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4 Concluding remarks 

The image-processing methods described in Section 3 have 
been used.to determine the relative amounts of low-to-mod
erate abundance proteins on silver-stained 2-D gel electro
phoretograms of total acidic plasmodial proteins at various 
stages in the nuclear division cycle of Physarum polycepha
um. The results of this study are described in detail elsewhere 
[2). Suffice it to say here that we found five polypeptide chains 
that showed reproducible, significant changes in relative 
abundance during the cell cycle. One of these spots was notic
ed on a preliminary visual inspection of the gels [ 1), another 
was noticed because of our particular interest in tubulin pro
teins, and the other three were uncovered by digital image 
processing of the gels as described herein. 

Because of the difficulties inherent in quantifying the non
stoichiometric silver stain, we cannot say that the other several 
hundred minor proteins on our gels accumulate continuously. 
There may be other cell cycle dependent proteins that have es
caped attention by our methods. However, our observations 
are consistent with results of similar studies in other organisms 
[ 11-16) and with preliminary studies in Physarum [ 17, 18), 
which have revealed that of the cellular proteins that show up 
on 2-D gels most are synthesized continuously throughout the 
cell cycle, but a few (less than I %) show significant changes in 
rate of synthesis. Because all previous computer-assisted sur
veys of 2-D gels during the cell cycle were done with cellular 
organisms requiring some sort of selection process to obtain 
cells at a specific stage of the cycle, it was important to carry 
out such a survey on an acellular organism with a naturally 
synchronous cell cycle in order to be sure that synchronization 
artifacts have not compromised earlier studies. 

The results reported by us [ 1, 2) and others [ 11-18) dem
onstrate that, although most proteins are synthesized and ac
cumulate continuously throughout the cell cycle, there are 
some proteins whose periodic changes in relative abundance 
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Figure 2. Color comparison of two gel 
images. The digital image of a small sec
tion of a metaphase gel has been dis
played on a color TV monitor in green 
and the digital image of the correspon
ding section of an S-phase gel has been 
superimposed in red. (Before display 
the image of the S-phase gel was trans
formed so that it would overlap the 
image of the metaphase gel as complete
ly as practicable with a single second
order polynomial transformation.) 
Where the two images overlap, various 
yellow tones result. Since the intensity 
of the red and green colors reflects the 
magnitude of the gray-tone on the 
digital image, the color image gives 
visual information about quantitative 
as well as qualitative comparisons. Spot 
A (see [I]) is in the upper-left corner. . 

provide further markers for progress through the cell cycle. 
Furthermore, such changes can be detected at the level of in
dividual polypeptide species by the technique of two-dimen
sional gel electrophoresis. Since any protein involved in the 
control of progress through the cell cycle must change in some 
fashion during the cycle, the techniques described here and 
elsewhere provide a method of searching for and identifying 
possible regulatory proteins. The search has just begun. 
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