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But.. But.. AlphaFold?

Model Confidence:

B Very high (LDDT > 90) Low accuracy predictions expected
Confident (90 > pLDDT > 70) for:
Low (70 > pLDDT > 50) * regions without homologous

B Very low (pLDDT < 50) sequences in the PDB

TR [ e B T s e * regions with multiple homologs

score (pLDOT) between 0 and 100. Some

with widely different structures

regions below 50 pLDDT may be unstructured

in isolation.

For example, Intrinsically Disordered
Proteins (IDRs) would typically have
low confidence predictions.

Most importantly, proteins are
flexible. Any prediction should be
thought of as a representative of
conformational space

/

. Newcastle
diamond vDurham University

¥ it
| Engineering and
| Physical Sciences
U " Research Council
Jniver: Slt\




The Menu

SAXS Data
Collection

diamond

Initial
Predictions

~\ MoSMed
"‘ Molecular Sciences

for Medicine

Carbonara

Molecular
Dynamics

Engineering and
Physical Sciences
= Research Council

> Newcastle il
University & ﬁ.

. AR
diamond W Durham

University



The Menu

SAXS Data
Collection

“diamond

Initial
Predictions

N\ MoSMed

“ Molecular Sciences
for Medicine

Carbonara

Molecular
Dynamics

> NewcaStle 1 Engineering and
UnlverSIty & Physical Sciences

(IS5 Research Council

. AR
diamond W Durham

University



MOSMed

A il C
Molecular Science:
£mr A~y

Ol '-'1&__.'\,4\_, ne

SAXS Data

e Can be used for proteins which fail to crystallise, or that are too large for NMR.
* |deal technique to study proteins in solution, often indicating that obtained crystal structures do not match

the shapes adopted in solution.
* The cost of this method is the difficulty in interpreting BioSAXS data, with the random motion of molecules in

solution leading to isotropy of the scattering pattern.
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What is a protein to me?

MoSMed

Molecular Sciences
for Medicine

We can produce locally realistic protein curves using just
two parameters:

Curvature (k) ~ how tightly wound is my curve.
Torsion (7) ~ how helical is my curve.

Think Ramachandran angles
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So we're done?

Log(1(q))
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1 We need a simple

005 010 015 020 metric that can tell

us when the protein
O\? Log(l(@)) is realistically folded
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Average Crossing Number (ACN)

From this angle, we see 4 crossings on the From another angle, we can see 3
trefoil knot. crossings on the trefoil knot.

The ACN is thus an average of the crossings over all projections of a curve.

SWRITHE: a python package to identify surprising protein tertiary A8 PR
structure relationships and aid new structure search. In preparation diamond ﬁ' Durham I'}g‘g,g?gﬁ? ﬁ Physical Scjences
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Smoothing the backbone

» Secondary structure introduces lots of
noise to the ACN.

* We need to smooth out the backbone,
whilst preserving the underlying tertiary
fold

* To do this, replace each alpha helix and
beta strand with a straight edge.

* For linkers, we have developed an

algorithm to reduce it to a minimal
representation which preserves essential

crossings.
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Average Crossing Number (ACN)
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. . g * 99.86% of the data lies above

—f\]():i(/)3 . . the blue bounding curve.

* Those that do lie below are the
relatively trivially folded single
unit of a multimer structure.

* This lower bound gives us a
way to quantify how

realistically folded our

predictions are.
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Putting this all together

ACN = 48.3 ACN =59.2

By including a penalty for structures whose ACN falls below the blue bounding curve, we can restrict the search
space to globally realistic folds. The ACN for a protein of this length should be at least 56.

In doing so, we speed up the fitting process, and ensure that structures we pass into MD simulations have a

fighting chance of survival

Engineering and
Physical Sciences
' Research Council

§ 2B . Newcastle
diamond ﬁ' Durham University

University




The Menu

SAXS Data
Collection

“diamond

Initial
Predictions

N\ MoSMed

“ Molecular Sciences
for Medicine

Carbonara

Molecular
Dynamics

> NewcaStle 1 Engineering and
UnlverSIty & Physical Sciences

(IS5 Research Council

. AR
diamond W Durham

University



MD Simulations @ VooMed
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Conclusions and Future Work @M?%M\ed

or vied|Cine

« Carbonara is able to produce novel protein structural predictions which fit
solution scattering data.

* The ACN of proteins is bounded from above and below, providing a
guideline for the entanglement of tertiary structures.

By including the ACN as penalty in the fitting procedure, we can produce
realistic structural predictions which behave well in MD simulations

* Finalise production of Carbonara for a full release, including a loop
modelling package.

 Using variants of the ACN, develop a structural database for cross
referencing predictions.
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