed by 
pressure filtration. Another  advantage is that  glyc- 
erol is readily pumped into hot acidolysis-reaction 
mixtures without opening the kettle, and this elimi- 
nates the disagreeable and toxic funles that  escape 
from hot kettles when they are opened af ter  aleo- 
holysis for addition of solid phthalic anhydride or 
isophthalic acid. 

Applications of acidolysis in conjunction with oil 
polymerization, fish oil upgrading,  and castor oil dehy- 

drat ion were studied briefly, and the results suggest 
that  fu r the r  work in these fields is desirable. 
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of Neurosfora Crassa 
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A 
rlmuG11 there have been many biochemical in- 
vestigati<ms of the red bread mold, Neurospora 
crassa, few have been concerned with lipid me- 

tabolism. Previous studies have shown that  the coh)r- 
ing nlatter consists of a var ie ty  of carotelmids (2,11). 
()ttkc reported the presence of ergosterol in the my('c- 
lium (7) and studied its synthesis froiu acetate (8). 
Some of the eet)halins have been fractionated (1).  
Lein e~t al. (6) isolated various mutants which re- 
quired certain 1S-carbon unsatura ted fa t ty  acids in 
the medium for normal growth. Informat ion abont 
the fa t ty  aeid composition of the fungus lipids also 
has been published recently (10). 

This paper deals with the neutral  lipid from co- 
nidia-free myeclia ( that  fract ion of the total lipid 
which is not extracted from hexane by cold aqueous 
K O H  so lu t ion) ,  i ts i n c o r p o r a t i o n  of some C14-1a - 
belled metabolites, and the nature  of its f a t ty  acid 
components. 

l~,xperimental 

Neurospora crassa (cross of wild types E 5297a 
and E 5256A) was grown by the submerged culture 
technique previously described for the s tudy of caro- 
tene biosynthesis (4). Eight  C~4-1abelled compounds 
were compared as possible precursors of lipids in the 
2-day-old fungus under  two sets of conditions: a) the 
culture was given the radio-active substrate and har- 
vested 31~ days later, or b) the myeelial pad was 
washed gently, t ransferred to asuerose-deficient  me- 
dium complete in all other respects, given the radio- 
active material, and collected as in the first procedure. 
Pre l iminary  experiments had shown that about two- 

1 Journ 'al  P a p e r  No. 1557 of the P u r d u e  Agr icu l tura l  Exper iment  Sta- 
tion, Lafayette,  Ind.  
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thirds of the maximum dry  weight of the mat was 
at tained prior to addition of the labelled substrate. 

The hexane-sohJhh; fractiml prepared as described 
elsewhere (5) was freed of acidic substances by ex- 
traction with the base (methanol-water-potassium hy- 
droxide 90:10:20 v / v / w ) .  F a t t y  acids esterified to 
the neutral  lipid were then liberated by hot saponifi- 
cation in ethanol and recovered af ter  acidification. 
Samples of the neutral  lipid and its f a t ty  acids were 
counted at infinite thimless on aluminum planchets 
in a windowless gas flow counter. Respired carbon 
dioxide, which was t rapped in 40% potassium hydrox- 
ide and precipitated as barium carbonate, was also 
counted. 

The fa t ty  acids were determined qualitatively by 
chromatogral)hy on silicone-impregnated paper (9) 
and qualitatively and quanti tat ively by gas chroma- 
tography. The paper  chromatograms were developed 
with 85% acetic acid-water (v /v )  at 25 ° for  24 hrs. 
Autoradiograms were t)reparcd by placing the strips 
on x-ray film for 60 days. Gas chromatography of the 
methyl esters, prepared by refluxing the unlabelled 
f a t ty  acids in methanol with sulfuric acid, was per- 
formed at 200 ° with a 5-ft. polyester column (l/z in. 
in diam.) of ethylene glycol an<l suceinie acid (LAC- 
446) 3 as s tat ionary phase and a helium flow rate of 
75 ml./min. 

Results and Discussion 

Total fat, as crude hexane extract,  produced by the 
mold Neurospora crassa in these experiments consti- 
tuted about 25% of the weight of the d ry  mycelium. 
This crude extract  was mostly neutral  lipid. 

Substantial  differences were observed in the elfi- 

n Wilkens In s t rumen t  and  l~,eseareh Inc.  



3 7 2  T ~ w :  , I O U g N A L  OF T H E  A M E g I C A N  () [1 ,  C I I E M I S T S '  S O C I E T Y  VOL. 37 

(~OllVersioll of Some ()*l-Label[od Corn 

C o m p o u n d  

S o d i u m  a('etate-2:C'" .................................... 

l)L-Mewflouic acid-2-(P' .............................. 

S o d i u m  pyruvate-2-C H ................................. 

])L-Aianin(,-2-(11~ ......................................... 

(~lyecrol-1 (~l~ ............................................... 

Glu cose- ( II L) .............................................. 

l) 1~- Phenylalanine-3-(!  '~ ............................... 

Choline-I -C TM ................................................ 

T A I t L E  I 

rounds to C'art)on Dioxide,  Neut ra l  Lipid  

Ra<lio- 
ac t iv i ty  Sucrose  

presen t  

=_ 

+ 

+ 
+ 

÷ 

+ 

+ 

+ 

+ 

+ 

R ~dio-activity in 
rcs l ) i ra tory  C02 

supp l i ed  
Total  

c.  p .,tn,. c.  p,'r¢t,. 

305,000 52.500 
395,000 95,000 

1,340,000 ] l 8,000 
1,240.000 88,600 
1,240,000 27,4O0 

1,580,000 562.000 
1,580,000 619,000 

1,600,000 571"1,000 
2 ,290,000 1,196.000 

2 ,140,000 693,000 
2 ,140,000 223,000 

1,570,000 237,000 
] ,570,000 ] 95,000 

106,000 19,760 

138,500 12.600 

% of 
SEt_ p p l i e d  

57.2 
31.1 

8.8 
7,1 
2.2 

35.6 
39.2 

~16.1 
52.2 

32.4 
10,4 

15.1 
l 2.4 

18.6 

9.1 

and Fatty Acids  by  N e u r o s p o r ~  c r a s s a  

Radio -ac t iv i ty  in 
neutral l ipid 

% of 
Tota l  suppl ied  

c . p . m .  

48,800 18.0 
63,009 20.7 

83,800 6.3 
46,200 3.7 

118.000 9.5 

55,400 3.5 
41,600 2.6 

38,800 2.4 
37,000 1.6 

14,400 .7 
18,400 .9 

7,200 .5 
8,200 .5 

1,060 1.0 

0 0 

Radio-ac t iv i ty  in fa t ty  
aeids  esterif ied to 

neutra l  l ipid 

Total  % c.p.m, in 
n e u t r a l  l ipid 

e .p  .+'rt. 

18,900 38.7 
7,140 11.3 

6,080 7.3 
7,920 17.1 
4,800 4.1 

32,100 57.9 
19,900 47.8 

19,700 50.8 
19,300 52.2 

6,200 43.1 
2,510 13.6 

5.620 78.1 
4,280 52.2 

cielmy with whMt the f/nlgUs utilized different iso- 
h/pic substrates ill the produc, tion of carbon dioxide 
and neutral lipid (Table I).  The presence or ab- 
sence of sucrose in the nledium did not markedly 
affcct the (tnantity (if ra(lio-activity incorporated into 
respiratory carbon <lioxi/h, and llentral lipid despite 
growth reduction in a sucrose-deficient medium. Sub- 
stantial radio-activity in the reslliratory carbon diox- 
ide from all experiments showe(I that each of the 
compounds  tested part ic ipated in (;ell lnetabolism. 
Acetate with a value (if 18% gave the highest percent- 
age il lcorporation iuto neutral lillid. Mevalonie acid 
with 6.3% iucorp<>rati<m served as a fail- substrate 
for product ion of neutral  lipid, but relatively little 
of it alll)eared ill the fornl of esterified fat ty  acid. 
Alalline, pyruvate,  and ghlcose, tllongh used ineffi- 
ciently for neutral  lipid production, were found to 
contribute more to the fat ty  acids than to other com- 
pouents  of the neutral  lipid. No labelling from choline 
was perceptible. 

Distribution of radio-activity in some components  
of the neutral  l ipid was studied in an experiment in 
which the N,N'-dibenzylethylenediamine salt of 2-C 14- 
mevalonie acid was supplied to the 2-day-old fungus  
for 12 hours. This salt was incorporated to the extent 
of 1.7%, twice that of the sodium salt. Of the 616,000 
counts ill the crude lipid, the acidic material  removed 
by extraction with base contained 148,000 (24%) ; the 
sterols precipitable by digitonin, 152,000 (25%) ; the 
carotenes separated as a group on a silicic acid col- 
u m n ,  52,000 ( 8 % ) ;  and the  f a t t y  ac ids ,  101,000 
(16%).  No attenlpt was made to recover or count 
the dark residue left  on the silicic acid column or the 
water-soluble products after the saponification treat- 
ment.  Weights  of these different fractions were not 
determined. 

Paper chromatography of the fat ty  acid fracti(m 
from the neutral  lipid of parallel  cultures grown on 
labelled and unlabelled sucrose medium, when com- 
pared with authentic  samples, showed four  acids to 
be present: palmitie,  stearie, oleic, and linoleic. Auto-  
radiograms showed the radio-activity to be confined 
to those  acids. Gas c h r o m a t o g r a p h y  of  the  es ters  
prepared from the neutral  lipid of a culture grown 
on unlabelled sucrose confirmed the presence of these 
four as well  as a small  amount  of palmitoleie and 

some unidentified acids. Emergence  of the latter from 
the column before palmitic ester suggests that they 
were of shorter chain length than C]6. Peak areas 
were used to estimate the fat ty  acid composit ion Oll a 
weight percentage basis (Table I I ) .  

Linolenic acid was not detected in the present in- 
vestigation. This finding differs from the data of Todd 
et al. (8) ,  who reported that l inolenic acid comprised 
one-third of the component  fat ty  acids of the fungus  

T A B I , E  1 [ 

Fatty  A c i d s  Esteri f ied to thc  Neutra l  Liphi  of 
N e ' w r o s p o r a  cra,va-a, 

Percentage 
Acid of total 

f a t ty  ac ids  

Palmit ic  ............................................................................ ,2 l 
Pahnitoleie.  ...................................................................... 2 
Stear ic  .............................................................................. 4 
Oleic ................................................................................. 32 
Linole ie  ............................................................................ 30 
Unident i f i ed  ..................................................................... 1 

grown on surface culture. It is apparent that wide 
differences in fa t ty  acid composit ion of Neurospora  
crassa lipids are obtained, depending upon the strain 
and the cultural  methods employed.  

Summary  

Conidia-free myeel ia of Neurospora  crassa converted 
Cld-acetate into neutral  lipid more efficiently than C 14- 
labelled mevalonic acid or six other compounds tested. 
Pyruvate ,  glucose, and alanine contributed little to 
the neutral  lipid fraction, but that contribution was 
mainly  as fat ty  acids. Substantial  losses of C 14 as 
carbon dioxide indicated that all of the labelled com- 
pouuds participated in cell metabolism. 

Analys is  of the fatty  acids esterified to the neutral  
lipid of un]abelled myeelia showed that palmitic, oleic, 
and linoleie acids each comprised nearly one-third of 
the total while stearic, palmitoleic,  and a small amount  
of unidentified acids contributed the remainder. 
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Polymerization of Linseed Oil in an Electric Discharge 
C. BOELHOUWER, T. HOEKSTRA, ~ H. I. WATERMAN, and J. B. WESTERDIJK, 
with the collaboration of J. VAN DAM and A. J. KRUIDENIER, Laboratory of 
Chemical Engineering, Technological University, Delft, Holland 

W 
HEN MINERAL OILS or f a t t y  oils are subjected 
to the action of glow discharges fit a hydro-  
gen or a ni trogen atmosphere at low pressure 

a considerable increase in viscosity is effected, prob- 
ably because of polymerizat ion of the s ta r t ing  mate-  
ria]. In the, " E l e k t r i o n "  process of 1)e I I empt inne  
(1), also known as "Voltol  " process (2), this reaction 
was ai)l)lied, especially dur ing the first World War,  
on a commercial scale for the prepara t ion  of high- 
grade hlbrieating oils. 

The lihenomena in an electrie~ discharge are ~'ery 
('onil)li(:iite(I. In a [ow-I)resstlre hydrogen atnlospher(' 
the a(.|iOll of hydrogei i  atouis, :in all l)robability, is of 
pri inar.y i l i lportal lee ( 3 ) .  ] )olyl l ler igat ioi l  o f  u l l s a t l l -  

rated as well as saturate(l conlpounds takes place by 
the (.ombination of radicals uhi(,h have been forme(t 
priuia.ri ly hy the action of tho hydrogen atoms; in 
addition, hydrogellation and dehy(Irogeliatioli reac- 
tions have beeli reported (4:). 

Several authors (5, 6) investigale(I the ai)plicabil- 
ity of the Voltol-proeess for the i)rel)aratiolt of poly- 
mei'iz~,d ,ils in the pa in t  induslry.  Aecx)rding 1o 
(loldeusl(,in (6),  the propert ies  of v(iltolized linseed 
oils are belier in several respects Â}lau lherinally poly- 
merize(I oils, (,specially in regard to |he hardness and 
resistan(.(, of the films aftex drying.  This might  1)c 
due lo the (!onlpletely different (,,henlieal s t ructure  of 
the polynlerized oils. The thermal I)olymerization, 
which (.all be considered as a l)iels-Alder eon(ten,~t- 
tion (d' (.onjugated double bonds in lhe f a t t y  acid 
chains, results in the formation of six-menibered 
rings in the polymerized oils (7, 8 ) ;  polymerization 
in a glow discharge at low teml)crature,  (s.g., 7()°C., 
is a result of a combination of radicals into com- 
pounds in which the occurrence of ey(dic s t ructures  
is (tilestionable (9).  

Ill ]952 Boelhouwer, Jol, and Walerlnan (8) pub- 
lishe(I a general schenle f(>r analysis of polynierized 
fa t ty  oils, which alh>ws fi)r a reliabh~ dt,ternlinatiou 
of the (~oil l i ' ibutioli O f  illt, r~tliiol4~(qi]ar l ' e a ( t t i o l l s  ( c o i l l -  

binati(m of f a t ty  acid chains in the original glyceride 
molecules) and intermoleeular  rea(d:ions (('mnbina- 
tion of f a t ty  acid chains of (liff(,rent gly(,eride mole- 
cules), also for a proper  s tudy of the ('oupling of the 
f a t ty  acid chains in the polymerization process, par-  
t icular ly  in regard  to the occurren('e of rings in the 
polymerized oils. 

According to this scheme the polymerized oil to 
be investigated is first stabilized by hydrogenat ion 
(150°C., 100 atm. hydrogen,  5% of a nickel on kiesel- 

~ Conlpare T. }Ioekstra, Thesis, l)cift 1958 (in Dutch) .  

g'uhr catalyst)  to sa tura te  the olefinie double bonds, 
then separated quant i ta t ive ly  into monomerie and 
polymeric glyccrides by repeated molecular  distilla- 
tion in a fall ing film still (10). Both the monomerie 
and the polymeric glycerides are saponified and the 
fa t ty  acids, a f t e r  t ransformat ion  into their  methyl  
esters, are submit ted to ()rdimtry "~aeuum fractiona- 
tion. Monomerie esters distill at  150°-200°C. at  1 
ram. f ig  and dimeric esters remain as a residue (boil- 
ing point >250°C.  at; 1 ram. t Ig ) .  The degree of 
intr 'amolecular polymerization is indicated direct ly 
hy th(' amount  of residual methyl esters ohtained 
from the moaomcric  glycerides. To inv(,sligat,e the 
I)resenve of rings, the lnell iyl esler frm,|ions are 
lral isforl iwd into saturated hy(lroea>rboll l i l iXiilres, 
c..q., hy diro(~t hydrogenali(ni (11) (;i00°-:150°C., 300 
atlll, hydr()g(,ll, al ld 20 } )  (it' a ni('kel COl)piq' Oll kiesel- 
gl ihr  (.,alalysl). The average l i l in iber of r i i igs l)er 
ll loleclile ili l l ie hydroc, arboli i i i ixtt l i 'es f o l l o w s  frOl/i 
their i)hysiea] 1)roperth,s ae(~ording to i'iiif~ analysis 
liiethod~ (1:{) all(I (;all also be (,al(qilate(I dire(, l ly fronl 
I i ] l i l i iale aiia]ysis alld iiioleeillar weight. 

This svllellie was applied ill (,ar]ier work Ill Âhe Stlldy 
(it' lher l l la l ly  l io lymerized linsee(I oils (S) all(t f l i ng  
oils (12). For eoitlparis()ll Ihe aualysis (if sortie %rol- 
lolize(I linseed (ills is (h's(;rib('d in this I)al)er. 

Description of Apparatus 
For lhe l r e a t m e n t  of  l inseed  oil a l a b o r a t o r y  

" V o l t o l "  r(,a<'tor was (.(mstrm't:('d (F igure  1) whieh 
reseuibh,s e(mimereial equipmellt  deseribed ill the 
l i terature (1, 2) and allows ~'oltolization of oils raider  
c(n'resl)onding conditions. 

The exl)eriments are conducted in a ro ta t ing  cylin- 
dri(:al Pyrex  tube (500 × 90 ram.) composed of two 
parts, which are held together by glass flanges, t ight-  
('ned with oil-resistant rubber  rings. The m~rrow ends 
(>f lhe rotat ing reactor are e(mneeted with fixed inlet 
arid outlet  tubes with sphcrit.al joints, lubricated with 
A piez(m grease. 

Two concentric a luminum cylinders serve as elec- 
trodes. They are separated by a glass eylin(ter, 1)ro- 
trudino" 60 ram. on both ends of the electrodes. The 
contact wires, which connect the electrodes with slid- 
ing contacts on both ends of the reactor,  are laid on 
in such a way that  there is no danger of sparks. Tung- 
sten wires c(mneet with the outside of the reactor.  

In  the reactor approxinlately 600 ml. of oil can be 
treated. The surfaces of the electrodes and the sep- 
arating glass cylinder are wetted continuously by  an 


