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结构计算的初心（motivation）

• 基于实验数据的计算优化

• 多种结构状态

• 柔性和动态区域，以及 IDP/IDR

ß à 模型预测

ß à MSA



结构计算的原理 （principle）

Vtot = Vphysics + Vexpt + Vknowledge + . . . 

满足约束的一套结构

柔性区域



结构计算的原理 （principle）

模拟退火（simulated annealing）

Ø Surface smoothed at high temperature

Ø Slowly decrease the temperature to find the global minimum

Ø Gradualy incrase the weight (系数) of the experimental 

restraints

Xplor/CNS

3.8.5.1

Axel Brunger

1984-1998

à Xplor-NIH

3.7.0.1

Charles Schwieters, Marius Clore, 等 

~2000-present（2015）



与溶液结构计算相关的势能函数
• noePot - NOE distance restraints 
• rdcPot - dipolar coupling 
• csaPot - Chemical Shift Anisotropy 
• jCoupPot - 3 J-coupling 
• prePot - Paramagnetic relaxation enhancement 
• diffPot - refine against rotational diffusion tensor 
• gyrPot - pseudopotential enforcing correct protein density 
• posSymmPot - restrain atomic positions relative to those in a similar structure 
• …



启动Xplor-NIH

% xplor –smp 8 -py ...



初始化，读入文件

模拟退火

循环，输出⼀系列结构

Torsion angle dynamics

Internal coordinates



PSF file



Topology file

原⼦性质

共价连接

可转动的部分

自己画

EDTA-Mn



Parameter file à forcefield



生成PSF文件
% seq2psf file.seq 
% pdb2psf file.pdb 
protocol.initStruct （）

protocol.genExtendedStructure("gb1_extended_%d.pdb" % seed)

protocol.initCoords（） 

protocol.loadPDB 读入PDB文件

protocol.writePDB("file.pdb") 

protocol.writeCIF("file.cif") 
输出计算结果
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NOE距离约束



NOE距离约束
ü Strong NOE: 1.8~2.7 Å
ü Medium NOE: 1.8~3.5 Å
ü Weak NOE: 1.8~5.0Å

ü Intra-residue: i=j
ü Sequential: |i-j|=1
ü Medium range: 1<|i-j|<=4
ü Long range: |i-j|>4

半定量NOE Exact NOE

基于蛋白质一级序列

a line from NOE restraint file



距离约束函数

# set up NOE potential
from noePotTools import create_NOEPot
noe = create_NOEPot("noe",file="protG_NOE.tbl")
noe.setPotType( "soft" )
noe.setRSwitch( 0.5 )
noe.setAsympSlope( 1. )
noe.setSoftExp(1.)
noe.setThreshold(0.5)
print(noe.info())
potList.append(noe)

J. Mol Bol. 2020



Hydrogen-bond restraints

O
H N
qr

×× w

assign (resid  20 and  name N   )(resid   1 and  name O   ) 3.3 0.8 0.2
assign (resid   3 and  name N   )(resid  18 and  name O   ) 3.3 0.8 0.2
assign (resid  18 and  name N   )(resid   3 and  name O   ) 3.3 0.8 0.2
assign (resid   5 and  name N   )(resid  16 and  name O   ) 3.3 0.8 0.2
assign (resid  16 and  name N   )(resid   5 and  name O   ) 3.3 0.8 0.2
assign (resid   7 and  name N   )(resid  14 and  name O   ) 3.3 0.8 0.2

assign (resid  55 and  name HN  )(resid  42 and  name O   ) 2.3 0.8 0.2
assign (resid  44 and  name HN  )(resid  53 and  name O   ) 2.3 0.8 0.2
assign (resid  53 and  name HN  )(resid  44 and  name O   ) 2.3 0.8 0.2
assign (resid  46 and  name HN  )(resid  51 and  name O   ) 2.3 0.8 0.2
assign (resid  50 and  name HN  )(resid  46 and  name O   ) 2.3 0.8 0.2
assign (resid  51 and  name HN  )(resid  46 and  name O   ) 2.3 0.8 0.2
assign (resid  22 and  name O   )(resid  26 and  name HN  ) 2.3 0.8 0.2

from hbPotTools import create_HBPot hb = create_HBPot(’hb’)
hb. setScale (2.5)
potList .append( hb ) 



Dihedral restraints
Scale Exponent

J-coupling restraints

from dihedralPotTools import create_DihedralPot dihePot = create_DihedralPot ( ’ dihePot ’ , 
" dihed_g_all . tbl " ) 

from jCoupPotTools import create_JCoupPot
jCoup = create_JCoupPot("hnha","jna_coup.tbl", A=15.3,B=−6.1,C=1.6,phase=0) 

print( Jhnha.rms() )
print ( Jhnha. violations () )
print( Jhnha.showViolations() ) 



Radius of Gyration Restraints

Slightly expanded

R
RgRh

Sphere Rg
2 = 3R2⁄5



Radius of Gyration Restraints

Slightly expanded

𝑅! = 2.2𝑁"#$%.'(

protocol.initCollapse("resid 4:134", scale=25.0, Rtarget=14.0)

potList.append( XplorPot('COLL') )

COLLAPSE term



Volume of Gyration Restraints



Gyration Restraints used in docking

Mapped interfacial residues



Database potential 二面角的相关性

His
Val

from torsionDBPotTools import create_TorsionDBPot 
torsionDB=create_TorsionDBPot(’torsionDB’, selection=’not recall nTerminus’) 
potList.append( torsionDB ) rampedParams.append( 
MultRamp(.002,2,"torsionDB.setScale(20)") )



Paramagnetic Relaxation Enhancement (PRE)

nuclei
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PRE restraints

EDTA-Mn2+

TEMPO

diHis-Cu2+

“Click” DTPA-Gd3+

• Spin quantum number

• Correlation time

𝜏!"# = 𝜏$"# + 𝜏%"# + 𝜏&
"#



PRE restraints

优化TauC



PRE restraints

assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 8 and name HN) 29.8 3.2
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 24 and name HN) 33.3 5.3
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 25 and name HN) 25.4 3.8
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 28 and name HN) 17.8 2.4
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 29 and name HN) 12.9 1.9
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 30 and name HN) 9.9 1.8
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 31 and name HN) 9.9 3.4
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 32 and name HN) 12.4 2.4
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 33 and name HN) 13.8 1.5
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 34 and name HN) 17.0 1.0
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 35 and name HN) 26.2 1.7
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 53 and name HN) 25.3 3.4
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 54 and name HN) 27.5 2.9



Solvent PRE (sPRE)

Protein

probe

small large

PRE

Protein

sPRE

A label-free approach



Solvent PRE probes

Gd(III)-TTHA-TMA Gd(III)-DTPA-BEA

Omniscan

J. Bio NMR 2015

Angew Chem 2016



sPRE的直观计算

residue number
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sPRE restraints
Volume integral à surface integral

n is the outward pointing surface normal 
r is distance from surface to nucleus 

Methods 2018



整合其他实验数据 -- SAXS

Globbing



系综优化 ensemble refinement

assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 8 and name HN) 29.8 3.2
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 24 and name HN) 33.3 5.3
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 25 and name HN) 25.4 3.8
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 28 and name HN) 17.8 2.4
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 29 and name HN) 12.9 1.9
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 30 and name HN) 9.9 1.8
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 31 and name HN) 9.9 3.4
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 32 and name HN) 12.4 2.4
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 33 and name HN) 13.8 1.5
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 34 and name HN) 17.0 1.0
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 35 and name HN) 26.2 1.7
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 53 and name HN) 25.3 3.4
assign (segid ALT* and resid 41 and name MN) (segid  " " and resid 54 and name HN) 27.5 2.9

Segid CNF1

or Segid CNF2

…

Ambiguous Restraints



系综优化 ensemble refinement

不同比例的贡献

对权重进行优化



Xplor-NIH自带的小程序

torsionReport - collect and average protein torsion angle values 
aveStruct - average structures and report per-atom RMSD to the mean- unregularized. 
pairRMSD.py - report pairwise RMSD

calcTensor - calculate an SVD alignment tensor and report back-calculated RDC values given one or more structures.
calcDaRh - calculate estimates of Da and rhombicity given only RDC values (no structures) 

calcSAXS - given a structure, calculate a SAXS or SANS curve, optionally comparing with experiment. 
calcPRE - Compute and optionally plot PRE values given a molecular structure and a restraint list. 
calcPSol - Compute the solvent PRE given a molecule structure and a restraint list. 



谢谢⼤家
http://www.tanglab.cn
http://tanglab.pku.edu.cn

Cell Res. 2022


