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The recent isolation of rubella virus (1, 
2) and the relation of human infection to 
fetal damage has led to intensive efforts to 
define the properties of this agent. Most of 
the studies have focused on the rubella he- 
magglutinating antigen which has been shown 
to have variable degrees of affinity for ery- 
throcytes from sheep, goose and 24-hr-old 
chick sources ( 3 ) .  The most reliable results 
were obtained with erythrocytes of unfed 
24-hr-old chicks; those of adult chickens are 
usually not agglutinated. 

In  this laboratory and in the work of oth- 
ers (4),  the rubella hemagglutination reac- 
tion was only slightly sensitive to changes in 
pH between 6.0 and 8.2; slightly higher 
titers were produced in buffered borate at  pH 
7 .O-7.2. The reaction required the presence 
of cations (4) .  Addition of EDTA to cell 
suspensions blocked agglutination by the vi- 
rus (4). One to twofold higher titers were 
produced when DEAE-dextran was added to 
sheep red blood cell suspensions before addi- 
tion of the antigen. Attempts to alter hemag- 
glutination by treatment of erythrocytes with 
various enzymes have produced the follow- 
ing results: Prior exposure of newborn chick 
cells to trypsin produced nonspecific hemag- 
glutination ( 5 ) .  When the erythrocytes were 
treated with neuraminadase, rubella hemag- 
glutinination titers were not altered ( 5 ) .  Stud- 
ies using density gradient centrifugation 
of crude antigen preparations have revealed 
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an inhibitor of the rubella hemagglutination 
which was isolated and tentatively identified 
as a P-lipoprotein (6).  These general proper- 
ties of the hemagglutination reaction have 
been confirmed by the writers. 

The characteristics of rubella hemagglu- 
tination described above bear a striking simi- 
larity to the properties of the “lanthanum- 
staining material” (LSM) ( 7 )  described by 
Lesseps (8). He examined chick embryo ret- 
ina, limb bud and cardiac cells by electron 
microscopy and noted a lacy LSM attached 
to the external surface of the plasma mem- 
brane of these cells. He demonstrated that 
the LSM was removed by treatment of the 
cells with 0.001 mg/ml of phospholipase C 
for 10 min at  37”. The purpose of the present 
study was to determine if the LSM was 
present on the surface of chick erythrocytes 
and if this layer was involved in hemagglu- 
tination by rubella virus. 

Methods. Erythrocytes obtained from 
24-hr-old unfed chicks and adult chickens 
were collected in Alselver’s solution and 
washed 3 times in dextran gelatin Verona1 
(DGV) buffer solution before use. 

Phospholipase C ( 7  units/mg) was dis- 
solved in DGV buffer and 7 dilutions of the 
enzyme (0.005 mg to 0.0005 mgJml) were 
prepared. Equal volumes of both adult and 
newborn chick red cell suspensions were ex- 
posed to each concentration at  37” for 10 
min. Treatment was terminated by immersing 
the reaction mixture in ice. The enzyme was 
then removed by washing the cells 3 times 
in DGV buffer. 

Rubella hemagglutination using Tween 
80-ether-treated antigen (Microbigoloical 
Associates) was carried out using the macro 
method described by Stewart ( 3 ) .  An equal 
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chick erythrocytes which had been agglu- 
tinated by rubella antigen revealed a thick 
lacy structure covering the outer surface of 
the plasma membrane and bridges between 
adjacent cells (Fig. 1) .  This had the same 
appearance as the previously described lan- 
thanum staining material ( 7 ) .  Control cells 
which had not been treated with rubella anti- 
gen also had this same appearance. When 
newborn cells, treated with 0.001 mg/ ml of 
phospholipase C were examined, it was noted 
that most of this material had been stripped 
away from the outer surface of the normal 
plasma membrane while the intracellular 
space retained its hemoglobin (Fig. 2 ) .  Cells 
which had been completely lysed by the en- 
zyme retained the plasma membrane struc- 
ture but had completely lost the lacy struc- 
ture on the outer surface. These cells were 
not agglutinated by rubella virus. In  un- 
treated red blood cells of grown chickens, the 
thickness of this layer was markedly re- 
duced and the lacy appearance characteristic 

FIG. 1. Unfed 24-hr-old chick red blood cells 
hemagglutinated with rubella antigen and stained 
with lanthanum ions; 5 mm r 300 A. 

volume of enzyme-treated (each concentra- 
tion) or untreated erythrocytes was added to 
each dilution of antigen, and titers were de- 
termined after incubation a t  4" overnight. 

All cells were fixed and stained with lan- 
thanum ions by the method of Lesseps (8) .  
The cells were then washed 3 times in phos- 
phate buffered saline to remove excess stain, 
embedded in Aralite 502 (9 )  and thin sec- 
tions were examined, using an RCA-EMU- 
3 G microscope. 

ResuZts. The agglutinin titers for untreated 
24-hr-old chick erythrocytes ranged from 
1 : 8 to 1 :32. The addition of a concentration 
of 0.0025 mg/ml of phospholipase C pro- 
duced hemolysis. When 0.001 mg/ml of the 
enzyme was added, the rubella antigen failed 
to produce agglutination but the cells re- 
mained intact. Untreated adult chick cells 
and control chick cells without antigen 
present did not agglutinate. 

Electron microscopy of untreated newborn 

FIG. 2. Unfed 24-hr-old chick red blood cell 
treated with 0.001 mg/ml of phospholipase C ;  5 mm 
= A. 
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FIG. 3. Adult chicken red blood cells stained with 
lanthanum ions; 5 mm = 300 A. 

of the erythrocytes of newborn chicks was 
not apparent (Fig. 3 ) .  

Discussion. The red blood cells of newborn 
chicks appear to have a thick layer of mate- 
rial external to the previously recognized 
triphasic plasma membrane on their surface. 
This layer has the same properties a.s the 
lanthanum-staining material demonstrated on 
other chick embryo cells (8) .  Minute quan- 
tities of phospholipase C remove the LSM 
but do not destroy the integrity of the plas- 
ma membrane. Adult chicken cells possess a 
much thinner layer of LSM which has lost it.s 

lacy quality. The lanthanum-staining mate- 
rial appears to be essential for agglutination 
of 24-hr-old chick erythrocytes by rubella 
virus. Recent studies demonstrated an inhibi- 
tor of rubella hemagglutination in crude 
preparations of antigen. It is perhaps more 
than coincidence that this inhibitor, thought 
to be a /I-lipoprotein, can be destroyed by 
phospholipase C ( 6 ) .  

Summary. Erythrocytes from 24-hr-old 
chicks have, on the external surface of the 
plasma membrane, a structure which appears 
to possess all of the characteristics of previ- 
ously described lanthanum-staining material. 
Removal of this layer by treatment with very 
low concentrations of phospholipase C results 
in failure of the cells to be agglutinated by 
the virus. 
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