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mary underdevelopment in the full- 
collared group. 

The physiological irritant, formalin, 
far from retarding mammary develop- 
ment, increased it to the highest level, 
significantly exceeding the level of de- 
velopment in the group injected with 
distilled water. The stress effects of 
restraint also are thus ruled out as a 
cause of the underdevelopment. 

We conclude that the mammary un- 

derdevelopment in the full-collared rats 
was caused by the prevention of self- 

licking and not by the method of pre- 
vention. Self-licking is thus shown to 
effectively stimulate mammary develop- 
ment during pregnancy, at a time when 

mammary growth and secretion were 
heretofore thought to be primarily un- 
der endogenous control. 

Among sites that are licked on the 
ventral surface are the nipple areas 
and the genital and pelvic regions. The 
most likely route by which the licking 
stimulates the mammae, however, is by 
way of sensory receptors located in the 

nipples. This possible dependence of 

mammary development during preg- 
nancy on stimulation of the nipples 
is consistent with what is known about 
the sensory conditions that maintain 

postpartum mammary function, and it 

suggests that a similar neuroendocrine 
mechanism and a similar hormone '(or 
hormones) are involved. Grosvenor 
and Turner (9) implied a similar con- 
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Keratosulfate is a sulfated muco- 

polysaccharide composed of equimolar 
amounts of D-galactose and N-acetyl- 
D-glucos'amine and of variable quantities 
of methylpentose and sialic acid (1). 
It has been isolated from cornea (2), 
nucleus pulposus (3), and cartilage of 
mammals and lower species (4). In 
these tissues keratosulfate is covalently 
bound to protein by at least two dif- 
ferent types of bonds, either by N- 

glycosyl bonds to the amide groups of 

asparagine and glutamine or by O-gly- 
cosyl bonds to the hydroxyls of serine 
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ception when they suggested that late 
in gestation a neural stimulus, possibly 
arising from the uterus, caused release 
of prolactin from the pituitary, which 
in turn caused prepartum lactation. Our 
results indicate that a behavioral event 
of pregnancy can provide the required 
stimulation. 

LORRAINE L. ROTH 
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and threonine (1). The O-glycosidic 
bonds are alkali-labile and are split by 
/3-elimination (5). The N-glycosyl 
bonds are mainly present in keratosul- 
fate of cornea, the O-glycosyl linkages 
in skeletal keratosulfate. The structure 
of corneal keratosulfate was deduced 
from methylation and enzymatic diges- 
tion of the sulfated and desulfated 
polymer as N-acetyllactosamine-6-sul- 
fate, polymerized by 1,3 bonding of 
the alternating hexosaminyl and D-ga- 
lactosyl moieties (6). 

Since the yields of the isolated 
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methyl ethers were rather low, the 
methylation of bovine cornea kerato- 
sulfate was reinvestigated. Improved 
methods markedly increased the yields 
of methyl ethers, which, in general, 
confirmed the proposed structure. How- 
ever, ithe evaluation of the experiment 
suggested that carbon No. 6 of galac- 
tose was partly blocked, indicating ei- 
ther branching at this position or sub- 
stitution by another group. 

After searching for optimum condi- 
tions we obtained, on hydrolysis of 1.0 
g of keratosulfate for 1 hour with 
0.5N H2SO4 at 100?C, two sulfated 
monosaccharides, which were isolated 
by paper chromatography and electro- 
phoresis. Fraction I (8.0 mg) was ga- 
lactose-6-sulfate, the other (fraction II, 
13.2 mg) N-acetylglucosamine-6-sulfate. 
In addition, a number of sulfated oligo- 
saccharides were present. 

The properties of fraction I are as 
follows: [all] as barium salt was +42.5?, 
as ammonium salt was +52.0?. In pa- 
per chromatography its migration was 
10 percent slower than that of syn- 
thetic glucose-6-sulfate. On paper elec- 
,trophoresis at pH 6 it had the same 
mobility as glucose-6-sulfate. Its stain- 
ing with aniline phthalate and tetra- 
zolium chloride showed that the re- 
ducing group and carbon No. 2 were 
free. 

The ratio of sulfate to galactose was 
1.06. The reducing value (Schales and 
Schales) was 84 percent that of galac- 
tose. On infrared spectroscopy the sub- 
stance absorbed at 1240 and 820 
cm-1, showing the absence of a sul- 
fate on carbon No. 4. It consumed 3 
moles of periodate rapidly in unbuf- 
fered solution and then consumed slow- 
ly an additional mole. Negligible 
amounts of formaldehyde were re- 
leased on oxidation in bicarbonate buf- 
fer (pH 7.5) for 24 hours (7). 

The properties of fraction II were 
as follows: [cal) as ammonium salt was 
+47.9?. Chromatographically and elec- 
trophoretically it had the same mobili- 
ty as authentic N-acetylglucosamine-6- 
sulfate. It stained with aniline phthal- 
ate and gave a positive reaction for 
N-acetylhexosamine. The ninhydrin re- 
action was negative. On complete hy- 
drolysis glucosamine was the only car- 
bohydrate present. The ratio of sulfate 
to N-acetylglucosamine was 0.97, that 
of sulfate to glucosamine was 0.98. The 
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bohydrate present. The ratio of sulfate 
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of sulfate to glucosamine was 0.98. The 
reducing value (Schales and Schales) 
was 98 percent that of N-acetylglucosa- 
mine. On infrared spectroscopy the sub- 
stance absorbed at 1240 and 820 cm-1, 
indicating a primary sulfate ester group. 
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Mucopolysaccharides: N-Acetylglucosamine- and 

Galactose-6-Sulfates from Keratosulfate 

Abstract. Galactose-6-sulfate and N-acetylglucosamine-6-sulfate were obtainled 
pure from a partial acid hydrolyzate of corneal keratosulfate by paper chromatog- 
raphy and electrophoretic fractionation. These sugars were also present in 

hydrolyzates of skeletal keratosulfate. The distribution of the sulfate groups in 
the various keratosulfates might depend upon their source, and this distributtion 

probably has important biological significance. 
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On periodate oxidation in bicarbonate 
buffer it liberated formaldehyde only in 
traces. 

The data strongly indicate that frac- 
tion I is galactose-6-sulfate and that 
fraction II is N-acetylglucosamine-6- 
sulfate. Paper chromatography and 
electrophoresis of a similarly hy- 
drolyzed sample of keratosulfate from 
cartilage of human rib likewise yield- 
ed galactose-6-sulfate. Judged from the 
intensity of the spots, the content of 
galactose-6-sulfate in this fraction ap- 
pears to be higher than that of kerato- 
sulfate of cornea. The isolation of N- 
acetylglucosamine-6-sulfate is in agree- 
ment with the structure previously pro- 
posed. 

The presence of galactose-6-sulfate is 
another instance of the variations in 
the mucopolysaccharides in general and 
in keratosulfate in particular, and is 
another example of the apparent ran- 
domness of the biosynthesis of these 
compounds. 

The isolation of galactose-6-sulfate 
from keratosulfate of cornea is note- 
worthy in that the ratio of sulfate to 
hexosamine in cornea is always close 
to one, while keratosulfate of senile hu- 
man cartilage, as well as that of elasmo- 
branch cartilage, is oversulfated; that 
is, the ratio of sulfate to hexosamine 
is greater than one (1). In these sources 
the extra sulfate can be expected to 
be in the galactosyl moiety. Galactose 
sulfate in mammalian tissue occurs in 
the sulfatides of brain and other tis- 
sues (8), and recently galactose-6-sul- 
fate was demonstrated in neuraminlac- 
tose sulfate from the mammary glands 
of rats (9). 

The finding of sulfate ester groups 
in both galactosyl and hexosaminyl 
moieties of keratosulfate may explain 
the anomalous behavior of this poly- 
mer toward quaternary ammonium 
and pyridinium salts (10), which may 
be caused by the proximity of sulfate 
groups in neighboring instead of in al- 
ternating glycosyl groups, so that the 
compound behaves similarly to 
heparin. 

In view of our finding, we should 
not assume that the keratosulfate frac- 
tions that are isolated from different 
normal and abnormal tissues, such as 
degenerating cartilage, nucleus pulpo- 
sus, and tissue in Marfan's syndrome, 
are identical. 
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Rubella Virus: Growth and 
Cytopathic Effect in Primary 
Cultures of Cells of Rabbit Embryos 

Abstract. Primary cultures of rabbit 
(New Zealand white) embryo cells sup- 
port growth of rubella virus. Distinct 
cytopathic changes are discernible with- 
in 6 to 8 days after inoculation. This 
cell system has been successful for the 
recovery of rubella virus from clinical 
materials and the demonstration of 
neutralizing antibody in patient serum. 

We have found that primary cultures 
of rabbit embryo cells not only sup- 
port rubella virus growth, but lalso de- 
velop marked specific cytopathic 
changes. These changes develop on pri- 
mary isolation of virus from clinical 
materials and also are produced by virus 
previously adapted to other cell lines. 
In our hands, this cell system has pro- 
vided a technique which is direct, sen- 
sitive, and reproducible for demonstra- 
tion of rubella virus. 

Weller and Neva first described sub- 
tle cytopathic effects of rubella virus 
in primary human amnion cell cul- 
tures (1). Other investigators have since 
reported cytopathic effects in several 
cell systems. McCarthy et al. observed 
cytopathic effects in a transformed line 
of rabbit kidney (RK-13) and, later, 
reported cytopathic effects in primary 
cultures of rabbit kidney (2). Giinalp 
observed destructive changes in mono- 
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become more manifest after serial pas- 
sage of the virus in the cell line under 
investigation. Leerh0y recently reported 
a cytopathic effect of strains of 
RK-13-adapted rubella virus in an es- 
tablished line of rabbit cornea cells 
(4). The effects described by Leerh0y 
are distinct and usually discernible with- 
in 4 days after inoculation; no refer- 
ence was made to the utilization of 
this cell line for primary isolations from 
clinical materials. 

Because of the difficulty in detecting 
cytopathic effects in early passages of 
rubella virus in primary human amnion 
and RK-13 cells, the indirect method 
described by Parkman et al. is most 
often used for diagnostic work (5). 
Although this method has proved suc- 
cessful for isolation and identification 
of rubella virus, it is somewhat la- 
borious. 

In the study now reported, four 
strains of rubella virus were used. The 
human amnion-adapted Bell strain was 
supplied by F. A. Neva (6); the green 
monkey kidney-adapted M33 strain 
was supplied by E. L. Buescher (6). 
Two additional strains (AE and LB) 
that we recovered from patients during 
the 1964 rubella epidemic were iso- 
lated in rabbit embryo cell cultures 
from original clinical materials. 
These strains were also isolated and 
identified by the indirect technique in 
green monkey kidney cells. Identifica- 
tion of the isolates was made with 
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