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Method S1

In AIM theory (Bader, 1990), at Bond Critical Point (BCP) represents the interaction 𝜌(𝑟) 

strength. Term  is the sign of the secondary large eigenvalue of Hessian matrix. When 𝑠𝑖𝑔𝑛(𝜆2)

 > 0, it means the interested region exists repulsive interactions, otherwise, attractive 𝑠𝑖𝑔𝑛(𝜆2)

interactions should be observed.

Bader, R.F. (1990). Atoms in molecules (Wiley Online Library).

Table S1. MD simulated results

ID Time     System Target state*

1 200 ns Bound-state GLP-1R --
2 200 ns Bound-state GLP-1R --
3 200 ns Bound-state GLP-1R --
4 200 ns Apo-state GLP-1R appeared
5 200 ns Apo-state GLP-1R appeared
6 200 ns Apo-state GLP-1R appeared
7 200 ns Apo-state GLP-1R Didn’t appear
8 200 ns Apo-state GLP-1R Didn’t appear

* Target state means conformation transition of GLP-1R ECD.



Figure S1. Implied timescales vs. lag time. The implied timescales of a dynamic system will tend to constants with 

the increasing of lag time, if the system satisfies the Markov State Model. When estimating the Markov State Model, 

we use the smallest lag time to obtain model with highest time resolution. Thus, we choose 25 steps (0.25 ns) as the 

lag time. 



Figure S2. Results of the Chapman-Kolmogorov test (cktest). The standard cktest computes the transition 

probability between metastable states for different lag times. If the estimate probability is similar with the predict 

probability, this MSM is credible.



Figure S3. The fluctuation of two principal components (PCs) that we chose. We selected them to build the MSM 

since they have the ability to reflect the conformational conversion process of apo-state GLP-1R. Here we draw the 

conversion process of these two PCs during two 200 ns trajectories. The trajectories are divided into different stages 

by the different values of PCs, so we can identify each state and perform following analysis based on these two PCs.



Figure S4. The MSM of bound state GLP-1R system. We chose 0.5 ns as the lag time and used 1000 microstates to 

build this model, and performed PCCA++ to generate the coarse-grained MSM. Finally, MSM with three states was 

given out. The labels upon the arrows denote the entries in the transition matrix.



Move S1. This is one of three 200 ns bound-state GLP-1R MD simulation trajectories. In order to exhibit the 

movement of protein, we did not draw lipid or water environment here. And we drew protein in periodic cell alone 

x and z axis each one.

Move S2. This is one of three 200 ns apo-state GLP-1R MD simulation trajectories with our target phenomena. In 

order to exhibit the movement of protein, we did not draw lipid or water environment here. And we drew protein in 

periodic cell alone x and z axis each one.


