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[Yumeng@Prospectus]$ Partl: Introduction & Significance




[Part1]S Introduction

 Intrinsically disordered proteins (IDPs)

The protein disorder continuum

S

Disordered < »  Structured

++ Lack a fixed or ordered three-dimensional
structures.

% Range from totally unstructured to partially
structured.

¢ Rich in polar and charged residues.

% Large and functionally important class of
proteins

- IDPs participates in diverse cellular processes

* Regulations
« Specific tight bindings

——————

(SPIN)

(Complex: MPO/SPIN)

* Dynamic bindings
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[Part1]$ Significance & Innovation

« Experiments

« Challenges

IDP high structural
heterogeneity.

IDP high dynamics.

Timescales of IDP
conformational
fluctuations.

A unique opportunity for
computational modeling!

« MD simulations
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[Yumeng@Prospectus]S Part2: Specific Aims

Aiml. Integration of MD simulations and experiments for IDP studies

[Yumeng@Prospectus Aim1]$
Subaim1la. IDP specific tight interactions: SPIN-NTD/MPO




s Although several treatments

METHICILLIN-RESISTANT are still available, MRSA has
STAPHYLOCOCCUS AUREUS become resistant to many

first-line antibiotics.

THReAT LEVEL serious [ 28

+» While MRSA infections

323.700 @ 10,600 é $17B overall are dropping,

Estimated cases Estimated Estimated attributable
in hospitalized x deaths in 2017 healthcare costs in 2017 progress to preve nt MRSA

bloodstream infections in
healthcare is slowing.

patients in 2017

Staphylococcus aureus (S. aureus) are common bacteria that spread in healthcare facilities and the community. Methicillin-

resistant S. aureus (MRSA) can cause difficult-to-treat_ because of resistance to some antibiotics.
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[Subaim1a]$ IDP Specific Tight Interactions: SPIN-NTD/MPO

« SPIN (Staphylococcal Peroxidase Inhibitor) « Specific Binding (SPIN/MPO)
) a-h.ellc?al t?undle . Enzyme: Myeloperoxidase (MPO)
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[Subaim1a]$S SPIN Functional Regions (EXPM)

 Binding Determinator: a-helical bundie - Inhibition discrepancies in SPIN homologs
* High Structural identity of S.aureus and S.delphini
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“ Mystery:

Two SPIN have identical structures
but different inhibitory efficacies.

number (Au) 34 39 44
Aureus KYL VA
Delphini QM TEX®INAE [ TpM:esislS

number (De) 29 34 39

S.aureus—f1 __ S.aureus/MPO __
Nintra =12 Ninter = 35

S.delphini-fg2 _ S.delphini/MPO
Nintra =10 Ninter = 36

Accessible NTD surface Ares (42):
S.aureus = 1626.74

s We want to have crucial
synergistic interaction insights...

MD Simulations Can offer!
Atomistic model: High resolution.

CG model: Non-native and long-time
scale details.

K-State home » Biochemistry & Molecular Biophysics » E Geisbrecht Lab

Geisbrecht Lab

S.aureus: Cyan
S.delphini: Orange




[Subaim1a]$ Atomistic Simulations on SPIN/MPO

« Dissociation simulations on SPIN/MPO (450 K) Setup:
« Temperature: 450 K.
: —— S.aureus unbound « NPT ensemble, atomistic
0.9 1 S.aureus—B1 : ) —— S.delphini unbound model. 40 replicas
Qintra =0. 4Pe 007+ 0.49 —— s_aureus unfold simultaneously and
0.8 : S.delphini unfold independently.
|
|
0.7 1 : o Results:
; . QSdetphini=F2 20 1960027 + 0,56 + S.delphini NTD unfolds faster
0.6 s At than S.aureus.
| M
G TR I\'“ww « S.delphini unbinds faster than
- ' ' "’ H{ I
£ 0.5 - | (W' " , S.aureus.
v | *‘4 ! « S.delphini NTD is less stable.
0.4 - u « S.delphini NTD takes equal
| time to unbind and unfold
S. /MPO _ :
0.3 4 : an?::eus =0.13e12"+ 0.41
02 Qe MO =0, 29er0 17t + 0,27 Hypothesis:
1 ll 1 1 ?
0 10 20 30 40 50 Stability — Inhibition ability

Time (ns)




[Subaim1a]$ “pseudo”-Free Energy Landscape for SPIN/MPO

> Unbound

Bound ---

« Cooperative binding: S.

S.delphini free energy surface map
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[Subaim1a]$ Atomistic Simulations on SPIN-NTD

} « S.aureus NTD is more rigid and stable

Contact Rate
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Setup:

« Temperature: 300 K.

NPT ensemble, atomistic
model. (High accuracy)

« 20 replicas simultaneously

and independently.
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[Subaim1a]$ SPIN/MPO Tight Specific Binding Investigations

Hypothesis:

« SPIN-NTD structured B-hairpin
stability influences inhibitory
efficacy.

 More stable SPIN-NTD is, more
preference to have the
conformational selection

mechanism.

Validation:

« Experiments: Mutants with pre-folded NTD
stabilized by disulfide bonds.

 MD simulations:

(Coupled binding and folding simulations under
physiological conditions.)

i. Atomistic models coupled with advanced
sampling methods (i.e., REST, umbrella
samplings...)

li. CG models for quick binding and folding process

kinetics calculation.

MD Results:

« S.aureus NTD is more
stable.

* Binding mechanism:

Experimental Results:
« S.aureus shares high
structural identical
with S.delphini.

» Binding affinity has
no influence on SPIN
inhibitory.

» S.aureus shows
highest inhibitory
ability to MPO.

Blueprint:
« Effective therapeutic strategies targeting
SPIN-NTD.

a. S.delphini:
cooperative binding.

b. S.aureus: slightly
conformational-

selection.
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[Yumeng@Prospectus]S Part2: Specific Aims

Aiml. Integration of MD simulations and experiments for IDP studies

[Yumeng@Prospectus Aim1]$

Subaim1b. IDP dynamic interactions: p53-NTD/CypD
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[Subaim1b]$ Regulative Interactions: p53/CypD

« MRPpB3Oyp hbial kdgu lxtgul BioaidphilieBgth p53)

« Cyclophilin D (CypD)
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[Subaim1b]S p53-NTD dominates p53/CypD interactions

p53-NTD is the smallest binding

region to CypD

« NTD-DBD has lower binding affinity

o ‘ p53 construct
RU NTD"'DBD KD=12‘1 V] M *
350 500 -
I FLp53 KD=0.83 uM 7 7
300 05
~— NTD-DBD_50 uM \ )
2T W 300 ——— NTD-DBD_25 uM {
] - 2000 nM FLp53 FC2 a ) CVD D
200 a —— NTD-DBD_12.5 uM
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€ 190 - 250 "M FLp53 FC2
ol T " e e = —
—— 125 nM FLp53 FC2 | | DBD
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* How NTD dominates p53/CypD binding?
We NEED a computational model!



[Subaim1b]S$ HyRes Model Simulations on p53-NTD/CypD
« p53-NTD HyRes simulations (1 us)

—— NTD unbound s1
—+— NTD unbound s2

 CypD in HyRes model
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[Subaim1b]$ CG MD Simulations on p53-NTD/CypD

 Initial simulation setup « Simulation Trajectories
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[Subaim1b]$ Simulation & Experiment Preliminary Results

A Salt dependence of CypD_NTD1-70 Binding * Experl ments ° S im u Iatlons
160 1. Electrostatic driven. 1. Electrostatic driven. (Fig.a) Total contact sites
X 140
= . . . . Charged: 9
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£
5 40 . . i .
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0 ) . L Positive charged(9):
150 250
5 ... CypD. (Figure B,C) 4. Broader and dynamically binding on NTD. Lys: 6: Arg: 2: His(H69): 1.
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[Subaim1b]$ p53-NTD/CypD Investigations

MD Simulations:

MD simulation results are highly
consistent with experimental
measurements.

HyRes model is very powerful and can
accurately describe IDP 2"d structural
profiles and long-range intermolecular
interactions.

MD simulations can picture deeper
insights and capture more comprehensive
interaction dynamics.

Potential Problem:

 HyRes protein model is a little over-
compaction.

0.5

—e— Bound
—+— Unbound

0.4 A

,JU\

0 10 20 30 40 50
Distance (Angstrom)

Probability
o
w

o
N

(=]
-

Fig. Radius of gyration results of NTD
calculated in HyRes protein model in
bound and unbound state.

Future plan:

Optimize HyRes protein model (subaim2b)
NTD-DBD studies.

Therapeutic target: CypD, to protect in models
of diseases.
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Aiml. Integration of MD simulations and experiments for IDP studies

[Yumeng@Prospectus Aim1]$

Subaimlc. IDP enzymatic interactions: Flaviviral proteases




Dengue cases, French Guiana,
January 2019 to,15 February 2020.
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Figure 1. Distribution of major flaviviruses discussed in this article. Information was adapted from
data and figures provided on Centers for Disease Control and Prevention (CDC) and World Health
Organization (WHO) websites.



[Subaim1c]$ Flavivirus NS2B/NS3 proteases

Function of NS2B/NS3 proteases

Flavivirus RNA genome and polyprotein

5'UTR Plus-strand RNA genome 3’'UTR
Cape— Structural | Nonstructural p—
1 Translation
Vo o o A AN Y Ve ¥
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1 Furin
Protease
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V¥V NS2B/NS3 protease
¢ Signalase

Polymerase

doi.org/10.1016/j.jmgm.2014.06.008 BProtea se

doi.org/10.1016/].antiviral. 2008.08.004

» Structure of NS2B/NS3 proteases

Closed Conformation

Open Conformation

@ C-Terminal NS2B

@® N-Terminal NS2B
doi.org/10.1016/j.jmgm.2014.06.008

Dynamic of NS2B/NS3 proteases

NS3 protease
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https://doi.org/10.1016/j.antiviral.2008.08.004

[Subaim1c]S Flavivirus NS2B/NS3 Proposed Research Plan

Chen Research Group Jianhan Chen Research Group
Computational Biophysics and Biomaterials

« CIlyA nanopore tweezers tool for probing « Advanced multi-scale samplings to investigate
NS2B/NS3 proteases NS2B/NS3 proteases
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&———  (doi.0org/10.1101/727503
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Aim2. Advanced methods for multi-scale simulations on IDPs

[Yumeng@Prospectus Aim2]$

Subaim2a. Enhanced sampling method: REST3




S

CV-FREE METHODS CV-DEPENDENT METHODS
STEERED MD

large conformational changes &
REPLICA EXCHANGE MD

helix protein
ligand recognition
>

bond isomerization & water
vibration  side-chain rotation dynamics formation folding
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doi: 10.3389/fphar.2018.00923
doi: 10.1021/acs.accounts.5b00536




[Subaim2a]$ Enhanced Sampling Methods for Atomistic Models

 Atomistic Simulations limitation:

Complex system is frequently trapped in local
minima.

whn b we ned odkvanied spanpling ?

i
—_—
e T
A ) AT’
RS > T
) abt
___fj'ih;—- ) RT —> o4 @R,
(%)

11-:561 s tre b‘ﬁ' unsble o simulote vl events,

AG,.1s = 6 kcal/mol Pt _

TS

n

Time (ns)

Py
— 10 5
P =€ 10 State A
TS

1 us simulation: only 10 ps may come to
transition state.

« Approaches:

Realize random walking on energy surface.
Replica Exchange method (REM)

. -—>X—’-—'-
c = X —'-—’-
o2 § NN
R -—’- B
i3 & [Tl (i1 (1 Ll 1 Ul Y
=3 5\ =@, - =)
& T, M3 = (g pU)), - KV =(glp),

Time
(Exchange neighbor replicas from condition m to n)

« Transition probability: r-----------------

. 11 for A<O,
Y] L0y =) 12 =
W(X_’X) W( xj) :{exp(—A), forA>0,,

——————————————————

A= [ B, — Bm](E(q[i]) _ E(q[j])) (Acceptance rate)

« Cons: N,epx O(f1/2) A =min {1, exp(-ABAE)}

e.g., One hairpin protein system: AE 1, Anind
molecule + water

n

We can mere|y Capture it! doi.org/10.1016/S0009-2614(00)00999-4 4342 atoms -> 64 Reps Niep?


https://doi.org/10.1016/S0009-2614(00)00999-4

[Subaim2a]$ Enhanced Sampling Method: REST1

REST1: Pros & Cons

 REST (Replica Exchange Solute Tempering)

a. REST 1:

Anm = _Bm[Em(Xn) - Em(Xm)] o Bn[En(Xm) — En(Xn)]

REM: AE

Eo(X) = Ey(X) + Epy(X) + E 0 (X);

(Eww Kept)
Bl
E,(X) = E,(X) +:[ 8 ]EW(X):+

AB

|
_____________________ 1

[ BO + ﬁm]
ZBm

REST1: AE

Why efficient? |E, + (1/2)E,,| << |[E, + E,y + Eyy

doi.org/10.1021/jp068826w
doil110.10731pnas.0506346102

0.015

Pros: high efficiency, accuracy.

i.e., System: Alanine Dipeptide + 512 water

Conditions: 300 K —-600 K

0.01

P(E)

0.005

0.03

)

£ 002F

+(172)E

PP

P(E
o
2

8885188
-4500
Potential energy (kcal/mol)

REM: N=22

P(E)

300K

-50 -40 -30
Ep + OAS*EF‘, (kcal/mol)

REST1: N=3

Cons: Low exchange rate for complex
system with big conformational changes.
i.e., B-hairpin system

REST1: N=18

(RERRRRRRE
SEEGRBEERE
RARRRARARRR

]
=

lllllll

500 . 5005
el 2
- - hes b . -
400 - aew me— - A o smemeros = =
et ——— - —— —_— ————- -
.- e e e e
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300 puwen s s 00w, w—— 300 = yo v —
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https://doi.org/10.1021/jp068826w

[Subaim2a]$ Enhanced Sampling Method: REST2

 REST (Replica Exchange Solute Tempering)
b. REST 2:

Bo Bo+ Bm

Bm ZBm
' 4 B B Epp

B

REST1: E,(X) = E(X) +[ ]EW(XH[ ]Epwoo

REST2:

A.m(REST1) = (B, —

vho (Epw
Y A A

A,.«(REST2) = (B, —B,) [(Epp( n) — Epp(Xon))

Why efficient?

AmnErest? < AmnEresti

| VBo* Bom Epw| <1 5252 Epy | (Buw< Bo)

Br)l(Ep(Xn) + V2E (X)) — (Ep(X,) + Y2E(X,))]

(Xn) = Epw (Xm))]

doi.org/10.1021/jp204407d

Initial ( Folding):
. BrE,y + BrEpy + BrEww
Final ( Unfolding):
 REX:
. BuEpy, + BuEpw + BuEww
Ié E,.. is excluded from exchange.

- REST1:

/

% E,, is scaled down for higher

(ButBy)
iii. BuEy,, + —ZLEpw + BrEww
acceptance rate.

« REST2:
Epp + v :BfﬁuEpw + .Bwaw


https://doi.org/10.1021/jp204407d

[Subaim2a]$ REST2 Simulations on Bcl-xL

<+ PDB: ~& &
S
2MO03: unbound o
o”n © o
2M04: bound [ 5. i
. « «
< Green residues:]| 2" i
Bcl-xL-BH3 binding N | Y
interface. 40
(unbound: helix) o | C o |D 5
?N i (q\] | >4
(Bound: unfolded) S
™M o o | X
N X
R Cl t . 88| i 8| i
X usters. a MD MD
(representative T L & s
conformation -40 -20 0 20 40 -40 -20 0 20 40

m——— T

Traj from REST2: « Much broader conformational

2MO03 initiated: space sampled by REST2
1)4)7) 8) protocol.

204 initiated: * Arrow: initial state.

2) 3) 5) 6) * Red: starting from unbound state.

doi-10.1021/acs.jpcb. 7H06T68 » Black: starting from bound state.




[Subaim2a]$ REST2 Incorrect IDP Ensembles Under High Temp

 p53-NTD in multiple atomistic models coupled with REST2 protocol

‘ﬁ P s Y s ¥ 8 g gy , mE——S g g
Rg of p53_at in c22* with 16 conditions Rg of p53_ext in c36mw with 16 conditions Rg of p53_at in a99sb-disp with 16 conditions I
| .  Severe Compact
[ cond0 [ cond0 ' 7 condo . -
— d3 — d3 " J— -
Sk Do | = i under high T:
0.20 - [ cond9 0.20 - [ cond9 20 4 3 condo ,
1 cond 13 1 cond 13 ' [ cond 13
- =3 cond 3 cond =wee |- | ¢ Over down-scaled
. 015 L0.15 - . | cond15 | .
. ® Protein-Water
g Tem , i i
o
ﬁ
£ oro emp [ . : interactions.
™ L ]
Ll 20 — EpwRESTL
0.05 ‘| \ 05 ‘ - Ep;w REST2
A B e . : «®
1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 2.5 3.0 35 4.0 45 5.0 T T T T ! T
Radius of Gyration (nm) Radius of Gyration (nm) = L0 L5 2.0Radiu52(.)? Gyrati(i\o(nm) 33 0 s l "e/
‘ 1.0
Rg of p53_ext in c22* with 16 conditions Rg of p53_at in c36mw with 16 conditions . Rg of p53_ext in a99sb-disp with 16 conditions
05
02 [ cond0 ).25 0 [ cond0
[ cond3 [ cond0 [ cond3
1 cond6é [ cond3 [ condé
0.20 A [ cond9 ) cond 0.20 [ cond9 - 0'%,0 0.2 0.4 o,‘e 0.8 1.0 1.2
1 cond 13 )-20 1 [ cond9 L] Jlcond13 | "
[ cond 14 [ cond 13 1 cond 14
cond 15 o con: 1: - [I cond 15 \
5. 015 | con 0.15
[ 1 i 'l < Unbalanced
Q » - -
£ 010 110 ‘_ 0.10 I Intra'llnter'
molecular
0.05 1 105 - I 0.05 A . . .
- interactions.
n
0.00 ~— T T T T T T _ 0.00 - T T u T I
1.0 1.5 2.0 2.5 3.0 35 4.0 ).00 -——= T T T T T T T 1.0 1.5 2.0 2.5 3.0 35 4.0 45
Radius of Gyration (nm) Lo L5 2.0 Rad2i|:155 of Gy?iion (n:;)s 4.0 45 ' Radius of Gyration (nm)
p " Emmy 3 D g™ § g W . . S o . Y



[Subaim2a]$ REST2 Unbalanced Intra/Inter molecular interactions
« Multiple IDPs tested with REST2 protocol in a99sb-disp force field

Helicity profile of 1IKDX under different conditions
06

« Templates:
KIX (28 residues)

(Top)
\
) 0

4 A
e <4

v

(Button)
(AAQAA); (15 residues)

« REST2 limitations:

1. Insufficient
conformational
sampling between
middle replicas.
Incorrect IDP over-
compact ensembles
under high

temperature.

06 06 06
— cond 0:500 s — cond 1500 s — cond2: 5005 — cond3: 50015
05 05 05 05
504 504 504 504
203 203 203 203
2 2 H 2
£o2 Eo2 202 202
01 01 01 01
00 00 00 00
o 5 1 15 20 25 0o 5 1 15 20 25 o 5 1 15 20 25 0 5 1 15 2 25 2
oG Residues e Residues oG Residues oG Residues
— cond4:500ns — cond 5:500ns — cond 6: 500 s — cond7: 50015
05 05 0s 05
504 504 504 >04
Zo3 Zo3 203 203
£o02 £ o2 & o2 & 02
01 01 01 01
00 00 00 00
0o 5 1 15 20 25 0o 5 1 15 20 25 o 5 1 15 20 25 0 5 1 15 20 25 2
e Residues e Residues oG Residues G Residues
— cond8:500ms — cond9:500ns — cond 10:500 s — cond 12:500ns
05 05 0s 05
504 504 504 >04
203 203 203 203
&0z & 02 & 02 & 02
01 f\/\/\,—\ 01 [\/\/\ 01 M/\ 01 m
00 00 00 00
0 5 1 15 2 25 0 5 1 15 20 25 o 5 1 15 20 25 0 5 1 15 20 25
06 Residues 06 Residues 06 Residues 06 Residues
— cond 12:500ns — cond13:500ns — cond 14:500 s — cond 15:500 s
05 05 05 05
504 504 504 >04
Zo3 Zo3 Zo3 o3
2 H H £
£o2 Eo2 202 202
01 W\ 01 01 01
00 0o 00 00
o 5 1 15 20 25 0o 5 1 15 20 25 ©o 5 1 15 20 25 2 0 5 1 15 20 25 2
Residues Residues Residues Residues
Helicity profile of AAQAA_ext under 16 conditions
0150 0150 0150 0150
— cond 0:500ns — cond 1:500 s — cond2:500ns — cond 3:500ns
0125 0125 0125 0125
50100 b. 0100 b 0100 L. 0100
2 0075 B 0075 B 0075 B 0075
&£ 0050 £ 0050 £ 0oso £ 0050
0025 0025 0025 0025
0000 0,000 0000 0000
5 10 15 o s 10 15 s 10 15 0 5 10 15
o Residu D Residues 0150 Residues 150 Residue:
— cond4:500ns — cond 5:500ns — cond:500ms — cond 7:500ns
0125 0125 0125 0125
5 0100 0100 0100 0100
2 0075 R 0075 B 0075 B 0075
& 0.050 £ 0.050 f£ 0.050 £ 0.050
0025 0025 0025 0025
0.000 0,000 0000 0000 -
0 5 10 15 0 5 10 15 3 s 10 15 3 5 10 15
— Residues — Residues — Residues — Residues
— cond:500ns — cond 9:500ns — cond 10:500ms — cond 1L 500 s
0125 0125 0125 0125
5 0100 0100 0100 0100
2 0075 £ 0075 £ 0.075 £ 0.075
&£ 0.050 £ 0.050 £ 0.050 £ 0.050
0025 0025 0025 0025
0.000 0,000 0000 0000
0 5 10 15 3 5 10 15 [ 5 10 15 0 5 10 15
0150 Residues 0150 Residues 0150 Residues Residues
— cond 12:500ns — cond 13:500ns — cond 14:500ns — cond 15: 500 s
0125 0125 0125 0125
50100 b, 0100 b 0100 0100
2 0075 R o075 B oo7s B 0075
3 E E E
&£ 0050 £ 0050 £ 0050 £ 0050
0025 0025 0025 0025
0.000 0,000 0000 0000
0 5 10 15 0 5 10 15 o H 10 1 0 H 0 15
Residues Residues Residues Residues

Probability

0.10

0.08

0.06

0.04

0.02

0.00

Probability

0.8 1.0 1.2 14 1.6 18

Radius of gyration of 1kdx under different conditions

cond0
cond3
cond6
cond9
cond 13 H
cond 14
cond 15

0000000y

| L L

24 2.6

Radius of Gyration (nm)

Radius of gyration of AAQAA under different conditions
0.05 - - - T

cond0
cond3
condé
cond9
cond 13
cond 14
cond 15

0.04 +

goooona

0.03 +

0.02 +

0.01+

0.6 0.8 1.0 1.2 14

Radius of Gyration (nm)

0.00

1.6



[Subaim2a]$ Enhanced Sampling Method: REST3

. Strategy - Step 2: Rescale P-W interactions to find the
ro- - balance via vdW term
. I
Folding: ,Bprp +|,8 prwl + ,BfEWW
o] ETEHENE = e
. / [ REST2 400K
Unfolding: ﬁu D + !ﬁB_f_ pw! s ,BfEWW REST1/2 Bps  0.84 0.73 T ReeTs 500 K
0.12 1 REST2 Bip-u) 092 087 080 ) REST3 350K 0.8x
] REST2 Byp-w 092 085 0.77 [—J REST3400K1.2x
« Step 1: Standard High Temperature MD 0.10 - - fp) 073 100 115 ) REST3500K 1.5x
. . . S8 [+ ) ; .
simulations as guidance 2 = ) RESTS 350 K 1.2x
= obs | REST3 s2: Bpwy 1.11 1.11 154 REST3 400 K 1.5x
o0 [ Standand 500 K MD s1 E (] REST3 500 K 2.0x
1 Standand 500 K MD s2 o
1 REST2 500K & 0.06 -
0.08 ~ [ REST3 500 K 1.5x
=] REST3 500 K 2.0x
0.04
"? 0.06
;; 0.02 1
£ oo N\
0.00 — A ——

0.75 1 00 1 25 1.50 1.75 2.00 2.25 2.50

0.02 - Radius of Gyration (nm)

« Step 3: Set up replica exchange simulations with
000075 100 135 180 175 200 235 250 Optimized REST3 p-p/p-W values.

Radius of Gyration (nm)



[Subaim2a]$ Potential Problems

% Sufficient conformational sampling?

@ ® & O ® &
® ® ® ®
) \solvent—solvent O \solvent—solvent
—0—® —0-—°®
O / solute-solvent O /solute-solvent
@ o ® o
O solute-solute O solute-solute 9:9 Exchange Rate?
@ O
O @
O @

> Appropriate for smaller and larger IDPs as well?



>

[Yumeng@Prospectus]S Part2: Specific Aims

Aim2. Advanced methods for multi-scale simulations on IDPs

[Yumeng@Prospectus Aim2]$

Subaim2b. Optimized force field: HyRes*




mesoscale )

mm f..
um
: V2 =
. ¢ / 3
° 7 cﬁ‘\—?§
nm-g- ] uantumN\ / l | l > AGGREGATION
pm &l PROTEINFOLDING  GLOBAL MOTIONS Time
fs ps ns us ms s year

All-atom
Coarse-grained

Neglect Non-native potentials

Atomistic Coarse-grained

“w: Mapping
: Operator

Reduced representation of interaction sites per residue.

To Coarse Grain a system:
s Energy based

¢ Force matching

¢ Structure based

Most computational efficiency while maintaining

adequate degree of details.

doi: 10.1063/1.4818908
doi: 10.1021/acs.chemrev.6b00163



https://doi.org/10.1063/1.4818908
http://pubs.acs.org/doi/abs/10.1021/acs.chemrev.6b00163

[Subaim2b]$ HyRes Protein Model

 Foundations

U= Ubond + Uangle + Udihedral + Uimproper + UCMAP +
Uhbona + Uiy + Uslec

'r‘ " 5"' ,

q, f .,,"4(
L \ Q
’:47’ t—l/;f ,:'/}’ *A" y," r
K

B E M P
%,4 *'(?‘ r(“r ?“" /"‘ y.l -
z“"{‘/( o W G
F j i ey
- : CB““:,
’J, Afce"j.’?” 6y "‘f‘rcc o
1 ;ﬁ" ' / Q, ) ;»:‘“
ey co % 5 ¥ /Czé Tt

e Non-bonded term

12
min
_ "ij
UL] = Si’]’ - -2
i,j

min

(Ti,j
T'l" j

]

Eié'j

L,j
min min
rmin — N + Tj i j =
i 2 ’
& = 70 % &; cHARMM19
q:4; _Tij
Uelec = Z 4 e D
. ATELEGT 5
chrg.pairs ’ os
g =20
- 203
« Over-compaction
Lack solvation term. "ol
W(l') solut,e(r) + Vsolvation(r)

DOI: 10.1039/c7cp06736d

—e— Bound
—+— Unbound

(=

Dista

nce (Angstrom)




[Subaim2b]$ 1%t Adjustment: Weaken Intramolecular Interactions

Table 3 Lennard-Jones parameters for all side chain beads . . s _Lennard — Jones potential _
, ~ — - — + Scale down sidechain vdW |
Residue  CGbead @ ¢ (kcalmol ) ™2 (A)  r""/2(1-4) (A) . . !
interaction strength. |
Ala CB —0.308 2:12 2.12 . ] ] ;
val CB ~0.62 2.75 2.75 (intramolecular interactions) | :
Leu CB —0.9 2.96 2.96 :
Ile CB —0.772 2.97 2.97 X oobee L e
Met CB —0.636 2.98 3.68 min~ 12 miny ©| 2 !
Asn CB —0.18 2.65 3.25 Tij Tij odl !
Asp CB —0.148 2.61 3.1 Uy = Ei j — 2 ' :
Gln CB —0.204 2.89 3.89 — T j Tij '
Glu CB —0.14 2.85 3.95 LJ or :
Cys CB —0.532 2.47 277 ;
= -1.5 : : : - :
= o oo 22 nre DOI: 10.1039/c7cp06736d A
Pro CB —0.212 2.77 277
Lys CB —0.05 2.78 3.48
Lys ce —0.05 2.36 3.06 o . - .
o b s 578 318 « Very limited influence in compensating the loss of
= = R S e dispersion (template: p53-NTD
His CB —0.108 2.34 2.64 P plate. p )
His CC —0.081 2.18 2.48 0.40 o] ol % o don
His CD —0.081 2.11 2.41 0.35 1 —— 75% scale down ’ —— 75% scale down
Phe CB —0.22 2.64 2.94 — WiTbenchmark 012 i
Phe CC —0.22 2.33 2.63 030
Phe CD —0.22 2.33 2.63 025 - 0
Tyr CB —0.197 2.64 2.94 g £ o8]
Tyr CC —0.197 2.33 2.63 5 00 2
Tyr CD —0.0984 2.45 2.75 E o1 & 006
Trp CB —0.168 2.42 3.72 vond
Trp CC —0.084 2.24 2.54 101
Trp CD —0.168 2.09 2.39 005 0,02
Trp CE —0.168 2.33 2.63
Trp CF —0.168 2.33 2.63 003 1o 20 % w0 © % 1 2 N
Distance (Angstrom) Residue Number




[Subaim2b]$ 2"¢ Adjustment: Introduce Solvation Term

« Solvent-accessible surface area (SASA) : - Three templates for testing
o « 2EVQ (beta sheet)
— . :
W(l') Vsolute(r) Vsolvatlon(r) o ( AAQ AA)3 (helix)
« KIX (helix)

Vsolvation(r) = z UAi(r)

M Simulations: under 450 K, from folded to extended
A(r) =S, 1—[ [1— ppb(r,)S,] conformations.

2EVQ (AAQAA); KIX
Si = 4'"(Ri + Ieprobe)2 / D

e ‘/i o
accessible surface - . ' 2 (Q/&

- """ .
’ -~
4 .

& Initial state

e
N/
/\//-\/\/ / /f\‘< - ) ) “‘j,
- : v o)
Cm=" v /// C
van der Waals surface DOI: 10.1002/prot. 10001 S\&j P2 i

https://en.wikipedia.org/wiki/Accessible_surface_area



[Subaim2b]$ Implicit Solvent Model Help to Decrease Compaction

« SASA correlates well with ture » Testing template: poly-Glycine
Surface CaICUIated Value e Ramachandran Plot

R?*=0.81 General Glycine

SASA calculated Area (A2)

1000 . 0 7 180 x a a
x ‘ %\
0| RZ = 0.81 | .#r .xgr
: \
900} . |
]
850 | A ™\
...... --’(‘1 Yy P—— RO /’*\
800 | \ ‘,; \
. > 9
750 | N : ] I J
e ¥ v pocE | Y o0 o9 %
700 U - s s ‘ - ) 4 e .|
900 950 1000 1050 1100 1150 1200 1250 1300 i ( 5 ‘
2 _ sheet(2eqv)-s1 (10 ns) : 5 ey ) S, _" B oo - {
1300 - =0:83 : : . ; . ] ) / ¢ -y 1" W &
1 ) s 4 > Q/ f 9
ol RZ=0.83 . T @ §
X L ; g 2 \ o
oo ' 1 p @@ ;; > .Q
1000} s S SR 4 ’4'00 '{.
A\ A# / e
-180 3
900 | ~180 0 180 %150 0 g b
800 - ? [ .
0 . S AS A /H R It doi.org/10.1155/2014/203518
- yRes results
600 . s . = -
1100 1200 1300 1400 1500 1600 Rg of poly-glycine(20) Rg of poly-Gly in HyRes with SASA
R2—=0.67 aaqaa-sl (10 ns) 025 010
5600 . . - . - . . -
5500 |- 2 ¢— HyRes-sasa-sl s—a HyRes-sasa-Gly(61)-s1
R - 0'67 +~— HyRes-sasa-s2 +—+ HyRes-sasa-Gly(61)-s2
400 0201 o #—+ HyRes-s1 | 0.08 | ¢—¢ HyRes-sasa-Gly(20)-s1 |
5300 | N Rg =~ 10 A HyRes-s2 — HyRes-sasa-Gly(20)-s2
5200 |- i
| @
5100 | >015} [ 2006 R, «« NV
= \ =
5000 |- - | ' o 3 )
4900 S [ | ““vz ol g
48001 ‘ Eo10f o £ 004 0.75
5000 5500 6000 6500 7000 7500 8 I
1kdx-s1 (20 ns) 7 . : : 2 0 A
Q 0.05 150 200 250 300 350 400 ] 0.02 |
2
True Surface Area (A?) i
0.00 0.00
0 20 30 40 50 0 10 20 30 40 50

Distance (Angstrom) Distance (Angstrom)



[Subaim2b]S Potential Problems

« Poly-Alanine for secondary structures Implicit solvent model

tU nin g - O, Atomtype RW2@A) RPA) pP  of(kealmol TA7?) Description
- C 2.1 1.72 1.554 0.012 Carbonyl carbon
CHI1E 2.365 1.80 1.276 0.012 Extended aliphatic carbon with 1 hydrogen
CH2E A 1.90 1.045 0.012 Extended aliphatic carbon with 2 hydrogens
CH3E L 2.00 0.880 0.012 Extended aliphatic carbon with 3 hydrogens
CR1E b 1.80 1.073 0.012 Extended aromatic carbon with 1 hydrogen
NH1 / 155 1.028 —0.060 Amide nitrogen
NR X 155 1.028 —0.060 Aromatic nitrogen with no hydrogens
- NH2 . 1.60 1.215 —0.060 J@roger
Force field parameters NHS . 160 1215 0060  WASS(rh Houuid 1868 fidmnide:H in backbone
NC2 . 1.55 1.028 X MASS. 3L.N 14.007 ! backbone N (Pro)
155 1.028 . MASS 38 NH1 14.007 ! backbone N (non-Pro)
152 1.080 MASS 3 i 51 12.011 ! carbonyl C in backbone
- g . MASS 510 15.999 ! carbonyl 0 in backbone
il 5 : igg 8-333 . MASS 012! CIE2113.019 ! CA in backbone (non-Gly)
. — s . . . . MASS 13/ C2E2enld4.027 ! CA in backbone (Gly)
Udlhedral § : 'X.[ + COS(nX )] (5) . 1.80 1.121 . MASS:lphd4 C3E  15.035 ! CH3 in Ala, and capping group
dihedrals : 180 1121 : MAYSxtend@d Tilphdes yddptigtic carbon
! 1.10 1.128 I Polar hydrogen
HC I 1.10 1.128 I Polar hydrogen (in Arg, Lys and N-term)
U : — k J— 6 “The CHARMM PARAM19 van der Waals radii are given as a basis of comparison but are not used in the solvation term.
lmproper . Z lp(l// lPO) ( ) Solvent accessible surface
lmpropers ° . . - - van der Waals surface \
o SldeChaln Shleldlng Shielded_SASA,; |
° ;
o\12 _so\10] < Smaller calculated surface value
Utibond = en|5(—) —6(—) |[cos"Oaup 7) o
r r .
Hbonds

DOI: 10.1002/prot. 10001

Ucmap = > Ucmar (9, ¥) (8)

non-Gly,non-Pro residues




Acknowledgment

¥ Prof. Jianhan Chen

@ Prof. Min Chen
@ Prof. Scott Auerbach
@ Prof. Greg Grason

s* Chen Lab Members:
Dr. Xiaorong Liu

Dr. Zhiguang Jia

Dr. Mahdieh Yazdani
Xiping Gong,
Erik Nordquist |
Qianlan Jia 5 |
Jian Huang =2



