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ABSTRACT 

Whether e t h e r  phosphol ip ids  a r e  i n t r i n s i c  t o  ce l l  membranes o r  are 
acqu i red  concomi tan t ly  w i t h  c a p a c i t y  f o r  motion is unknown. 
c o n t e n t  was a s ses sed  i n  t h e  human monocyte-macrophage-like c e l l  l i n e  
U937 t h a t  can be  induced w i t h  d ime thy l su l fox ide  (1.3%) t o  synchronously 
d i f f e r e n t i a t e  from poor ly  m o t i l e  immature l eukocy t i c  ce l l s  t o  b r i s k l y  
m o t i l e  mature cel ls .  The phospha idy le thanolamine  (PE) c o n t e n t  of 
immature c e l l s  w a s  180 k 10 pg/lO c e l l s  f o r  U937 c e l l s .  A l k a l i n e  
hydro lys i s  of PE r e s u l t e d  i n  50% lyso-PE and 50% f r e e  f a t t y  ac id .  
Treatment of lyso-PE wi th  a c i d  and phosphol ipase  A demonstrated t h a t  PE 
is l - (O- l ' -ak lenyl ) .  2-acyl PE. 

8 p ro ton  nuc lea r  magnetic resonance ('B-NMR) spec t roscopy.  The 
phospha t idy lcho l ine  (PC) c o n t e n t  of immature c e l l s  was 235 2 5 ug/ lO 
c e l l s .  I n  c o n t r a s t  t o  PE< 100% of PC was d i a c y l  homologues. 
d i f f e r e n t i a t i o n  t o  mature  m o t i l e  cells .  t h e  plasmalogen con ten t  of PE 

Plasmalogen 

6 

This  was confirme3 by i n f r a r e d  and 

Following 
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ALVAREZ ET AL. 396 

and PE s i g n i f i c a n t l y  increased .  
m o t i l e  human p e r i p h e r a l  blood monocytes was s i m i l a r .  The inc rease  of 
plasmalogen i n  t h e  PE component and i ts  appearance i n  t h e  PC component 
of mature  mot i l e  U937 c e l l s  may i n d i c a t e  t h a t  plasmalogen c o r r e l a t e s  
w i th  t h e  a c q u i s i t i o n  of m o t i l e  func t ion .  

The c o n t e n t  of PC and PE i n  normal 

JNTRODUCTION 

Alkenyl  e t h e r  phosphol ip ids  (plasmalogens) have been desc r ibed  i n  

membranes of v i r t u a l l y  a l l  animal ce l l s  and most anaerobic  b a c t e r i a  (1- 

13) .  T i s s u e  wi th  h igh  e l e c t r i c a l  a c t i v i t y  such as ra t  and r a b b i t  b r a i n  

(6 ,  14-16),  p e r i p h e r a l  ne rve  ( 1 7 )  and myocardium ( 6 ,  18. 19) have a h igh  

a l k e n y l  e t h e r  c o n t e n t ,  as do m o t i l e  c e l l s  such as r a b b i t  p e r i t o n e a l  

polymorphonuclear l eukocy tes  (20). r a b b i t  a l v e o l a r  macrophages (21) .  

r a b b i t  sperm (15) .  and t h e  m o t i l e  s l i m e  mold Dirty- 

( 2 2 ) .  There fo re ,  a h igh  plasmalogen con ten t  seems t o  be an impor tan t  

c h a r a c t e r i s t i c  of e l e c t r i c a l l y  a c t i v e  t i s s u e s  and mobile c e l l s .  

. .  

The e t h e r  phosphol ip id  s t r u c t u r e  d i s t i n g u i s h e s  plasmalogens from 

d i a c y l  phosphol ip ids  (PL). and r e s u l t s  i n  a l t e r e d  membrane a r c h i t e c t u r e  

a t  t h e  hydroph i l i c  i n t e r f a c e  ( 2 3 ) .  Phosphol ip id  phase behavior  and c e l l  

membrane motion are dependent on phosphol ip id  f a t t y  a c i d  i n t e r f a c i a l  

r e g i o n s  (24) .  t h e  n a t u r e  of t h e  f a t t y  a c y l  cha ins  (24).  t h e  p o l a r  head 

groups (24)  and t h e  sn-1 cova len t  l inkage  (25 ) .  

f l u i d  phase c h a r a c t e r i s t i c s  of a lkeny l  e t h e r s  are unique t o  c e l l s  which 

e x h i b i t  e x c i t a t i o n - c o n t r a c t i o n  and e l e c t r i c a l  p ropagat ion  and t o  m o t i l e  

c e l l s .  plasmalogens may be involved  i n i t i a t i o n  of transmembrane ion  

movements. c o n t r a c t i l e  appa ra tus  f u n c t i o n  and r ecep to r - l i gand  

i n t e r a c t i o n s .  

Since t h e s e  a l t e r e d  
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PHOSPHOLIPIDS DURING MONOCYTE MATURATION 391 

An investigation of the plasmalogen content of the U937 human 

monocytic cell line was made to examine the role of plasmalogens in cell 

motility. When induced to differentiate terminally, these cells express 

enhanced chemotactic motility compared to their immature counterparts 

(revieved in ref. 26).  These cells were used to investigate 

plasmalogens in cell maturation that results in the capacity for motion. 

The existence and proportions of plasmalogens in the phospholipids of 

the human cells are reported here. An increase in the plasmalogen 

component of PE and the appearance of plasmalogen in PC in 

differentiated. motile. mature cells compared to their undifferentiated. 

poorly motile counterparts is described. 

MATERIALS AND METHODS 

The synthetic standards 1.2-dipalmitoyl-sn-glycerol-3- 

phosphoethanola-mine (DPPE) , 1.2-dipalmitoyl-sn-glycerol-3- 

(SP), phosphoglycerol (DPPG). cardiolipin (CL). sphinogomyelin 

phosphatidylserine (PS), phosphatidylinositol (PI). 

lysophosphatidylcholine (LPC). cholesterol (Chol). trigy cerides (TG), 

fatty acids (FA), and cholesterol esters (CE) were obtained from Avanti 

Biochemicals (Birmingham. AL) or Nu-Chek-Prep (Elysian. MN). PE from 

bovine brain (PEB) was obtained from Supelco Inc. (Bellefonte. PA). 

Glycerylphosphoethanolamine (GPE). glycerylphosphocholine (GPC) and 

phospholipase Ap from snake venom (Naja Naja) (E.C. 3.1.1.4) were 

purchased from Sigma Chemical Co. ( S t .  Louis. MO). 

was obtained from Accra-Lab Inc. (Bridgeport. NJ). 

The Schiff reagent 
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398 ALVAREZ ET AL. 

Standard  s o l u t i o n s  were prepared  a t  c o n c e n t r a t i o n s  between 0.5 and 

2 mg/ml i n  chloroform/methanol (1 : l .  v/v).  

So lven t s  were EM Science  chromatographic grade.  Pre-coated LK5 

( S i l i c a )  p l a t e s  (250 Irm t h i c k )  w i th  preabsorbent  zone of 500 um 

t h i c k n e s s  were ob ta ined  from Whatman Inc .  (C l i f ton .  NJ). Inorganic  

s a l t s  were from J.T. Baker ( P h i l l i p s b u r g .  NJ) and of t h e  h i g h e s t  p u r i t y  

a v a i l a b l e .  Ficoll-Hypaque was obta ined  from Pharmacia (Piscataway, NJ). 

and phosphate bu f fe red  s a l i n e .  RPMI and Dulbecco's modified Eagles '  

media, glutamine. f e t a l  c a l f  serum. t rypan  b l u e ,  p e n i c i l l i n  and 

s t r ep tomyc in  were ob ta ined  from G I B C O  (Grand I s l a n d ,  NY). Nonspec i f ic  

e s t e r a s e  was obta ined  from Sigma Chemical Co. (S t .  Louis.  MO). 

PreDaration of U937 C e b  

Cel ls  were obta ined  from D r s .  Giorgio  T r i n c h i e r i  and Bruce 

F reund l i ch  of t h e  Wis ta r  I n s t i t u t e  and Un ive r s i ty  of Pennsylvania.  They 

were main ta ined  i n  RPMI 1640 supplemented wi th  10% h e a t  i n a c t i v a t e d  

f e t a l  c a l f  serum (FCS). minimal e s s e n t i a l  amino ac ids .  g lu tamine  (4 mM), 

p e n i c i l l i n  (100 U/ml) and s t rep tomycin  ( lOOug/ml)  (Grand I s l a n d  

B io log ica l  Co.. Grand I s l a n d ,  NY) a t  37OC i n  a 5% C02/95% a i r  incubator .  

and used  when i n  t h e  log  phase of growth. Cells were induced t o  

d i f f e r e n t i a t e  w i th  1.3% (v/v) d ime thy l su l fox ide  (DMS) (27) .  and 

d i f f e r e n t i a t i o n  was monitored by nonspec i f i c  e s t e r a s e  s t a i n i n g ,  growth 

i n h i b i t i o n  and an t ibody dependent c e l l u l a r  c y t o t o x i c i t y  as desc r ibed  by 

t h i s  l a b o r a t o r y  (28. 29).  
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PHOSPHOLIPIDS DURING MONOCYTE MATURATION 

P e r i p h e r a l  blood monocytes were o b t a i n e  from normal 

399 

man 

v o l u n t e e r s  u s i n g  s t anda rd  Ficoll-Hypaque c e n t r i f u g a t i o n  techniques  

fo l lowed by e l u t i o n  from p l a s t i c  f l a s k s  coa ted  wi th  g e l a t i n  and serum 

(28) .  Cells  were pooled. c e n t r i f u g e d ,  and resuspended i n  phosphate 

bu f fe red  s a l i n e  (PBS) f o r  immediate a n a l y s i s .  95% were u s u a l l y  p o s i t i v e  

for n o n s p e c i f i c  e s t e r a s e .  Cel l  v i a b i l i t y  as determined by t rypan  b l u e  

e x c l u s i o n  was g r e a t e r  than  95%. 

. .  Thin  L-v of Phos- 

Whatman LK5 s i l i c a  gel p l a t e s  ( 2 0  x 20 cm; 25011 m t h i c k  wi th  

preadsorbent  zone) were washed by cont inuous  development overn ight  i n  

c h l o r o f o r d m e t h a n o l  (1 : l .  v /v) .  Those p l a t e s  used f o r  i n  s i t u  chemical 

and enzymatic hydro lys i s  experiments were scored  on a Schoe f fe l  s c o r i n g  

dev ice  t 9  g ive  1 cm l anes  p r i o r  t o  t h e  washing procedure.  

Samples of c e l l  suspens ions  were app l i ed  d i r e c t l y  t o  t h e  

preadsorbent  zone i n  125 p 1  a l i q u o t s .  Four p l a t e s  were used i n  each  

de te rmina t ion .  Syn the t i c  o r  p u r i f i e d  PL s t anda rds  were 

cochromatographed f o r  r e fe rence .  The p l a t e s  were d r i e d  under a s t r eam 

of w a r m  a i r  f o r  10 min. t h e n  predeveloped 3 times i n  c h l o r o f o r d m e t h a n o l  

(1 : l  v /v)  t o  t h e  i n t e r f a c e  of t h e  preadsorbent  zone. Between each  

predevelopment t h e  l a y e r s  were a i r  d r i e d  t o  evapora t e  t h e  so lven t .  Th i s  

procedure e x t r a c t s  PL from t h e  sample and d e p o s i t s  it on t h e  s t a r t i n g  

p o i n t  (31 ) .  
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400 ALVAREZ ET AL. 

The mobi le  phase  was chloroform/ethanol/triethylamine/water 

(30:34:30:8, v /v /v /v)  (32) .  Development proceeded t o  2 cm from t h e  t o p  

of t h e  p l a t e  ( a p p r o x i m a t e l y  1.5 h r ) .  

zones  c o n t a i n i n g  t h e  s t a n d a r d s  were c u t  a p a r t  and d r i e d  i n  an oven a t  

17OoC f o r  2 min. 

B3P04. 

a c e t o n e .  

t e m p e r a t u r e .  h e a t e d  i n  an oven a t  100°C. and f i n a l l y  p l a c e d  i n  a n  oven  

a t  17OoC f o r  10 min ( 3 1 ) .  

d i r e c t l y  i n  an oven a t  l l O ° C  f o r  5 min. 

Tbe p l a t e s  were t h e n  d r i e d  and  

One s t r i p  was sprayed  w i t h  a 10% s o l u t i o n  of CuS04 i n  

Th o t h e r  was sprayed  w i t h  a 0.2% s o l u t i o n  of n i n h y d r i n  i n  

The CuS04-sprayed p l a t e s  were d r i e d  f o r  5 min a t  room 

P l a t e s  sprayed  w i t h  n i n h y d r i n  were p l a c e d  

A Kontes F i b e r  O p t i c  Scanner  (Model 800) u s i n g  a 440 nm f i l t e r  w a s  

used  f o r  scanning  i n  t h e  d o u b l e  beam mode u s i n g  t r a n s m i s s i o n .  A 

Eewle t t -Packard  3390A i n t e g r a t o r  provided  i n t e g r a t i o n .  DPPE. DPPC. LPE. 

LPC. PEB. LPEB. GPE and p a l m i t i c  a c i d  were used  t o  o b t a i n  s t a n d a r d  

c u r v e s .  Amounts of PL between 0.5 -2.Oug gave l i n e a r  s t a n d a r d  c u r v e s ,  

so procedures  were a d j u s t e d  so t h a t  t h e  amounts a p p l i e d  t o  t h e  p l a t e s  

were i n  t h i s  range .  The unknowns were i n t e r p o l a t e d  d i r e c t l y  form t h e  

s t a n d a r d  c u r v e s  f o r  q u a n t i t a t i o n .  

of Phos- U937 

Phosphatidylethanolamine and p h o s p h a t i d y l c h o l i n e  from U937 c e l l s  

(PE-U937 and PC-U937) were i s o l a t e d  d i r e c t l y  f rom t h e  p l a t e s  by s c r a p i n g  

o f f  t h e  s p o t s  l o c a t e d  by CuSO4 and n i n h y d r i n  s t a i n i n g  ( 1 5 ) .  

from t h e  s i l i ca  g e l  was f a c i l i t a t e d  by a d d i n g  a few d r o p s  of water .  

fo l lowed by 3 m l  of ch loroform/methanol .  

V o r t e x  mixer ,  t h e n  c e n t r i f u g e d  a t  600X g f o r  5 min t o  remove s i l i ca .  

PL release 

The s u s p e n s i o n  was shaken  i n  a 
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PHOSPHOLIPIDS DURING MONOCYTE MATURATION 40 1 

This  was repea ted .  The chloroform/methanol e x t r a c t  was f i l t e r e d  through 

a M i l l i p o r e  0.45 pm membrane t o  remove r e s i d u a l  s i l i c a  and evapora ted  

under n i t r o g e n  u n t i l  t h e  s o l v e n t  was comple te ly  removed. Recovery was 

90%. Samples then  were sub jec t ed  t o  'E-NHR and i n f r a r e d  a n a l y s i s .  

I n f r a r e d  spec t romet ry  was performed by apply ing  t h e  l i p i d  sample i n  

ch loroform a s  a f i l m  a c r o s s  t h e  window a r e a  of a 100 mg KBr p e l l e t  and 

a l lowing  t h e  s o l v e n t  t o  evapora te .  The p e l l e t  was placed i n  a micro 

ho lde r  and scanned wi th  a Pe rk in  Elmer 421 i n f r a r e d  spec t rometer .  

I n t e r p r e t a t i o n s  of t h e  s p e c t r a  were based on t h e  obse rva t ions  of Lammers 

e t  a l .  (33)  and Meakings (34 ) .  and ind iv idua l  c h a r a c t e r i s t i c s  of 

f u n c t i o n a l  groups were ass igned  a s  desc r ibed  (35-37).  

'H-NMR a n a l y s i s  was c a r r i e d  out  i n  a Brucker WH-360 spec t rometer .  

A l l  samples wre d i s so lved  i n  CDC13. 

downfield form t h e  i n t e r n a l  t e t r a m e t h y l s i l a n e  (TMS) s t anda rd  and are 

a c c u r a t e  t o  w i t h i n  0.005 ppm. 

'H-NMR i n t e r p r e t a t i o n s  a r e  based on t h e  obse rva t ions  of Lammers e t  a l .  

(33)  and Hauser e t  a l .  (38) .  

Chemical s h i f t s  are quoted i n  ppm 

The spec t romete r  was opera ted  a t  360 MHz. 

v Acid Hv 

Phosphol ip ids  were sub jec t ed  t o  mild a c i d  hydro lys i s  t o  g i v e  t h e  

cor responding  g l y c e r o l  and aldehyde. Th i s  provides  s r a p i d  method f o r  

plasmalogen i d e n t i f i c a t i o n  (15. 38) .  The r e a c t i o n  was c a r r i e d  ou t  i n  

s i t u  by  s t r e a k i n g  t h e  sample on t h e  preadsorbent  zone of scored  K5 

p l a t e s  followed by 2 5 ~ 1  of a mix tu re  of 2% t r i c h l o r a c e t i c  a c i d  and 8% 

hydroch lo r i c  a c i d  (TCA/HCl) 1:l. v/v) and kep t  a t  ambient c o n d i t i o n s  f o r  
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402 ALVAREZ ET AL. 

10 min. 

chromatogram were c a r r i e d  ou t  as desc r ibed  above. 

t h e  p l a t e s  v e r e  d r i e d  and one s t r i p  was c u t  from each  edge of t h e  p l a t e  

i n  such a way t h a t  2 l anes  would be  on each s t r i p .  

4 d r i e d  i n  an oven a t  17OoC f o r  2 min. 

and t h e  o t h e r  v i t h  n inhydr in  r eagen t ,  a s  desc r ibed .  The s o l v e n t  f r o n t  

a r e a  was sprayed wi th  a s o l u t i o n  of Sch i f f  r eagen t  ( 4 0 )  f o r  aldehyde 

i d e n t i f i c a t i o n .  

CuS04-sprayed p l a t e .  

i n d i v i d u a l l y  from t h e  remaining uns t a ined  p l a t e  and sub jec t ed  t o  e i t h e r  

a second a c i d  a l k a l i n e  o r  enzymatic hydro lys i s .  

was used f o r  p u r i f i e d  PE-brain as a c o n t r o l .  

Then 2 predevelopments and t h e  f i n a l  development of t h e  

A f t e r  development, 

These s t r i p s  vere 

One s t r i p  w a s  sprayed wi th  CuSO 

Q u a n t i t a t i o n  of t h e  aldehyde was done on ly  on t h e  

The p roduc t s  of hydro lys i s  t h e n  w e r e  sc raped  

The i d e n t i c a l  p rocedure  

Phosphol ip ids  vere sub jec t ed  t o  mi ld  a l k a l i n e  hydro lys i s  t o  which 

t h e  a c y l  groups a r e  s e l e c t i v e l y  s e n s i t i v e .  Products  are t h e  

cor responding  g l y c e r o l  and f a t t y  ac id  d e r i v a t i v e s .  Alkyl e t h e r  and 

a lkeny l  e t h e r  groups are n o t  a f f e c t e d  by t h i s  t rea tment  (15.  39).  The 

r e a c t i o n  w a s  c a r r i e d  out  

suspens ion  on t h e  preadsorbent  zone of t h e  l aye r .  Then 25 111 a l i q u o t 6  

of a mix tu re  of methanol and 2.4 N sodium hydroxide ( 2 : l ) .  with  f i n a l  

c o n c e n t r a t i o n  0.8 N. vere app l i ed  over t h e  areas of sample. F ive  m l  of 

a methanol-water mix tu re  ( 1 : 2 )  were placed i n  s t anda rd  s i z e  t anks  and 

e q u i l i b r a t e d  i n  an incubator  a t  37OC t o  s a t u r a t e  t h e  tank v i t h  methanol- 

vater vapor.  Immediately a f t e r  a d d i t i o n  of t h e  25lJ1 of t h e  

NaOB/methanol mix tu re  t o  t h e  sample, t h e  p l a t e s  were p laced  i n  t h e  

p r e s a t u r a t e d  t anks  and incubated  f o r  20 min. A f t e r  i ncuba t ion ,  p l a t e s  

v e r e  predeveloped i n  chloroform-methanol (1:1) fo l loved  by d e v e l o p e n t .  

by s t r e a k i n g  10-20 , u l  of t h e  c e l l  
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PHOSPHOLIPIDS DURING MONOCYTE MATURATION 403 

Enzymatic hydro lys i s  were performed d i r e c t l y  on t h e  s i l i c a  p l a t e  i n  

e x a c t l y  t h e  same manner a s  for  a c i d  o r  a l k a l i n e  hydro lys is .  A f t e r  

s e p a r a t i o n  of t h e  P1 i n  t h e  8 l anes .  2 5 ~ 1  of phospholipase A2 s o l u t i o n  

(5 mg/ml) i n  PBS wi th  2 . 5  mM CaCl (40) was added t o  each l a n e  and kep t  

a t  room t empera tu re  f o r  10  min. The r e a c t i o n  mix tu re  c o n t a i n i n g  

remained a t  pH of 7.4 ? 0.2. as t e s t e d  i n  c o n t r o l  l anes ,  throughout t h e  

r e a c t i o n  per iod .  The p l a t e s  were d r i e d ,  t r e a t e d  t o  deve lop  t h e  

chromatogram. and s t a i n e d  wi th  CuS04 and n inhydr in .  

2 

2 

PL phosphorus was determined a s  desc r ibed  (41) .  

S t u d e n t ' s  t - tes t  f o r  p a i r s  was used. 

The phosphol ip id  p r o f i l e  i n  t h e  monocyte u n d i f f e r e n t i a t e d  ce l l  

l i n e s  I1937 are s h w n  i n  F igu re  1 and Table  1. 

t h e  PL i n  U937 (PC-11937). PC-U937 appears  t o  be t h e  d i a c y l  form. s i n c e  

t r ea tmen t  wi th  t h e  NaOH r eagen t ,  which is s e l e c t i v e  f o r  a c y l  mo ie t i e s .  

r e s u l t e d  i n  complete hydro lys i s  t o  GPC and FA (100%). Treatment of PC- 

U937 wi th  t h e  TCL/HCl r eagen t  d id  no t  a f f e c t  PC (F igure  2) .  i n d i c a t i n g  

t h e  absence of a l k e n y l  e t h e r  moie t i e s .  These r e s u l t s  i n d i c a t e  t h a t  PC- 

U937 c o n t a i n s  on ly  d i a c y l  homologues. When sub jec t ed  t o  a l k a l i n e  

PC accounted f o r  39% of 
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-1: Densitmetric scans from thin layer chromatography (TLC) 

plates on which phospholipids from immature monocytic U937 

cells were separated. and stained with CuS04. 

chromatogram shows the phospholipid profile obtained with 

immature monocytic U937 cells. 

the labelled bands to the right of the front (SF) are: 

fatty acid; CL. cardiolipin: 

PI. phosphatidylinositol; PS. phosphatidylserine; PC. 

phosphatidycholine; SP spbingomyelin. The lower 

chromatogram shows the phospholipid profile obtained after 

treatment with O.8N methanolic NaOH. 

The upper 

The components identified by 

FA, 

PE, phosphatidylethanolamine; 
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PCM 

-2: Densi tomet r ic  s c a n s  of TLC p l a t e s  with i s o l a t e d  immature 

monocytic U937 phospha t idy lcho l ine  (PCM) p r i o r  t o  and a f t e r  

t r ea tmen t  w i th  t h e  TCA/HCl r eagen t .  The p r o f i l e  of 

u n t r e a t e d  PCM is  shown in  t h e  upper pane l ,  a f t e r  CuS04 

s t a i n i n g ;  t h a t  of PCM t r e a t e d  w i t h  t h e  TCA/ACl r eagen t  and 

d e t e c t e d  wi th  t h e  S c h i f f  r e a g e n t  is shown i n  t h e  lower 

pane l .  PCM = phospha t idy lcho l ine  remaining a f t e r  mi ld  a c i d  

h y d r o l y s i s  of PCM; LPCH = lysophosphatidylcholine. A = 

aldehyde. 

TABLE 1, PliOSP HOLIPIDS I N  no NOCYTES 

PC 135 2 5 

PE 180 2 1 

SP 85  2 5 

P I  44 2 3 

PS 19 2 1.7 

CL 18 2 3 

9.5 2 1 

7.3 2 0.8 

3.4 2 0.5 

1.8 2 0.1 

0.8 2 0.08 

0.7 L 0.05 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
4
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



406 ALVAREZ ET AL. 

hydro lys i s .  PE-11937 y ie lded  LPE (50%) and FA ( 5 0 % ) .  i n d i c a t i n g  t h a t  a l l  

PE-U937 molecules conta ined  1 a c y l  moiety.  

w i th  t h e  TCL/HCl  r eagen t  r e s u l t e d  i n  GPE and f r e e  aldehyde (F igu re  3 ) .  

These r e s u l t s  i n d i c a t e  t h e  presence  of a c y l  (50%) and a lkenyl  e t h e r  

( 5 0 % )  moie t i e s  i n  PE-U937. and t h e  absence of a l k y l  e t h e r  moie t i e s .  

Treatment of PE-U937 wi th  PLAz r e s u l t e d  i n  complete hydro lys i s  t o  LPE 

(50%) and FA (50%) i n d i c a t i n g  t h e  presence  of a a c y l  moiety.  presumably 

a t  t h e  2 p o s i t i o n  by d e f i n i t i o n .  A q u a l i f i c a t i o n  t o  t h i s  conc lus ion  is 

t h a t  commercial PLA2 may be  contaminated wi th  lysophosphol ipase  ( 4 2 ) .  

These r e s u l t s  i n d i c a t e  t h a t  PE-U937 is  l - (O- l ' - a lkeny l ) .  2-acyl PE. 

F u r t h e r  t rea tment  of LPE 

Fur the r  suppor t  f o r  t h e s e  ass ignments  f o r  P-U937 and PE-U937 was 

shown i n  t h e  'H-NMR and i n f r a r e d  spec t roscopy.  

and PE-U937 are  summarized i n  Table  2. 

t o  t h e  ester group and t h e  v i n y l  pro tons  ad jacen t  t o  t h e  e t h e r  oxygen 

were p re sen t  i n  PE-U937. on ly  t h e  former were found i n  PC-U937. The 

presence  of bo th  a c y l  and a l k e n y l  e t h e r  moie t i e s  i n  PE-U937. b u t  on ly  

a c y l  mo ie t i e s  i n  PC-U937 is ind ica t ed .  

'H-NMR d a t a  f o r  PC-U937 

While t h e  CH2 p ro tons  ad jacen t  

The i n f r a r e d  s p e c t r a  of PC-U937 and PE-U937 are shown i n  F i g .  4. 

The spectrum of PC-U937 showed a s t r o n g  C=O abso rp t ion  band a t  1720 

cm 

moderate P-0-C abso rp t ion  a t  1040 cm-l. 

when compared t o  PC-U937: 

and t h e  presence  of t h e  CH=CH-0 abso rp t ion  band a t  815 c m  which was 

absen t  i n  PC-U937 (Table  3) .  Th i s  provides  a d d i t i o n a l  evidence f o r  t h e  

c h a r a c t e r i z a t i o n  of PC-U937 as 1.2 d i a c y l  PC and PE-U937 as 1-(0-1'-  

a lkeny l ) .  2 -acyl  PE. 

-1 -1 , modera te ly  s t r o n g  C - 0  s t r e t c h i n g  v i b r a t i o n  a t  1195 cm and 

PE-11937 showed two d i f f e r e n c e s  

t h e  C=O abso rp t ion  band was weak t o  moderate 

-1 

DMSO d i f f e r e n t i a t e d  c e l l s  were examined (26) t o  
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PHOSPHOLIPIDS DURING MONOCYTE MATURATION 407 

PEM 

LPEM 

SF 

Flpure: Densi tomet r ic  s cans  of TLC p l a t e s  w i th  immature monocytic 

U937 phosphatidylethanolamine (PEN) p r i o r  t o  and a f t e r  

t r e a t r e n t  w i th  t h e  TCA/BCl r eagen t .  and d e t e c t i o n  wi th  CuS04 

s t a i n i n g ;  t h a t  of PEM t r e a t e d  wi th  t h e  TCA/RCl reagent  and 

s t a i n e d  wi th  n inhydr in  is shown i n  t h e  lower pane l .  LPEM = 

lysophosphatidylethanolamine; GPEM = glycery lphosphoethanol -  

amine. 

de te rmine  i f  c e l l u l a r  d i f f e r e n t i a t i o n  and c a p a c i t y  f o r  motion c o r r e l a t e d  

wi th  changes i n  PL and plasmalogen concen t r a t ion .  

plasmalogen c o n t e n t s  of u n d i f f e r e n t i a t e d  (immature) and DMSO s t imu la t ed  

(mature.  t e r m i n a l l y  d i f f e r e n t i a t e d )  U937 c e l l s  are compared i n  Table  4. 

Although t o t a l  PE and PC c o n t e n t  w a s  n o t  a l t e r e d  when c e l l s  were 

d i f f e r e n t i a t e d  w i t h  DIISO. t h e  more mature ce l l s  e x h i b i t e d  changes i n  PE 

and PC plasmalogen. 

pg/lO c e l l s ;  10  2 3 pg/10 c e l l s  of PC plasmalogen was found i n  mature  

c e l l s .  Inc reased  product ion  of plasmalogen or r e d i s t r i b u t i o n  of t h i s  

e t h e r  l i p i d  is a s s o c i a t e d  wi th  d i f f e r e n t i a t i o n  of t h i s  p a r t i c u l a r  c e l l  

The PE. PC and 

PE plasmalogen inc reased  from 90 2 5 t o  142 2 1 2  

8 8 
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ALVAREZ ET AL. 408 

u. ?-E SPE CTRA OF PC-U937 AND 
PE-U937 WI TH ASSIGNMENTS TO FUNCTIONAL G ROUPS OF TH E 
PHOSPHOLIPIDS 

I 0.88 1.28 N.D. 1.60 2.5 N.D. N.D. 

I1 0.88 1.28 2.01 1.60 2 . 5  5.36 5.9 

a: Positions of methylene and methine groups on acyl and alkenylether 
chains are defined as: 

-0-C-aCH -BCH -(CH )n-CH3 -O-CH=CH-CH2-(CH2)n-CB3 2 2 2  

1 2 3  

methyl group is terminal methyl of chain. 

b: I. Phosphatidylcholine from U937 (PC-Ll937). 

11. Phosphatidylethanolamine from U937 (PE-U937). 

c: Not detectable. 

TABLE. O T I  B D  I F  
OF PC-U937 and PE-U931 

b I 1720 1450 1625 1200 1030 N.D. 

I1 1720 1450 1625 1200 1030 810 

a: I. Phosphatidylcholine from U937 (PC-U937). 

11. Phosphatidylethanolamine from U937 (PE-U937). 

b: Not detectable. 
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1 

4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 BOO 

Figure  4: Comparison of  t h e  infrared spectra  of PEM (I) and PEB (11). 

Wave numbers of maximum absorbance g iv ing  absorbance bands 

corresponding to  t h e  funct ional  groups i n  both PE 

preparations a r e  l i s ted  i n  Table 3 .  

I .  Phosphatidylethanolamine from cul tured immature 

monocytic U937 (Pm)  c e l l s .  

11. Phosphatidylethanolamine from bovine brain (PEB). 
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TABLE 4. PIASHALOGE N CONTENT OF U937 -* 

Total** - - € l l w R u w  

Immature 180 2 10 90 2 5 235 2 5 N.D. 

** 
Mature 180 & 11 142 2 12** 234 2 4 10 2 3 

8 * 
Expressed as con ten t  i n  Ug/lO c e l l s  2 S.D., n = 5. 

** 
PL phosphol ip id  

*** 
p < 0.05 

N.D. = n o t  d e t e c t a b l e .  

l i n e  t o  t e r m i n a l l y  d i f f e r e n t i a t e d  mature monocyte-macrophage-like c e l l s .  

The d i f f e r e n t i a t e d  c e l l s  a l s o  a c q u i r e  t h e  capac i ty  t o  move a long  a 

chemotac t ic  g r a d i e n t  (26).  The inc rease  i n  plasmalogen i n  t h e  PE 

component and t h e  appearance of plasmalogen in  t h e  PC component of t h e  

mature m o t i l e  c e l l s  p rovides  ev idence  t h a t  plasmalogen inco rpora t ion  i n  

t h e  PL of t h e  membrane c o r r e l a t e d  wi th  t h e  a c q u i s i t i o n  of m o t i l e  

func t ion.  

These obse rva t ions  w i t h  the monocytic c e l l  l i ne  were compared to 

t h e  plasmalogen con ten t  of normal human monocytes. Normal f r e s h  

p e r i p h e r a l  blood monocytes c o n t a i n  PE t h a t  i s  100% plasmalogen and a PC 

component t h a t  is approximate ly  15% plasmalogen. I n  comparison r a b b i t  

a l v e o l a r  macrophage PC c o n t a i n s  5.6 2 1.2% plasmalogen. PE c o n t a i n s  61.2 
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f 4.2% (21) .  Rabbi t  p e r i t o n e a l  polymorphonuclear leukocytes  e l i c i t e d  

wi th  Type I1 s h e l l f i s h  glycogen c o n t a i n  sma l l  amounts of a lkeny l  groups  

i n  PC and 63.4 2 2.5% i n  PE (20) .  Thus. t h e s e  t h r e e  types  of m o t i l e  

leukocytes  from normal h o s t s  a l l  c o n t a i n  s i g n i f i c a n t  q u a n t i t i e s  of PE a s  

plasmalogen and smaller amounts of PC as plasmalogen t h a t  c o r r e l a t e d  

wi th  enhanced format ion  of plasmalogen i n  U937 c e l l s  du r ing  

d i f f e r e n t i a t i o n .  Th i s  c e l l  l i n e  may be of va lue  i n  i n v e s t i g a t i n g  

f u r t h e r  t h e  r o l e  of plasmalogens i n  c e l l u l a r  d i f f e r e n t i a t i o n  and 

mo t i 1 i t  y . 
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