What matters for lac repressor search /n
vivo —sliding, hopping, intersegment
transfer, crowding on DNA or recognition?
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= C. Intersegment transfer ( HEREFEHZ )
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= \WWe have investigated which aspects of transcription factor DNA
Interactions are most important to account for the recent in vivo search
time measurements for the dimeric lac repressor.
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= We find the best agreement for a sliding model where non-specific
binding to DNA is improbable at first contact and the sliding Lacl
protein binds at high probability when reaching the specific Oy,
operator.
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= We also find that the contribution of hopping to the overall search speed
Is negligible although physically unavoidable.
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= The parameters that give the best fit reveal sliding distances, including
hopping, close to what has been proposed in the past, i.e. ~40 bp, but
with an unexpectedly high 1D diffusion constant on non-specific DNA

seguences.
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= Including a mechanism of inter-segment transfer between distant DNA
segments does not bring down the 1D diffusion to the expected fraction
of the in vitro value.
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= This suggests a mechanism where transcription factors can slide less
hindered in vitro than what is given by a simple viscosity scaling
argument or that a modification of the model is needed.
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= For example, the estimated diffusion rate constant would be consistent

with the expectation if parts of the chromosome, away from the operator
site, were inaccessible for searching.
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= Sliding Model
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= Sliding Model
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= Sliding Model K k
0 = = .
2 Dy 2w Dyl

« THEY BU=HIFEE ( reactions occurs so quickly that the reaction rate
is the rate of transport of the reactants through the reaction medium )
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= Sliding Model k k, Fpg V.
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= Monte Carlo simulation scheme ( 4SBT ENEHULE )

= Monte Carlo methods (or Monte Carlo
experiments) are a broad class of
computational algorithms that rely on repeated
random sampling to obtain numerical results.
( Wikipedia )
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= Monte Carlo simulation scheme ( R EE1LTEVRIMEER )
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= Monte Carlo simulation scheme ( 4SBT ENEHULE )
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= Results - Relative Search Rates, P

20 P e
19}
1.8
- Experimental
-t
~a72 2LV e s=24, D]: 0.02, x2=9.2
-t
=== == 5=30,D0=003,x2=32
6= /771t | eaeaaaaa s=38,D,=0.05, x2=1.1
1.5
14~
13 I | | | | | | | | | |
0 20 40 60 80 100 120 140 160 180 200 220

Operator Distance [bp]

= The figure shows examples of fits of simulations (dashed, dashdot.and
dotted curve) to experiments (solid curve) and the corresponding chi-
square;values used as.constraints in determining the solution space.
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5, Do = 0.2, K,y = 08"
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= Red chi-square : good-fit of simulations to experiment

= Cyan region : absolute search time

= In the interval 236's (three proteins)-416 s (five proteins)

= Overlap : parameter space that can lead to agreement between
experiments and the model
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Table 2. Stationary roadblock next to the operator site, simulations and analytic results

Simulations Theory

(Pbina = 1.0, v=0.85) 1.66 1.70
(Pbina = 0.2, v =0.85) 1.60-1.50 1.63-1.55
(Pbina = 1.0, v =0.70) 1.35 1.40
(Pbing = 0.2, v =0.70) 1.33-1.26 1.37-1.32
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= Results
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= Results
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= The effect of intersegment transfer on the parameter space for the
intersegmentaltransfer-rate, k,or = 100.
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= Discussion
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= Conclusion

= \WWe have extended the sliding model to include crowding, hopping,
intersegment transfer and the possibility of traversing the specific
binding site to calculate the time it takes for one Lacl molecule to find
Its specific binding site.
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= To account for recent in vivo data on the dependence between two
operator sites as a function of the distance between them we also
employed Monte Carlo simulations.
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= Conclusion

= Using the simulations and the analytical solutions as a constraint we
generate solution spaces from a parameter sweep where the 1D diffusion
coefficient and the degree of diffusion control were systematically
varied given diverse values for the DNA occupancy, and the probability
of Lacl binding the specific operator site.
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= \We find that there exists a small parameter space where the model is
compatible with the experimental measurements.
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= Conclusion

= This space is not significantly extended by allowing for hopping or
intersegment transfer of the Lacl dimer, which does not imply that these
mechanisms do not exist, only that they do not contribute significantly in
the allowed parameter space.
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= The allowed space suggests that Lacl binds the specific O,,-operator
site with a probability larger than 0.5.

- 1% ZSEZRAB Lacl LAKF0 SAUMERE SR R i Osym-RME R A1,




= Conclusion

= \We also establish that the lac repressor dimer binds non-specific DNA
with a low probability at the first contact.
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= This does however not necessarily imply an energetic barrier for binding,
but rather that not all patches on the repressor or DNA will bind at
contact and that steric effects may need to be considered.
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= Conclusion

= Finally, based on that the DNA occupancy by other proteins in the operator
region seems to be ~15%, while the overall occupancy may be higher, we
propose that chromosomal DNA may have two levels of coverage by
Nucleoid Associated Proteins, one fraction that are randomly associated
with DNA and thus are found in the operator region where they influence
binding and sliding by the repressor and one fraction of more specifically
binding proteins that do not reside in the operator region and only
contribute to the search time by hiding part of the chromosome from
searching.
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