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ABST RACT 

Bovine m a m m a r y  cells and  t issue 
syn thes ize  de n o v o  the  classes of  phos-  
phol ip ids ,  f o u n d  in m a m m a r y  t issue and  
milk,  f r o m  var ious  p recu r so r  molecules .  
Several sho r t  t e r m  e x p e r i m e n t s  were car- 
f led ou t  in vi t ro ,  us ing  labe led  precursors ,  
i.e., 1-14C-fat ty  acids; 2 -14C-ace ta te ;  
U - 1 4 C - g l y c e r o l ;  1 , 2 - 1 4 C - c h o l i n e ;  
1 ,2 -14C-e thano lamine ;  2-14C-ser ine;  and  
Me-14C-meth ion ine .  All the  p h o s p h o l i p i d  
classes were labeled.  The  specif ic  ac t iv i ty  
of  t issue p h o s p h a t i d y l c h o l i n e  was consis t-  
en t ly  th ree  to six-fold grea ter  t h a n  t h a t  of  
p h o s p h a t i d y l e t h a n o l a m i n e .  The resul ts  in- 
d ica ted  t h a t  s tepwise  m e t h y l a t i o n  of  
p h o s p h a t i d y l e t h a n o l a m i n e  w i t h  l abe led  
m e t h y l  g roup  of  m e t h i o n i n e  was occur-  
r ing to a m i n o r  ex t en t ,  as was a negligible 
a m o u n t  of  cho l ine  exchange .  Serine was 
i n c o r p o r a t e d  i n t o  phos pha t i dy l s e r i ne  and  
sph ingomye l in .  S ignif icant  quan t i t i e s  of  
labeled  p h o s p h a t i d y l s e r i n e  were decar-  
b o x y l a t e d  to  p h o s p h a t i d y l e t h a n o l a m i n e .  
A p p a r e n t l y  p h o s p h a t i d y l c h o l i n e  was syn- 
thes ized  de novo  f r o m  cho l ine  via phos-  
p h o r y l c h o l i n e  and  CDP-chol ine .  Based on  
the  p resen t  obse rva t ions  and  o t h e r  data ,  
it is suggested t h a t  the re  m a y  be two  

pools  of  p h o s p h a t i d y l c h o l i n e  in lac ta t ing  
m a m m a r y  cells. 

Phospho l ip ids  are sec re ted  in bov ine  milk as 
p h o s p h o l i p o p r o t e i n s  c o m p l e x e d  in the  fat  giob- 
ule m e m b r a n e  and  as discrete  l i p o p r o t e i n  par t i -  
cles (1-19) .  A bov ine  m a m m a r y  gland yie lding 
25 l i ters  mi lk  secretes  ca. 10 _+ 3 g p h o s p h o -  
l ipids pe r  day w h i c h  co r r e sponds  to  an average 
5% of the  m a m m a r y  t issue phospho l ip ids .  The  
var ious  p h o s p h o l i p i d  (PL) classes are secre ted  in 
d i f f e r e n t  a m o u n t s .  A p p r o x i m a t e l y  equal  
a m o u n t s  of  p h o s p h a t i d y l c h o l i n e  (PC) and  phos-  
p h a t i d y l e t h a n o l a m i n e  (PE) are secre ted  in bo-  
vine mi lk  (14 ,15 ,20 ) .  Based on  the i r  respect ive  
t issue c o n c e n t r a t i o n s ,  PE is e x p e c t e d  to  have a 
more  rapid  t u r n o v e r  ra te  t h a n  PC because  i ts  
in t race l lu la r  c o n c e n t r a t i o n  is ca. 50% t h a t  of PC 
(14 ,15 ,17 ) .  However  in vivo and  in v i t ro  s tudies  
us ing  l abe led  f a t t y  acids, glycerol  and  32p  
reveal  t h a t  PC is the  m o s t  rap id ly  labeled  
m a m m a r y  and  mi lk  PL (17-19,  21-25) .  Because 
these  resul t s  may  be exp l a ined  by  t he  act iv i ty  
of  a n u m b e r  of  d i f f e ren t  b i o s y n t h e t i c  rou tes  or 
poss ibly  exchange  reac t ions  and  because  in vivo 
s tudies  m a y  be c o n f o u n d e d  by  poss ib le  ext ra-  
m a m m a r y  PL precursors  ( t h o u g h  ev idence  is to  
the  c o n t r a r y  [ 2 5 ] ) ,  s tudies  w i t h  m a m m a r y  
tissue have been  m a d e  to  c o m p a r e  the  relat ive 
rates of  PC and  PE label ing  w h e n  rad ioac t ive  

TABLE I 

Incorporation of Long Chain Fatty Acids into Phospholipids by 
Dispersed Mammary Cells in Vitro a 

Incorporation (cpm x t03) 

Cultured tissue Culture medium 

Incubation time, hr 

Substrate 1.5 3 6 12 1.5 3 6 12 

Sodium-l-14C- 
myristate --  115.2 --  134.4 --- 19.2 -- 41.6 

So dium- 1-14 C_ 
palmitate 148.8 481.6 740.8 803.2 8.0 14.4 30.4 48.0 

Sodium-l-14C- 
144.0 224.0 S05.6 624.0 4.8 11.2 22.4 24.0 stearate 

So dium- 1.14 C- 
oleate 352.0 454.4 480.0 528.0 16.0 2'7.1 20.8 35.2 

aMammary cells, equivalent to 5.0 mg protein, were incubated with 40 #M of the 
sodium salts of each fatty acid (10#Ci/mol). Lipids were isolated as described in methods. 
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precursors were used in vitro. 

MATERIALS A N D  METHODS 

Mammary cells from lactating cows were 
dispersed with collagenase and cultured under 
aseptic conditions as described previously 
(26,27). Each treatment contained ca. 5 x 107 
cells, equivalent to 5.0 mg protein in 6 ml 
culture medium. The appropriate radioisotopes 
in sterile buffer solution were added to the 
culture flasks after dispensing the cells, and the 
stoppered flasks were incubated for specified 
periods at 37 C. After incubation the cells were 
separated from the culture media by gentle 
centrifugation (300 g for 10 rain). The lipids 
were extracted by the procedure of Folch et al. 
(28). The lipids were fractionated by two 
dimensional thin layer chromatography (14). 
Lipid phosphorus was quantified by the meth- 
od of Rouser et al. (29). Argentation chroma- 
tography was used to separate PC species 
according to degree of unsaturation (30). 

The radioactivity in the lipid spots, identi- 
fied from known standards (Applied Science 
Lab., State College, Pa.), was determined by 
liquid scintillation spectrometry as reported 
previously (21). Cellular protein was quantified 
by a microkjeldahl method. 

Radiochemically pure (99%) substrates were 
purchased from New England Nuclear (Boston, 
Mass.). Chromatographic supplies were ob- 
tained from Brinkmann (Westbury, N.Y.) and 
redistilled solvents were used. 

RESULTS 

Experiment I. Fatty Acid Incorporation 

The fatty acids commonly occurring in 
bovine milk PL were incubated with the cell 
preparations as their respective sodium salts and 
incorporation into phospholipids of tissue and 
culture media were monitored (Table I). Incor- 
poration of radioactivity into cellular PL in- 
creased markedly with time, and labeled PL 
accumulated in the media also. Though oleic 
acid (C18:1) was incorporated most rapidly 
initially, the saturated acids palmitic (C16:0) 
and stearic (C18:o)were  ultimately esterified 
to a greater extent. The ratio of radioactivity in 
the media PL showed that, compared to the 
intracellular PL there was a preferential secre- 
tion of PC, especially that labeled with C14:0 
and Ct6:o,  Analysis of the phospholipids re- 
vealed that the preponderance of the radioactiv- 
ity was in the PC (Table II), though all of the 
PL classes were labeled in all experiments. The 
respective radioactivities and specific activities 
(SA) of cellular PC and PE (Table III) varied 
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TABLE lIl 

Ratios of Radioactivity and Specific Activities of Phosphatidylcholine and Phosphatidylethanolamine 
Isolated from Mammary Tissue and Culture Media following Incubation with Labeled Fatty Acids (Experiment I) 

Ratio of radioactivity, PC/PE (cpm x 103) a 

1 - 14C_Palmitic 1-14C_Stearic 1-14C_Olei c 

Incubation time, hr 

1-14C_Myristic 

Source 3 12 1.5 3 6 12 1.5 3 6 12 1.5 3 8 12 

Cultured tissue 12.2 11.4 3.7 3.6 3.8 4.5 5.4 5.3 5.2 5,0 8.4 8.2 7.7 7.5 
Culture media 21.9 15.0 9.4 8.8 11.4 14.0 5.4 5.6 5.6 S,l -- 4.6 --  5.2 
Ratio of specific 

activity, PC/PE b 5.7 5.0 1.7 1.5 1.5 1.4 2.4 2.3 2. 2~ 3.6 3.6 3.0 3.3 

apc, phosphatidylcholine; PE, phosphatidylethanolamine. 
bSpecific activity expressed as cpm x 103/#g phosphorus in specific phospholipid. 

w i th  each  f a t t y  acid subs t ra t e  and  the  d i spar i ty  
in SA f rom C14:0 and  C18:1 subs t ra tes  was 
mos t  marked .  The  SA ra t io  decreased  w i th  
d u r a t i o n  of  each  i n c u b a t i o n  and  in general  was 
lower  t han  those  o b t a i n e d  in s u b s e q u e n t  exper i -  
m e n t s  us ing  o t h e r  labe led  subs t ra tes .  

Experiment II. Acetate 

The f a t t y  acid labe l ing  da ta  were cons i s t en t  
w i th  obse rva t ions  f r o m  in vivo e x p e r i m e n t s  
(19) .  Because o f  possible  d i f fe rences  in  in t ra-  
cel lular  l oca t i on  o f  PC and  PE syn thes iz ing  
e n z y m e s  and  f a t t y  acid ac t iva t ion ,  the  relat ive 
e x t e n t  of  l abe l ing  of  PC and  PE b y  f a t t y  acids 
of e n d o g e n o u s  origin was e x a m i n e d  (Table  IV). 
I n c o r p o r a t i o n  i n t o  b o t h  classes increased  mark-  
edly w i th  t ime  bu t  cons ide rab ly  more  labeled  
f a t t y  acids were acy la ted  i n t o  the  PC as s h o w n  
b y  t he  SA rat ios ,  wh ich  decreased  w i th  t ime.  
The  SA ra t ios  were similar  to  those  o b t a i n e d  in 
e x p e r i m e n t  I for  myr is t ic  acid. 

Experiment II I .  Glycerol 

Because the  a p p a r e n t  p re fe ren t i a l  l abe l ing  of  
PC w i t h  e x o g e n o u s  and  e n d o g e n o u s  f a t t y  acids 
cou ld  have been  exp l a ined  by  active acyl 
t ransferase(s) ,  the  cells were i n c u b a t e d  w i th  
l abe led  glycerol  wh ich  was act ively  incorpo-  
r a t ed  i n to  the  phosphog iyce r ide s  (Fig. 1), Ini-  
t ial ly PC c o n t a i n e d  four - fo ld  m o r e  act iv i ty  t h a n  
the  PE, b u t  th i s  d i f fe rence  decreased  w i th  
d u r a t i o n  of  i n c u b a t i o n .  The  SA of  PE gradual ly  
increased  w i t h  t ime,  as observed  in e x p e r i m e n t s  
I and  II. 

Experiment IV. Choline, Ethanolamine, Serine, 
Methionine 

The above data  u n e q u i v o c a l l y  ind ica t ed  t h a t  
de n o v o  label ing  and  p r o b a b l y  n e t  syn thes i s  of  
PC exceeded  t h a t  of  PE. The  poss ib i l i ty  ex is ted  
t h a t  PE was ac tua l ly  be ing  syn thes ized  wi th in  
these  cells b u t  was rapid ly  be ing  t r a n s f o r m e d  to  

PC b y  t r a n s m e t h y l a t i o n .  To s t u d y  this  the  cells 
were i n c u b a t e d  w i th  the  series of  d i f f e ren t  PL 
precursors  l i s ted  i n  Table  V. Signif icant ly  more  
chol ine  was i n c o r p o r a t e d  c o m p a r e d  to the  
e t h a n o l a m i n e  in all expe r imen t s .  Me th ion ine  
and  serine were u t i l i zed  in small  quan t i t i es .  
Dif ferences  in  u t i l i z a t i on  were observed  be- 
tween  p repa ra t i ons ;  h o w e v e r  the  p a t t e r n s  of  
i n c o r p o r a t i o n  of  the  var ious  p recursors  were 
cons i s ten t .  Evidence  of  mo lecu l a r  i n t e r conve r -  
sions,  i .e. ,  d e c a r b o x y l a t i o n  of  p h o s p h a t i d y l -  
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FIG. 1. Relative incorporation of U-14C-glycerol 
into phosphatidylcholine (PC) and phosphatidyletha- 
nolamine (PE) of mammary cells. Approximately 5 x 
107 cells were incubated with 50 #M of U-14C-glyc - 
erol (8me/tool) for specified periods and lipids then 
analyzed (Experiment II). Specific activity expressed 
as cpm x 103]mg phospholipid. 
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TABLE IV 

Differential Incorporation of Radioactivity into Cellular Phospholipids following 
Incubation of Bovine Mammary Cells with Na-2-14C-Acetate (Experiment II) a 

Incorporation (cpm x 103) 

Incubation period, hr 

Lipid class 2 4 8 24 

Total phospholipids 37.0 126.0 256.0 645.0 
Phosphatidylcholine (PC) 21.0 80.6 174.1 451.5 
Phosphatidylethanolamine (PE) 2.6 7.5 15.3 35.0 
Ratio of specific 

activity, PC/PE 5.2 4.5 4.6 4.1 

aTissue dispersions (ca. 5 x 107 cells) were incubated with 50 ~M Na-2-14C-acetate 
(specific activity ca. 10mc]nmol) in each treatment. Lipids were analyzed as described in 
Methods. 

ser ine (PS) to  PE, and  m e t h y l a f i o n  of  PE to  PC 
was o b t a i n e d  (Table  VI).  The  p r e p o n d e r a n c e  of  
the  14C-methy l  g roup  of  m e t h i o n i n e  ut i l ized 
was i n c o r p o r a t e d  i n to  the  cho l ine  m o i e t y  of  
PC. The  serine was i n c o r p o r a t e d  m o s t l y  i n t o  PS 
t h r o u g h  measurab le  quan t i t i e s  of  the  radioac-  
tive c a r b o n  were t r a n s f o r m e d  i n t o  sphingo-  
myel in ,  PE and  some i n t o  n e u t r a l  l ipids.  These  
da ta  revealed t h a t  while  s tepwise  m e t h y l a t i o n  
of  PE was occur r ing  in  m a m m a r y  cells, i t  was 
small  c o m p a r e d  to  the  ra te  of  i n c o r p o r a t i o n  of  
chol ine  i n t o  PC and  p r o b a b l y  cou ld  n o t  ac- 
c o u n t  for  the d i f fe rent ia l  ra te  of  label ing of PC 
and  PE in these  m a m m a r y  cells w h e n  c o m m o n  
precursors  were used as subs t ra tes .  

Experiment V. Choline Exchange 

In the  previous  e x p e r i m e n t s  the  relat ively 
greater  i n c o r p o r a t i o n  of  labe led  chol ine  i n t o  PL 
cou ld  pe rhaps  be a t t r i b u t e d  to act ive base 
exchange  wi th in  the  cells, especial ly  in the  PC 
molecules .  However  the  i m p o r t a n c e  of  this  
m e c h a n i s m  b e c a m e  d o u b t f u l  fo l lowing  a series 
of  e x p e r i m e n t s  in  w h i c h  cells t h a t  had  been  
i n c u b a t e d  for  specif ic  t imes  w i th  labe led  cho-  
l ine to  a t t a in  a d e t e r m i n e d  PC specific ac t iv i ty  

were t h e n  r e i n c u b a t e d  in med ia  c o n t a i n i n g  an 
excess of  cold  cho l ine  (40  mM),  and  changes  in 
SA of  cho l ine  p h o s p h o l i p i d s  were m o n i t o r e d  
(Tab le  VII).  As in prev ious  e x p e r i m e n t s  the  
14C-chol ine  was i n c o r p o r a t e d  l inear ly  w i t h  
t ime,  mos t ly  i n t o  the  PC (A-D).  I n c u b a t i o n  of  
the  cells c o n t a i n i n g  14C-chol ine  labeled  PC 
w i t h  excess  cho l ine  revealed l i t t le  ev idence  of  
exchange  in the  PC e x c e p t  b e t w e e n  the  6 and  
12 hr  in terval ,  w h e n  SA decreased,  i.e., C 
c o m p a r e d  to  C 1. The  SA of  the  lysoPC f rom 
cel lular  l ipids decreased  a f t e r  the  3 and  6 h r  
i ncuba t ions ,  i nd i ca t i ng  some loss of  labe led  
cho l ine  or  acy la t ion  of  lysoPC to PC. The  small  
decl ine  in SA of  the  cel lular  PC has b e e n  
observed  in s u b s e q u e n t  e x p e r i m e n t s  and  indi-  
ca tes  t ha t ,  while  cho l ine  exchange  m a y  occur ,  
the  m a g n i t u d e  of  th is  e x c h a n g e  in b o v i n e  
m a m m a r y  ceils does  n o t  exp la in  the  a p p a r e n t  
p re fe ren t i a l  syn thes i s  of  PC. The  da ta  in  Table  
VII  i nd ica t ed  t h a t  l abe led  PL of  h igh  SA was 
secre ted  i n to  the  cu l tu re  med ia  in these  exper i -  
m e n t s ,  especial ly  in the  in i t ia l  per iods .  These  
da ta  i nd i ca t ed  t h a t  de n o v o  PC synthes is  was 
occur r ing  in these  cells, a p p a r e n t l y  via the  
classical e n z y m a t i c  p a t h w a y  (3 t ). 

TABLE V 

Incorporation of Different Radioactive Precursors into Phosphotipids 
by Bovine Mammary Tissue in Vitro (Experiment IV) a 

Radioactivity incorporated (cpm x 103) 

Substrate 

Incubation, 1,2-14C-Choline 1,2-14C-Ethanolamine Me-14C-Methionine 3-14C-Serine 
hr 

1 21.5 3.1 0.40 1.8 
3 48.1 10.2 0.60 3.9 
6 78.3 18.9 0.89 6.2 

12 194.6 65.7 2.20 14.6 

aEach treatment contained ca. 5 x 107 cells and 50 pM labeled substrate. Specific activities of substrates 
were 1,214C-choline and 1,214C-ethanolamine 2/aCi/pmol; Me-14C-methionine and 3-14C-serine; 5pCi/#mol. 
Average data from two experiments. 
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Analysis of the distribution of the radioac- 
tivity in the various molecular species of cell PC 
following incubation of mammary cells with 
choline showed that the PC molecules contain- 
ing two double bonds contained the greatest 
quantity of incorporated choline (Table VIII). 
The labeling in the monounsaturated PC mole- 
cules decreased, whereas that in the triunsatu- 
rated species increased with incubation time. 

DISCUSSI ON 

The utilization of free fatty acids by lactat- 
ing mammary tissue for synthesis of glycero- 
f inds both in vitro and in vivo has been well 
documented (19,22,32-36). Most of the labeled 
fatty acids associated with the phospholipids 
were acylated in PC (18,19,22). Endogenous 
fatty acids were mostly acylated into secretory 
triglycerides (27,32-37); however those in the 
phospholipids, i.e., myristic and palmitic acid, 
are preponderantly found in the PC class 
(34,35). The preferential labeling of PC may be 
explained by very active acyl transferase en- 
zyme(s), which have a high specificity for 
choline phosphatides. These are very active in 
the plasma membrane of liver cells (38). While 
these enzymes are active in mammary tissue 
(Gross and Kinsella, unpublished data), their 
class specificity has not  been determined and 
the present data would preclude this mecha- 
nism as accounting for the greater labeling of 
PC in all experiments. The preferential incorpo- 
ration of glycerol into PC compared to PE by 
bovine tissue has been reported and discussed 
(21). 

The disparity between PC and PE labeling 
was also observed when labeled choline and 
ethanolamine were used as substrates. In the 
present studies stepwise methylation of PE to 
PC using the methyl group of methionine 
(39-44) was negligible. This is a major pathway 
in rat liver (42). The conversion of PS to 
PE and of some PE to PC has not  been reported 
in ruminant  mammary tissue. Presumably these 
interconversions occur via the mechanisms of 
decarboxylation and stepwise methylation 
(31,41,43). Direct base exchange of choline 
with the choline of PC was apparently quite 
limited, even in the presence of excess choline. 
This was consistent with reports for other 
mammalian tissues, e.g., liver (45), intestine 
(46) and cultured mast cells (47), and indicated 
that the CDP-choline pathway was operating 
(31.48). 

The variation in distribution of the 14cho- 
line among PC molecular species in mammary 
cells may indicate that these have different 
turnover rates, as shown for PC species in 
several animal tissues (43-45, 49-51). The mo- 

0 

0 

= :  

0 

"7-, 

0 
aZ 

"~az 

g 

r 

r 

r 

,o 

% 

, , ~ i ~  

d d 4 1 ~ !  

~ i ~ i  

397 

b - 

o 

r/l e~ 

,~  ca 
~.~ 

2 

LIPIDS,  V O L .  8, N O .  7 



398 J.E. KINSELLA 

TABLE VII 

Specific Activities of Phospholipids Isolated from Cells and Culture Medium following 
Incubation of Bovine Mammary with 1,214C-Choline and an Excess of Choline (Experiment V) a 

Specific activity (cpm x 103#tg lipid P.) 

Incubation time, hr 

1 3 6 12  3 6 12 

Flask 

Lipid class A B C D A 1 B 1 C 1 

Total phospholipids 0.67 1.83 2.67 3.98 0.95 1.90 2.55 
Cell phospholipids 0.66 2.30 3.92 6.22 1.04 2.44 3.28 
Medium phospholipids 0.68 1.36 1.43 1.75 0.87 1.39 1.82 
Cell lipids 

Phosphatidylcholine 1.36 5.16 8.08 18.01 1.77 5.73 7.32 
L~'sophosp batidylcholine 0.25 0.53 1.10 1.15 0.29 0.37 0.57 
Sphingomyelin 0.10 0.56 0.83 0.95 0.22 0.36 0.23 

aAll flasks, containing 5 x 107 cells and ca. 50/zM 1,2-14C-choline (2 mc/mM), were initiated simultaneously. 
Flasks denoted A, B, C, D were terminated at 1,3,6,12 hr, respectively. An excess of cold choline (40 raM)was 
aseptically added to flasks A 1, B 1 and C 1 at 1, 3 and 6 hr, respectively. These flasks were then sequentially 
terminated at 3, 6 and 12 after initiating the experiment. Lipids were extracted and analyzed as described in 
Methods. To detect choline exchange specific activities of phospholipids from flasks containing only radioactive 
choline were compared to those from those flasks containing excess choline that had been incubated for 
identical periods with labeled choline, i.e., A with A 1, B with B 1 and C with C 1, respectively. 

lecular species conta in ing  the  m o s t  radioactiv-  
ity, i.e., d iunsa tura ted  PC, coincides  wi th  the 
p r e p o n d e r a n t  species of  PC found  in milk (13) 
and this labeling pa t t e rn  is similar to tha t  f o u n d  
in o the r  animal tissues (45). This may  ref lect  
the p r e p o n d e r a n t  species of  diglycerides avail- 
able in r uminan t  m a m m a r y  tissue, t hough  
available analytical  data  would  suggest a pre- 
ponde rance  of  dlglycerides wi th  only one dou- 
ble bond .  However  the  knowledge  tha t  CDP 
chol ine-diglycer ide t ransferase is n o t  marked ly  
subst ra te  specific (51) and the presence of  acyl 
t ransferase(s)  in m a m m a r y  tissue may account  
for  m o s t  of  the radioact ivi ty  being in the PC 
species wi th  two  unsa tu ra ted  bonds .  

I t  is diff icul t  to explain  why  more  labeled 
chol ine was i nco rpo ra t ed  c o m p a r e d  to e thanol -  
amine,  since lactat ing tissue secretes  equal  
quant i t ies  o f  b o t h  PC and PE in milk (14,15).  

Possibly the en t ry  rate of  e thano lamine  in to  the 
cells was m u c h  lower  than  tha t  o f  choline,  or 
the m a m m a r y  cells had a high endogenous  
e thano lamine  concen t r a t i on  co mp ared  to  cho-  
line and a rapid di lut ion o f  labeled e thanol -  
amine Occurred. This is being studied.  Low 
choline concen t ra t ions  enhance  the  activity of  
the enzymes  of  PC synthes is  in guinea pigs (52). 
Conceivably in lac ta t ing  m a m m a r y  tissue, cho- 
line is a l imit ing metabo l i t e  and hence  used 
avidly when available, because the  associated 
enzymes  are very active. Choline kinase is moe  
active than  e thano lamine  kinase in bovine 
m a m m a r y  tissue ( In fan te  and Kinsella, unpub-  
fished, 1972). E n h a n c e d  PC synthesis  is associ- 
a ted wi th  intracel lular  m e m b r a n e  pro l i fe ra t ion  
evoked by drugs and h o r m o n e s  (53-56),  and 
possibly,  in the  actively secre t ing m a m m a r y  
cell, leci thin-r ich intracel lular  membranes  are 

TABLE VIII 

Percentage Distribution of Radioactivity in Different Phosphatidylcholine Molecules 
following Incubation of Bovine Mammary Cells with 1,2-14C-Choline (Experiment V) 

Period of incubation, hr 

Molecular species 
of phosphatidylcholine Wt %a 1 3 6 12 

Saturated 10.2 0.4 0.1 --  0.1 
Monounsaturated 44.1 31.9 35.7 20.0 14.0 
Diunsaturated 27.3 48.2 51.0 50.0 48.0 
Triunsaturate d 10.4 15.0 8.6 27.0 20.0 
Tetraunsaturated 4.4 2. S 2.8 10.0 14.0 
Polyunsaturated 3.6 2.0 1.8 3.0 3.9 

aNutter and Privett (13). 
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being rapidly tumed over with concomitant  
preferential synthesis of PC, because of their 
high PC content (15,57-60). 

The bovine mammary gland at peak lacta- 
tion secretes an average of  5% of its phospho- 
lipids into milk daily. This is comparable with 
turnover rates of 3.8 and 4.8% for bovine 
mammary protein and RNA, respectively (61), 
Based on concentrations in secretory tissue 
and in milk ( 14,15,19), the phospholipid classes 
have approximate turnover times of 29, 14 
and 11 days for PC, PE and sphingomyelin, 
respectively. The apparent long turnover time 
of  tissue PC compared to PE and SPH is note- 
worthy. Whether or not there is a relationship 
between the fact that significant quantities of 
the PE and SPH secreted in milk derived from 
the plasma membrane (in contrast to the PC) 
and their respective turnover times remains to 
be determined (15,19,57). 

Milk phospholipids are secreted as phospho- 
lipoporteins surrounding the fat globule (1-20) 
and as l ipopoprotein particles in milk serum 
(1,2,8,19,62). The latter may contain up to 
30% of milk phospholipids, which are rich in 
PC (1,2,13,15,60). Conceivably the phospho- 
finds of the fat globule membrane and the 
lipoprotein particles are secreted separately, 
with the latter having a much faster turnover 
rate. Keenan et al. (57,60) alluded to such a 
mechanism, suggesting that much of the water 
soluble components of milk are secreted in 
secretory vesicles derived from the endoplasmic 
reticulum via the membranes of the Golgl 
apparatus. These components,  i.e., the lactose, 
proteins and possibly l ipoprotein particles, are 
secreted more rapidly than milk fat globues 
(5,17,57,60). The secretion of milk lipoproteins 
via the Golgi may be analogous to the secretion 
of serum lipoproteins (63). 

These speculations and the present results 
suggest that two discrete metabolic pools of PC 
may exist in the secreting mammary cell, i.e., a 
pool with a rapid turnover that is involved in 
intracellular metabolism, membrane replenish- 
ment and PC exchange reactions. PC molecules 
from this pool may behave as an interfacial 
surfactant for growing fat droplets (59) and 
may be involved in the formation of Golgi 
membranes and secretory vesicles, as suggested 
by Keenan et al. (57,60). Evidence for two 
pools of PC with different turnover rates has 
been reported in mast cells (47) and liver (44), 
and Gurr et al. (64) reported that during 
chylomicron formation in cat intestine (a proc- 
ess analogous to milk fat secretion) the rate of 
synthesis and perhaps turnover of PC is accen- 
tuated. Several workers have shown that active 
PC exchange occurs in cells between organelles 

(65-67). 
Conceivably similar reactions are occurring 

in mammary cells. Following in vivo experi- 
ments, Patton and Keenan (19) showed that 
labeling of  PC was much greater than PE. The 
PC secreted in milk lipoproteins had a l0-fold 
greater SA than those of the fat globule 
membrane and, significantly, the SA of PC in 
milk lipoproteins was six-fold greater than the 
SA of the corresponding PE. The data support 
previous in vitro studies showing that PC 
labeling exceeds that of  PE (18,19,21,22), and 
the disparities of SA between PC and PE were 
of the same magnitude as observed in the 
present experiments. 

Another pool of PC may be involved with 
replenishment of  the plasma membrane (21) 
and be secreted more slowly as a component  of 
the fat globule membrane (5,57,60). McCarthy 
(35) reported that mammary PL labeled with 
palrnitic acid showed biphasic decrease in SA, 
i.e., a rapid phase of secretion into milk and a 
more prolonged phase of secretion during 
which SA decreased slowly. Further support for 
two discrete pools was recently provided by 
Patton et al. (68) from specific activity curves 
obtained following injection of 32P into lac- 
tating goat. 
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