
Table 1. The amounts of ar, PT, and rhodopsin 
(Rh) measured by laser densitomer scans of Coo- 
massie blue-stained gels. Values are expressed as 
the mean + SEM (n = 6). 

Light 0.43 .t 0.04 0.50 + 0.05 0.46 + 0.02 
Dark 0.45 5 0.04 0.56 .t 0.06 0.44 + 0.02 

major contaminants. The identification of 
rat transducin subunits was unambiguous 
(10) by (i) comparison with purified bovine 
transducin standard, (ii) total elution from 
ROS washed with 1 mM GTP, and (iii) 
cross-reactivity with the antiserum to trans- 
ducin. In addition, loss of transducin due to 
proteolysis was unlikely as shown by the 
presence of only the 37,39-kD transducin a ,  
p doublet on immunoblots. 

Quantification of transducin:rhodopsin 
ratios for purified rat ROS demonstrated 
that the concentration of a and p transducin 
subunits did not vary during the daily 
1ight:dark cycle (Fig. 1 and Table 1). In 
addition, no soluble pool of transducin was 
preferentially lost during preparation of 
dark- or light-adapted ROS. In contrast, the 
major dark-soluble ROS protein, 48K (II) ,  
was reduced in concentration in ROS mem- 
branes prepared from dark-adapted retinas 
(Fig. 1, b through d). 

Thus, massive depletion of transducin 
polypeptides from ROS did not occur at any 
time during the daily light-dark cycle. Expla- 
nations other than subunit translocation 
must account for the two- to fourfold differ- 
ences (1) in light-dark transducin imrnuno- 
reactivity within the ROS. One possibility is 
that transducin, like rhodopsin, undergoes 
light-induced (12) covalent modifications. 
Other ~ossibilities include conformational 
changes in a~ or masking of antigenic sites 
on transducin by tight binding to rhodopsin 
in light-adapted ROS. 

To test this we repeated the tissue-stain- 
ing experiments of Brann and Cohen ( I )  on 
light and dark retinas under two different 
conditions: (i) with formaldehyde fixation 
to preserve the native conformation of trans- 
ducin and (ii) with cold acetone fixation to 
denature the transducin in the tissue section. 
The two conditions produced very different 
results (Fig. 2 ) .  Formaldehyde fixation, as 
shown originally by Brann and Cohen, re- 
sulted in light-dark differences in a~ stain- 
ing. In contrast, a more equal light-dark 
staining of ROS in acetone-fixed sections 
suggests the relevant transducin epitopes are 
unmasked by denaturation. Therefore, both 
biochemical- and immunocytochemical re- 
sults support the conclusion that transducin 
is present in both light- and dark-adapted 
ROS in comparable amounts, but that at 

least one antigenic site on the native aT 
molecule is masked under light-adapted con- 
ditions. 
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Response: Roof and Heth report a dis- 
agreement between subcellular fractionation 
and immunocytochemical data concerning 
the amount of the alpha subunit of transdu- 
cin (aT) within rod outer segments (ROS). 
As we previously reported (I), they observe 
that, under certain fixation conditions, the 
a~ immunoreactivity of ROS is less during 
the day then at night. On the other hand, 
when they isolated ROS and measure orT 
content by scanning SDS-polyacrylamide 
gels, aT levels appear constant. On the basis 
of this disagreement, the authors interpret 
the data as showing that the amounts of aT 
do not change and that light induces a 
masking of antigenic sites on aT. I believe 
this conclusion is unlikely to be correct. 
First, the observed changes in a~ irnmuno- 
reactivity are difficult to explain in terms of 
antigen masking. Second, the presented 
measurements of a~ levels in isolated ROS 
are confounded by technical limitations. 
These limitations are reinforced by the re- 
cent publication of a report by Philp et al.  
(2) which demonstrates that the a~ levels in 
isolated ROS change as predicted by im- 
munocytochemical data. 

Epitope masking is an unlikely explana- 
tion of the immunocytochemical data be- 
cause at least three spatially separated epi- 
topes would have to be involved. The antise- 
ra to aT used in our study recognize two 
epitopes, one in the NH2-terminal region of 
the protein and one within a central segment 
(3). Further, the immunocytochemical ob- 
servations were confirmed with a second 
antibody that is directed to the COOH- 
terminus of aT. Even more difficult to ex- 
plain with such a model are the simulta- 
neous and reciprocal changes in immunore- 
activity in the rod inner segments (RIS). 
That is, even if light were able to simulta- 
neously block three antigenic sites on a T  in 
the ROS, what is the mechanism of recipro- 
cal changes in immunoreactivity in the RIS? 
In support of their epitope-masking hypoth- 
esis, Roof and Heth present a comparison of 
immunocytochernical data in which two fix- 
ation procedures were used. When tissue 
was fixed with acetone, a less marked change 
in immunoreactivity was observed than 
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when formaldehyde was used. They suggest 
that acetone denatures the protein while 
formaldehyde keeps it in a native conforma- 
tion where the e ~ i t o ~ e s  are masked. No data 

I I 

are presented to support this suggestion; in 
fact, an analysis of the presented photo- 
graphs suggests that the acetone-treated sec- 
tions have more nonsvecific irnmunoreactiv- 
ity, as evidenced by immunoreactivity in the 
inner nuclear layer, a region with no a ~ .  

The conclusions of Roof and Heth are 
largely based on the data presented in their 
figure 1, and on its quantification as present- 
ed in their table 1. As with any negative 
data, a major question is, What magnitude 
of change would be detectable with the 
methods used? Densitometric analvsis of 
proteins run on SDS-polyacrylamide gels is 
technically problematic (particularly when 
the data are standardized in terms of the 
ratio of the optical density of one protein to 
another that is present at much higher con- 

centrations). That is, due to saturation of 
optical signals, protein concentration is re- 
lated in a linear fashion to optical density 
only over a very limited range of concentra- 
tions. Because there are much larger 
amounts of opsin than of aT, the amount of 
opsin may be underestimated, and the ratio 
of the two proteins may not reflect the true 
a~ concentration. Another problem with 
these data, which is alluded to by Roof and 
Heth, is that a pool of a~ may be selectively 
lost during the isolation of the ROS. If aT is 
transported in bulk, then it is likely that a 
major portion is only loosely associated, if at 
all, with the disk membranes, a~ would 
therefore be easily lost during isolation pro- 
cedures. Unless the amount of this lost 
protein is included in the quantification, a 
greater loss at night could cause underesti- 
mation of the amount of a~ in the dark and 
obscure an increase. 

In conclusion, I believe our original con- 

clusion stands: a~ moves in bulk from RIS 
to ROS as a function of the light-dark cycle. 
Regarding the hypothesis that these changes 
are related to dark adaptation, translocation 
of aT has been induced directly by changes 
in illumination; and the time course of these 
changes are consistent with the time course 
of dark adaptation (2). 
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