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A. Fornation of phospholipiderr i n  the l i ve r  of i n t ac t  aninals~ 

As in previous experiments, the  formation of phospholipides has been studied 
i n  the l iver  of m i n d s  k i l l ed  a t  a given t ine  after the administratio3 of isotopic 
inorganic phosphate. Additional experbents  mere made i n  the past nonth using r a t s  Of 
various age groups and maintained on d ie t s  w i t h  various prokein le-mls. 
d i e t s  guanidoacetic acid o r  diethanolamine mas added, i n  an a t t e q t  t o  further inh ib i t  
the s p t h e s i s  of cer ta in  phospholipide fractions. 
of both inorganic and l ipide phos;-i:lorus were nade i n  the l iver.  
large nmber of data obtained i n  these and p-evious eqe r i cex t s ,  it Secane possible t o  
canpare t h e  various methods of expressing the rates  of fornation of phospkoli2ides i n  
l i v e r  ("percentage of the isotoDic dose injected", specific activity",  
activibJ-", " total  radioact ivi tybpecif ic  ac t iv i ty  of the inorganic pho62l;orus"). 
s t a t i s t i ca l ,  elaboration of  t i e  data has not yet been conpleted. 
t ha t  the values calculated by the l a s t  method closely represent the mounts o f  phospholipidc 
synthesized in  a given time by the l i ve r  of the anjmals. When such mounts are referred 
t o  "the same weight of animal, the vdues  are remarkably constant, i n  sp i t e  of  consider- 
able variations i n  the age and d i e t  of the animals, and even when functional and probably 
a l s o  anatomical a l terat ions are detectable i n  the liver. Accordingly, on the basis o f  
previous and present findings the following general concepts might be suggested8 
S p a e s i s  of phospholipides proceeds unimpaired, even when the dietary supply o f  t h e i r  
N-containing precursors i s  considerably reduced and other deficiency symptoms (such 88 

fatty inf i l t ra t ion  o f  the  l iver )  are ipisible. 
l ipides in the liver takes a high degree of pr ior i ty  i n  the processes of the internediary 
metabolism, including those involving the transfer o r  synthesis of methyl groups) b) The 
r a t e  of phos2holipide s p t i i e s i s  i n  the l iver  i s  not considerably affected by conditions 
which presumably reduce the number of the active ce l l s  or t h e i r  functional capacity; and 
0 )  since i n  intact  animals the synthesis of phospholipides proceeds t o  a rate not f a r  
from normal even under very adverse coniiitions, one should assume tha t  tne l i ve r  has a 
very extensive functional reserve-for this processo 

To sone of these 

Analytical and isoto2ic determinations 
O r  the basis of the 

n re let ive specific 

Zicnvever, it G e m s  l ike ly  
'ilhe 

a) The 

Apparently the fonaation of  phospho- 

It i s  expected tha t  more tine w i l l  be required f o r  the cm2lete  elaboration 
o f  the data, before a complete paper on the subject can be published. 

Bo Fornation of phospholipides i n  surviving s l ices  o f  the  liver. 

Previous eqeriments i n  which the s;-n",hesLs of phos?holi?ides has beer 
stxdied i n  surviviy; s l ices  of the l i ve r  of r a t s  under various nut r i t iona l  conditions 
have been continued. In  s o m  experizents the t o t a l  phos?holi?ides have been fractionated 
into choline-and n o n - c h o l i l l e - c o n t a i ~ ~  and the fornation of these b:o p o q s  o f  
phos?holipides followed com~aratively. 
by one gran of  t i s sue  during a 4 hour period of incubation with radioactive phos2hate 

me anounts of isotopic phos2holipides synthesized 
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has been taken as a basis f o r  comparisono 
s h m  tha t  a fasting even of short  duration, causes a detectable decrease i n  phospho- 
l ip ide  formation. 
the animals had been previously maintained on d ie t s  l aw i n  protein, has been cont‘irned. 
The recent data a l s o  f’urther corroborate the concept that this decrease i s  due t o  the 
1~ intake of dietary p r o b i n s  r a the r  than t o  a deficient supply of choline O r  of i t s  
precursors. 
choline-containing phospholipides by the isolated tissue. 

b s u l t s  of the more recent experiments 

The finding of a much more marked decrease i n  t h i s  process, when 

No difference was noted i n  the ra te  of formation of choline- o r  non- 

The resul ts  of the experiments w i t h  t i s sue  s l ices  may be canpared v i t h  those 
of the experiments i n  i n t a c t  an-. 
l ipides  i n  the liver o f  i n t a c t  animals i s  independent t o  a large extent from the 
conposition o f  the diet ,  whereas phospholipide syntIiesis i n  the isolated t issue i s  
greatly affected by the nutritiona.1 s t a t e  of the aninal. I t  i s  tentat ively suggested 
t h a t  in the isolated tissue the phospholipide synthesis occurs a t  a maximum speed, 
 herea as in the intact  animal, regulatory mechanisms are operating t o  keep the r a t e  of 
phospholipide formation a t  a level adequate t o  t-tle needs of the  body, such a level 
bet% i n  0rdin-J conditions much b e l m  the mximun functional capacity o f  the tissue. 

As mentioned above, the formation of phospho- 

The action of various substances (choline, ethanolenine, betaine) added -- i n  v i t r o  t o  the s u r v i v i n g  s l i ce s  o f  l i ve r  has been a l s o  stitdied L%r-t;r4er m d  nost or“ 
Our previous findings have been colk”imedo Further e q e r h e n t s  are in ?regress, i n  
which other substances (e.g. diethenolanine, th iouea ,  etc.) are added in  v i t ro  to t h e  
isolated tissue. 

-- 
A p r e l ’ , ’  re?ort of  the ex;>eriments on the isolated l i ve r  tisstle w i l l  be 

presented next A x  the xeetings of the Fedexition of tlie American u’iolog$-Cal,?O@~ties 
in At lmt i c  C i b j ,  11. J. 

C Lipide canposition of l i v e r  mitochondria. 

Under proper conditions the synthesis o f  phospholipides does occur even vith 
l i ve r  homogenates. When these homogenates are fractionated by dif i’erential centrifugation, 
the large granules frac-kion (result ing essent ia l ly  o f  mitochondria) appears very active 
i n  t h i s  respect. Since a large proportion of l ipides  i s  present i n  the mitochondria it 
was  thought wortkrvthile t o  make a detailed study o f  the l ip ide  conposition of these 
structure s o  

Six preparations of ”lzrge granules” separated f r o m  r a t  l i ve r  by differenthal  

T o t a l  l ipides extracted f r o n  the t r ichloroacet ic  precipi ta te  averaged 24% 

Thg 

centrifugation, have been analyzed. 
diff icul t .  
o f  the dry veight. 
protides and a smaller proportion of substances soluble i n  t r ich loromdt ic  acid* 
average coqos i t i on  of the l ip ides  was as follows: 
(hc l f -o r  more of  it, as f r ee  cholesterol), 185 of neutral  f a t  and other lipidese 
tentative dis t r ibut ion o f  the individual phos?holipides was : l ec i th in  <S$, sphingo- 
myelin 7:;, non-choline-containing phospholipides 5 6 .  Uost of th3se were phosphatidyl 
e-&e.nolmine, but a non-negligible f ract ion could not be ju s t i f i ed  as ethc+nolmine- o r  
serine-containiq phos~ho l i~ ides .  
excess of I? over P was found i n  t h e  l ipide extracts. 
kconplcte extraction o f  cerebrosides, i f  $resent, can not be dismissed. 
mitochondria ham a character is t ical ly  high _nroportion of l ipides,  es3ecinli;- :Xiospho- 
li?ides, but S ie i r  coqos i t i on  does n o t  appear t o  be essent ia l ly  ciifferent from t h a t  of 
the l i2ides  e,xtracted from the vrhole unfractionated l iver.  

Coriplete extraction of the l ip ides  sems t o  $e 

l’he remining p a r t  consisted essent ia l ly  of ?roteins and nucleo- 

783; phos?holipides, 4.55 cholesterol 

P l i t l i  the exception o f  one preparation, very l i t t l e  -- ilovrever, the possibi l i ty  of an 
In coaclusion, 

The resul ts  of- t h i s  investigation were reported a t  t he  January met ing  of the 
Southeastern Section of the Society f o r  Experimental Biology and Uedicine, k r h a n ,  150 CI 



In the future experiments it is planned t o  s t u d y  i n  mre de ta i l  the 
in v i t r o  synthesis of phospholipides under the action of  mitochondria f ro3 the 
l i v e r  of r a t s  i n  various nut r i t iona l  states.  7- 

D o  Incorporatioa of  CZ4 labeled choline into the phos?holi?ides. 

These experiments have been hampered by d i f f i cu l t i e s  in the synthesis of 
isotopic choline. 
f o r  us a ne-fAod of s-pthesis  which seems both convenient end efficient.  
t o  use the synthesized material  i n  e q e r d n t s  on isolated l i ve r  slices. 
planning t o  run a l s o  para l le l  experiments with other labeled conpowrds rrhich are, o r  
may bo intermediary terns i n  the formation o r  degradation o f  choline (such as betaine, 
dimethylglycine, and dinetiiylethanol&e). 
methods f o r  the syntheshs of  these compounds. I t  i s  hoped tha t  i n  the course of our  
e v e r b e n t s  sone indications m i l l  also be obtained concerning the mechanism o f  other 
biological ncthylations, besides those direct ly  involved i n  the s p t h e s i s  of choline. 

Dr. Arthur 3oe of the University of North Carolina has now developed 
Tie are about 

\?e are 

A t  o u r  scggestion, Dr. h e  i s  study- 

The follap-ing pasers based on the resul ts  obtained i n  the previous and 
present eqe r inen t s  o f  t h i s  project hme been piblished: 

LIPIDE F<()SP;iGx\xlTIOIJ IIJ 'i?il= LI'Cl? ;rS XZLJ.,T33 TO TiS;: 3IETA-;;i' SU?;;z" OF 
i.3:%TL DOi;O?S 
Congress of Biochemistry, Cambridge, Ehgland, August 1949, Pap 221 
Journa l  of the Elisha Hitchell  Scient i f ic  Societ;Y, Vol. 65, No. 2, December 
1949, (?reliminar;. report)  

LX3!3YL AC3EXOF6, Abstracts o f  the F i r s t  International 

L I I I D 3  A:OSKiORYL,.ATIOIJ Ii; TEE L I E 3  CF 

1949. (Preliminary renort) .  

FZD T E f l O U R U  U13 FCL.US3 COI.I%L?X6, 
. Journal o f  the Zlishn LXtchell Scient i f ic  Society, V o l .  65, Lo. 2, 3ecenber 

The f o l l o x i n g  prelininary reports have been or  are on the p-0grm-a o f  
s c i en t i f i c  meetings: 

TI3 L I 3 X  CC:,:?CSiXOB OF ZE X'iDCZOXEiA F X :  ;?i;",T LIVZR, Sociew of Experi- 
mental Biology and Ikdicine, Southeastern Section, Durban, i io  C., J~,n_u~.ry 1950. .- 

LIFIDE ?i%SEORYL&TiON BS SURVIVXG SLICES OF TIB LIVER CF RATS O B  VAE;iOE 
D I X ' S ,  Federation o f  the American Biological S o c i o ~ q s & t l a n t i c  C i t y ,  11. J., 
Aixil 1950. 



S m a r y  of -%.e work from July I, 1949 through March 15, 1950 on the project 
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In  inkact aninals, the formation of phospholipides yoceeds unimpaired even 
under very adverse conditions, such as a dietary deficiency of  choline o r  choline 
precursors, This suggests t ha t  phospholipide formation i n  the liver takes a high 
pr ior i ty  i n  the nrocesses of  the in%xmedia.ry netabolisn. 
i so la ted  l i ve r  s l ices  phos2holipide synkhesis i s  closely dependent upon the previous 
c l i e t q f  r e g h e  and is reduced by a decreased intake o f  dietary proteins. 
suggested t ha t  i n  the isolated l i ve r  the formation of phospholipides proceeds a t  a 
~ A ~ U E I  r'cb, diereas i n  the i n t a c t  m i n d s  t h i s  p-ocess i s  kept a t  a love1 adequate 
t o  the needs of the animal, such a level  being, i n  ordinary conditions, nuch below 
the functional caFacity o f  the tissue. 

On the other hand, in 

1% is 

A sCLiQr of the s p t h e s i s  OZ $ios,holipides by i s o l z t e d  l i ve r  mitochondria h a  
been s t s t e d .  As a p r e p r n t o r y  s t e p  f o r  such a stud;-, a detailed analysis of  the 
l ip ide  conposition of nitochondria has been made. 
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