
medium was replaced by maintenance 
medium. 

After being washed with Hanks bal- 
anced salt solution, cultures were in- 
oculated with 0.25 ml of virus prepa- 
rations. After incubation at 25?C for 1 
hour to allow for virus adsorption, the 
inoculum was removed and cultures 
were fed with maintenance medium. In- 
cubation was then continued at 35?C. 

After inoculation, pH 7.2 was main- 
tained with 1.4 percent NaHCO.o. Every 
5 to 7 days, one-half of the fluid phase 
was replaced with fresh maintenance 
medium to prevent cell damage result- 
ing from nutrient depletion. 

Four to six cultures were used for 
each of the four virus strains studied 
in each experiment. Equal numbers of 
uninoculated cultures served as cell con- 
trols. Control cultures were processed 
in the same manner as those used for 
inoculation. 

Uninoculated rabbit embryo cells 
form monolayers of densely packed 
elongated cells with a fibroblastic ap- 
pearance. In cultures inoculated with 
rubella virus, the first indication of 
cytopathic effect is the loss of the dense 
arrangement of the monolayer in dis- 
crete areas. Infected cells lose their 
characteristic, elongated, spindle shape 
and become more rounded, and cyto- 
plasmic threads become obvious. Fin- 
ally the infected cells become con- 
densed, degenerate, and detach from 
the surface, with discrete plaques re- 
maining in the monolayer. On primary 
isolation, strains AE and LB produced 
foci by the 6th day after inoculation. 
Foci were noted by the 9th day after 
inoculation with the human amnion- 
adapted Bell strain and the monkey 
kidney-adapted M33 strain. 

The cytopathic process progresses to 
involve 75 to 80 percent of the mono- 
layer within 10 to 12 days after inocu- 
lation. Control monolayer cultures re- 
main as sheets of densely packed elon- 
gated cells. 

The four virus strains have been pas- 
saged in primary rabbit embryo cells 
four times without any loss of cyto- 
pathogenicity. The cytopathic changes 
produced by all four strains are com- 
parable. Titers of virus in the super- 
natant fluids by the 8th to 9th day 
after inoculatioin reach 105 to 106 

TCID5.0 (tissue culture infective dose, 
50 percent effective) per milliliter. 
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luted in Hanks balanced salt solution 
containing 0.1 percent peptone. Two- 
fold seri,al dilutions of inactivated serum 
were prepared in Hanks balanced salt 
solution. Equal volumes of virus prepa- 
ration and serum dilutions were mixed. 
Serum-virus mixtures and control virus 
preparations were held at 37?C for 1 
hour before inoculation of 0.25-ml 
amounts into each of four cultures. 
Virus dilutions were prepared to con- 
tain 100 TCID,o of virus per 0.25 ml 
of final virus-serum mixture. Inoculated 
cultures and serum, virus, and cell con- 
trols were held at 25?C for 1 hour, 
then 1 ml of maintenance medium was 
added to the inoculum, and incubation 
was continued at 35?C. Serums from 
the convalescent, but not acute, phase 
and rabbit antiserum to the Bell strain 
neutralized the cytopathic effects of all 
four virus strains. Cross-neutralization 
of our isolates with antiserum to the 
Bell strain indicated antigenic similar- 
ity. Neutralization studies have been 
performed with and without incorpora- 
tion of fresh normal rabbit serum in 
the virus-antiserum mixture. The addi- 
tion of fresh normal rabbit serum has 
not been a necessary requirement for 
consistent and reproducible neutraliza- 
tion of the cytopathic effects of rubella 
virus in this cell system. 

Hemagglutination and hemadsorp- 
tion tests, and also tests for the pres- 
ence of bacteria and Mycoplasma, were 
negative. 

Indications of the sensitivity of this 
technique for recovery of rubella virus 
from clinical materials are given by pre- 
liminary comparative studies of throat 
washings from 14 selected rubella pa- 
tients. On primary isolation attempts, 
we recovered the virus from all of the 
14 specimens tested in rabbit embryo 
cell cultures in contrast to recovery of 
the virus from 10 of 12 specimens 
tested in primary green monkey kidney 
cell cultures (5) and from 7 of 14 
tested in primary human amnion cell 
cultures (1). 

Definite and marked cytopathic ef- 
fect of rubella virus in rabbit embryo 
cell cultures makes possible an efficient 
and reproducible direct technique for 
demonstration of virus and of specific 
neutralizing antibodies. In addition, 
growth of the virus in high titer in rab- 
bit embryo tissue provides a convenient 
source of virus for other studies. 
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Hemoglobin Sphakia: A Delta-Chain 
Variant of Hemoglobin A2 
from Crete 

Abstract. A new variant of the nor- 
emal minor component Hb A2 has been 
detected in a family that lives in 
Sphakid, Crete. Chemical studies of 
this abnormal hemoglobin, designated 
Hb A2 8 Sphakid, indicates a substitu- 
tion of the histidyl residue number 
two of the 8-chain by an arginyl 
residue. 

Hemoglobin A2 (Hb A2), which was 
first described by Kiinkel and Wal- 
lenius (1), is a minor red-cell com- 
ponent which is present in all nor- 
mal humans. It constitutes about 2.5 
percent of the total hemoglobin of the 
red cell. In electrophoresis on paper, 
starch-gel, or starch-block, at alkaline 
pH, it migrates considerably more 
slowly towards the anode than Hb A 
and at approximately the same speed as 
Hb E. It consists of two a-chains of 
the same composition as those in Hb 
A (2) combined with two 8-chains 
which differ from the /3-chain of Hb A 
in ten amino acid substitutions (3, 4). 
Its structure can be written a9282. 

Several electrophoretically separable, 
inherited variants of Hb A2 have been 
found. Some of them are due to 
changes in the a-chain and occur in 
association with major a-chain vari- 
ants. The first example of this type 
(5) was in a subject carrying the a- 
chain variant Hb G Ibadan only. This 
subject had no Hb A2 but his red 
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in ten amino acid substitutions (3, 4). 
Its structure can be written a9282. 

Several electrophoretically separable, 
inherited variants of Hb A2 have been 
found. Some of them are due to 
changes in the a-chain and occur in 
association with major a-chain vari- 
ants. The first example of this type 
(5) was in a subject carrying the a- 
chain variant Hb G Ibadan only. This 
subject had no Hb A2 but his red 
cells showed a slower minor com- 
ponent which had the constitution 

a2G82 and a number of hemoglobins of 
this type have since been described 
(6). Two variants of the Hb A2 due to 
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changes in the 8-chain are known. 
One of these, known as Hb A2' or 
Hb B2 (7), migrates considerably more 
slowly than Hb A2 and occurs in ap- 
proximately 1 percent of the Ameri- 
can Negro population. Horton et al. 
(8) showed that the 8-chain was ab- 
normal and A. O. W. Stretton (quoted 
by Baglioni, 9) has indicated that the 
abnormality consists of substitution of 
glycyl for arginyl at position No. 16. 
This substitution has recently been con- 
firmed by chemical studies of three dif- 
ferent samples of Hb B2 (10). A vari- 
ant which is apparently the same as Hb 
B2 has been reported in a Sicilian family 
(11) but, unlike the American Negro 
cases, it was associated with mild hemo- 
lytic disease. A second variant, Hb A2 S 
Flatbush, has been described (12). At 
alkaline pH its mobility is greater than 
that of . Hb A, and it is therefore 
clearly distinguishable from Hb B2. 
In Hb A2 8 Flatbush, glutamyl is sub- 
stituted for alanyl at position No. 22 
of the 8-chain (13). 

In the course of screening 171 hemol- 
yzates from a population survey in 
Sphakia, an isolated mountainous re- 
gion of southern Crete, a single ex- 
ample of another Hb A2 variant was 
detected in a 10-year-old girl. Its elec- 
trophoretic characteristics were briefly 
described (see 14), and it was given 
the name Hb Sphakia or Hb A. 8 

Sphakia (15). When the hemolyzate was 
examined on starch-gel with a tris- 
ethylenediaminetetraacetate (EDTA) 
buffer system (6) and stained with o- 
tolidine-peroxide, which detects heme 
compounds, Hb A2 was found to be 
somewhat weak, and an additional 
minor component was seen nearer the 
cathode. When the sliced gel was 
stained with amido black, this slow 
minor component appeared just behind 
(toward the cathode) the main non- 
hemoglobin protein band. The speci- 
men was then compared on starch gels 
in parallel with hemolyzates contain- 
ing Hb A2 together with Hb B. (16). 
The Sphakiai variant was greater in 
mobility than Hb B2 (Fig. 1). Its mobili- 
ty was also greater than that of Hb 
B2 in hemolyzates examined with the 
tris-citrate-borate buffer system of Pou- 
lik (17). 

Because the specimen containing the 
Sphakia variant showed no evidence 
of a second major component, slower 
than Hb A, it seemed probable that 
the abnormality was in the 8-chain. 

The younger brother of the proposi- 
ta was included in the survey and did 
not have the variant. On a subsequent 
18 MARCH 1966 
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Fig. 1. Starch gel electrophoresis. Sample 
1 demonstrates Hb A2 and Hb Sphakia, 
and sample 2 demonstrates Hb A2 and 
Hb B,. Only the cathodal edge of Hb A 
is shown. The origin is marked by arrows; 
tris-EDTA borate buffer at pH 8.6; stain- 
ing was with o-tolidine and hydrogen 
peroxide. 

occasion small blood samples were ob- 
tained by finger-prick from the father, 
mother, and elder brother of the pro- 
posita. This material was examined in 
Athens on a tris-EDTA-borate gel a 
few days later; the variant was pres- 
ent together with Hb A2 in the mother 
and elder brother but not in the father. 
The variant was thus present in the 
mother and in two of her three chil- 
dren who were tested. The fourth mem- 
ber of the sibship, a daughter, was not 
examined. 

Stained blood films from the proposi- 
ta and from her father, mother, and 
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elder brother were examined but none 
of these subjects showed appreciable 
abnormalities of the red cells. 

A sample of approximately 20 mil- 
liliters of heparinized whole blood was 
obtained by venipuncture from the 
proposita and dispatched to London in 
an iced insulated container. The variant 
Hb A, 8( Sphakia was isolated and 
purified by chromatography on car- 
boxymethyl Sephadex followed by 
starch-grain electrophoresis as described 
for Hb A2 (18). The purified hemo- 
globin was sent to Portland, Oregon, 
in ice, where it was converted to glo- 
bin (10-mg yield) by removing the heme 
group with a mixture of cold acid and 
acetone (19). The a- and 8-chains of 
the globin were separated by counter- 
current distribution by a modification 
of the procedure of Hill et al. (20); 
4.5 mg of 8-chain was obtained and 
treated with ethylenimine yielding the 
S-aminoethyl derivative (4). The amino- 
ethyl 8-chain (AE8) was hydrolyzed 
with trypsin (Worthington, twice crys- 
tallized, free of salt) in an aqueous 
solution of trimethylamine (21). The 
tryptic peptides, corresponding to 3.5 
mg of aminoethyl 8-chain, were separa- 
ted by automatic peptide chromatogra- 
phy on a column (0.9 X 17 cm) of 
Spinco type 15A resin and a linear 
gradient of pyridine-acetic acid de- 
velopers (4). 

The chromatograms of tryptic pep- 
tides from the aminoethyl 8-chain of 
the variant hemoglobin and normal 
aminoethyl 8-chains were compared 
(Fig. 2). The second arrow points to 
the region of the chromatogram where 
AT-1 and 8T-8 (lysine) are normally 
eluted as a double peak (22). Al- 
though ST-8 is present, normal AT-1 
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Fig. 2. Peptide patterns of tryptic hydrolyzates of the aminoethylated a-chains from Hb 
A2 a Sphakia on top and normal Hb A2 on the bottom. The absorbance of the reaction 
products of ninhydrin and peptides was measured continuously at 570 m/. 
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is missing entirely in the preparation 
from Hb A2 8 Sphakia. Amino acid 
analyses after hydrolysis for 22 hours 
at 110?C in 6N HC1 were carried out 
on each tryptic peptide from the vari- 
ant. Several zones required further 
chromatography on columns of Dowex 
50W-X2 in order to obtain single pep- 
tides. Accurate analyses of such small 
amounts of peptides were achieved by 
modifying a Spinco amino acid analyzer 
to include a long-path photometer 
which increased sensitivity tenfold 
(23). 

The analyses of peptides indicated 
that the composition of all of the tryp- 
tic peptides from AT-2 through 8T-16 
are normal. No normal 8T-1 peptide 
could be detected; instead three abnor- 
mal peptides appear to be related to 
ST-1. One of the peptides was present 
in the zone marked by the first arrow 
in Fig. 2 and had the composition 
(Leu,Thr,Pro,Glu2,Lys) (22). A sec- 
ond abnormal peptide was found in 
the zone indicated by the fourth ar- 
row in Fig. 2. Its composition was 
(Val,Arg). A small amount of the aT- 
10 peptide (Leu,Arg) was also present 
in this zone, as is evident from the 
chromatogram of normal aminoethyl 
8-chain. This represents contaminating 
a-chain not completely removed by 
the countercurrent distribution proce- 
dure. A third abnormal peptide was 
found in the zones marked by the 
third arrow in Fig. 2. This peptide 
was isolated by rechromatography and 
had the composition (Val,Arg,Leu,Thr,- 
Pro,Glu2,Lys). Because of the lack of 
material, further sequence studies were 
not possible. Considering the hydroly- 
tic specificity of trypsin and comparing 
the composition of these abnormal pep- 
tides with the sequence of the normal 
8T-1 peptide, we think it reasonable 
to conclude that the histidine which is 
normally present as the second residue 
of the 8-chain has been replaced by 
an arginine in Hb A2 8 Sphakia. Ex- 
cept for the unlikelihood of inversions 
of amino acids within single tryptic 
peptides, or of inversions of tryptic 
peptides within the whole 8-chain, the 
results of these chemical studies indi- 
cate that Hb A2 8 Sphakia' differs 
from Hb A2 by only this substitution 
of an arginyl residue for the histidyl res- 
idue at position No. 2 from the amino 
terminus of the 8-chain. The formula tof 
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appear to be explainable simply on 
the basis of ,a glycyl-to-arginyl change 
compared to a histidyl-to-arginyl 
change. Because of the partial protona- 
tion of histidyl at the pH's used for 
electrophoresis, the glycyl-to-arginyl 
substitution of Hb B2 would result in a 
greater change in the net positive 
charge of the molecule than the his- 
tidyl-to-arginyl substitution of Hb A2 8 
Sphakia. 
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