
percent when isovaleric acid was pres- 
ent in stimulus; 0 percent when absent). 
The differences between the percentages 
is significant at P < .001 in both cases. 

The variations usually encountered 
in field experiments (Figs. 1 and 2) are 
in part due to known causes, such as 
diurnal, seasonal, and meteorological 
factors, even though the pronghorn 
were tested at the same time of day. 
Second, physiological short-term peri- 
odicities influence the readiness to scent 
marking: an animal will be less in- 
clined to mark if it is ready to recline 
and chew its cud, whereas it will be 
more likely to mark after a period of 
rest. This has been demonstrated for 
black-tailed deer (10). Third, sudden 
noises of vehicles, airplanes, gunshots, 
and the like often cause the animals to 
assume the alert posture and change 
their response to odor stimuli. In view 
of these possible sources of variation, 
the results obtained are as consistent 
as they can be under the circumstances. 
No response value was discarded. We 
are aware of no other comparable study 
on chemical communication in any 
mammal under similar outdoor condi- 
tions. 
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Recent work in this laboratory has 
indicated that hyaluronate production 
and its subsequent enzymatic removal 
may be involved in the temporal con- 
trol of cell migration and cell differen- 
tiation in a variety of embryonic and 
regenerating tissues. Studies of the re- 
generating newt limb (1) and of the 
developing chick cornea (2), limb bud, 
and axial skeleton (3) have led to the 
postulate that hyaluronate inhibits cer- 
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tain cell interactions necessary for tis- 
sue formation (4) and that enzymatic 
or hormonal influences, or both, release 
this inhibition at the appropriate time 
(5, 6). The possibility that hyaluronate 
turnover may be linked to the numer- 
ous waves of neuronal migration and 
differentiation during embryonic brain 
development is now being explored. We 
report here that relatively high levels 
of hyaluronidase activity and of hyal- 
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uronate are present during chick em- 
bryonic brain formation and that they 
diminish soon after hatching. 

Previously, other investigators showed 
that mucopolysaccharides including 
hyaluronate are present in brain tissue 
of several species (7) and that they 
are major components of the extracellu- 
lar microenvironment of brain cells (8). 
Levels of hyaluronate are known to 
vary considerably during development 
(9), and Margolis et al. (10) recently 
reported the presence of a hyaluroni- 
dase in the brains of newborn and adult 
rats and cows. 

Hyaluronidase activities were deter- 
mined by measurement of the terminal 
N-acetylhexosamine in oligosaccharides 
released during incubation of hyaluro- 
nate with homogenized chick brains 
from which endogenous substrate had 
been removed. Homogenization of chick 
brain in ten volumes of buffer (0.05M 
sodium acetate and 0.05M sodium 
chloride, pH 4.5) and centrifugation at 
25,000g for 20 minutes resulted in the 
separation of brain hyaluronidase (lo- 
calized in the precipitate) from brain 
endogenous substrate (localized in the 
supernatant). The precipitate contain- 
ing the enzyme was resuspended with 
0.1 percent Triton-X detergent in either 
0.05M sodium acetate and 0.05M so- 
dium chloride or 0.1M sodium formate 
and 0.15M sodium chloride buffers for 6 
hours. All procedures were performed at 
0?C. A portion (0.25 ml) of the Triton- 
X suspension (approximately 30 mg of 
protein per milliter) was pipetted into 
each tube with 200 ,tg of hyaluronate 
(Sigma Type IIIP) and incubated at 
37?C for varying times up to 8 hours. 
Enzymatic activity was terminated by 
boiling at 100?C for 1 minute. Release 
of terminal reducing N-acetylhexosa- 
mine as a result of enzymatic action was 
measured according to Reissig et al. 
(11). 

That brain hyaluronidase activities 
are higher in the embryo than in the 
hatched chick may be seen in a semi- 
quantitative fashion in Fig. 1, which 
shows a determination of the enzymatic 
pH maximum in acetate and formate 
buffer systems. A comparison of these 
curves measuring the amount of ter- 
minal N-acetylhexosamine released after 
8 hours of incubation shows that the 
embryo had approximately three to 
four times the enzymatic activity of the 
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and concentrations of protein were 
used for the range of pH values exam- 
ined. Furthermore, a broad pH maxi- 
mum, centered around pH 4.5, was ob- 
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Brain Hyaluronidase: Changes in Activity 

during Chick Development 

Abstract. Development of embryonic chick brain is characterized by high levels 

of hyaluronidase activity and of hyaluronate, both of which decrease rapidly 
soon after the chick hatches. By analogy to other systems, it is proposed that 
the sequence of hyaluronate production and its enzymatic removal may have a 

developmental role in brain formation. 
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tained with acetate buffer, and a sharp- 
er maximum at pH 3.7 was obtained 
with formate buffer. In the formate 
buffer system the enzyme showed twice 
the activity of that in the acetate buffer 
system. Enzymes from embryos and 
hatched chicks had identical maximums, 
which shows that these enzymes were 
probably qualitatively the same and 
that the change in hyaluronidase activ- 
ity that occurred at hatching was prob- 
ably a quantitative one. 

For a more precise estimate of en- 
zymatic activity during the stages of 
chick brain development, rate deter- 
minations were performed in both ace- 
tate (pH' 4.5) and formate (pH 3.7) 
buffer systems. Figure 2 shows that 
hyaluronidase activities (measured with 
acetate buffer, pH 4.5) were constant 
from 7-day embryo to 19-day embryo 
(day prior to hatching), during which 
time the brain wet weight increased 
from 0.1 to 0.9 g. Two days after hatch- 
ing, with an increase in this weight to 
only 0.95 g, the hyaluronidase activity 
had already decreased to 60 percent. 
At 8 days after the chicks hatched 
(brain, 1.20 g, wet weight) and 18 
days after hatching (brain, 1.45 g, wet 
weight) there were further decreases in 
hyaluronidase activity to 30 and 25 
percent, respectively, of the original 
value found in the prehatching period. 
Experiments in which formate buffer 
(pH 3.7) was used showed the same 
pattern of results, demonstrating again 
that 17-day embryos had four times the 
hyaluronidase activity that chicks had 
8 days after hatching. 

During this period of development 
of chick brain the protein content in- 
creased proportionately faster than did 
the wet weight of the brain, probably 
due to a decrease in hydration from 
embryo to young adult brain. In 7-day 
embryos protein was 2 percent of the 
wet weight, rising to a constant 5 per- 
cent for 15/2 day-old, 19-day-cld, and 
22-day-old chicks (22 days is 2 days 
after hatching). Twenty-eight-day brain 
(8 days after the chicks hatched) con- 
tained 7 percent protein with 3'8-day 
ones (18 days after the chicks hatched) 
having 8 percent. 

It follows, then, from the above re- 
sults that the decrease in hyaluroni- 
dase activity is also apparent on a 
whole brain basis since (i) at the time 
of hatching (day 19 to 22), when a 40 
percent decrease in activity per milli- 
gram of protein occurs, the increase 
in total protein per brain is only 5 
percent; and (ii) from day 19 to day 
28, over which time there is a fourfold 
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Fig. 1. Brain hyaluronidase: pH depen- 
dence of enzymatic activity comparing (A) 
acetate buffer (0.05M sodium acetate and 
0.05M NaCI) and (B) formate buffer 
(0.1M sodium formate and 0.15M NaC1) 
for both 17-day embryos (A) and 28-day- 
old chicks (8 days after hatching) (0). 
Incubations were for 8-hour periods with 
excess exogenous hyaluronate as described 
in the text. "Units" are defined as micro- 
grams of N-acetylhexosamine released per 
milligram of protein of brain tissue. 

decrease in activity per milligram of 
protein, the total protein per brain rises 
approximately twofold. 

Brain tissue lysosomes contain the 
exoglycosidases, 8/-glucuronidase and /,- 
N-acetylglucosaminidase, which by con- 
certed action could give rise to further 
breakdown of the oligosaccharides pro- 
duced by hyaluronidase, and thus aug- 
ment the amount of reducing N-acetyl- 
hexosamine measurable in the assay 
used above. Consequently, control ex- 
periments were performed to rule out 
the possibility that the decrease in hy- 
aluronidase activity from embryo to 
hatched chick might be due to high ac- 
tivities of these glycosidases in the em- 
bryo. Since exoglycosidase action would 
produce free N-acetylglucosamine from 

Time (hours) 

Fig. 2. Brain hyaluronidase: rate deter- 
minations of enzymatic activity (in acetate 
buffer, pH 4.5) for varying stages of chick 
development, comparing before-hatching 
stages to early after-hatching stages. 
These are 71/2-day (?), 15-day (*), 19- 
day (U), 22-day (2 days after hatching) 
(0), 28-day (8 days after hatching) (-A), 
and 38-day (18 days after hatching) (O) 
brains. "Units" are defined as micrograms 
of N-acetylhexosamine released per mil- 
ligram of protein of brain tissue. 

the hyaluronate oligosaccharides, the 
breakdown products from incubation of 
17-day embryo brain extracts with hy- 
aluronate at pH 3.7 were examined by 
gel filtration on Sephadex G-25. At 
most, 20 percent of the reducing N- 
acetylhexosamine was obtained in the 
fractions corresponding to free N-acetyl- 
glucosamine, whereas the rest appeared 
in the tetrasaccharide or larger oligo- 
saccharide fractions. Also, addition of 
1.5 mM D-saccharolactone, which is a 
specific inhibitor of fl-glucuronidase, did 
not significantly influence the hyaluroni- 
dase assay conducted in buffer systems 
having a pH of either 3.7 or 4.5. Under 
test conditions, this concentration of 
saccharolactone was shown to inhibit 
completely endogenous P-glucuronidase 
activity measured with either phenol- 
phthalein glucuronidate or oligosaccha- 
rides, obtained by testicular hyaluroni- 
dase cleavage of hyaluronate, as sub- 
strate. These results are in accordance 
with those of Margolis et al. (10), who 
also showed that exoglycosidases did 
not significantly influence their assay 
for hyaluronidase in rat brain. The ex- 
planation may lie in the low effective 
substrate concentration of end groups 
in the intact and partially digested hy- 
aluronate during the limited time of 
incubation. 

Approximate hyaluronate amounts 
were determined by complete digestion 
of lipid-extracted, protein-free brain 
preparations with streptococcal hya- 
luronidase (which is specific for non- 
sulfated glycosaminoglycans) and mea- 
surement of the release of reducing N- 
acetylhexosamine. Lipid extraction and 
protein degradation were performed ac- 
cording to the method described by 
Margolis and Margolis (12) which in- 
cluded extraction with a mixture of 
chloroform and methanol (2: 1), meth- 
anol and chloroform (2 1), ether 
drying, digestion with Pronase, and pre- 
cipitation with 10 percent trichloroace- 
tic acid (TCA). The supernatant from 
TCA precipitation was dialyzed for 24 
hours against running distilled water 
and for 12 hours against a buffer com- 
posed of 0.1M sodium acetate and 
0.1M sodium chloride (pH 5.0). In- 
cubations to determine amounts of hy- 
aluronate were performed at 37?C for 
16 hours, with the use of 0.20 ml of the 
above preparation (obtained from 16 
mg of lipid-free tissue, dry weight) and 
0.5 mg of streptococcal hyaluronidase 
(gift of Dr. Paul Bell, Lederle Labora- 
tories). Standards containing known 
amounts of hyaluronate were incu- 
bated under identical conditions. 
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This experiment showed that the de- 
crease of hyaluronidase activity was 
mimicked by a decrease in hyaluro- 
nate concentration soon after the chicks 
hatched and that high levels of hyal- 
uronidase activity exist in embryonic 
brain concurrently with high concen- 
trations of hyaluronate. Seventeen-day 
embryos had a hyaluronate content of 
6.9 ,ug per milligram of lipid-free tis- 
sue (dry weight) while chick brain 23 

days old (3 days after the chicks 
hatched) and also brain from chicks 7 
weeks after hatching contained 2.2 y/g 
per milligram of lipid-free tissue (dry 
weight. The drop in hyaluronate may 
explain the decrease in hydration dis- 
cussed in the previous section, since 

high hyaluronate concentrations are 
often associated with a high degree 
of hydration (13). Bondareff and Pysh 
(14) observed that the volume of ex- 
tracellular space decreases during early 
development of the rat brain. 

The parallel presence of both high 
concentrations of hyaluronate and high 
hyaluronidase activity during early de- 

velopment of brain presents a situation 
different from that encountered in the 

systems studied previously. In the re- 

generating newt limb (1) and the 
chick embryo cornea (2), limb, and 
vertebrae (3) the developmental se- 

quences can be separated into a mor- 

phogenetic phase during which cells ac- 
cumulate by proliferation and migra- 
tion to a suitable location and a phase 
of overt differentiation [for example, 
see (6) and (15)]. The former phase 
is characterized by hyaluronate pro- 
duction, the latter by hyaluronidase ac- 

tivity. In the developing brain of the 
chick a series of migrations and differ- 
entiation continue throughout embry- 
onic life (16). It is important to note 
that most, if not all, of the neuronal 

migrations have stopped in the chick 
at the time of hatching (17), while 
neuronal migration in mammalian spe- 
cies continue after birth (18). Thus in 
the chick coincident high concentra- 
tions of hyaluronate and high hyal- 
uronidase activity correspond to an 

overlapping series of neuronal migra- 
tions and differentiations which give 
rise to the complex layers of brain cells. 
It is not yet known whether the en- 

zyme and substrate are compartmen- 
tally separated in relation to cells that 
are differentiated as opposed to mi- 
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rapid turnover of hyaluronate is a uni- 
form characteristic of the embryonic 
brain. 
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In our studies of the developmental 
sequences of skeletal and corneal de- 
velopment we have suggested that thy- 
roxine may be involved in the control 
of hyaluronate concentrations and hya- 
luronidase activity (5, 6). This is of 
particular interest here since the effects 
of hypothyroidism in brain develop- 
ment are known to include a failure of 
the proper timing of neuronal migra- 
tions (external granule cells to internal 
granule cells) and a failure of the 
proper differentiation of other neurons 
(for example, Purkinje cells) (19). 
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(3). The HL-A system comprises two 

genetic loci, LA and Four, each hav- 

ing 15 or more alleles. New alleles are 
still being identified, especially in non- 

European populations. 
In the study reported here HL-A 

antigens were determined in mummified 
tissues by using an antibody inhibition 

technique. Thirty-three specimes were 
used (Table I). They were obtained 

through the courtesy of several anthro- 

pologists who documented their origins 
and cultural affiliations (4). 

The tissues consisted of fragments of 
skin from various parts of the body or 

scalp. Extracts were prepared by shred- 

ding dry tissue in a VirTis homogenizer 
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HL-A Antigens in Mummified Pre-Columbian Tissues 

Abstract. Tissue extracts of pre-Columbian mummies, from 500 to 2000 years 
old, were found to inhibit specific antibodies to HL-A. Two-thirds of the 

specimens tested gave positive results. Patterns of reactions obtained with different 
antiserums detecting the same antigen were concordant and consistent with known 
relations between HL-A antigens. The distribution of antigens found was 

similar to that observed in present-day descendants of the ancient populations 
studied. Although artifacts due to contaminating substances could have occurred, 
the reactions resembled in many respects those of HL-A antigens rather than 

those of nonspecific cross-reacting inhibitors. Development of a technique for 
HL-A typing of mummified remains may open new possibilities for anthropologic 
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