






536 L. Anderson and 1. Seilhamer 

abundant proteins in these samples (hemoglobin Band 
albumin) as welJ as two of lower abundance (a, antipro­
tease and transferrin) were blood proteins that consti­
tute contaminants of the liver in this context-proteins 
which would have been removed by perfusion. 

4 Discussion 

Despite extensive work on the regulation of many indi­
vidual genes, little attention appears to have been paid 
to the global question of the relation between mRNA 
and corresponding protein abundance in eukaryotes. We 
have attempted to provide an initial estimate of the rela­
tionship of mRNA and corresponding cellular protein 
abundances through use of correspondences between 
two databases: the Molecular Anatomy'M (2-0 gel) and 
LifeSeq''I (Transcript Image) databases of human liver. 
Using a panel of 23 proteins identified on 2-D gels of 
human liver, we searched LifeSeq'" to determine the 
number of clones matching the corresponding gene 
sequence by BLAST. Matches were found for 19 pro­
teins, and the correlation coefficient obtained over this 
set of data was 0.48. This number is intriguingly close to 
the middle position between a perfect correlation (l.0) 
and no correlation whatever (0.0). One simple interpreta­
tion of such a value is that the two major phases of gene 
expression regulation (transcription through message 
degradation on the one hand, and translation through 
protein degradation on the other) are of approximately 
equal importance in determining the net output of func­
tional gene product (protein). Several issues may limit 
the quantitative accuracy of this result. First, the protein 
measurements rely on eBB binding to a series of dif­
ferent proteins. Although the measurements obtained 
show good (low) standard deviations across a set of six 
individual livers, it is well known that different proteins 
can bind eBB with different affinities. Thus the measure­
ment scale for one protein may differ from another by 
up to approximately twofold. Since, however, these rela­
tive scale errors should be normally distributed, we 
expect them to have little effect on the overall correla­
tion. Precision of the mRNA measurements is also 
limited. in this case because a limited number of clones 
was detected for the selected proteins. Five genes, for 
example, were represented by only one clone each 
among the 7925 clones sequenced from the respective 
cDNA tissue libraries. This low relative expression at the 
mRNA level is expected, since a majority of the high 
abundance mRNAs in liver code for plasma proteins. 
However, such small numbers of clones lead to poten­
tially large quantitative errors because of sampling error. 
Here again, we believe these errors should be relatively 
random across the set of proteins �c�h�o�s�e�n�~� and thus 
should not skew the result appreciably. A third potential 
difficulty is that the databases used for the protein and 
mRNA abundance estimates were' prepared from dif­
ferent samples. In future, it will thus be of great interest 
to repeat the experiment using the same samples to 
examine both mRNA and protein abundances. 

Despite these potential sources of error, at least one 
homologous pair of proteins (the Band y actins) shows 
persuasive evidence of post-transcriptional regulation, 
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with mRNA-to-protein ratios difTering by more than a 
factor of two between the two genes. This is a particu­
larly striking case since the two proteins are essentially 
indistinguishable in function (apart from affinitiy for 
MgADP; 22), have very similar sequences, and are pro­
duced in a constant ratio (approximately 2: 1 in males) in 
virtually all cell types. One possible alternative explana­
tion could be a sex difference in liver expression of y 
actin, as is seen in rodents [23] where y actin protein 
expression averages almost twice as high in females as 
males. This seems unlikely since 64% of clones in the 
RTI data were from male liver, and all the 2-D data was 
from male livers. 

An analogous set of data for plasma proteins secreted by 
the liver has been published by Kawamoto et al. [12] and 
we have reanalyzed their values to see whether a similar 
mRNA-to-protein relationship holds. It appears, based 
on nine plasma proteins, that a higher correlation coeffi­
cient applies: 0.96. This result is less convincing, how­
ever, because one gene product (albumin) is well-sep­
arated from the cluster of the remaining eight, and thus 
exercises a disproportionate influence on the correlation 
coefficient. In fact, if albumin is omitted from the calcu­
lation, the correlation coetTtcient is reduced to -0.19, 
which suggests a very poor correlation. 

What is perhaps more striking is the relatively much 
higher abundance of the plasma protein mRNAs as 
compared to major cellular proteins such as carbamyl 
phosphate synthase, the actins, or cytochrome b5. Mid­
abundance plasma proteins were represented by mRNAs 
having approximately 100-fold higher relative abundance 
than mid-abundance cellular proteins. This result is veri­
fied by a direct comparison of the relative abundance 
distributions of the 100 top-ranked mRNAs and proteins 
in our data sets (which are, in general, different sets of 
genes). Twenty-nine of the top 50 messages are secreted 
products, while none of the top 50 proteins appear to be 
the pro- form of a secreted molecule. Such a conclusion 
is not surprising, since the liver is responsible for gene­
rating high protein concentrations in the relatively large 
plasma compartment of the body, but does so by means 
of closely coupled synthesis and secretion with little 
accumulation of precursor proteins in process. This 
points to a potentially significant difference in the pic­
tures obtained from mRNA and protein abundance data­
bases. Major secreted proteins appear to have much 
more abundant mRNAs than many important cellular 
proteins, and hence mRNA abundance databases that 
concentrate on a small number of the highest abun­
dance messages may be biased towards secreted proteins 
over cellular molecules. This represents an advantage of 
the mRNA approach relative to protein databases in the 
search for novel cytokines and other secreted proteins, 
but a disadvantage in the characterization of cellular 
metabolic and control processes. Additionally, it suggests 
that mRNAs for secreted proteins may have, on the 
whole, shorter half-lives than mRNAs for cellular 
enzymes, the latter being more frequently regulated at 
the translational level. 

We also found important differences in the overall 
shapes of the relative abundance distributions of the 100 
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top-ranked mRNAs and proteins. While both distribu­
tions contain a few very high abundance molecules (in 
the 3-10% range) they appear to diverge significantly 
below the 15th most abundant gene product, with pro­
teins 16-100 accounting for roughly twice as high a rela­
tive abundance as the 16th-100th mRNAs. Not all pro­
teins are represented on the 2-D gels used here (which 
fail to resolve proteins with pI >7), but the estimated 
40% of proteins thus excluded would not affect the 
shape of the distribution over positions 50-100 signifi­
cantly if they have an abundance distribution similar to 
the pI 4-7 proteins (based on a simulation using the 
data shown). The mRNA abundance distribution covers 
all cloned messages (not a subset of genes), and for 
abundant mRNAs it should be complete as it stands. 
Altogether, the top 100 mRNAs comprise 51.3% of the 
total clones, while the top 100 proteins comprise 63 .1% 
of the total protein detected. Hence it appears likely that 
the distribution of protein abundances is significantly dif­
ferent from that of mRNAs, showing a more gradual fall­
off in the region examined, and that techniques able to 
detect down to a specified percent abundance threshold 
would reveal more proteins at a given threshold than 
mRNAs. As the protein and nucleic acid databases 
expand, we anticipate the possibility of generating suc­
cessively more robust estimates of the global relation­
ship between mRNA and protein abundance, and thus a 
better understanding of multi-level gene expression con­
trol in complex organisms such as man. 

Human liver samples analyzed by 2-D electrophoresis were 
kindly prOVided by the National BiomonilOring Specimen 
Bank at the US National InSTitute of Standards and Tech­
nology under the directioll of Dr. Stephen Wise. 
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