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Background

Proteins are not working alone. --Arthur Lesk

Interaction of DNA (in orange)
with histones (in blue)

URO%
Q

® Homologous recombination (HR) Mismatch repair (MMR)

@ Fanconi anaemia (FA) @ Telomere maintenance (TM)
© Non-homologous end joining (NHEJ) @ Translesion synthesis (TLS)
O Base excision repair (BER) O Checkpoint factor (CPF)

@ Nucleotide excision repair (NER) @ Ubiquitin response (UR)

@ p53 pathway

@ Chromatin remodelling (CR)
© Chromosome segregation (CS)
O Others or more than one

A network view of the DNA damage response. Nature Reviews | Cancer



Background

Cancer, is an abnormal, uncontrolled multiplication of cells.
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Estimated Cancer Incidence (left) and Mortality (right) Worldwide in 2012.

International Agency for Research on Cancer; 2017: http://globocan.iarc.fr AACR CANCER PROGRESS REPORT 2016
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Background

Cell replication starts from gene expression:

- p

Cis/trans genetic regulation
D NA Transcriptional Regulation

Epigenetic regulation

N\ J

4 Y Processing and Stability N

% RN A Post-transcriptional Regulation MIRNA

Sequestration

N d J

Y Reversible: Modification

@ PrOtein Post-translational Regulation

Irreversible: Degradation

Regulation of gene expression involves in multiple steps,
depends on various cellular and developmental conditions.

Post-translational modification,
nature’s escape from genetic imprisonment,
induces additional dynamic information encoding processes.




Background
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Cisplatin Apoptotic Signals Kill Cancer
inhibits gene replication =~ F———— Cells

and transcription

An powerful
anticancer drug

Drug resistance that ensues IS a major
limitation of cisplatin.

Oncogene (2003) 22, 7265-7279.



Background

HMGB1 (High mobility group Box 1)
can specifically binds about 90% of the

cisplatin—DNA adducts formed in vivo.
Mol Med. 2008 Jul-Aug; 14(7-8): 476-484.

“L-shape” HMGB1A

Science 10 Apr 1992, 256, 5054, 234-237

Acetylation HMG box-A (8-78) mE Phosphorylation
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HMGBL1 isoforms bearing multisite PTMs in vivo.

Chem. Sci., 2015,6, 2074-2078

potential Encoding

Multisite "mod-forms’ complex
PTMs biological
meanings




Protein-Nucleic Acid interactions

o HPC-Based Simulations

Modeling
Ensemble
Simulation

Homology Ensemble MD
Modeling for Structural
Representives
l (SR) of:
WT (13 SR)
Multisite
Post- » » A (13 SR)
Translational
Modifications B (12 SR)
(PTMs)
Modeling C (13 SR)
D (13 SR)

—.—

Data Mining

Structural Properties
Intermolecular Interaction Networks
Multisite PTMs Cross-talk, etc.

Established HPC-based molecular simulation workflow
for protein-DNA interactions investigation.

v" How PTMs regulate protein
conformation?

v" Will the DNA structure be
affected by PTMs?

v’ What's the difference/
similarity of the DNA-Protein
interfaces between wild-type
and PTM-modified proteins?

v' What's the contributions of
these multisite PTMs to the
DNA-Protein interactions?



Protein-Nucleic Acid interactions

Bending of DNA

Histogram of Ax-bend of DNA
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Structure reprensentives of the widetype (WT) and isoforms A, B, C, D
proteins using halmitionian replica exchange sampling.



Proteln Nuclelc Acid Iinteractions
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Protein-Nucleic Acid interactions
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Protein-Nucleic Acid interactions

cos Dissimilarity (N'-tail) cos Dissimilarity (Box) cos Dissimilarity (C'-tail)

Atomic-level

Residual-Level
cos_dissimilarity_res(N'-tail) cos_dissimilarity_res(Box) cos_dissimilarity_res(C-tail)
5 s S 0.02 = e
E ) - ) N
‘ 0. oz o T 0.025 0.025 -001 o ﬂ 04
WT A B C D WT A B [ D WT A B C



Protein-Nucleic Acid interactions

. 0 Statistics of Number of DNA-Protein Contacts
o Hydrogen bonding o 07 . : : : : ;
contacts (HBC) c ¢ ¢ A
>
S 06f } } ¢ ¢ B |
. © C
o Stacking S } PTMs increase the Stackin ¢4
o g
contacts(STC) ;’ 0.5 + } contacts, which has been °©¢D |
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o Salt bridge contacts @ 041 domm?t.mg factor of Sp(?CIfIC |
(SBC) = recognition of the protein
I 0.3 towards cisplatin-DNA.
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O ¥
S % e } + X i § + ; + }
_ _ L 01} $ ¢ ]
o Residual repulsive >
contacts (RIC) 5 seoo
@ 0.0 o0 ® O+ 4
[¢B)
_ ©
o Residual neutral g _ , | , , , |
contacts (NI1C) o4 HBC STC SBI AlC RIC NIC

Data analysis is in progress, and a manuscript is in preparing.



Protein-Protein interactions

Native Mass Spectrometry of Proteins and Protein Complexes
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First, QM/MM calculations at B3LYP level [ e
were performed on the AB(1-16) peptide, to \( :

address these fascinating issues.
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~Do proton migrate from
J one site to the other?
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Protein-Protein interactions

Intramolecular Proton transfer occurs in ps timescale in MS condition

Jinyu Li, Wenping Lyu (co-first
author) and et. al.
Proton Dynamics in Protein
Mass Spectrometry,

J. Phys. Chem. Lett., 2017, 8 (6),
pp 1105-1112.

https://youtu.be/QieEf7DwzxM

Now, we are studying the intermolecular proton transfer of insulin dimer.


https://youtu.be/QieEf7DwzxM

Summary and Perspectives

»HPC-based enhanced sampling: Multisite PTMs on HMGB1A
can stabilize the protein-DNA interface in both structure and
Interaction.

»Hybrid QM/MM calculation: Intramolecular proton transfers has
been discovered in the gas-phase (mass spectrometry condition).

»\We expect to apply these protocols to investigate intermolecular
Interactions of protein and DNA in mosquitos regarding malaria.
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