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rinse away  mucus  in the  ep id idymal  lumen.  The speci- 
mens were pos t f ixed in osmium te t rox ide  for 2 h, de- 
hydra t ed  in an ascending acetone series and dr ied by  the  
cri t ical  po in t  me thod  using carbon dioxide. They  were 
then  coated wi th  gold by  ion sput te r  coat ing me thod  and 
viewed in a Hi t ach i  field emission scanning electron 
microscope (HFS-2).  The remaining  half of the  specimens 
was f rac tured  by  frozen resin cracking m e t h o d  prior  to the  
cri t ical  drying.  
Results and discussion. In  the  ep id idymal  ducts  of the  
vasec tomized animals,  there  are f ragmented  or disinte- 
gra ted  spermatozoa  in a high concentra t ion.  The  macro-  
phages are present  here and  there  among  these disinte- 
gra ted  spermatozoa.  Tile macrophages  v a r y  in shape 
f rom spherical  to f la t tend,  p robab ly  depending  upon 
funct ional  stage, and possess short  r idge-like microvi l l i  
loosely d is t r ibuted on thei r  surface to which the  frag- 
men ted  por t ions  of d is in tegra ted  spermatozoa  adhere 
(figure 1). The f ractured surfaces of the  specimens reveal  
var ious  stages of spermiophagy  by  the macrophage.  Ma- 

crophage seen in figure 2 is re la t ive ly  i rregular  in shape 
and engulfes in bulk  such f ragments  of d is in tegra ted  sper- 
ma tozoa  as head  and ta i l  by  flap-l ike cy toplasmic  ex-  
tensions. F i g u r e 3  shows a surface of another  macrophage  
f rac tured  th rough  the  nucleus. This  macrophage  is more 
spherical  t han  t h a t  in figure 2 and has no p rominen t  cyto-  
plasmic process. I t s  cy top lasm contains  a number  of fusi- 
form inclusions suggest ive of ingested sperm heads  in 
addi t ion  to m a n y  spherical  bodies p resumably  correspond- 
ing to lysosomes or residual  bodies. The macrophage  
shown in figure 3 m a y  be in more advanced  stage of phago-  
cytosis  t han  t h a t  in figure 2. There  is no morphologica l  
ev idence  for up t ake  of spermatozoa  by  epi thel ial  ceils in 
any  region of the  ep id idymal  duct.  The  results indicate  
t h a t  disposal  of d is in tegrated spermatozoa  in the  epididy-  
mal  duc t  of the  vasec tomized  Japanese  monkey  m a y  be 
managed  mainly,  a l though  no t  only, by  macrophages  ap- 
peared in the  lumen  as t he  resul ts  of t he  repor ts  on this 
p rob lem so far. The  origin of the  macrophage  remains  still 
obscure 1, 2, ,. 
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Summary. In tegra l  and per ipheral  protein fract ions from h u m a n  red cell membranes  were recombined  With a to ta l  red 
cell l ipid ex t rac t  and wi th  homologous lipids in va ry ing  mixtures ,  by  dialysis f rom 2-chlorethanol  solutions. The  2 
prote in  fract ions were compared  for lipid binding capac i ty  and for se lec t iv i ty  towards  individual  lipids. 

Red blood cell membrane  proteins  and lipids can be 
dissociated and recombined,  in a va r i e ty  of exper imenta l  
conditions,  to form membrane- l ike  s t ructures  which lack 
enzymat ic  act ivi t ies  1-5. Membranes  which are formed by  
dialysing 2-chlorethanol  (2-CE) solutions of membrane  
proteins  and lipids against  neut ra l  aqueous  buffer, possess 
bu t  few in t r amembrana l  part icles  6. I t  has been shown, 
however ,  t h a t  t i le membrane  protein s t ructure  is pre- 
served sufficiently to re ta in  l ipid-binding specificity ~. 
The  membrane  proteins  h a v e  been classified as in tegra l  
and per ipheral  s' 9. Whi le  the  per ipheral  proteins  in te rac t  
weakly  wi th  lipids, the  in tegra l  proteins exhibi t  s t rong 
hydrophobic  in teract ions  wi th  the  lipid bi layer  w h o m  they  
pene t ra te  s-11. I n  this  repor t  we present  a compara t ive  
s tudy  on the  l ipid-binding capac i ty  and select ivi ty  for 
lipid of the  integral  and per ipheral  prote in  fract ions f rom 
human  red cell membranes .  We  compared,  for each pro- 
te in fract ion,  the  binding of charged and uncharged 
phospholipids and of neut ra l  lipid, bo th  f rom a to ta l  red 
cell l ipid ex t r ac t  and f rom vary ing  mixtures .  
Materials and methods. Ghosts were prepared  f rom human  
blood stored in ac id-c i t ra te-dextrose  for 22-23 days  ac- 
cording to the  me thod  of Fa i rbanks  et al. 12, the  5 mM 
sodium phospha te  buffer  (pH 8) being supplemented  wi th  
t rasy lo l  (19 k l U / m l ) .  Per iphera l  proteins  were obta ined  
by  successively ex t rac t ing  the  ghosts wi th  1 mM E D T A  12 
and H~O at  p H  1113. The  proteins  in the  combined  ex- 
t rac ts  were  prec ip i ta ted  wi th  a m m o n i u m  sulphate  a t  50% 
satura t ion,  freed f rom a m m o n i u m  sulfate by  dialysis, 
lyophil ized and  s tored as d ry  powder  a t  4~ The  per iph-  
eral proteins  conta ined 0.0197 [zmoles N-ace ty lneuramin ic  
acid per  mg  protein.  Acry lamide  gel electrophoresis  

showed the  predominance  of prote in  bands  t ,  I I  and V 
(figure). 
The  integral  pro te in  fract ion was prepared  f rom the 
residual ghost  f ragments  by  ex t rac t ion  wi th  8 M urea-1 
mM E D T A  (pH 8) - 1% fl-mercaptoethano118. Fol lowing 
dialysis, the  pel let  was del ipidated x3. In tegra l  proteins  
were s tored as a d ry  powder  a t  4~ This f ract ion con- 
ta ined  0.1222 [xmoles N-ace ty lneuramin ic  acid per  mg 
protein,  and residual phosphat idylser ine.  Acrylamide  gel 
electrophoresis  shows the  p redominance  of band  I I I  in 
this f ract ion (figure). 
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Lip id s  were  e x t r a c t e d  f r o m  h u m a n  red  ceil m e m b r a n e s  
w i t h  c h l o r o f o r m - m e t h a n o l  r4 a n d  t h e  e x t r a c t  w a s h e d  w i t h  
0.5 8 % NaCI so lu t i on  ~6. F r a c t i o n a t i o n  of t h e  t o t a l  l ipid w a s  
p e r f o r m e d  on  a l u m i n a  (A1203) columns16.  E l u t i o n  of t he  
c o l u m n  w i t h  o rgan i c  s o l v e n t s  of i nc r ea s ing  p o l a r i t y  y ie lded  
t h e  cho les t e ro l  f r ac t ion ,  t h e  p h o s p h a t i d y l c h o l i n e  (PC)- 
s p h i n g o m y e l i n  (SM) f r a c t i o n  a n d  t h e  p h o s p h a t i d y l e t h a -  
n o l a m i n e  (PE)  f rac t ion .  P h o s p h a t i d y l s e r i n e  (PS) w a s  pre-  
p a r e d  f r o m  calf  b r a i n  rT, is. All  c o l u m n s  were  m o n i t o r e d  
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Table 1. Relative amounts of protein and lipid in recombinates from integral and peripheral red cell membrane proteins 

Reeombinates 
Lipids ~ixture in 2-CE Integral proteins Peripheral proteins 

PI/Pr PI/Pr Chol/Pr Chol/P1 P1/Pr Chol/Pr Chol/Pi 
w/w w/w w/w w/w w/w w/w w/w 

Total lipid extract* 1 0.78 -t- 0.22(7) 0.35 :~ 0.1(7) 0.45 i 0.1(7) 0.93 • 0.1(8) 0.47 -4- 0.1(8) 0.52 :J_ 0.17(8) 

2.5 1.39 0.48 0.34 1.37 0.67 0.49 
2.5 1.53 0.42 0.27 1.46 0.90 0.62 

PC-SM-Chol.* 1 1.13 • 0.09(6) 0.31 ! 0.1(6) 0.28 4- 0.04(6) 0.7.6 t 0.06(6) 0.26 • 0.04(6) 0.34 =~ 0.04(6) 

PE-Chot.* 1 1.09 • 0.1(4) 0.30 • 0.13(4) 0.28 4- 0.13(4) 0.87 ~ 0.04(5) 0.27 ~ 0.12(5) 0.33 :t= 0.18(5) 
5 1.78 0.20 0.11 - - - 

1 0  - - 1.22 0.16 0.13 

PS-Chol.** 1 1.61 ~_ 0.05(4) 0.87 ~ 0.17(4) 0,54 ::~ 0.11(4) i.28 ! 0.1(4) 0.66 -4- 0.06(5) 0.53 4- 0.04(4) 
5 4.62 1.88 8.41 3.64 1.40 0.39 
7 - - - 5.08 2.53 0.50 

For the standard phospholipid/protein ratio = 1, results are given as means 4- SD for the number of experiments indicated in parenthesis. 
Significance of differences is given in the text. * In recombination with this lipid mixtures an upper layer of free lipid was separated following 
centrifugation in a sucrose gradient. ** No free lipid was separated following sucrose gradient centrifugation, except in the experiments with 
peripheral proteins in ratios 5 and 7. Abbreviations: PI, Phospholipid; Pr, protein; Chol., cholesterol; PC, phosphatidyleholine; SM, sphingo- 
myelin; PE, pbosphatidylethanolamine; PS, phosphatidylserine. 

Table 2. Recombination of integral and peripheral proteins with red cell lipid extracts. Phospholipid distribution 

Phospholipid (%) Ratio 
Protein P1/Pr in PE PI* LPE* PA PS** PC SM LPC PC -]- 
fraction 2-CE w/w LPC/SM 

Integral 

Peripheral 

1 Lipid extract 26.3 1.1 0 0.9 13.3 30.2 26.3 1.9 1.22 
Recombinate 19.3 10.3 0 16.2 35.0 16.9 2.3 2.21 
Upper layer 12.2 5.4 0 7.4 32.9 40.1 2.0 0.87 

1 Lipid extract 27.0 0.7 0 1.2 11.8 30.0 27.6 1.8 1.15 
Recombinate 16.7 1.0 11.3 2.9 11.2 33.9 20.2 2.7 1.81 
Upper layer 11.7 15.3 0 9.7 25.0 35.7 2.5 0.77 

2.5 Lipid extract 26.3 1.I 0 0.9 13.3 30.2 26.3 1.9 1.22 
Reeombinate 14.7 12.7 0 10.2 37.3 20.8 4.3 2.00 
Upper layer 12.3 9.1 0 11.2 27.9 36.9 2.7 0.83 

1 Lipid extract 26.3 1.1 0 0.9 13.3 30.2 26.3 1.9 1.22 
Recombinate 15.4 14.2 0 7.1 35.5 25.1 2.7 1.52 
Upper layer 15.9 7.1 0 6.8 28.2 39.5 2.3 0.77 

1 Lipid extract 26.3 0 3.6 19.6 29.7 20.8 0 1.40 
Recombinate 10.8 15.5 0.2 2.8 26.7 26.9 17.1 1.63 
Upper layer 12.6 13.7 0 1.3 22.7 40.4 9.3 0.79 

2.5 Lipid extract 26.3 1.1 0 0.9 13.3 30.3 26.3 1.9 1.22 
Recombinate 16.2 15.4 0 9.6 31.4 24.4 3.0 1.41 
Upper layer 15.1 11.4 0 9.6 29.8 30.4 3.7 1.10 

* PI and LPE separate poorly on their layers. When individually assayed, the values are listed in the respective colomns. When assayed 
together, the values appear as sum of PI + LPE. The increase in PI -b LPE in reeombinates and upper layer derives from PE hydrol- 
ysis during recombination (see corresponding decrease in PE values). ** Partial hydrolysis during recombination lowers the PS values in 
the recombinates of peripheraI proteins and their upper layer. Residual PS firmly associated with the integral proteins increases the PS 
values in the respective reeombinates. Abbreviations: Pt, pbospholipid; Pr, protein, 2-CE, 2-chlorethanol; PE, phosphatidylethanolamine; 
PI, phosphatidylinositol; LPE, lysophosphatidylethanolamine; PA, phosphatidic acid; PS, phosphatidylserine; PC, phosphatidylcholine; 
SM, sphingomyelin; LPC, lysophosphatidylcholine. 
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Table 3. Recombination of integral and Peripheral proteins with 
phosphatidyleholine-sphingomyelin-eholesterol mixture 
Phospholipid distribution 

Phospholipid (%) Ratio 
Protein fraction PC SM LPC PS PC/SM 

Integral Lipid mixture 27.0- 60.0 13.0 0 0.45 
Recombinate 34.5 57.1 6.2 2.1" 0.60 
Upper layer 20.4 72.3 7.2 0 0.28 

Lipid mixture 30.7 54.7 14.6 0 0.56 
Recombinate 34.3 56.i 4.9 4.7* 0.61 
Upper layer 25.7 67.5 6.8 0 0.38 

Lipid mixture 27.0 60.0 13.0 0 0.45 
Recombinate 27.7 65.5 6.8 0 0.42 
Uppar layer 32.2 61.9 5.9 0 0.52 

Lipid mixture 30.7 54.7 14.6 0 0.56 
Recombinate 38.4 59.4 2.2 0 0.65 
Upper layer 27.6 63.8 8.6 0 0.43 

Peripheral 

* Residual PS is associated with the integral protein fraction after 
delipidation. Abbreviations as in table 2. 

b y  TLC. The  t o t a l  l ipid e x t r a c t  c o n t a i n e d  0.54 m g  cho- 
les terol  pe r  m g  phosphol ip id .  The  l ipid f rac t ions  were 
s u p p l e m e n t e d  w i t h  0.5 m g  choles tero l  pe r  m g  phosphol ip id .  
Fo r  r e c o m b i n a t i o n ,  p ro t e in  a n d  l ipid so lu t ions  in  f resh ly  
dis t i l led  2-CE 5 were mixed  y ie ld ing  a so lu t ion  w h i c h  
con ta ined ,  in  s t a n d a r d  condi t ions ,  1 m g / m l  p ro te in ,  
1 m g / m l  phosphol ip id ,  a n d  t h e  co r r e spond ing  a m o u n t  of 
choles te ro l  (0.54 or  0.5 mg/ml) .  A n u m b e r  of e x p e r i m e n t s  
were  p e r f o r m e d  w i t h  m i x t u r e s  of inc reased  l ipid concen-  
t r a t i o n .  Fo l lowing  dia lysis  aga ins t  10 m M  Tris-HC1 (pH 
7.6) c o n t a i n i n g  10 m M  CaCI~ a n d  1 m M  MgC12, inso luble  
m a t e r i a l  a p p e a r e d  a n d  was col lected b y  c e n t r i f u g a t i o n  
a t  9.5 •  5 g max .  m i n  5. A b o u t  90% of t h e  p r o t e i n  
t o g e t h e r  w i t h  96% of t h e  l ipid were r ecovered  in  t h e  
sed iments .  The  s ed imen t s  o b t a i n e d  a f t e r  r e c o m b i n a t i o n  
were s u s p e n d e d  in 2 ml  of t he  dia lysis  buffer ,  son ica ted  
a t  m a x i m a l  i n t e n s i t y  a t  0~ for 30 sec a n d  layered  over  
28 ml  of a l inea r  sucrose g r a d i e n t  ( 13 -50% sucrose in  t h e  
s ame  buffer) .  The  g r ad i en t s  were cen t r i fuged  a t  24.000 r p m  
in  a n  S W  25.1 r o t o r  of a Spinco Model  L u l t r acen t r i fuge  
for 18 h a t  4 ~ The  r e c o m b i n a t e s  a n d  t h e  f loa t ing  u p p e r  

l ipid l ayer  were s e p a r a t e l y  col lected an d  ana lyzed .  All 
samples  were d ia lyzed  ag a i n s t  b id is t i l led  w a t e r  p r io r  to  
t h e  assays .  
P r o t e i n  was m e a s u r e d  b y  t h e  m e t h o d  of L o w r y  e t  ai.1% 
w i t h  b o v i n e  s e r u m  a l b u m i n  as a s t a n d a r d .  Po l y ac ry l amide  
gel e lec t rophores i s  in p resence  of sod ium dodecy l  su l fa te  
was p e r f o r m e d  accord ing  to W e b e r  a n d  Osborn  t~ and  
Maizel  ~1 as descr ibed  before  4. Sialic acid was e s t i m a t e d  
accord ing  to W a r r e n  ~2 a n d  choles tero l  was  d e t e r m i n e d  
b y  t h e  m e t h o d  of Z la tk i s  e t  al.~K Lip ids  were e x t r a c t e d  
accord ing  to  M a r i n e t t i  e t  al. 14. L ip id  p h o s p h o r u s  was 
d e t e r m i n e d  b y  t h e  m e t h o d  of B a r t l e t t  2~ a n d  phospho l ip id  
was e s t i m a t e d  b y  m u l t i p l y i n g  t h e  l ipid p h o s p h o r u s  con-  
t e n t  b y  25. T h e  i n d i v i d u a l  phospho l ip ids  were s e p a r a t e d  
b y  2 d i m e n s i o n a l  TLC a n d  e s t i m a t e d  as descr ibed  b y  
Condrea  e t  al. ~5. 
Results and discussion. T h e  sucrose  g r ad i en t s  a ch i eved  
s e p a r a t i o n  of a p ro te in - l ip id  r e co mb i n a t e ,  a s e d i m e n t  of 
u n r e c o m b i n e d  p ro t e i n  and,  in m o s t  cases, a f loa t ing  layer  
of u n r e c o m b i n e d  lipid. T h e  s e d i m e n t e d  p ro t e in  p r e s e n t e d  
t h e  same p a t t e r n  on  S D S - a c r y l a m i d e  gels as t h e  soluble  
f rac t ion.  As seen in t a b l e  1, t h e  p h o s p h o l i p i d / p r o t e i n  
(P1/Pr) r a t ios  in  r e c o m b i n a t e s  de r ived  f rom m i x t u r e s  of 
d i f fe ren t  l ip id  compos i t i on  were var iab le ,  t h e  h i g hes t  
va lues  be ing  o b t a i n e d  w i t h  PS-choles te ro l .  I n  s t a n d a r d  
cond i t ions  ( P 1 / P r = I  in  2-CE), PS-cho les te ro l  r e c o m b i n e d  
comple t e ly  w i t h  b o t h  p r o t e i n  f rac t ions  as i nd ica t ed  b y  
t h e  absence  of a free l ipid l ayer  in t h e  g rad ien t .  W i t h  t he  
in teg ra l  p ro t e in s  the  r e c o m b i n a t i o n  was  comple te  even  
a t  a 5fold increase  in l ipid co n cen t r a t i o n ,  sugges t ing  a 
v e r y  h i g h  a f f in i ty  for  P S .  T h e  r e c o m b i n a t e s  of the  i n t eg ra l  
p ro te ins  h a d  h ighe r  P1/Pr  m e a n  ra t ios  t h a n  those  of t he  
pe r iphe ra l  p ro t e in s  b o t h  w h e n  o b t a i n e d  f rom PS-choles -  
te ro l  (p < 0.001), f r om PE-cho le s t e ro l  (p < 0.001) or 
PC-SM-choles te ro l  (p < 0.001), b u t  n o t  f rom a t o t a l  l ipid 
e x t r a c t  ( table  1). The  h i g h e r  a f f i n i t y  for  l ip id  of t h e  in- 
t eg ra l  p ro te ins ,  wh ich  is in  a g r e e m e n t  w i t h  t he i r  h y d r o -  
phob ic  cha rac t e r ,  was  be s t  ev idenced  in r e c o m b i n a t i o n  
w i t h  c o n c e n t r a t e d  an ionic  phosphol ip id .  
T h e  a m o u n t s  of choles te ro l  r ecovered  in r e c o m b i n a t e s  
sugges t  t h a t  t h e  b i n d i n g  of choles te ro l  f rom lipid m i x t u r e s  
depends  on  t h e  a c c o m p a n y i n g  phosphol ip ids .  Thus ,  in  
t h e  r e c o m b i n a t e s  o b t a i n e d  f rom a t o t a l  l ipid ex t rac t ,  or 
f rom PS-cho les t e ro l  m i x t u r e s  t h e  cho les te ro l /phospo-  
l ipid (chol/P1) m e a n  ra t ios  were close to  t h e  or iginal  va lues  
of 0.54 a n d  0.50 respec t ive ly .  In  t h e  r e c o m b i n a t e s  ob-  
t a n e d  f rom PC-SM an d  P E  s u p p l e m e n t e d  w i t h  cholesterol ,  
t h e c h o l / P l m e a n r a t i o s w e r e s i g n i f i c a n t l y l o w e r ( p  < 0.001) 
( table  1). 
W e  f u r t h e r  i n v e s t i g a t e d  w h e t h e r  t he re  is specif ic i ty  in  
b i n d i n g  of i n d i v i d u a l  p h o s p h o l i p i d  species b y  t h e  pro-  
teins.  As s h o w n  in t a b l e  2, in  t h e  r e c o m b i n a t e s  of a red  
cell l ipid e x t r a c t  w i t h  b o t h  p ro t e i n  f rac t ions  t h e  per-  
cen tage  of S1V[ was lower  a n d  t h a t  of PC h igher  t h a n  in  
t h e  or ig inal  l ip id  ex t rac t .  A negl ible  hydro lys i s  of PC 
occur red  d u r i n g  t h e  p rocedure ,  as i l l u s t r a t ed  b y  t h e  low 
l y s o p h o s p h a t i d y l c h o l i n e  (LPC) va lues  recovered  f rom the  
g rad i en t s ;  we inc luded  t h i s  va lue  for t h e  ca lcu la t ion  of 

Acrylamide gel electrophoresis of the protein fractions used for 
recombination. A, red cell membranes; ]3, peripheral proteins; C, 
integral proteins. The main polypeptide bands are numbered ac- 
cording to Fairbanks et al. 1~. 
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t he  ( P C + L P C ) / S M  rat ios .  These  were increased  in t h e  
r e c o m b i n a t e s  a n d  co r r e spond ing ly  decreased  in t he  u p p e r  
l ipid layer .  I t  is n o t e w o r t h y  t h a t  t he  h i g h  a f f in i ty  for  P S  
shown  b y  b o t h  p ro t e i n  f r ac t ion  w h e n  r e c o m b i n e d  w i t h  
t h e  s ingle phospho l i p i d  was n o t  man i f e s t ed  in t he  re- 
c o m b i n a t e s  o b t a i n e d  f rom t o t a l  l ipid ex t rac t s ,  sugges t ing  
t h a t  t h e  b i n d i n g  of a i n d i v i d u a l  phospho l ip id  species is 
in f luenced  b y  t he  p resence  of o t h e r  lipids. 
T h e  phospho l i p id  d i s t r i b u t i o n  in  t he  e x p e r i m e n t s  us ing  
t he  PC-SM-cho les te ro l  m i x t u r e  is g iven  in t ab l e  3. PC- 
SM-choles tero l  m i x t u r e  used in t he  r e c o m b i n a t i o n  ex- 
p e r i m e n t s  c o n t a i n e d  in i t i a l ly  1 3 - 1 5 %  L P C  (see 'L ip id  
Mix tu re '  t ab l e  3), a n  a m o u n t  wh ich  was n o t  well  re- 
covered  f rom e i the r  t h e  r e c o m b i n a t e s  or t he  u p p e r  l ipid 
layer .  However ,  s ince our  resu l t s  ( table  2) a n d  those  of 
o the r s  7 show t h a t  t h e r e  is no  s igni f ic ian t  hydro lys i s  of 

PC d u r i n g  t h e  r e c o m b i n a t i o n  p rocedure  we were able to  
c o m p a r e  t he  PC/SM rat ios.  I n  2 e x p e r i m e n t s  w i t h  i n t eg ra l  
p ro t e in s  and  1 ou t  of 2 w i t h  pe r iphe ra l  p ro te ins ,  we found  
a n  increase  in PC/SM ra t io  in  t h e  r ecombina t e s ,  pa ra l l ed  
b y  a decrease  in t he  PC/SM ra t io  in  t h e  free l ipid u p p e r  
layer.  
Phospho l i p id  d i s t r i b u t i o n  in r e c o m b i n a t e s  o b t a i n e d  w i t h  
a t o t a l  red  cell l ipid e x t r a c t  a n d  w i t h  a PC-SM-choles te ro l  
m i x t u r e  showed,  for  b o t h  p r o t e i n  f rac t ions ,  a p re fe rence  
for  b i n d i n g  of PC a t  the  expense  of SM. This  f ind ing  
is in  a g r e e m e n t  w i t h  the  resul t s  o b t a i n e d  b y  K r a m e r  et  al. 7. 
The  d a t a  p r e sen t ed  here in  con f i rm  t h e  conc lus ion  of 
K r a m e r  et  a l !  and  Wehr l i  e t  al." t h a t  in  m e m b r a n e  re- 
c o m b i n a t e s  o b t a i n e d  b y  dia lysis  f rom 2-CE solut ions ,  
t he  p r o t e i n  s t r u c t u r e  is p r e se rved  suf f ic ien t ly  to  r e t a i n  
l ipid b i n d i n g  c a p a c i t y  and  specif ici ty.  

D e l a y e d - t y p e  s k i n  r e a c t i o n s  in  b u r s e c t o m i z e d  o r  t h y m e c t o m i z e d  c h i c k e n s  1 
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Summary. Chickens  can  easi ly be  i nduced  to deve lop  d e l a y e d - t y p e  skin  r eac t ions  to  oxazolone  w h e n  a n i m a l s  are  
sens i t ized  7 days  before  t he  chal lenge.  T he  r eac t ion  is q u a n t i t a t e d  b y  assessing t he  increase  in wa t t l e  t h i ckness  : max i -  
m u m  reac t ions  occur  24 h a f t e r  chal lenge.  T he  r eac t ion  is i n h i b i t e d  b y  n e o n a t a l  t h y m e c t o m y  or b u r s e c t o m y ;  these  
f indings  the re fore  sugges t  also a n  i m p o r t a n t  B -de r ived  c o m p o n e n t  in  de layed  h y p e r s e n s i t i v i t y  to  oxazolone.  

Oxazo lone - induced  sk in  r eac t ion  in t he  mouse  ha s  p r o v e d  
to be  a complex  a n d  i n f o r m a t i v e  mode l  in e luc ida t ing  
cel lular  e v e n t s  in  d e l a y e d - t y p e  h y p e r s e n s i t i v i t y .  T h y m u s -  
de r ived  cells are neces sa ry  to induce  c o n t a c t  s ens i t i v i t y  
a n d  b o t h  these  a n d  b o n e - m a r r o w  cells, p r o b a b l y  m o n o -  
cy tes  2, are  needed  for  deve lop ing  in v ivo  m a n i f e s t a t i o n s  
of t h e  de l ayed  h y p e r s e n s i t i v i t y .  W h e r e a s  t h y m u s - d e r i v e d  
cells are  essent ia l  to  deve lop  de layed  r eac t ion  to  oxa-  
zolone in t h e  mouse  3, t h e r e  is no  def in i te  ev idence  a b o u t  
a s imi la r  f unc t i on  of b o n e - m a r r o w - d e r i v e d  l y m p h o c y t e s .  
Some  a u t h o r s  sugges ted  a B-cell  p a r t i c i p a t i o n  in t h i s  
r eac t i on  because  t h e y  obse rved  a p ro l i f e ra t ion  of t he se  
cells in  t h e  d r a in ing  l y m p h - n o d e s  wh ich  show ge rmina l  
cen te r  d e v e l o p m e n t  p e a k i n g  a t  8 days  f rom sens i t iza-  
t i on  4, 5. 
The  func t i on  of t h i s  p ro l i f e ra t ion  in t he  r eac t ion  r e m a i n s  
unclear ,  because  mice  l e tha l ly  i r r a d i a t e d  a n d  recons t i -  
t u t e d  w i t h  B-cells do n o t  deve lop  c o n t a c t  s ens i t i v i t y  to  
oxazoloneK I n  a p r e l i m i n a r y  repor t ,  we d e m o n s t r a t e d  b y  
sk in  t e s t  t h a t  ch ickens  deve lop  oxazolone  h y p e r s e n s i t i v i t y  
a n d  n e o n a t a l l y  i r r a d i a t e d  a n d  t h y m e c t o m i z e d  chickens ,  
like t h y m e e t o m i z e d  mice  ~, show a depressed  skin  r eac t ion  
to oxazolone  ~. 
The  p r o b l e m  of B-cel l  p a r t i c i p a t i o n  in t he  d e l a y e d - t y p e  
h y p e r s e n s i t i v i t y  c a n  be  s tud ied  f u r t h e r  w i t h  a d v a n t a g e  
in  birds ,  s ince t h e y  possess  a s e p a r a t e  organ,  t he  b u r s a  of 
Fabr i c ius ,  s i te  of p r o d u c t i o n  of B - l y m p h o c y t e s .  The  re- 
su i t s  p r e s e n t e d  seem to  show t h a t  also t he  b u r s a  of 
Fabr i c ius  is i m p o r t a n t  in  t he  development of c o n t a c t  
s ens i t i v i t y  to  oxazolone  in  chickens .  
Materials and methods. Male H u b b a r d  chicks  o b t a i n e d  
f rom N n t r i x  (Palermo)  were  b u r s e c t o m i z e d  or  t h y m e c t o -  
mized  w i t h i n  5 h a f t e r  h a t c h i n g .  Some t h y m e c t o m i z e d  
chickens ,  as well  as u n o p e r a t e d  bi rds ,  were i r r a d i a t e d  
w i t h  550 rads  as p r ev ious ly  descr ibedg.  Autops ies  were 
p e r f o r m e d  on  all o p e r a t e d  b i rds  a t  t h e  end  of t h e  exper i -  
m e n t ,  a n d  ch ickens  showing  t h y m i c  res idues  were ex- 

c luded  f rom the  results .  Chickens  were sensi t ized w i t h  
33 m g / k g  of oxazolone  ( e t h o x y m e t h y l e n e - 2 - p h e n y l - o x a -  
zolone, B D H  chemica l s  L td)  in  0.5 ml  of abso lu te  
e t h a n o l  app l ied  to  t he  p rev ious ly  s h a v e d  a n t e r i o r  region 
of t he  neck.  Cont ro l  an ima l s  rece ived  on ly  abso lu te  
e thanol .  Chickens  were cha l l enged  7 days  l a t e r  w i t h  25 m g  
of oxazolone  in olive oil app l ied  to t he  2 wat t les .  The  
r eac t ion  was t e s t e d  w i t h  a screw gauge m i c r o m e t e r  b y  
m e a s u r i n g  t h e  increase  of t h e  w a t t l e  t h i cknes s  a t  6, 24 
and  48 h a f t e r  chal lenge.  W a t t l e  t h i cknes s  was expressed  
as p e r c e n t  ave rage  of increase.  Resu l t s  were  ana lyzed  b y  
S t u d e n t ' s  t - t e s t .  
Results and discussion. Our  in i t i a l  e x p e r i m e n t  reconf i rms  
t he  p rev ious  f ind ing  7 t h a t  ch ickens  can  be  easi ly induced  
to  deve lop  c o n t a c t  s ens i t i v i t y  b y  p a i n t i n g  t h e  wa t t l e s  
wi th  t h e  sens i t iz ing  agent ,  a n d  q u a n t i t a t e d  b y  assessing 
t he  increase  in  wa t t l e s  t h i c k n e s s ;  m a x i m u m  reac t ions  
occur  24 h a f t e r  chal lenge,  smal le r  increases  in  wa t t l e s  
t h i cknes s  are also de t ec t ed  6 a n d  48 h a f t e r  chal lenge.  
Reac t i ons  are cha rac t e r i zed  b y  w a t t l e  swell ing accom- 
p a n i e d  b y  s l igh t  i schemia  a n d  occas iona l ly  a t  48 h b y  
d e t a c h m e n t  of skin  a n d / o r  necrosis.  B y  con t ras t ,  oxa-  
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