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Biomolecular Simulations under Realistic 
Macroscopic Salt Conditions

• Conformations, functions, binding of
biomolecules are sensitive to ion
content

• Relevant to pharmacological design

• Simulations fix salt content and so may
not accurately represent actual local
environment
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• How do fluctuations affect
processes like folding, screening
layer interactions, and binding?

• How do fluctuations affect free
energy?

Fluctuations in 
Local Environment



Single particle model

• One degree of freedom
• Anions and cations fluctuate

together
• Simplest but least physical



Salt pair model
• Two degree of freedom
• Anions and cations fluctuate 

together
• No electrostatic contribution
• Commonly used for 

computations



Independent fluctuations
• Two degree of freedom
• Anions and cations fluctuate

independently
• Electrostatic contribution



Describing independent fluctuations
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• 𝑵± = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ± 𝑖𝑜𝑛𝑠
• 𝑽 = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑙𝑜𝑐𝑎𝑙 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡
• 𝑸 = 𝑐ℎ𝑎𝑟𝑔𝑒 𝑜𝑓 𝑚𝑎𝑐𝑟𝑜𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒
• 𝑹 = radius of local environment
• 𝝁 = 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙
• 𝒆 = 𝑐ℎ𝑎𝑟𝑔𝑒 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛
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𝐹(𝛿𝑁+, 𝛿𝑁−, 𝑄, 𝑉, 𝑐0)
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Evaluating Free Energy using SLTCAP

𝐹 𝑁+, 𝛿𝑁+, 𝑁−, 𝛿𝑁−, 𝑄, 𝑉, 𝜇 = −𝑘𝑇 ln 𝑍

• 𝑵± = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ± 𝑖𝑜𝑛𝑠
• 𝜹𝑵± = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑙𝑢𝑐𝑡𝑢𝑎𝑡𝑖𝑜𝑛𝑠
• 𝑽 = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑙𝑜𝑐𝑎𝑙 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡
• 𝑸 = 𝑐ℎ𝑎𝑟𝑔𝑒 𝑜𝑓 𝑚𝑎𝑐𝑟𝑜𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒
• 𝑹 = radius of local environment
• 𝝁 = 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙
• 𝒆 = 𝑐ℎ𝑎𝑟𝑔𝑒 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛
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Explain why Δ𝐹𝑓𝑙𝑢𝑐𝑡𝑢𝑎𝑡𝑖𝑜𝑛𝑠 ≪ Δ𝐹𝑛𝑜 𝑓𝑙𝑢𝑐𝑡𝑢𝑎𝑡𝑖𝑜𝑛𝑠

Collaborate to implement model in simulations


