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S-100 Protein in Embryonic Chick 
Retinae 
EMBRYONIC differentiation presumably reflects differ
ential gene expression'. It has been pointed out that 
the retina is particularly well suited for studies of these 
phenomena2 • 3 because of its ease of isolation, lack of 
vascularization, discrete origin and well studied pattern 
of morphogcnesis4 • 5 • 

Gene expression in the differentiating cells of tho 
nervous system has been most conveniently investigated 
by analysis of enzyme activity6.7. F@r Rystems in which the 
~mzyme pathways have not been worked out immuno
chemical methods can be used. Like the enzyme assays, 
immunochemical methods are specific and quantifiable, 
and are applicable to non-catalytic substances as well as 
enzymes; the availability of purified antigens and highly 
specific antisera makes them easy to use. These conditions 
were met by the isolation and purification of a highly 
acidic protein, termed S-100, unique to the nervous 
systcm8, and by the subsequent production of antibodies 
against this protein. 

We have traced the patt;ern of accumulation in the 
embryonic chick retina of this well characterized "end
product" protein of no known enzyme activity, and 
related this pattern to metabolic changes which occur 
during differentiation. 
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Fig. I. Accumulation of S-100 protein in embryonic chick retinue. 
Vertical lines indicate range of values obtaine,l. Figures beneath these 
indicate number of retinae tested. H-ll=llamburger Hamilton stage. 

There was~ µg total protein per tube. 

Antisera to purified bcof S-100 were prepared in 
rabbits as previo1,tSly desoribed 9 • Embryos from New 
Hampshire Red eggs incubated at 38°-39° C in a forced 
draft incubator were removed at various times, floated 
in saline to remove adhering yolk and staged according 
to the Hamburger and Hamilton stage series10 • The lower 
temporal quadrant of the retina of each eye was excised 
under a stereoscopic microscope using watchmaker's 
forceps and iridectomy scissors. The pigment and neural 
layers were separated and the neural retinae were imme
diately homogenized in micro-glass homogenizers using 
130 µl. of cold, triple distill<·d water. 

The homogenates w0-re divided into :;mall aliquots, 
stored at - 30° C and each thawed only once for determina
tion of proteinn and assay of S-100. The relative con
centration of S-100 in t,hc embryonic chick rctinae was 
determined by a micro-complement fixation asst.y', and 
t,he degree of lysis was determined by spectrophoto
metric mcasurnment of released haemoglobin. Because 
abs@lute concentrations of S-100 could not be determined 
in this assay we expressed results as amount of fixation 
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(decrement in optical density of haemoglobin from lysed 
erythrocytes) relative to total retinal protein. 

After dropping from an initial peak at 7·75 days, retinal 
S-100 concentration, relative t o total protein, increases 
by a factor of about five between 15 clayti of incubation, 
when it was minimal, and 18 days of incubation (Fig. 1). 
The increase in relative S-100 concentration continues 
until at least 2 weeks after hatching. To obtain an approxi
mation of the absolute concentration of S-100 in chick 
retinac, known concentrations of purified beef S-100 
were tested by complement fixation against the same 
fixed concentration of antiserum used in the retinal 
assays•. Chick retinal homogenates contain S-100 in 
amounts of the order of 2 x 1 0-• g/ml. of homoganate at 
early embryonic stages and l · 5 x 1 o-• g/ml. of homogenate 
at 18 days of incubation. The assumption has been made 
that brain and retinal S-100 are similar in immuno
logical reactivity. These data establish that S-100 con
stitutes less than 0· l per cont of tho total retinal protein 
at 6·5 days and rises to about 0·5 per cent of the total 
by 19 days of incubation. 

Statistical analysis of the peak between 15 and 16 days 
shows it to be significant at a level of P= 0·014 using the 
Mann-Whitney U test. The same t est, applied to the 
decrease occurring between 7·75 and 15 days, yields a 
value of P=0·067 which is the greatest level of sig
nificance obtainable for the sample sizes involved. 

Although the present data are not directly comparable 
with values obtained by Friedman and Weng-er9 on 
whole brain, the S-100 content of the retina at about 
7 days relative to the eventual level (about 66 per cent) 
corresponds to the value of 7-75 day brain compared with 
the adult level. This suggests that the retina follows 
a pattern of S-100 accumulation similar to that of whole 
brain up to this time. From 7-75 to 15 days, however, the 
decrease in relative S-100 concentration suggests a more 
rapid accumulation of other proteins. 

The rapid increase between 15 and 18 days coincides 
with increased glutamine synthetase3 and alkaline 
phosphatase12 and occurs concurrently with the func
tional maturation of the eye2 • Cicero, Cowan and Moore 
(personal communication) have found a similar increase 
in S-100 content of the chick optic tectum between 16 
and 18 days of incubation. This period seems critical for 
the differentiation of the visu~l system in the chick. 
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