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Protein structure prediction

---from sequence to structure



















Some challenges in protein structure 

prediction

1. Can we represent 3D structure as a sequence of 

“structural alphabet”?

2. Can we accurately predict structural alphabet for a 

sequence fragment? 

3. Can we efficiently assemble local structures into a 

full-length structure? 

……



Part I
Conformational LEtter (CLE): representing 

3D structure as a sequence



A simple representation of backbone: C-alpha 

pseudobond angles

Four-residue fundamental unit: r1r2r3r4
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<x,y,z>=>angles distributions => CLE
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The transformation from 3D 

structure to 1D CLE strings
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CLESUM: Conformational LEtter SUbstitution

Matrix

Mij = 20* log 2 (Pij/PiPj)

constructed using FSSP representatives.

typical helix

typical sheet

evolutionary  

+ geometric



Similar Fragment Pairs, SFPs

consistent

inconsistent

Structures can be aligned efficiently through CLE.

• Alignment: to collect as many consistent SFPs as possible.

• Balance local similarity and global consistency.



Alignment paradigm
“A fast, reliable, and convergent method 

for protein structural alignment is not yet available”    

---- by Patrice Koehl at Protein Structure Classification 2006



1. Global-consistency-first

Find as much initial ROTMAT as possible, use self-consistent paradigm to 

each ROTMAT, then select a maximal one with the largest similar path. 

(like STRUCTAL,PROSUP)

Remark: break the consistent but fast

2. Local-similarity-first

Find as much SFP as possible, then heuristically concatenate them as a 

larger consistent path as possible. (like DALI,CE)

Remark: retain the consistency but slow

Our algorithm: CLEPAPS
[1] Generate SFPs according to CLESUM score (like pointview 2)

[2] Use top k SFP as initial correspondence + self-consistent iteration 

(like pointview 1)

Two structure alignment strategies



[1] How can we find SFPs  as fast as possible?

[2] How can we avoid a  pure local start?

[3] How can we haste the convergence 

without local trap?

Three main problems



SFP => highly scored string pair

• Fast search for SFPs by string comparison

• CLESUM similarity score   importance of SFPs

Guided by CLESUM scores, only a few top SFPs need to be examined

to determine the superposition for alignment, and hence a reliable greedy

strategy becomes possible.

Protein A

similar

seedProtein B 

(smaller)

[1] Using CLE and CLESUM to find SFPs



Score rank 5 1 4 2

Example: TopK = 2;   TopJ = 5

Anchor

# of consistent SFPs = 4 # of consistent SFPs = 1

Selection of Optimal Anchor SFP

1

Top1 SFP is globally supported by three other SFPs, 

while Top2 SFP is supported only by itself. 

3

Anchor

2
SFP

SFP

[2] Construct ‘Star-tree’ to select the optimal Anchor-SFP



Third

Update

d1 d2

d3

d1 > d2 > d3

Elongation

Final

Alignment

Fisrt

Update

Second

Update

Shrink

8A   6A   5A
。 。 。

[3] Apply ‘Zoom-in’ strategy to avoid local trap



SFP-L

(width 8,

thres 0)

SFP-H

(width 20,

thres 350)

Final

Alignment

Third

Update

Second

Update

First

Update

Optimal

Anchor SFP

Star-Tree

Construct

Step 3: ‘Zoom-In’

Top K for anchor

Top J for neighbor

d1 blank-filling 

d2 blank-filling 

d3 blank-filling 

Step 2: ‘Star-Tree’

Specificity

Sensitivity

Find SFPs

By CLeSUM

Step 1: SFP

The flow chart of CLEPAPS algorithm

Specificity: shouldn't contain error

Sensitivity: shouldn't miss correct



Example 1: domain-move

针对具有双domain的肌动蛋白(Myosin)在不同状态下的联配。红色表示结合
ATP的状态，蓝色（青色）表示不结合ATP的状态，青色表示第一次迭代后，
domain 2的原始位置，而蓝色表示两次迭代后最终的联配。



Blue structure fixed

4cpv1osa

Solution [A] Solution [B]

Repeat_1

Repeat_2

Example 2: domain repeats



Example 3: Symmetry
4fgf 8i1b

Red structure fixed

Solution [A] Solution [B] Solution [C]

4fgf

OGCCFEFAHOGEED
OGDCEDFAIOGEED
KGFCEDDAJOGCCC

针对具有三度对称性的两个蛋白的联配。红色蛋白是4FGF，蓝色蛋白是8I1B。
通过三次迭代结果我们可以看清其具备的对称性。分析4FGF中三段处于对称位
置的结构码（分别用紫色，橙色，黄色标记）也可以发现其相似性。



Summary
CLEPAPS 

1, Fast search for SFPs by merely string comparison

2, Width 20 for specificity + width 8 for sensitivity

3, Optimal Anchor SFP selected by checking consistency

4, Avoid Local Trap by ’Zoom-in’

CLEFAPS 

1, Seed-extension, 6-9 for SFP-L and 9-18 for SFP-H

2, Consistency parameters self-adaptive with the input length

3, Using some detailed refinement for ‘Zoom-in’

4, Introduce amino-acid information to improve SFP quality

Result 

1, Both CLEPAPS and CLEFAPS runs 50-200 times faster than others

2, CLEPAPS got similar alignment length with reference, 

while CLEFAPS got similar alignment accuracy.



Part II
FRazor: accurately predict local structure for a 

sequence fragment



































Part III
FALCON: assemble local fragments into 

full-length structure through sampling
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