Explicit modeling of binding partners to investigate the intrinsic
dynamics and modulation of protein oligomerization
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Motivation Examining the dynamics ot Ubiquitin-CBL-b complex

Protein-protein interactions are important building blocks for Ub-CBL-b coup\ed motions
understanding complex cellular processes PDB 2008 . -

PPls emerge as a complicated network of interactions as part of the
“interactome”

Targets for drug therapy, rational design of large macromolecular
assemblies

Regulation of PPl often involve modulation of intrinsic flexibility of
proteins

—— Directly coupled (DC) SC DC
— Self coupled (SC) L

- — Implicitly coupled (IC)
IC
o —
S \ DC 0.156
= / \/VM\/
L k
R D 4 @ F 4 2 &8 2 2 7

RMSF

T [ 1T T T T L L [ | T L |

=] (=] — o o~ 3 v O o~ oz~ (= (=3 - o o =< v ° [ g x> > o= ol (o] 1 v S L > 2 (=1 ey o~
o < - b= ¢ < b-§ < b g -3 v v w v v wy v v v v & o o o o o o o ~ ~ | g
= = > = = = = = = = = = > = > = = = (=) = > = = = > = = = = = > = = = = > = = = > = = =) =

Root-mean-square fluctuations (RMSFs) averaged over
all residues for Cb are compared for directly coupled,
self-coupled, and implicitly coupled motion.

Flastic Network Models

Introduced by Tirion, ENMs are a
simple way to describe the intrinsic
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The residues that show high RMSF in th hypothetical oligomer

SC profile are indicated as red sticks. model of Ub (above).

Fuglebakk, E., et al. Biochim Biophys Acta General Subjects (2015), 1850(5), 911-922 . . .
Glu957 of CBL-b is close to the binding

FOrma ism interface.

For N number of atoms, the total potential energy is defined as the

sum of individual Hookean oscillators between all pairs of atoms (i MOde“ﬂg ‘arger COmp‘exesl datasets — PyrR prOteinS
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where Kis a constant, ¢; is the force constant, d; is the pairwise [
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Hessian can be diagonalized to retrieve eigenvalues ~ frequencies, 08 09 0% 1 et @ 11 alostonc [ S0 ditference threshold ot 0.1.
. _ specific for VIOLETPyrR ~ mutations specific for AncORANGEPyYIR
eigenvectors normal modes Analysis performed on dimer units only!
For the purposes of reducing the size of the Hessian, coarse- Perica et al, Science, 2014,, 346(6216): 1254346, Root J
graining can be implemented e.g. C-alpha atoms only. L. o . OOl mean square
Global similarity (Bhattacharyya coefticient) fluctuations
Modelling coupling using ENMs self-coupled motions vs. implicit
D o frr » Correlation matrix from the = 1. '
(s normal modes of AB . .
e neterodimer can be split into -
0:86 II o
Ub and Cb parts.

4p84

* Remaining rectangular part of
the matrix includes directly
coupled motions.

* To obtain vibrational
signatures  from self- and

directly coupled submatrices, . .
we use their projection Correlations (tetramers): selt-coupled motions

Dasgupta, B & Tiwari, S.P. ' W|th Y VS. W|thout Y qe s
Biophysical Reviews 2022, (14):1379-1392 matrices 4p82, B. subtlis (dimer)

K Dimer 4p82 (B. subtilis)
RMSF based on dimer unit X alone
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Future plans
» Comparisons across self-coupled motions and direct
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Sca/ing up analysis to /arge structural dataset Strengthening of correlations along existing networks
Not usually visible using implicit modelling > 0.7 or <-0.5 OSAKA UNIVERSITY

S . Predicts the span of the tetrameric
- . interface in more detail
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