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lL General outline of the work. BEST COPY AVAILABLE 
During the past  year a few additional experiments have been aade i n  order 

Previous 2nd present resu l t s  on these subjects h,,ve boen orE;=nized 

complete the two series of investigations 0: the Lipide conposition 0: atochon-  
i n t o  the phos?holi?ides- o f  isole.ted 

b o  ConpTete pepers (one published, t i -e  other submitted f o r  publ icc~ion) .  

-8 dria  and on the bcorporat ion of inorF;anic ? 
l i ve r  slices. 

The largest  ?zt of the time < a d  ac t iv i ty  of the inmst iza tors  has beon 

The e x $ r i m n t d  p.rt of this s t u d y  i s  almost completed 
devoted t o  a study of  the Incorwrctiox of Cl*-lzbeled choline i n  5hc Ii-ides of 
isolated l i ve r  tissue. 
and the results id11 be presented shortly i n  a preliminary form. k S i x U l t m m O U S  

investigation has been carried out on tho iktabol ic  pntkrvrays o f  choline i n  l i v e r  
slices. 
before definit ive conclusions can b e  dram. 

Sone of t'ne r e su l t s  have been published; but much further work is zeeded - 
Since dimethylethanolamine i s  a l i ke ly  ;3recursor i n  t h e  synfnesis Of 

choline, and since 2revious in vivo ex2eriments i n  "his laboratorjr indica%ed *et 
it may be d i rec t ly  islcorDorated i n  the phospholi2ide molecule, the iiy="&esis Of 
CL*-le.beled dhethylethmolamine has becn undertaken. 
Will be added t o  *&e l i ve r  s l i ce s  i n  e:qerimer,ts s i n i l u  t o  those in -hich 
labeled choline has been used. 

-- 
?he synthesized yoduct  

A number of  recent data s t r o w l y  suggests that fomddehyde (and/or f o d o  
acrid) are inportant intermediates in the biological oxidation (perhaps also i n  the 
q p t h e s i s )  of the methyl groups of several cor*pounds, inc ludhg chol im.  This has 
induced us to study the Disposal of formaldehyde i n  tissues. 
ary findings have been and others mil l  be reported shortly. 

Sone o f  the prelimin- 

The main resu l t s  o f  each ser ies  of investigations are suxnaarized below. 
Severs1 of these resul ts ,  even if they are considered separately, see2 t o  00 Of 
a considerable interest .  
fac t  t h a t  i n  our p3.st and present investisations the problem have becn e?pronched 

shul tznecusly fron various n.nE;les an6 mi*& various cxprimental  techniques 
( i n  vivo and i n  v i t r o  experincnts, isoto?ic 1zbel i .q  of d i f fe res t  noiol-,ies of t'ne 
f i s w i p i d e ? o m e ,  otc.). 

Hamever, the i r  siSnificrnce is greatly er-h--ced by the 

. 

??-e cor,--rlson be-hmen the results o b t s i m d  i n  t ? e  



various ser ies  of eqe r inen t s  has made possible t o  d r a w  cer ta in  deductions and 
interpretations of a more general incarest. 
of developinc a d  discussing these inter?retations before k o  scientific I groups 
of -.. . . d p s ~ f d i z ~ d  .- - -. --*-. - ~ ~ : f b ~ ~ t c r ; T c o ~ e r 0 n ~ B b - ; o r r  - . *  LipidBsn-?aad oh:.!!lf?rdr 3&*.). 

The m i t e r  was given t2xi o p ? o r t u n i t y  

U 

Bo Lipide conposition of l iver  mitochondria. 

ils re2ortod pre-siously, &is stuQ.7 *;mi suggested,first by the high content 
of mitochondria i n  t o t a l  l ipides;  and, second, by the presence i n  these Sub- 
sk.ucbdres of enzyme system which are essent ia l  for  many oxidation p-ocesses in 
t h e  ce l l s  and ;;hich, more e s p c i a l l y ,  under ?roper conditions actively stpthesize 
phos2holipides i n  v i t r o .  Several con?lete analyses of the l ipide mixtures i n  the 

fraction, separnted by d i f fe ren t ia l  centrifugation of l iver  h o n e  
genates,had been made l a s t  year end *.e resu l t s  reported verbally in a s m a r i z e d  
form. Additionel analyses vrere nzde core recertly,  i n  order t o  compre d i rec t ly  
the coqos i t ion  of  the 1mge granule f r x t i o n s  Fnd +&at of the -irhole unfractionated 
liver. The resu l t s  of such a corn2arisor co:ifirn our  Treliminnry conclusion 5 - a t  
mitochondria have a higher popor t ion  of l i?ides,  especially ?hos?holi?ides, but 
t h a t  the conposition of  these l ipides i s  not essent ia l ly  different  frm tha t  
present in &&e ~ d i o l e  l iver.  
presence of' unusually large a ~ ~ o m t s  of Fecalipr l i? ides ,  such es cerebrosides a d  
lysopl--oSpholi$des, i n  '&is fraction. c o q l e k  snper has been ? rep red  2nd 
p b l i s h c d  on t h i s  subJect. 

I F =  - large grznule 0 

Unlike precious c l a im,  no eTidence was founc! f o r  the 

C. Incorporation of inorganic P"" into the phospholipides of l iver  s l ices  

The eqerir -ents  of  -&is ser ies  have also been com2leted and most of OUT 
?revious findings confirrsed ar-d extended. 
a?pears t ha t  a decroase i n  the incor7oration of T2 into the li- icics C I C C L ~ S  i n  
l iver  s l ices  o f  rr.ts on l u n  ;rotein diets. Lne decronse seem t o  be ?:de t o  the 
decrease io  cytoplasmic ?roteinsand more esyeciall3r i n  the enzyme ?roteins vhich 
a r e  Izrrolvcd, d i rec t ly  o r  iiidirectli7, i n  the synthesis of the phos2hctte jond of 
phosl,!iolipides. Xien these data are conpared ?rith those previously obtzined 011 
intack mit-mls, it seem l i k e l y  tk;nt  i n  *he l i v e r  of t h e  l a t t e r  aninals, 
regulatory mechanisms (possibly hormonal) naintain the r a t e  of  the incorporation 
of p2 into @ios?holipides a t  a level  adequate t o  Lle requirenents of <?e a n h a l o  
Pres-anably such a level  i s  3uch below t2-a naxinum functional ca7aciQr 02 5% 
l iver,  s o  t h a t  i n  the intsrct eninal losses o f  enzpes  i n  the l iver  can  be eas i ly  
compnsated by the increased ac t iv i ty  of the remalniq c e l l  structures. On the 
other h a d ,  i n  the isolated t i s sue  where homond mechwism are absent, o r  muoh 
Less efficient,  the 2rocess does occur a t  the rnaxhm s p e d  conpatible w i t h  the 
conditions,of tile eiTer5nent. 
t issue are redxed, 8 s  i n  the l i ve r  or" ?rotein de2leted an imals ,  the s?oed of 
B2 incor>orattron into the l ipides of t h o  surviving s l i ce s  m i l l  be correspondently 
decrers e d. 

Cn $!le basis o f  these f i n d i q s ,  it 

c)I 

If the m o u n t s  of active enzymes present i n  -&e 
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, f ron  rats on adequate diets .  I t  n ight  be thc.t sach an inh ib i t ion  i s  tho r e s u l t  
o f  a decrease i n  the endogenous res2irat ion of the t issue caused by the added 
choline 

n e  nanuscript of a complete papor r e p r t i x  these r e su l t s  i n  de t a i l  has 
been pre2mod and submitted f o r  2ublicztion. 

Do Incorporation of labeled choline into the l i2iaes  o f  i so la ted  l i ve r  t issue.  

Choline labeled i n  the methyl group wes ? r e p r e d  by nethtJlation of 
dixeti::rletilmolmine ~: i th  C1*-labeled me*;rl iodide. 

a F;zrburg bath. 
and 1.!gSO, a d  :*rashed w i t 3  XgSO, solution. 
y e c i ? i t a t e ,  aid ?has Thorus, choline mc! rrdioackivity determined on ali?uots of 
the l i? ide  e x t r ~ c t .  
technique ~d-.ich vould a l l o r v  a sat isfactory n l k i n z t i o n  cl' X - 3  am-lipide Chl i3e ,  
but coulC: s t i l l  be used 8s a routine proced.xc i n  ~; :vr i~cnLus i n  ~ h i c i i  zumrous 
? r ro l l e l  cbterrinations hzd t o  be carr ied out  sim,ultmeously. 

The 1Pcbele.l c h o l i ~ c  :;'as 
,added t o  l i v e r  s l i ce s  o r  liver homogenate$ a d  incubated f o r  3 and 1/2 hours i n  

'&e t i s sues  were then -reci;FtEted mith col loidal  f e r r i c  hydroxide 
The l ip ides  mrc extrccted from *e 

1:uch time and e f f o r t  rras s;ent i n  the elzboration of a 

The resx l t s  obtzinec! consi s t e n t l - .  shm:eC n y e l l  detcctzblo incor2oration 
of the addec! chollr? h t o  the l l2ides.  ??is Xndlng, i n  contmctiozz xith t':;cse 
2rev5oasly- o5tc.xed i n  this and other la3oratorles i ~ t k  $'-lnbeIc:Z ?hos$xte m d  
C'*-l?-beled f z t t y  x i n s  c m s l e t e  ;he crileF-ce for tF-0 2biliQr o f  tho isolated 
l i v e r  t o  synthesize the x-hole #.osFholi?Lde nolilcule fror: i t s  constituellt YCrtS. 

Ir, q-gen ,  &!e r a t e  of t h e  IDcor-oration of choline i a t o  t2.e l ipides  i s  
generall;. lmmr ~ii.~& s l i ce s  fron r z t s  on stock or hi;:- yrotein d ie t s  t h a n  w i t h  
s l i ce s  of  rets f r o n  1cx.i 2ro"Lin diets. 
does fiat considerably d f e c t  the 2rocers i n  s-x~i-ri:;; s l i ce s  f r o -  r a t s  on the  
stock diet. 
i x o r s o r z t l o n  of choline i n  the l i+des of s l ices  f r o n  rctc. p-evlousl;: mktEir-ed 
on def ic ient  diets. 
o f  cymlde ions. 
a b i l i t y  of  the t i s sue  t o  incorporzte choline into the lipides. 

Substitu5ion of ,<trogen f o r  d r  o r  omJg8n 

Cn the o"Aer hand, t?-e Lbsence oi' osq;,en nmkedlg decreases the 

Sirni l= effects  have been cakliied w i t h  t h e  i n  v i t r o  addition -- Eonozenization of tho l i ve r  Lecrezser, but does not aoolish t h e  
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irccr2oration of p2 i s  supp-essed by homozenization of the l i ve r  and it i s  
great ly  decrensed by a reduction i n  the o-gen sup1.1~. ?'ur?cemXre, unlike 
the incor3orction of choline, t h a t  of P32 is narkedly decreased i n  s l i ce s  from 
r a t s  2reviously naintained o n  lcvi ;rotcir, 5.ets. 
sg?i5:osis o f  %he 3ond bekroen tk choline cnd the phosphate moieties of  the 
phosyholi;.ides zay, c - t  l e a s t  t o  a large exten t ,  Troceed independently f r o 2  %he 
s;m-Eiesis 02 the other e s t e r  bonds i n  the phos?holi?ide nolcccle. ' E . s  a lso  
sv;,-csts f2k.t $-on?hztic?ic x i d s  n q ~  represont en i n p o r t a n t  interr;.cdi3y Yroduct 
f o r  the sp"&esis, t h e  s n l i t t i q  2nd the lnterconversioo of the verious phospho- 
li-.ides i n  the liver. This h n o t h e s i s  m y  clso ex;l&in the effects  of  the rddi t ion 
i n  v i t r o  of  vmious subs t aces  xhic5 i;.oulc! conTete rrith choline f o r  the ?hos;k.tidic 
acid radicpls ir, t h e  system. indeed, -%,e sc,j;xnces .;Jfiich I;losb nc.r:redly inhibited 
the incor?oration of choline, are c i ther  cor;ll;oEents of the phospholipides or 
cznnlogues o f  t h e s e  cof:?onents. 

I t  i s  bclieved t i z t  onlwy c, 1 L n i t e d  mount of  additional exFerb.ents =e required 
before Lz.-eee resal-ls can be orpn ized  i n  a c o q l e t e  ?apere 

It seem therefore t h z t  

-- 

Trro TrelLzin-ry x-cr - t s  k-me Seen o r  :;ill >e -resented at sc i en t i f i c  n e e t i q s .  

-7 
J-4. i k k b o l i c  ?athways of choline h l iver  sl ices.  

I n  &he ex2crimnts rcyorted zbove the m o u a t s  o f  d-ol ine iricor;or?.ted in to  
-Lite l i7i2cs  re-rcsent o n l y  a sm,ll 2ercontaC;e o f  t i e  labeled choline -chich ac.tun1l.J 
disaprjears 5x-Lng t k e  incu3ation i;ith live;. sl ices.  Silice ckoline -XF.S lz'oeled in 
L\e metliyl grou?s a s'txdy of other -+tir;;ays for  -,he Eetzbolism o f  t h e  nst;2:.1 groups 
of  choline under the conditions of  our eqe r2 ien t s  becane possible. 

L i t t l e  CL4 m a  found as carSon dio:=ide, sone occasionally as f r ee  fomaldel~yde, 
sone TS (-]kincL .c ,.~lsth:=mlxxi~e. 
obtained i n  tL5s rr,d othcr lrboratorics,  czalcst  the for . - t ion  o f  l i r . ~ . ~ ~ i : r l , t ~ ~ ~ , l ~ ~ : l e  
as a r e s u l t  oi" ";e t r a c f e r  of t.io m e t h y l  grou?s of choline t o  other cccojtors. 

l z s t  fin6ic; i s  ic l ine  - ; r i t ; l  rccent eviLesce, 

Quite  &tzc t&lc  mounts of C14 -zero Tresezt as t r i m t n y l m i n e  md c s p c i a l l y  
as t r i xe3y lan ine  oxide. 

the viet;. nos5 gexral1;- 7cce;ted i s  that the sna l l  mom-ts of  t r iPe~Mi iw- .  
oxide vhich m e  f o u z d  IC the urinc crigincted frorn t:2e L c t i t - i w  of i > t ? z t k x i l  
bacter ia  o d y .  

This would indicr.te t h a t  st;c:- canpounds represeat 
physiological products of ths netabolism of choline i n  animcl t issue,  vrheroas . .  - 

The mi jo r  portion o f  the choline xhlch disa7pecrs during the incubation 
o m  be recovered from the aqueous extracts  by a strong hyiirolysis. 
im.ter-soluble conbinztions, i n  contrast  t o  l ec i th in  a d  ;lycerolphcs?horylcholine, 
'are qui te  res5stant t o  a. n i l d  hydrolysis, ti=u resenbling shosphorylcholine. 
7urCjler r m r i r  i s  neccsscz~y before the  nature or' these combinations c a  be 
estcblisk-ed -:St?- certainty. 
2atizmy of choline nete.bolism I n  the i so l r ted  liver. 

These 

A t  ZreseEt, t h e i r  fomztion eppears t o  be the xzjor 

-4 ~ ~ ~ - > - ~ n ~ q r  r e y r t  of ~ I ~ C I Z  resu1-k; k s  h e ?  Fublished. 



F. S p t h e s i s  of C1* methyl-labeled I ,,,.d-, d i r . e t h i ~ l e t h a n o l d n e ,  - .- (a poss ib l e  cho l ine  
"urecuzzsor . 

G. -7is?osal of forLaldc'r.;de i n  t i s sues .  
\ 

in 

1. 

2. 

n 
30 



The following conFlete  m m u s c r i p t  I x s  bee2 sulxkttcd for y b l i c c k i o n :  

4. "Studies on t h e  7 o m a t i o c  of Z o s p h o l i p t d e s  i n  I s o l a t o d  Tissues. I. I n c o r p  
o r a f i m  of Inorganic P2 i n  Liver  Slices Prom h t s  on Tzcious X e t s "  by 
C m i l l o  -.rtcn m.2 L r f o r i c  ,1. 3m.nson. ( S u h i t t e d  t o  'die JOx:12.., of 
3 i o l o S i c z l  Ciic;;ic, t r y )  . 

5. 

6. 

7. 



Sumncs;~ of t h e  vork  from :.‘_zrch 16, 1950 t,hrouSh i.krch 15, 1951 on the y o j e c t  
6ecYcribed mi 


