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Why design proteins de novo?

• It is not clear how non-covalent interactions favor one specific native
structure over many other non-native structures.

• Protein design provides an opportunity to investigate the hypotheses
and experimentally assessing them.

Introduction

What is the aim of this papers?

Investigate the rules that enable us to design a funnel-
shaped energy landscape for desired protein:

• Stabilizing the native state - positive design

• Destabilizing non-native state - negative design

How the lengths of secondary structures – α-helix, β-strand, and random
coils – contribute to the protein folding problem.



Secondary structure rules : definition of ββ-junction



Secondary structure rules : ββ-rule

The simulated frequency and natural
abundance of L- and R- conformers
over different loop length.

The distribution of calculated torsion energies 
of connecting loops. 



Secondary structure rules : definition of βα- and αβ- rule

u

P if 𝑢, 𝐶𝛼𝐶𝛽 ≤ 80°

A if 𝑢, 𝐶𝛼𝐶𝛽 ≥ 100°

Define vector u to be from the last Cα in the β
strand to the average coordinate of first 11
backbone atoms in α helix for βα, or the reverse
for αβ.

βα- junction αβ- junction



Secondary structure rules : βα- and αβ- rule

The simulated frequency and natural abundance of L- and R- conformer.

βα-junction αβ-junction



Secondary structure rules : emergent rules



Protein design pipeline



Protein design pipeline

Build the sequence-independent backbone model:
• Assign the secondary structures to backbone;
• Select the lengths of secondary structures and connecting

loops based on rules.
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The Molecules of Life

Build the sequence-independent backbone model:
• Assign the secondary structures to backbone;
• Select the lengths of secondary structures and connecting

loops based on rules.

A. Run Monte Carlo simulations that minimize a potential
function:

Potential = hydrogen bonds + repulsive force + compaction
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Protein design pipeline

Build the sequence-independent backbone model:
• Assign the secondary structures to backbone;
• Select the lengths of secondary structures and connecting

loops based on rules.

A. Run Monte Carlo simulations that minimize a potential
function:

Potential = hydrogen bonds + repulsive force + compaction

B. Design side chains that favor/stabilize the secondary
structures and the tertiary structure.

C. Relax the backbone and side chains all together.
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𝛽1𝛼1 𝐴 𝛼1𝛽2 𝑃 𝛼1𝛽2𝛽3 𝐿 𝛽2𝛽3𝛼2 𝑅 𝛽3𝛼2 𝐴(𝛼2𝛽4)

side chain

De novo design: 5 representative structures

Ferredoxin-like Rossmann2×2 IF-like P-loop2×2 Rossmann3×1

BLAST E-value < 0.02 against the NCBI nr database

𝛽1𝛼1𝛽2𝛽3𝛼2𝛽4



Simulated energy landscapes

RMSD(Å)

Sc
o
re

Non-funneled energies

Funneled energies



Experimental characterization: Circular Dichroism (CD)

The signal of CD is the ellipticity of the circularly polarized light.

• The intensity of light will be reduced by propagating through a sample.

• If the absorptions of left and right circularly polarized light are different, then

the line becomes an ellipse.



Experimental characterization: Circular Dichroism (CD)

From Dr.Sandy Asher’s slides



Experimental characterization: Circular Dichroism (CD)

Di-I_5 Di-II_10 Di-III_14

Di-IV_5 Di-V_7
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Experimental characterization: Chemical denaturation

Di-I_5 Di-II_10 Di-III_14

Di-IV_5 Di-V_7
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Δ𝐺 > 5 kcal/mol

CD at 220 nm



Experimental characterization: 2D-NMR (HSQC)

Di-I_5 Di-II_10 Di-III_14

Di-IV_5 Di-V_7
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“The two-dimensional 1H-15N Heteronuclear Single Quantum Coherence (HSQC) spectra show

the expected number of well-dispersed sharp peaks.”



Experimental-Simulation comparison

RMSD < 2Å



Experimental characterization: Circular Dichroism (CD)

Light is essentially a electromagnetic field.

• The natural light fluctuates in every directions.

• The linear polarized light fluctuates in one direction.



Experimental characterization: Circular Dichroism (CD)

Circularly polarized light is the linear combination of two linearly polarized light.

• There are left and right circularly polarized.

• The combination of two mirror symmetric circularly polarized light is reduced

to a linearly polarized light.


