Variability dynamics of protein levels in
human cells
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We investigated variability and its temporal dynamics in
proteins in human cells. We measured fluctuations in
endogenous proteins which were fluorescently labeled by
introducing YFP as an additional exon into the coding
sequence of one genomic allele. Variability (STD/Mean)
ranged between about 0.15 and 0.3 for the proteins
studied. Protein level differences between cells were
transient: cells higher than average could become lower
and vice versa. The timescale for the auto-correlation to
decay to half was typically several cell generations. The
relatively long auto-correlation time observed in protein
levels may account for some of the individuality in cell
behavior.

|. PURPOSE

Clonal cell populations in a homogeneous environment can
show different behaviors®. In bacteria and yeast, there is
significant non-genetic variability in gene expression®*,
which may determine important phenotypic behaviors such
as whether a bacterium survives when challenged with
antibiotics®. While variability in microorganisms has been
characterized, this study® quantified protein level variability
in human cells, and the time-scale on which protein levels
fluctuate. We further asked whether fluctuations in protein
levels are due to global factors (for example, the number of
ribosomes), local factors in the network (such as shared
regulation), or whether there was no correlation between
different proteins.

Il. RESULTS

A. Variability between human cells

We quantified the variability between cells in the
expression of 20 different proteins. To quantify protein
behavior, we retrovirally inserted the gene coding for yellow
fluorescent protein (YFP) into the genome of human lung
carcinoma cells. The YFP contained splicing sequences
which enabled it to be spliced into the mMRNA of a gene as a
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new exon, resulting in the expression of a fusion protein.
The tagged gene was therefore expressed under its native
promoter on the chromosome. We used time-lapse
microscopy to image the fluorescently labeled proteins over
time in individual cells. We found variability with a standard
deviation that ranged, for different proteins, between about
15% and 30% of the mean. In the proteins examined, the
level of variability was independent of the cell cycle.

B. Mixing timescale

We asked whether and on what timescale do protein
levels mix in individual human cells. Mixing, in this context,
occurs when a cell lineage, given enough time, reaches the
different states found in a snapshot of a cell population, and
can be characterized by a timescale t, for the average auto-
correlation of individual cells to decay to half. All proteins
showed mixing, with t., longer than 2 generations (over 40
hours) for many proteins.

C. Cross-correlations between different proteins

To view cross-correlations, cells were double labeled
with YFP and mCherry tags, and specific protein pairs
selected based on localization. Pairs of unrelated proteins,
and proteins in the ribosome pathway, were thus tagged in
the same cells. We found that the levels of proteins in the
same biological pathway (the ribosome) were strongly
correlated, while proteins in different pathways were not,
indicating that fluctuations in protein levels are due to
factors acting on the local network.

I1l. CONCLUSION

This type of long-memory noise, concerted between
proteins in the same network, may act to generate variability
in cellular responses and phenotypes.
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