
10 divided doses over a 5-day period. Hence 
it may be presumed that either the TSH-in- 
hibitor was not longacting or the endoge- 
nously secreted TSH was not neutralized. 
Thus far the urinary preparations have been 
II tilized successfully to repress onlj. esogenous 
TSH effect on the thj-roid. 

S i r i i i i i i n r ~ ~ .  A technic for detection of TSH- 
inhibitor in human urinary preparations is 
described. For an effective partial 1)Iock of 
TSH response. mg amounts of a urinary prepa- 
ration were injected one or  more hours hefore 
an i 11 t r;i per i t (meal s t in1 iila t ory dose of TSH . 
‘I’SH resl)oiise was then nieasured using ll:;’ 
blood le\-el5 \vhich wcrc sigiii ficantly decreased 
fol1ou.i ti? ad tiiinist r;i tion of iiri t i i t  rj’ ‘I‘SH-in- 
1iil)itor. 

Grateful acknowledgement is given to Paul Starr 
ior advice and guidance. 
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Utilization of Serum Lipids by Cultured Mamnialian Cells.“+ (24745) 

Thp i?utritional sicniiicancc of the lipids 
present in  the serum medium common1~- uL;eil 
for growiny iii;iiiiliiiili;iii cell i in tissue cillturc 
is little uiitierstootl. ‘I’he c f k t  of seriim li-  
pids on growth has been studied by Raker ant1 
Carrel ( 1 ) and a bimilar .;tiid!- on  1it)ids from 
embryonic tissues w a ~  made hj- (iiudetti ( 2  ) . 
Davitlson rt nl. ( 3 )  measured thc changinq 
~ipid compo4ti:)n of chick licart e\;plants dur- 
ing growth. ant1 Simms ct (11. ( 4)  studied fac- 
tors affecting fat rlepo4tion in d r o .  \‘erne 
( 5 )  has esaniined the effect of various com- 
potindc; of biological orii‘in on lipid me tah l -  
ism in tissue cultures. (‘holesterol and fatty 
acids mere included i n  the cheniicallj- defined 
medium of Evans rt (I/.( 6 ) .  I)ut it was later 
reported that there was no noticeahle effect on 
growth when these were omitted (ha) .  Sato, 

.. 

1;isher and puck ( 7 )  claim that addition of 
sniall amounts of cholesterol to a medium con- 
taining eshawtively dialysed serum, increased 
the plating efficiencj- of HeLa cells many fold. 
Kutstein r t  nl. (20) have studied cholesterol 
ul)take by primary explants from human 
aorta. and cholesterol synthesis from labelled 
acetate has been demonstrated for the L strain 
of mouse filmblasts(8) and for a strain of 
hunian uterine fibroblasts( 9 ) .  Azarnoff (10) 
has noted differences in the ability to synthe- 
size cholesterol between cells from different 
species. We have studied the differential up- 
take of the various components of the serum 
lil’itls using principally the ME IT1 strain of 
niouse Iymphohlasts ( 11 ) as our model system. 
I\-e have also examined a number of other cell 
lines. but in less detail. The pattern of lipid 
uptake for each was similar to that observed 
with the ATH 111 cell, so that it may be as- 
~ i i i e t l  that the results o1)tained hy the more 
tlrtailetl t .sat i i ir i : i t iol i  of the MH JTT system 
;ire fairly typical. 

ildutcviuls und wwteth)ds. Human placenta1 
cord serum, ox embryo extract and balanced 



salt soltit ion riscvl for routinc iiiaiiitenaiicc of  
the (.ells were prepared acc.ording to the met h- 
ods of Gey( 1 2 ) .  Stock cell cultares wen' 
maintained in 16 x 1.50 mm roller tubes( IS) 
in  a inediuni consisting of human placental 
cord serum ( 5  parts), ox embryo extract (1 
part) and Gey's balanced salt solution (4 
parts). The medium also contained penicil- 
lin (100 units/ml) and streptomycin (50 pg/ 
ml) and sterile culture conditions were main- 
tained throughout the experiments. Incuba- 
tion was at  37" in a roller drum turning a t  
12 r.p.h. Tubes were inoculated with approxi- 
mately one to 2 million cells in 0.5 ml of me- 
dium, and were treated every 4 days by re- 
moving approximately two-thirds of the old 
fluid plus cells and adding fresh medium. The 
JIB TI1 strain used in most of the quantita- 
t ive studies, grew rapidly under these culture 
conditions and the cells were only loosely at- 
tached to the walls of the glass roller tube. 
Satisfactory cell suspensions were readily ob- 
tainable for cell growth enumeration, without 
use of trypsin, merely by shaking the tube to 
agitate the fluid over them. For studies of 
lipid uptake, the cells were harvested by cen- 
trifugation and resuspended in the test me- 
dium consisting in most cases of human pla- 
cental cord serum diluted with one part of 
the balanced saline solution. Duplicate roller 
tubes were inoculated with 1 ml of the suspen- 
sion containing approximately one to 2 mil- 
lion cells. Contrcjl tubes in which the medium 
was incubated alone were prepared at the 
same time. In prolonged incubations to ob- 
tain greater depletion of the lipids, the me- 
dium was fortified with an additional 0.2% 
glucose. Under these conditions the cultures 
attained a final population density of from 10 
to 12 million cells/ml. This population 
density was two to three times higher than 
that attainable with most other cell lines, and 
resulted in measurable depletions of some of 
the more abundant and less rapidly utilized 
components such as cholesterol, which other- 
wise would have been difficult to determine. 
At the end of the desired incubation period 
the cell population was determined, the cells 
were harvested by centrifugation at  lOOO/g 
and were washed with 2 successive 1 ml por- 

1 ions o f  1):ilaiic.cd salinc to rcii~ove the last 
t raves of intvliiiiii. 'I'htl w;ishetl cells were ex- 
tracted hy retluxiiig with 1 wo sric-c.essivc .? n i l  

portions of 1 : 1 ~ . t h ; t ! ~ o l ,  tli~thyl tather, for 10 
minutes and the extract was evaporated to 
dryness in a stream of nitrogen to prevent 
oxidation. The dried extract was then ex- 
tracted twice with 2 ml portions of boiling 
petroleum ether (B.R. 30-60") and the final 
solution containing the total cell lipids was 
diluted to 5 ml with petroleum ether. The 
depleted medium and the control medium 
were acidified to pH 5 with hydrochloric acid, 
and extracted under reflux for 20 minutes 
with 2 x 40 volumes of 1:l ethanol/ether. 
The extract was evaporated and redissolved 
in petroleum ether as described above. The 
following determinations were performed upon 
aliquot portions of the extracts: 1. Total li- 
pid was determined by the dichromate method 
of Bloor ( 14),  as modified by Bragdon ( 15). 
Since some lactic acid was also extracted, this 
was determined separately by the method of 
Barker and Summerson ( 2 2 ) ,  and the values 
for total lipid were corrected accordingly. 2.  
Total cholesterol was determined by the 
method of Pearson ~t al. ( 16), or where neces- 
sary by the inore sensitive method of Brown 
( 17). Free and esterified cholesterol were 
separated by chromatography on silicic acid 
as described by Wykoff ( 18), and determined 
by the method of Brown. 3. Phospholipids 
were ashed by combustion with perchloric 
acid-hydrogen peroxide mixture, and inorganic 
phosphate was determined on the residue by 
the method of Allen( 19). 4. Triglycerides 
were hydrolyzed with 1 ml 0.4 N NaOH at  
100" for 30 minutes and the glycerol liber- 
ated was determined by the method of Bailey 
( 2  1 ) . Since the procedure also brought about 
hydrolysis of the phospholipids, triglycerides 
were determined by difference. 5 .  Unsatur- 
ated lipids were determined by a modification 
of the iodine-bromide method of \Vim and 
Hanus(23). Purified lipids used in the 
studies on uptake from defined media free 
from serum protein were obtained from The 
California Foundation for Biochemical Re- 
search, Los Angeles. Cholesterol suspensions 
were made by dispersing an alcoholic tincture 



rapidly into a salt-free solution containing 50 
m g  ‘i; “I’ween‘ $0 (;l\tlas I’o\wler ( * ( I . ) .  -4 
doulde strength saline was then atlded in equal 
volume. I n  this way stable emulsions of cho- 
lesterol mic roc r !~~ l s  with sizes approximat- 
ing one micron. were obtained. 

K(’sults.  I’reliminary eslw-iments \v\.ere 
niade with 5 cell lines .All brought about ;i 

rapid removal of the triglycerides ( TaMe I ) 
but the population densities were low, so that 
for the first 4 cell lines the depletion of phos- 
pholipids and cholesterol was less than 5% oi 
the total present. The 3 I H  1 1 1  cultures how- 
ever contained significan tl!. more cells which 
resulted in the uptake of all the triglyceride 
( 5  10 p g ) .  80 pg ( 1 5 % )  of the phospholipid 
and 70 pg (97; ) of the cholesterol. The har- 
vested cells contained 6.50 p,q of total lipitl 
of which 70 pg ( 1 1  ) \vas cholesterol. and 
360 pp ( .55:6 ) was phospholipid. S o  tri- 
glyceride was found in the cells in this 4-daj- 
experiment. although in older cultures some 
increase in the cellular triglycerides at the ex- 
pense of phospholipids has heen seen. ‘fhc 
iodine number of the original serum lipid did 
not differ significantly from that of the lipid 
utilized or from the cell lipid. This indicates 
that saturated and unsaturated lipids were 
utilized equally readily. 

The time-course of utilization oi the various 
lipid components by the J I B  I11 strain after 4. 
7 and 10 days of in vitro growth can be fol- 
lowed from the data given in Table 11. The  4 

~ i n c l  1 W a y  experiments were carried out in 
the same pooled human placental cord serum. 
In  the 10-day experiment, initial glucose con- 
centration was doubled to 0.4?,. Total lipid 
i n  the serum decreased progressively and most 
d the decrease u a k  xxounterl ior by lipid re- 
c.o\.~red in the cellb. At 4 days the lipid found 
i n  the cells represented 1 2 5 y  of the decrease 
in the medium. a t  7 (1aj-s 116:k, and at 10 days 
onl!. Sc)>: of that removed from the medium. 
’l-his may be interpreted to mean that under 
normal growth conditions the cell lipid is al- 
moht exclusively derived from the medium but 
tha t  some net synthesis ( 2 5 % )  of lipid does 
take ~ i lace  in the initial culture period when 
21 uco;e is present in excess. Cnder prolonged 
ciilture conditions in order to complete ex- 
haustion of the medium ( 10 days).  there may 
tw w m v  net degradation of lipid by the cells 
( 1 I ?{ ) to satisfy energy requirements. 

The ral~id uptake of triglycerides is appar- 
(’11 tl!. followed by conversion to phospholipids 
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TABLE 111. Avcrage Metabolic Quotients for  Vp- 
tukc of Swum Lipids froin Serum aid Synthetic 

3leciia by MR I11 Stra in  Cells. 

Q (p~g/lnil- 
( :onlpoulld Einulsificr lion cells/hr) 

in the cell. JYhen all the triglyceride has been 
utilized. the phospholipids in the medium are 
taken up more rapidly. The apparent subse- 
quent increase in the medium triglyceride after 
10 days (Table IT) is probably due to  release 
of fat droplets which was observed in the older 
cultures when some cells were beginning to 
show signs of degeneration. The rapid disap- 
pearance of triglyceride represented true up- 
take rather than extracellular hydrolysis since 
in experiments where triglycerides were added 
to synthetic medium (Table 111) it was shown 
that the total lipid in the medium (which 
would have included any such hydrolysis 
products) decreased at the same rate as tri- 
qlyceride ‘The rate of uptake of some pure 
lipids added to a chemically defined medium 
paralleled the rate observed in serum (Table 
I I I  ) . The rate of uptake of triolein was less 
when it was emulsified with lecithin and a 
similar sparing effect on rate of uptake of leci- 
thin was noted when triolein also was present. 
‘I’hv frec ;ici(ls i t n r t  the methyl esters were 
tosic‘ whtw tisetl :it s i i i i i lar  concentrations, hut 

from microscopic observations of the cells and 
the medium it was concluded that this toxicity 
probably resulted from the binding of calcium 
or other ions to form insoluble precipitates 
rather than to any specific toxicity due to 
structure. 

Cholesterol uptake could not be measured 
directly using other cell lines, for the reasons 
already stated. Cholesterol content of a num- 
ber of strains was however determined di- 
rectly. The results (Table IV) show that ap- 
preciable amounts are present in all cells, rang- 
ing from a low of 0.6% of the dry weight for a 
strain of rat adrenal cells to as high as 2.8% 
for the FL strain(28) of human amnion cells. 
Cholesterol content seems to be fairly charac- 
teristic of the type of serum in which the cell 
is grown. For example the cholesterol con- 
tent of the MB I11 strain grown on a large 
number of human placental cord serum sam- 
ples has ranged only between 1.9 to 2.5% of 
the dry weight. For adult serum medium the 
cholesterol content of the cells may be almost 
doubled; for cord serum which was supple- 
mented with only small additional amounts of 
free cholesterol or for serum samples from cer- 
tain coronary patients. MI3 111 cells contain- 
ing as high as 10% of the dry weight as cho- 
lesterol have been grown. Total cholesterol 
extracted from the medium and from the XIB 
IT1 cells was separated into free cholesterol 

‘l’Al3TA.E IV. Cliolesturol CoiitcJnt of 3L/lantiiialiaii 
Cell Str:iiIis Growing IT& Fitro. 

S t i x  iit Ckll type yo cholestcrol 

Hnrtiai i  minion (28) 
” clioxidroinyxosarcoms 

Articular ridges of femur ( ra t )  
Timorous mouse lyinphoblast 
Wilker rat stlreoinlz 
rrunlan lung carcinoma (Frisch) 
Walker rat cnrcinoiriu 
Tunior f rom subcut. :iwolar tis- 

F:l I i ( riii oi(l c:i IT i I i o  111 :L of ccr vi s 

R:i t ;I(lwn;ll (Zotrcc ./(t.wicziZuf,a) 

SI11’ (r:1t*) 

(hi in1:1it  j 

2.8 
2.6 
2.1 
2.0 
2.9 
1.7 
1.6 
1.6 

1.3 

. li 



TARTiE V. Selective Utilization of Serum Lipids 
by Ml3 I11 Cells Growing In Tritro. 

Conipoiient serum lipid utilized cell Lipid 

Cholesterol 40 20 15 
Pliosl>h olipiils 25 20 .?I) 
. 7  I i’iglyc.c.rid(.s 

70 in 70 in lipid 70 in 

20 r;0 ) 

{ {  u1ls:itIll~:ltc~d 40 40 4 .T 
(:is 1inoleic.i 

~~ ~ ~ 

T’:ilucs giww :ii*i* : ~ ~ ~ ~ ~ i ~ ~ ~ ~ i i t i : ~ t ~ ~ ~ l  f i * o i i i  r11-g t - : i l i i ( ~  

sniiiplcs. l * : i l i i ( b s  for  lipid iitiliztbcl nrc 31-g ovtbr 
\v-hol(> gron-tli poi.ior1. Tf t l l (w 1-:1111(5 n1-c’ c : ~ l v ~ ~ l : ~ t ( ~ ~ l  
o w r  tlir i~ i i - ly  st:ig(.s of gi*o\vfli, t l r t h  tlispro1mi.t i o i i -  
:ility l ~ ~ t w ~ ( ~ i i  ii*igI,w~q-j(li~s : t r i l l  ~ ~ I t o l ~ ~ s t ~ ~ i * o l  i s  (sv1811 

i i ior( \  ~ i r o t i o i i i t ~ * ~ ~ 1  t11:iii tlicw fipiir(Ls iiidic:itci. 

for  :1 11111111)(’r of I l u l l l n l l  ] ) l : l ( . i m  t:il corcl SI’1’11111 

and esterified cholesterol I)!. chroruatograllli!, 
on silicic acid columns. In this esperiment 
total chole.ctero1 in the oriyinal medium was 
59 mg 5: of which 40 mg C’C w i s  ester a n d  19 
niz 7; free. Total cholesterol in the medium 
after the cells had been harvested was 43 1 1 1 ~  

cy;  of which 19 mg :4 was ester and 24 nig <’; 

was free. and the harvested cells contained 24 
tiiq (corrected for comparative purposrs to 
cells harvected from 100 ml serum) which IWS 

all free cholesterol. Although a t  first sight 
this may be interpreted to mean that thc. cells 
take up the esterified cholesterol esclusivel!- 
and then hydrolj.ze it. eschanze esperimen ts 
using labelled cholesterol. and designed to fol- 
low more closel!. the mechanim of lipid up- 
take (see discussion) have showi that  the cor- 
rect esplanation prollahl\~ i.; that the cells 
take 111) lmth the free ;1nd the ester. hj.drol~-ze 
the ester and then excrete the excess free cho- 
lesterol. In addition. free cholesterol added t o  
chemically defined medium (TabIe T T I )  was 
taken up at a high rate. This higher rate of 
uptake in synthetic medium is probably the 
result of some phagocytic ingestion of the 
cholesterol crystallites in the emulsion in arl- 
(lition to the usual inethnd of lipid uptal;t~. 
The question of ability of the 31B 111 strain 
to synthesize cholesterol could not he decided 
in our experiments because of the large excess 
present i n  the medium. lt can 1x1 calculattd 
howevcir th;tt under thti cxlt i irc conditions 
usecl here. less than 5$; oi t h t b  total cell cho- 
lesterol is the result of !let s!mthesis. There is 
little i f  any tkgraclation of the cholesterol or 
interconvcrsioii into other steroid conilwiiiitls 

sinre eve11 it fter prolonged incuf)ation of 4-C’l.’ 

cholesterol with MB cells, less than 0.1% of 
the radioactivity could be detected in products 
other than cholesterol on paper chromato- 
grams. 

Ilisr7ission. The lipids are relatively large 
molecules with average molecular weights of 
the order of 500. and in addition. in seruni are 
hound in lipoprotein complexes with molecu- 
lar weights of many thousands. These large 
niolecules however enter the cell a t  rates com- 
Ixirahle to those for much smaller molecules 
( c - f . ,  all-cerol. glucose and lactic acid Table 
1 1 1 )  Current theories to explain lipid all- 
wrption in the gut follow two main schools of 
thought. 1 ) The so-called ‘Lipolytic’ theory 
which assumes that triglycerides are first com- 
pletely hydrolyzed to the fatty acids and then 
are absorbed as a bile acid complex. (or a 
variation of this in that they are converted 
into phospholipid in the ceIl membrane during 
active transport) and 2 )  the ‘particulate’ the- 
ory which assumes that sinall droplets of fluid 
can pass directly into the cell. (For review 
see lleucl(24) ) , In  the consideration of up- 
take of large molecules by cells in tissue cul- 
ture it has generally been assumed that some 
~)roces;s analogous to the ‘particulate’ theory 
a1)ove was responsible. Tissue cultured cells 
ol)served under moderate magnification on the 
g1rI;tss walls of the culture vessel are seen to 
take up  lar,ne numbers of droplets of the me- 
tliiim by ;t process of ‘cell drinking’ or pinocy- 
t ().;is (2 .? .2 h ) . The apparent mechanism of 
this process has been discussed by Gay( 2 5 ) ,  
and Lewis(26) has estimated that the cell is 
capable of taking up in this way a volume of 
fluid equal to the cellular volume in as little 
;is 3 hours or less. In Table IV are collected 
average \Talues for the composition of the lipid 
of the medium: for the lipid taken up by the 
cell and for the cell lipid itself. The composi- 
tion of the lipid taken up by the cell is very 
clifferent from that of the medium. T t  is dif- 
ticult to reconcile this with the apparently ran- 
cloni and noii-specific process of pinocytosis 
\ v I i t w  it ivoril t l  be eslxctecl that the composi- 
tion of the droplets enfolded by the cell mem- 
I~i*ane, (and which are often many microns in 
clianieter), would be the saiiie ;is that O F  the 
oiitsjde nic.rliuni. We have considered two 211- 



ternative mechanisms in explanation of these 
results. First that the lipids are absorbed into 
the cell by some specific mechanism which 
may involve chemical transformation and ac- 
tive transport across the cell membrane. Con- 
version of triglycerides into phospholipids dur- 
ing or immediately following absorption offers 
some support to this hypothesis). Second. 
that the lipids ars absorbed into the cell by 
some non-specific process (micro. or ultra- 
micro. pinocytosis) which is followed bv spe- 
cific utilization of certain components and 
non-specific excretion of the remainder. Such 
a sequence of events would of course give a 
net result which would resemble specific up- 
take. T t  is very probable that some process 
of fluid excretion analogous to pinocytosis is 
continually going on, otherwise the cell would 
swell and burst. However in contrast to pino- 
cytosis, it must be taking place a t  a submicro- 
scopic level (2  7 )  since visible droplets are 
rarely seen leaving the cell. Tn order to dis- 
tinguish more certainly between these various 
possibilities, we have studied the uptake of 
labelled cholesterol, both in the free state and 
complexed with crystalline albumin, and its 
subsequent exchange with the medium when 
the cells were returned to unlabelled medium. 
Tt was found that the cells were continually 
excreting cholesterol a t  a rate which was a t  
least 1% times the net  rate of cholesterol ac- 
cumulation within the cell. These results can 
only be reconciled if some process (ie. uptake 
followed by excretion) such as that outlined 
in the second hypothesis above, is taking 
place. Fillerup et QZ. have studied the uptake 
of labelled albumin palmitate by ascites tu- 
mor celIs(29). They found that palmitic acid 
was readily taken up, but that albumin was 
not. They concluded therefore that the al- 
bumin palmitate complex was probably hy- 
drolyzed at  the cell surface and that this was 
then followed by passage of the palmitic acid 
into the cell. Tt would seem however that the 
operation of some excretion process similar to 
that described here would also be a valid ex- 
planation of these results. 

Although the values observed for rate of ex- 
change of Ial~elled cholesterol with the lilt!- 

diuni ;ire of srrfficivnt niagnitutle to explain 

the uptake of both phospholipids and choles- 
terol by the second mechanism outlined above, 
rate of uptake observed for triglyceride is still 
t*:o large to be explained entirely on this basis. 
Two pxsibili ties are under consideration. 
Firqt that the labelled cholesterol within the 
cells is less labile towards exchange than the 
newly incoming unlahelled cholesterol, or sec- 
ond, that uptake of triglycerides does indeed 
involve both a specific and a non-specific 
process. 

Sumi?znr_z). 1 )  A variety of mammalian 
cells qrowing in tissue culture took up appre- 
ciable amounts of lipid from the serum used 
in the medium. For the h4B I T T  strain of 
mouse lymphoblasts, triglycerides were most 
rapidlv utilized followed by phospholipids and 
then cholesterol. This preferential utilization 
of triqlycerides was also shown by 4 other cell 
strains. 2 )  The M B  TTT cell utilized saturated 
and unsaturated lipids equally readily, and 
there was little net brealcdown of lipid to sat- 
isfy cell energy requirements. There was 
however considerable conversion of triglycer- 
ides to phospholipid following absorption. 
3 )  Cholesterol uptake appears to be a general 
phenomenon, and appreciable amounts rang- 
ing from 0.6% to 2.8% of the dry weight were 
found in all strains of cultured cells examined. 
Cholesterol content of cells was related to the 
type of serum used in the growth medium. 
4 )  The composition of the lipid taken up by 
the cell? differed markedly from that in the 
medium. This is discussed from the point of 
view of: ( 1 ) . A specific process of uptake or 
( 2 ) .  A non-specific uptake by pinocytosis, fol- 
lowed by incorporation and a non-specific ex- 
cretion. Evidence is presented in favor of 
this second mechanism. 
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Anticoagulant Activity of Phosphatidvlserine Free of 
T,ysophosphatidylserine.* (24746) 

In our earlier work( I .2 ) 1)riritied pho.;ph;i- 
tidylserine (PS) from pork I m i n  was shown 
to be a potent anticoaqulant iif v k o  and irr 
vitro. However, these fractions were con- 
taminated with lysophosl~h~itid\,lc;erine (TAT’S ) .  

The present pal~er describes fractions free oi 
LYS , w i t h ii n t icoa c,ru 1 an t H c t i v i t J- s i m i 1 a r t ( 
that of the earlier fractions. This sirlistanti- 
ates the previously recorded evidence ( 1.2 ) 
that anticoaqulant activity is a function of 
naturally occurring 1’s. 

Methods. Pwpurcriioii of frcrctioirs. I n  our 
earlier method ( 1 . 2 )  for purification of 1 5  
from the fraction 111 of Folch(3) the frac- 
tions are in prolonged contact with chloroform 
and methanol. The method mas modified tq. 
eliminating the overnight extraction o f  each 
fraction with chloroform and methanol. thus 
completing the fractionation in one day in- 

. _-- - . . - . _ -  . 

* Aidccl hy grant from U.S.P.H.S. 
1 With 1cxchnic.aI :issist;Inw of  I,ouisr O’KwIc. .  

stead of eight. The extracts derived from the 
fraction T I T  of Folch are designated as 111-1, 
lTT-2. TIT-3. . . . TTI-8 and the residue as 

Rrsirlts. Paper chromatotyaphy. Fig. 1 
illustrates paper chromatography of the pure 
serine phosphatide fractions on paper impreg- 
nated with silicic acid. The methods em- 
!d:)yed have been described(4,l). To  show 
how purification was followed from the “ce- 
phalin” some of the cruder fractions are in- 
cluded. Fractions 111-2 to 111-8 had only one 
q)ot corresponding to PS. This spot was ninhy- 
clrin p s i  t ive and appeared blue-violet under 
ultra-violet light (UV) in the wet state, after 
staining with Rhodamine 6G. The yellow 
center is believed to represent aldehydogenic 
serine phosphatide. Fraction III-R showed a 
spot corresponding to PS and a slow-moving 
component with mobility and stajning prop- 
erties similar to an inositol phosphatide ( TP). 
’I’hv 11’ content o f  this fraction would explain 

I IT-R. 


