
Cell-type-related Segregation of Surface Galactosyl- 

containing Components at an Early Developmental 

Stage in Hemopoietic Bone Marrow Cells in the Rabbit 

EHUD SKUTELSKY and EDWARD A. BAYER 
Department of Pathology, The Sackler School of Medicine, Tel Aviv University, Ramat Aviv, Israel; and 
Department of Biophysics, The Weizmann Institute of Science, Rehovot, Israel 

ABSTRACT The avidin-biotin complex was used for the selective ultrastructural labeling of 
terminal cell surface galactosyl residues. Rabbit bone marrow cells were treated with the 
enzyme galactose oxidase in the presence of biotin hydrazide. Subsequent treatment with 
ferritin-avidin conjugates enabled the electron microscopic visualization of terminal mem- 
brane-based galactose and/or N-acetylgalactosamine on these cells. All stages of erythroid 
development were characterized by high levels of exposed cell surface galactose, whereas all 
leukoid cells in the same preparations were virtually unlabled by the above method. Modula- 
tions in the distribution of these surface determinants during differentiation and maturation of 
rabbit erythroid cells were found to concur in inverse fashion with respect to that of terminal 
sialic acids. Neuraminidase treatment, before the above labeling procedure, resulted in the 
exposure of additional galactosyl residues on the surface of all bone marrow cell types. 

The results indicate that a galactose-bearing glycoconjugate(s) may comprise an erythroid- 
specific membrane constituent of rabbit bone marrow cells. The high density of galactose on 
the surface of even the earliest erythroid precursors may eventually enable the identification 
and isolation of a stem cell, which already contains the erythroid-specific galactoconjugate(s). 
The results suggest that variations in the spectrum of cell surface carbohydrates may serve as 
recognition signals in the complex set of intercellular interactions which occur during the 
development and maturation of the erythrocyte. The occurrence of similar but species-specific 
variations in the complement of surface heterosaccharides during erythroid development of 
humans and other mammals supports this contention. 

A considerable body of evidence has been accumulated con- 
cerning the primary role of cell surface saccharides in the 
control of cellular behavior and fate of blood cells (1-3). For 
example, the integrity of surface sialic acids and their continuity 
with respect to the carrier molecule on the cell surface have 
been linked to the control of the survival of circulating eryth- 
rocytes (4--13) and the phagocytosis of extruded erythroid 
nuclei in most mammals (14, 15). In addition, changes in the 
normal level and/or  distribution of surface sialic acid and 
terminal galactosyl residues have been implicated in the mat- 
uration, the release into circulation, and the homing of lymph- 
oid cells (16, 17), as well as the turnover of circulating sialogly- 
coproteins (18) and the pathological expression in certain 
diseased blood cells (6, 19). 

It is generally believed that cell surface sialic acids have a 

"protective" role owing to a masking of cryptic recognition 
sites, e.g. specific saccharides (20, 21) and antigenic sites (7, 
22). Since, in most cell membrane glycoconjugates, sialic acid 
is attached either to a galactose or to an N-acetylgalactosamine 
residue (23, 24), the masking and unmasking of  these constit- 
uents are believed to be particularly important in the above- 
mentioned interactions. 

We have shown previously that the differentiation and mat- 
uration of rabbit erythrocytes (RBC) are associated with strik- 
ing modulations in cell surface sialic acids (14, 25). These 
changes are expressed as a reduction in the density of sialyl 
residues after successive divisions of erythroid precursors. After 
nuclear extrusion, a characteristic rise in the density of mem- 
brane sialic acid residues is observed on the newly formed 
reticulocyte, due to the segregation of integral membrane gly- 
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cocon juga tes  (15) a n d  spec t r in  (26) b e t w e e n  the  p l a s m a l e m m a  
s u r r o u n d i n g  the  nuc leus  a n d  tha t  o f  the  r e m a i n i n g  ret iculocyte .  

U s i n g  pea nu t  agglu t in in  a ga lac tose-spec i f ic  lect in  (21, 27), 
we have  prev ious ly  s h o w n  that ,  un l ike  o t h e r  m a m m a l i a n  R B C  
s tudied,  the  c i rcula t ing  e ry th rocy te  m e m b r a n e  o f  the  rabbi t  
con ta ins  e xpose d  galac tose  sites capab le  o f  in te rac t ion  wi th  this  
lectin (21). C o n s i d e r i n g  the  a l leged i m p o r t a n c e  in the  levels o f  
m e m b r a n e  sialic ac id  versus  galac tose  to e ry th rocy te  survival ,  
it was  in teres t ing  to d e t e r m i n e  the  poss ib le  c o n n e c t i o n  b e t w e e n  
the  r epor ted  m o d u l a t i o n s  in surface  sialic ac id  a n d  the  b iogen-  
esis o f  ga lac tose  res idues  in the  deve lop ing  rabb i t  R B C  m e m -  
brane .  In  addi t ion ,  s ince  
b lood  cell types,  i.e. the  
a n d  l y m p h o i d  cells (28), 
w h e t h e r  the  c ha nges  in 
specif ic  to the  e ry th ro id  
l ineages  as well. 

a c o m m o n  or igin  is a t t r ibu ted  to all 
e ry thro id ,  leukoid,  megakaryocy t i c ,  
it was  also i m p o r t a n t  to d e t e r m i n e  
sur face  saccha r ide  cons t i tuen t s  are  
l ine or  c o m m o n  to o the r  b lood  cell 

In  the  p resen t  s tudy,  we  have  used  a ga lac tose-spec i f ic  
m e t h o d  o f  u l t ras t ruc tura l  s taining,  based  on  the  av id in -b io t in  
c o m p l e x  (6, 29-33),  to ana lyze  the  dens i ty  a n d  d i s t r ibu t ion  o f  
these  res idues  on  var ious  e ry th ro id  a n d  leukoid  p recu r so r  ceils 
in the  rabbi t  b o n e  mar row.  The  results  were  c o m p a r e d  wi th  
our  previous  f ind ings  r ega rd ing  the  m o d u l a t i o n s  o f  surface  
sialyl res idues  on the  s a m e  ceils in r abb i t  (14, 25, 31) a n d  in 

o the r  m a m m a l i a n  species  (15). 

MATERIALS A N D  M E T H O D S  

Materials: Horse spleen ferritin (six times crystallized, cadmium free) 
was obtained from Miles Laboratories Inc., Kankakee, IL, and avidin from Sigma 
Chemical Co., St. Louis, Me. Vibrio cholerae neuraminidase (free of protease, 
aldolase, and lecithinase C) was purchased from Boehringwerke, Marburg, 
Germany. Galactose oxidase was obtained from KABI Diagnostica, Stockholm, 
Sweden. Biotin hydrazide was prepared as described previously (30, 32). Ferritin 
was conjugated to avidin via reductive alkylation as described in an earlier report 
(34). 

Preparation of Isolated Bone Marrow Cells: Bone marrow 
was obtained from the femurs of 3-mo-old rabbits. Pieces, removed from animals 
anesthetized by i.v. injection of Nembutal (Abbot Laboratories, Kent, England), 
were transferred into Ca+*/Mg**-free Krebs-Ringer bicarbonate (KRB) solution. 
The tissue was then cut into small (~ 1 mm z) blocks, and the cells were suspended 
by repeated mild pipetting through a Pasteur pipet with a flame-polished tip. To 
remove undissociated tissue fragments, we filtered the suspension through several 
layers of cheesecloth. After sedimentation at 100 g for 7 min, the pellet of bone 
marrow cells was resuspended in fresh KRB containing 0.1 mM Ca ++ and 0.12 
mM Mg ÷+. 

Treatment of Cells with Neuraminidase: A 5% suspension of 
bone marrow ceils was incubated in an agitating water bath for 60 min at 37°C 
with 0.2 U/ml neuraminidase in a medium containing 0.145 M NaCI, 3 mM 
CaCI~ and 4 mM NaHCOa, pH 6.5 (35). Control samples were incubated with 
heat-inactivated (65°C, 30 min) neuraminidase under similar conditions. At the 
end of the incubation period the cells were washed and transferred to a fresh 
solution of KRB. 

Galactose Oxidase (GO)-induced Biotinylation of Cell 
Surface Galactosyl Residues: Neuraminidase-treated or untreated 
bone marrow cells were washed twice with veronal acetate buffered saline pH 7.4 
(VBS). A 5% suspension was then agitated for 30 rain at 37°C in VBS, containing 
50 U/ml galactose oxidase and 2.5 mg/ml biotin hydrazide. At the end of the 
incubation period, the ceils were washed twice with VBS and fixed for 1 h at 
28°C with Karnovsky fixative (36). 

Ferritin-Avidin Labeling: An aliquot of 107 bone marrow cells, 
prefixed with aldehydes as described above, was washed three times in VBS. To 
prevent nonspecific protein binding, we incubated the ceils for 15 rain with 5% 
bovine serum albumin in VBS. The cells were then resuspended in a solution 
containing ferritin-conjugated avidin (FAv) (1 mg ferritin/ml VBS) for 30 min 
at 25°C, washed twice in VBS, and additionally fixed for 30 min with Karnovsky 
fixative. 

Processing for Electron Microscopy: Labeled cells were washed 
with VBS and postfixed for 1 h at 4°C in the same buffer containing 1% OSO4. 
After washing twice with VBS, samples were dehydrated in graded ethanol, 

stained with 50% saturated uranyl acetate in 50% ethanol, and embedded in Epon 
(37). Sections -60-nm thick, showing gray-to-silver intereference colors, were cut 
with a diamond knife on a Porter-Blum MT-2 ultramicrotome (Ivan Sorval, Inc., 
Newton, CT.), mounted on naked 400-mesh copper grids, and coated with 
carbon. The sections were examined under a JEOL 100A electron microscope at 
an accelerating voltage of 80 kV. 

Analysis of Labeling Density: To compare the density of attached 
ferritin particles on the surface of the different cell populations, we photographed 
segments of perpendicularly sectioned membranes at 30,000 times magnification 
and printed them at a final magnification of 75,000 times. Black dots representing 
individual ferritin particles attached on these membrane segments were counted 
on the electron micrographs. The length of the perpendicularly sectioned mem- 
brane, on which the number of ferritin particles was counted, was measured on 
the micrograph with a map measure. For each erythroid developmental stage or 
leukoid cell type, at least 20 different cells, arbitrarily selected from 10 different 
sections, were counted. 

RESULTS 

Binding of  FAv on Hemopoiet ic Bone Marrow 
Cells, General 

T r e a t m e n t  o f  isolated b o n e  m a r r o w  cells wi th  galactose  
oxidase  a n d  biot in  hyd raz ide  h a d  no  no t i ceab le  effect  on  the  
morpho log i ca l  fea tures  o f  the  h e m o p o i e t i c  cells o f  the  b o n e  
mar row.  Ana lyses  on  these  sect ions  o f  the  ex tent  o f  F A v  
b ind ing  onto  the  surface  o f  b io t iny la ted  cells revea led  s tr iking 

d i f fe rences  in the  react ivi ty o f  e ry th ro id  cells to G O - i n d u c e d  
b io t inyla t ion ,  c o m p a r e d  to tha t  o f  all  l eukoid  cell types  in the  
bone  m a r r o w  (Fig. 1). In  cont ras t  to e ry th ro id  ceils o f  all  
r ecognizab le  m a t u r a t i o n  stages, the  la t ter  o f  w h i c h  were  h igh ly  
react ive to G O - i n d u c e d  b io t iny la t ion  (Fig. 2 a - f ) ,  l eukoid  cells 
o f  all l ineages  and  d e v e l o p m e n t a l  s tages were  vir tual ly  unreac -  
tive, as ind ica ted  by  the low levels, o r  comple t e  absence ,  o f  

ferr i t in  on  the i r  surfaces  (Figs. 1 a n d  3 a, c, e, a n d  g). O n  the  
e ry th ro id  cells, the  F A v  part icles  were  genera l ly  evenly  dis t r ib-  
u ted  on  the  ent i re  surface  o f  the  cells, excep t  for  ropheocy to t i c  
pits o f t en  f o u n d  on  the  m e m b r a n e  o f  p roe ry th rob la s t s  and  
basophi l i c  e ry th rob las t s  (Fig. 1). These  m e m b r a n e  invagina-  
t ions  were  charac te r ized  by  the  typica l  m o r p h o l o g y  o f  brist ly 
coa ted  vesicles. O n  the  la t ter  m e m b r a n e  surfaces ,  l abe l ing  
dens i ty  was  cons ide rab ly  lower  or  comple t e ly  absent ,  c o m p a r e d  
to that  o f  the  r e m a i n i n g  p l a s m a l e m m a l  sur faces  o f  the  s ame  
cells (Fig. 1). 

Variations in fAv  Binding during 
RBC Differen tin tion 

Analys i s  o f  the  dens i ty  d i s t r ibu t ion  o f  a t t a ched  F A v  par t ic les  
on  e ry th ropo ie t i c  cells o f  d i f fe ren t  d e v e l o p m e n t a l  s tages re- 
vea led  quan t i t a t ive  var ia t ions  in the  react ivi ty  to G O - i n d u c e d  
b io t iny la t ion  accord ing  to the  degree  o f  d i f fe ren t ia t ion  a n d  
m a t u r a t i o n  in the  e ry th ro id  series. T h e  results  o f  these  ana lyses  
are graphica l ly  s u m m a r i z e d  in the  h i s tog ram in Fig.  4. T h e  
da t a  ind ica te  tha t  GO-suscep t ib l e  sites are  a l ready  n u m e r o u s  
at the  earl iest  recognizab le  e ry th ro id  stage, i.e. the  p roe ry th ro -  
blast  (Fig. 2 a). Af t e r  successive divis ions  o f  the  p roe ry th rob las t ,  
there  is a g radua l  increase  in the  label ing  dens i ty  at the  
basophi l i c  (Fig. 2 b) a n d  po l ych roma t i c  (Fig. 2 c) stages, reach-  
ing a m a x i m a l  dens i ty  at the  latest  nuc l ea t ed  stage, the  o r tho -  
c h r o m a t i c  e ry throb las t  (Fig. 2 d).  This  t r end  is r eversed  af ter  
expuls ion  o f  the  nuc leus  f rom the  late e ry throblas t ,  as ind ica ted  
by  the  dec reased  label ing  dens i ty  on  the  re t iculocyte  (Fig. 2 e) 
a n d  the  fu r the r  r educ t ion  on  the  e ry throcy te  (Fig. 2 f ) .  It is 
in teres t ing to note  that ,  in cont ras t  to ou r  p rev ious  obse rva t ions  
conce rn ing  p e r i o d a t e - i n d u c e d  b io t iny la t ion  o f  sur face  sialic 
acids  in rabbi t  e ry th ro id  cells (31), s ignif icant  m o d u l a t i o n s  in 
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FIGURE 1 Rabbit bone marrow cells enzymatically labeled via galactose oxidase in the presence of biotin hydrazide fol lowed by 
incubation with FAv. The surface of the granular leukocyte (GL) is virtually unlabeled, whereas that of the early (basophilic) 
erythroblast (EB) is heavily labeled by the above procedure. Note that the surface labeling of the erythroblast is more or less 
uniform, with the exception of the region of coated pits which are practically unlabeled (arrows). x 75,000. 

the ferritin-membrane interspace during successive stages of 
development were not observed as a result of GO-induced 
biotinylation. This topographic difference in labeling pattern 
might indicate that the terminal sialyl and galactosyl residues 
may be attached to different carrier molecules on the cell 
surface of the rabbit RBC. 

Binding of FAv on the Plasmalemmal Surface of 
"'Extruded" Erythroid Nuclei 

"Free" nuclei, extruded from late erythroblasts, which are 
normally found in hemopoietic tissues surrounded by a narrow 
rim of  cytoplasm and cytoplasmic membrane (15, 38--40), were 
relatively rare in the bone marrow suspension, probably due to 
their rapid elimination by macrophages during the cytochem- 
ical procedures. Consequently, there were too little quantitative 
data to enable a reliable, statistically based classification of the 
reactivity of extruded nuclei to GO-induced biotinylation. 
However, countings were performed on the few (five) extruded 
nuclei that were found in the treated bone marrow (Fig. 2 g). 
The density of FAv particles on the plasmalemma surrounding 
the extruded nuclei (90 + 10 mean _ SD) was found to be 
considerably higher than the average density on the reticulo- 
cyte and the mature erythrocyte, and slightly higher than that 
on the orthochromatic erythroblast. 

Effect of Neuraminidase 

Neuraminidase activity was estimated by its ability to reduce 

the capacity of control cell membranes to bind positively 
charged, colloidal ferric oxide (41) or to undergo periodate- 
induced biotinylation (31). Treatment of bone marrow cell 
samples with neuraminidase resulted in a pronounced loss in 
binding capacity for the latter cytochemical markers, known to 
be specific to cell surface sialic acids. 

After neuraminidase treatment of the bone marrow cells, 
there was a considerable "exposure" of GO-susceptible sites on 
all leukoid cell types in the bone marrow (Fig. 3 b, d,f, and h). 
In the erythroid series, neuraminidase treatment resulted in an 
increase in the reactivity of most erythroid cells. An equilibra- 
tion of labeling densities was observed in all developmental 
stages reaching the highest density range, i.e. close to or slightly 
above that of the orthochromatic erythroblast (Fig. 4). Neur- 
aminidase treatment (before biotinylation) of circulating eryth- 
rocytes resulted in an increase of  ~75% in the average density 
of attached FAv, compared to that of control cells not subjected 
to neuraminidase. Analysis of the FAv labeling density on 
neuraminidase-treated leukoid cells revealed considerably 
more-pronounced variations in the labeling densities. These 
differences appear to be related both to the cell type and/or to 
the degree of maturation within a given lineage. 

Controls 

No FAv binding was observed on circulating RBC treated 
with biotin hydrazide, fixed with aldehydes, and labeled with 
FAy without prior galactose oxidase treatment. Galactose ox- 
idase alone failed to generate FAv labeling on cell surfaces. 
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FIGURE 2 Erythroid cells from rabbit bone marrow during successive stages of development: proerythroblast (a), basophilic 
erythroblast (b), polychromatic erythroblast (c), orthochromatic erythroblast (d), reticulocyte (e) and erythrocyte ( f ) .  The extruded 
nucleus is shown in g. The cell surfaces of all erythroid celis, as well as that of the plasmalemma surrounding extruded nuclei, are 
heavily labeled by GO-induced biotinylation. Note that the distance separating the ferritin particles from the plane of the 
membrane is relatively constant throughout the developmental stages of rabbit RI3C. x 75,000. 
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FIGURE 3 Bone marrow leukocytes treated as in Fig. 1, with or wi thout  prior neuraminidase treatment. Both granuloid leukocytes, 
e.g. neutrophil ic myelocyte (a) and eosinophil ic myelocyte (c), and lymphoid cells, e.g, lymphoblast (e) and plasma cell (g), are 
virtually unlabeled by GO-induced biotinylation. However, when the same cells are pretreated with neuraminidase, both cell 
types (b, d, f, and h; respectively) are highly labeled with ferritin molecules, x 75,000. 
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FIGUre 4 Histogram showing the frequency distribution of bone 
marrow cells according to reactivity of cell surfaces to GO-induced 
biot inylat ion and FAy treatments. Ordinate: frequency in percenL 
The scale is drawn so that the distance between the lines represent 
37.5% of each cell stage for erythroid cells and 75% for leukoid cells. 
Abscissa: FAv particles counted per micrometer length of perpen- 
dicularly sectioned membrane. 

D I S C U S S I O N  

The results of the present study indicate that, in rabbits, 
exposed membrane-based galactosyl sites are present on he- 
mopoietic bone marrow ceils of all recognizable stages of 
erythroid development. In sharp contrast, cell membranes of 
the leukoid series are virtually devoid of the galactose-specific 
label. This distinction holds marked import regarding the 
development of hemopoietic bone marrow cells. First, eryth- 
roid differentiation in the rabbit is necessarily associated with 
the synthesis or insertion into the plasmalemma of glycocon- 
jugate(s) which possess free terminal galactose or N-acetylga- 
lactosamine residues. In view of the surprisingly high density 
of these latter determinants on membranes of  the earliest 
recognizable erythroid precursor, the proerythroblast (Fig. 2 a), 
one might anticipate the existence of an earlier hypothetical 
stage of development, characterized by moderate or high levels 
of surface galactose, thus enabling identification from early 
leukoid precursors. Since all stages in leukoid development, 
including the earliest recognizable stage, were unreactive with 
respect to GO-induced biotinylation, it is proposed that the 
segregation of the galactose-bearing glycoconjugate(s) occurs 
at an earlier, as yet morphologically unidentified precursor 
(28). 

On the basis of the described observations and the previously 
described modulations in membrane sialic acid on the same 
cells (25, 31), the selective appearance of free galactosyl (and/ 
or N-acetylgalactosaminyl) residues on rabbit erythroid cells 
may be interpreted within the framework of two alternative 
mechanisms. First, galactose-bearing glycoconjugates may rep- 
resent asialoglycoconjugates, i.e. precursor molecules, analo- 
gous to the major human membrane sialoglycoprotein of the 
RBC, glycophorin (42) but lacking the terminal sialic acid. 
Alternatively, a new erythroid-specific (galactose-bearing) gly- 

coconjugate(s) may be synthesized and/or inserted into the 
membrane at an early stage of the erythroid developmental 
process. Subsequent cell division would serve to propogate the 
newly inserted membrane component with concomitant dilu- 
tion of preexisting membrane sialoproteins. Recently, Gahm- 
berg and co-workers (43), using specific antibodies, described 
the biosynthesis of glycophorin during human erythroid devel- 
opment. It was found that glycophorin was expressed on the 
cell surface only at the basophilic erythroblast stage, after 
which a gradual rise in this membrane constituent was ob- 
served, reaching a maximum on the surface of the mature 
erythrocyte. Similarly, the galactose-bearing glycoconjugate(s) 
may represent an analogous erythroid-specific component or 
a spectrum of such membrane constituents in the developing 
rabbit RBC. 

In all leukoid and erythroid cells, the removal of terminal 
sialyl residues by neuraminidase (Figs. 3 and 4) resulted in the 
exposure of large quantities of GO-susceptible sites, indicating 
that the latter comprise penultimate galactosyl residues nor- 
mally masked by sialic acid. This pattern in rabbit blood cell 
membranes is apparently similar to that observed in other 
mammalian sialoglycoproteins, e.g. human glycophorin (23, 
24) and serum glycoproteins (18). The existence of unmasked 
galactosyl residues on the rabbit RBC was previously indicated 
by the reactivity of circulating rabbit erythrocytes to peanut 
agglutinin (27). These results were later confirmed by Bell et 
al. (44), who further demonstrated that the major product 
obtained from intact rabbit RBC by galactosidase treatment 
was found to be D-galactose. These data may suggest that the 
GO-sensitive sites on the rabbit erythropoietic cells are terminal 
galactosyl, and not N-acetylgalactosaminyl, residues. 

Unlike the situation in other mammalian RBC which do not 
have exposed galactosyl residues, those residues normally ex- 
posed on the rabbit RBC membrane apparently do not con- 
tribute as such to the recognition of desialylated rabbit RBC. 
This implies that the additional galactosyl residues, exposed by 
neuraminidase (Fig. 4), may differ biologically from those 
normally exposed on the same cells. In this regard, Jancik and 
Schauer (4) have demonstrated that, in circulating rabbit eryth- 
rocytes, fl-galactosidase removed galactose only after enzy- 
matic treatment with neuraminidase. In contrast, Aminoff and 
co-workers (8) have shown that galactose can be removed from 
the native erythrocyte surface of the rabbit by the action of a- 
galactosidase without prior neuraminidase treatment. These 
complementary data suggest that the normally exposed galac- 
tosyl residues in the rabbit erythrocyte membrane may be 
structured in the a-configuration, whereas the galactose resi- 
dues, penultimate to sialic acid, are, at least in part, in the fl- 
configuration. In both studies, D-galactose, and not N-acetyl- 
galactosamine residues were reportedly removed from the cell 
surface, results consistent with our earlier studies (21). 

The results presented here further indicate that during eryth- 
roid development in the rabbit an inverse correlation exists 
between the previously recorded changes in surface sialic acids 
(25, 31) and the distribution of galactosyl residues (Fig. 4). The 
observed interplay between these two surface determinants is 
particularly evident during nuclear extrusion and consequent 
formation of the reticulocyte from the late erythroblast. The 
reduction in galactosyl site density during maturation of the 
reticulocyte to an erythrocyte (Fig. 4) is associated with the 
previously reported increase in surface sialyl site density (15, 
25, 31). These alterations may be attributed to the pronounced 
modulations in the distribution of membrane determinants 
upon expulsion of the nucleus from the late orthochromatic 
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erythroblast (14, 15, 22, 26). The contrapositive segregation of 
galactose versus sialic acid residues during nuclear extrusion 
further supports the hypothesis that galactosyl- and sialyl- 
bearing glycoconjugates on rabbit erythroid cell surfaces rep- 
resent different classes of membrane constituents. The recip- 
rocal relationship between these two determinants is highly 
reminiscent of the inverse relationship between concanavalin 
A binding sites and surface sialyl residues on developing 
erythroid cells of the rat (15). This trend, involving the contra- 
positive segregation of membrane glycoconjugates, might 
therefore reflect a general characteristic of specified surface 
components in the developing mammalian RBC, with species- 
specific variations in the spectrum of surface saccharides. 
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