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一、学习/工作重点
1) 确定体系准备及长时间CMD的模拟参数（包含预平衡）；

二、课题背景与思路
目前缺少标准的蛋白-配体复合物体系长时间MD模拟数据集，现有数据集更关注蛋白质本身的结构运动，而非药物设计中关心的配体与蛋白的结合相互作用。
彭诚师兄的D3PM数据库1包含大量同一个蛋白在配体结合前后的构象对（一个apo与一个complex为一对），其中865对的口袋残基构象变化显著。本课题计划基于D3PM库中收集的晶体结构，选取口袋残基的诱导契合效应明显、自由度小的体系进行模拟，获得蛋白-配体复合物体系长时间的MD模拟数据集。

三、实验目的
· 模拟apo-protein口袋的结构系综，探究晶体结构与溶液中优势构象的差异；
· 比较apo-protein的结构系综与complex晶体结构中的配体诱导契合口袋构象；
· 为训练AI模型进行数据储备。

四、实验结果
1. 确定大规模CMD的模拟参数
1) 体系准备（MD自动化流程的输入文件）
· 蛋白，配体质子化条件：依据晶体结构解析的pH而定，若未提及，使用生理条件（pH=7.4）
· 蛋白补链程序：Amber pdb4amber；pdb2pqr；Schrödinger protein preparation
· 配体质子化程序：Schrödinger ligprep Epik
· 力场未覆盖的离子（如硫酸根离子）参数准备：
根据口袋环境确定质子化状态，高斯（g16）优化后拟合resp电荷，Ambertools antechamber生成prep与frcmod文件	Comment by zhao yin zhou: B3LYP/6-31G* em=gd3bj pop=MK iop(6/33=2,6/42=6) opt
需要与子涧师兄确认关键词

2) MD体系构建（MD自动化流程自动进行）
· 配体高斯优化关键词：B3LYP/6-31G* em=gd3bj pop=MK iop(6/33=2,6/42=6) opt
· 力场参数：Amber ff14SB, TIP3P, GAFF2
· 体系溶剂盒子大小：向外延伸12Å
· 预平衡中的位置限制：
能量最小化不进行位置限制；nvt，npt平衡中蛋白，配体全原子均施加位置限制
· CMD模拟软件：GMX 2024.4
· 预平衡中的部分关键参数（mdp）
A. 正则系综（nvt）平衡
· 温度：310K？300K？
该参数需要讨论，王进安老师建议使用人体常温（37℃，310K）。TIP3P力场的参考温度尚未找到文献依据。

· tc-grps（温控组）设置为溶质与溶剂两个组，更加精确
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· nstlist（更新邻区列表的频率）= 20 （步）	Comment by zhao yin zhou: 不是很理解邻区列表（neighborlist）的含义，需要后续进一步调研
手册提到当使用GPU进行并行计算和(或)非键作用计算时, 该值取20或40往往能得到最佳性能
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B. 等温等压系综（npt）预平衡
· 温度：310K？300K？
该参数需要讨论，王进安老师建议使用人体常温（37℃，310K）。TIP3P力场参数的参考温度尚未找到文献依据。

· refcoord_scaling = com 
在预平衡时，我们往往对某些原子进行位置限制（常用的是蛋白+配体）。这个参数下，我们首先在不考虑周期性条件的情况下计算进行了位置限制所有原子的质心。控压算法调节盒子尺寸时，按照盒子比例缩放这个质心（我的理解是直接缩放三维坐标），同时保证进行了位置限制的每个原子与该质心的矢量不变（距离，相对位置等），该参数相当于依照质心对施加位置限制的原子参考坐标进行统一的空间位移。
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· nstlist（更新邻区列表的频率）= 20 （步）与nvt一致
· compressibility （压缩系数）= 4.5e-5？4.4e-5
如图1所示，压缩系数与溶剂类型及温度密切相关。1个标准大气压, 300 K条件下的水压缩系数为4.5e–5 [bar-1]；1个标准大气压, 310 K条件下的水压缩系数为4.4e–5 [bar-1]。不同溶解之间的压缩系数差别极大。后续该参数的值可参考文献Kell, George S. "Isothermal compressibility of liquid water at 1 atm." Journal of Chemical and Engineering Data 15.1 (1970): 119-122.进行设置2。
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图1.  水在不同温度下的压缩系数2

· 1μs CMD模拟的部分关键参数（mdp）
· nstxout / nstvout / nstfout = 1000（步）
输出坐标，速度与受力信息到trr文件。该轨迹文件相较于xtc文件体积更大，但包含了速度，受力这些xtc文件没有的信息，可用于训练AI模型。

· gen_vel = yes & gen_seed = -1
按照Maxwell分布产生随机初速度，设置随机种子。便于对同一体系进行三次平行模拟。

· compressibility，nstlist等参数与预平衡保持一致，在此不再赘述


四、总结&后续计划
1) MD数据集将通过人工挑选模拟体系并准备输入文件-MD自动化脚本进行MD体系构建-提交CMD任务的流程逐步进行构建。通过与乐云师姐的讨论，基本确定了模拟参数；
2) 模拟参数中的温度设置为300K还是310K需要讨论；
3) MD-automation系列脚本已可以实现体系的自动化准备，主要的耗时环节为体系的挑选与输入文件准备。待模拟参数敲定后，计划每周准备 1-4个体系（根据空闲的计算资源决定）。
1.	Peng, C.;  Zhang, X.;  Xu, Z.;  Chen, Z.;  Yang, Y.;  Cai, T.; Zhu, W., D3PM: a comprehensive database for protein motions ranging from residue to domain. BMC bioinformatics 2022, 23 (1), 70.
2.	Kell, G. S. J. J. o. C.; Data, E., Isothermal compressibility of liquid water at 1 atm. 1970, 15 (1), 119-122.
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Thermostats

Proper control of temperature coupling is a sensitive issue. Coupling every moleculetype to its own thermostatting group
is a bad idea. For instance, if you do the following:

tc—grps = Protein JZ4 SOL CL

Your system will probably blow up, since the temperature coupling algorithms are not stable enough to control the
fluctuations in kinetic energy that groups with a few atoms (i.e., JZ4 and CL) will produce. Do not couple every single
species in your system separately.

The typical approach is to set tc-grps = Protein Non-Protein @nd carry on. Unfortunately, the "Non-Protein" group also
encompasses JZ4. Since JZ4 and the protein are physically linked very tightly, it is best to consider them as a single
entity. That is, JZ4 is grouped with the protein for the purposes of temperature coupling. In the same way, the few CI" ions
we inserted are considered part of the solvent. To do this, we need a special index group that merges the protein and
JZ4. We accomplish this with the make_ndx module, supplying any coordinate file of the complete system. Here, | am
using em.gro, the output (minimized) structure of our system:

gmx make ndx —f em.gro —o index.ndx
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Interval between steps that update the neighbor list. ‘When dynamics and
verlet-buffer-tolerance (page 48) set, nstlist (page 48) is actually a minimum
value and gmx mdrun (page 216) might increase it, unless it is set to 1. With parallel simulations
and/or non-bonded force calculation on the GPU, a value of 20 or 40 often gives the best performance.
‘With energy minimization this parameter is not used as the pair list is updated when at least one atom
has moved by more than half the pair list buffer size.

The neighbor list is only constructed once and never updated. This is mainly useful for vacuum simu-
lations in which all particles see each other. But vacuum simulations are (temporarily) not supported.

Unused.
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refcoord-scaling

no

The reference coordinates for position restraints are not modified. Note that with this option the virial
and pressure might be ill defined, see /iere (page 423) for more details.
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all

The reference coordinates are scaled with the scaling matrix of the pressure coupling.

com

Scale the center of mass of the reference coordinates with the scaling matrix of the pressure coupling.
The vectors of each reference coordinate to the center of mass are not scaled. Only one COM is
used, even when there are multiple molecules with position restraints. For calculating the COM of
the reference coordinates in the starting configuration, periodic boundary conditions are not taken into
account. Note that with this option the virial and pressure might be ill defined, see here (page 423) for
more details.
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compressibility
[bar'!] The compressibility (NOTE: this is now really in bar™') For water at 1 atm and 300 K the compress-
ibility is 4.5e-5 bar"'. The number of required values is implied by pcoup1t ype (page 56).
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Table Il. Isothermal Compressibility of Water from Equation 5

10%7, 1067, 1067,
T,°C. Bar~! T,°C. Bar~! T,°C. Bar~!
-20 25 45.250 70 45.170
-15 30 44.774 75 45.621
—-10 35 44,444 80 46.149
-5 40 44,243 85 46.751
0 45 44,158 90 47.428
5 50 44.179 95 48.18
10 55 44,296 100 49.01
15 60 44,504 105 49.91
20 65 44.796 110 50.90





