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About molecular motors
How are the helicase speed (rate V), the fluctuations

(diffusion D) and the entropy production (S) related?
A lower bound for the trade-off Q is given by the
thermodynamic uncertainty relation (TUR) [1,2]:
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Following DNA unwinding trajectories of two different helicases
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Simple model for helicase motion: Biased random walk (BRW)
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Energies involved in a single unwinding/translocation step:

GP41

Δμ≈20-25kBT (ATP hydrolysis)
ΔGbp≈2-3kBT (DNA base-pairing energies)
ΔGact≈0 (gp41 passive helicase) ΔGact≈2kBT (RecQ active helicase) [3]
WF<3kBT (work by the external force<15pN)
Rates fulfill detailed balance:
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Homogeneous sequence: ΔGbp=cte, K+>>K-
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ATP analysis
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Conclusions and Future perspectives
• The trade-off Q depends on external conditions, such as the [ATP] and the external force
• Besides the differences between gp41 and RecQ (different values for V, D and their force
dependence) both helicases present similar Q values (Q≈100-400) that decrease with the
external force
• Both helicases minimize Q at a ATP concentration around [ATP]≈KM as predicted in
theoretical studies [4]
• A simple model for helicase motion based on a biased random walk does underestimates
the experimental diffusivity and Q trade-off.
•

We envision to extend the model to include: (i) the ATP hydrolysis reaction with different
mechano-chemical couplings and, (ii) a helicase off-pathway pausing state.

• We plan to investigate other experimental factors that could affect the Q trade-off, such as
the temperature and salt concentration
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