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The Repressor of Primer (ROP) protein

* A 4d-a-helix bundle synthesized in E.coli

* Folds into a homodimeric 4-helix bundle
comprised of 2 helix-turn-helix forming
an anti-topology.

e Each monomer consists of 63 residues
and is further divided into 2 chains.




The Repressor of Primer (ROP) protein

* Residues 29-31 separate each chain.

 Residues into heptads.

 The core structure consists of 8 layers
formed by “a” and “d” residues.

* The first 2 residues do not contribute to
the helical topology.




Genetic background

RNA Il pre-primer

* Increases affinity between RNA |
— RNA Il =2 limits number of E?D:
copies of the ColE1 plasmid. -

* Achieved by negative control of
the frequency of replication

initiation events between RNA |,
Il & ROP.

 Not an essential component of
ColE1 control system.




Using Al to predict a protein
structure: AlphaFold2

* Al program created by DeepMind.

* High rate of success in predicting a protein
structure.

e MSAs use the desired protein sequence as a
base.

* The structure runs through Evoformer 48 times.



First Part: The Mutants



Rop mutants

* 7/ mutants.
* 4 take the anti topology and 2 the syn.
* Only one takes the “bisecting-U” topology.



Rop mutants: A31D

 Dearth of studies 2 not much
information about it.

 Mentioned only as a name reference to
a very few articles.



Rop mutants: A31P

315t residue change from
alanine to proline.

Hydrophobic core changes
entirely.

Anti-topology where the 2
monomers are parallel, and
the loops are on opposite
ends.

“Bisecting U”.

Distance between helices
increased.

WT Rop
Anti

A31P
Bisecting U



Rop mutants: Cys-free

 Replacement of cysteines 38 and 52 by
alanine and valine, respectively.

e Generated to understand the
correlation between mutation and
protein stability.



Rop mutants: Azl,

Forms a syn topology.

“a” positions = alanine and
“d” = isoleucine.

The hydrophobic core was
drastically repacked, losing
the ability to bind RNA.

Protein’s thermal stability
increased.

More densely packed core.




Rop mutants: A,lL,

Oscillation between syn & anti topology.

“a” positions = alanine and “d” 2
leucines.

More densely packed core.

Founding of phenylalanine at position 56 of
chains 2 and 2’ - reason for designing 2
variations of this mutant.



Rop mutants: 2aa

e 2 extra alanines in the protein loop.

e Prevents the smooth continuation of
the heptad.

* Hydrogen bond between the loops (i 2
i +3).

* No correlation between loops and
stability yet.



Rop mutants: Asp-34

e Deletion of residues 30-34 that form
the hairpin so that the heptads are
continuous.

 The heptad pattern is inverted.

* Homotetrameric protein without the
ability of RNA-binding.



Metrics

RMSD

|

e Statistical similarity
assessment of 2
stacked
polypeptide chains.

* |t relies on the
distances between
the Ca atoms in
these chains.

™

|

A more accurate
and reliable way
of comparing 2
or more
structures.

Does not take
into account
protein length.

Sequence ID

|

Measures the
percentage of
identical
residues in the
alignment of
two protein
seguences.



Thesis pipeline

Load sequence in ColabFold and define oligomerization
state.

~

A4

Visual comparison of WT and mutants ROP using
PyMol.

Align structures from PDB and AlphaFold using
MMalign.

Statistical assessment of stacked polypeptide chains
and assessment of the similarity of protein structures.




Main Question

Why do some ROP mutants have a
different structure according to AlphaFold
in comparison to PDB?

|

How good is AlphaFold at predicting
already-known protein structures?



Second Part: The Results



The control: native Rop

* Alignment of the
structure of WT Rop

Chain length Aligned residues Sequence ID

/ — 0,98777
’ WT Rop (1Rop) , f P D B d
—ay (When r T ]
4 Chai:lzz &2 normalized with r O a n
AlphaFold.
WT Rop (When
AlphaFold normalized with

74 | e
3 N | e * No remarkable
T e changes.

g i 2 o * Orange for WT Rop
e

— from PDB and blue
for AlphaFold.



A31D mutant

Chain Aligned

. - length residues RMISD L Sequence ID e A3 1 D m u ta nt h aS a

J | e similar structure as
the WT protein.

Chains 1’ & 2’

| 0,96947 0,984
S A31D

AlphaFold
Chains 1& 2

‘ V4
e AlphaFold’s results
((’ Chain 1: MTKQEKTALNMARFIRSQTLTLLEKLNELDDDEQADICESLHDH. SCLARFGDDGENL*
7 Chain 1’:
match PDB.

DDGENL*

— > Chain 2’:



A31P mutant

e A31P mutant has

o " an | Aigned | nres | o | Scasence the same
S > / \_\\\ en
IphaFold -~ - . - WTRop
Tar 22 Ty ) e structure as the
S22 ) WT, according to
' AlphaFold.
=4 » () I I
3 ~ This is an errqr E.IS
apharod 2 5 2= < the characteristic
Z=") s . .
el S “bisecting-U”
7"‘--‘)/ 5 o

formation isn’t
formed.



A31P mutant

* There are low

X, S EIES
( > é ; Chain length (igace RMSD ™ Sequence ID
S ’ﬁ\ N J residuies between the
POBAIIP j// ~ W, ::12[(’1{: structures
S N T, I | according to RMSD
i}\/" _ Chains 1’ & 2
and TM scores.
S "1,
AlphaFold :j:/ ;’ T‘
A31P & ‘) =

v

\
AN

A )
/""\




Cys-free mutant

/A /.
s . Chain
- ) length
7 /
; : /e . WT Rop
T - (1Rop)
- _ / PDB
¥ 4 ~. 7
- Chains 1& 2
i o
Cys-free
~ (E19£))
> PDB
Chains 1’ &
/. e 2
- -~
S/ ~ , s
/ - —
~ s Chain 1: GTKQEKTALNMARFIRSQT
= > . - Chain 1':
4 S
/ ~ [ — Chain 2
o . f — Chain 2':
/ p

DADEQADIAESLED

Sequence
ID

There are no
obvious variations
except for the
distinct residues at
positions 38 and
52.

Orange for WT Rop
and blue for Cys-
free, both from
PDB.



Cys-free mutant

AlphaFold

\ /

/ \-/.\<v\\

b
\

NG

S

e B
~ /) y
S~ 2
p - -\
- /,/Z’L/
2
4)

Aligned

Chain length residues

RMSD

Cys-free (3k79)
PDB
Chains 1 &2

Cys-free
AlphaFold
Chains 1’ & 2’

Chain
Chain
Chain

Chain

Sequence

™ D

0,97999
(When
normalized
with 3k79)

0,88771
(When
normalized
with
AlphaFold’s
Cys-free)

High score on the

RMSD

scale and a

nearly perfect TM

score.

Almost identical.

GTKQEKTALNMARFIRSQTLTLLEKLNELDADEQADIAESLHDHADELYRSVLARFGDDGENL*




2aa mutant

- <
, Z
~ =
> .
— /
S
L -~
/
7

Sequence
ID

Aligned

. RMSD ™
residues

Chain length

WT Rop 0,97939

(1Rop) (When
20]:} normalized
Chains 1 & 2 with 1Rop)

2aa (1nkd) 0,93065

PDB (When
Chains 1’ & normalized
2 with 1nkd)

Chain 1: MTKQEKTALNMARFIRSQTLTLLEKLNELD--ADEQADICESLHDHADELYRSCLARF-*

Chain 1':

Chain 2:

Chain 2': MTKQEKTALNWARFIRSQTLTLLEKLNELADAADEQADICESLHDHADTLYRSCLARFG*

Except for the 2
Ala in positions
30 & 32, native
Rop and 2aa have
high identicality.
Orange for WT
Rop and blue for
2aa mutant, both
from PDB.



2aa mutant

N * High similarity

Y~
N // Chain length leiﬁ‘";ds RMSD ™ Seq:‘;""e
—_ 2aa (1nkd) 0,96450 exce pt fo I a
/\ .PDB (Whgn
L = i) change in the
/ !
‘ < - i : :
v / AlphaFold normalized d I rect I O n Of t h e
— Chains 1’ & 2’ with
4 = AlphaFold’s
T 2 loop.
/k\ ) Chain
/\ 2 . ‘ Chain
- - "v"; { ?— //:“\ Chain

/ 4 ) 7 —
_— D 4 .
) ) (\ { A Chain 2’ : MTKQEKTALNMARFIRSQTLTLLEKLNELADAADEQADICESLHDHADELYRSCLARFGDDGENL*
\



Asl> mutant

WT Rop
(1Rop)
PDB
Chains 1 & 2

A,l, (1f4n)
PDB
Chains 1’ & 2’

Aligned
residues

Sequence
1D

Chain length

RMSD ™

0,65824
(When
normalized with
1Rop)

0,67433
(When

normalized with
1f4n)

ADIAESTHDHA

: uTKQEKTILNMARFIR"QALTILLKANELDADV

Weak structural
similarity
between WT
and mutant.

EIYRSALARFGDD*




Asl> mutant

LD
\"\‘e ’ .‘. chaintengeh [ ATEned | gy | Seaene | g Strong S| m|| anty
PO D 2 B between PDB and
AlphaFold’s results.

* AlphaFold accurately
predicts the structure
of the mutant protein.

AlphaFold GTKQEKTILNMARFIRSQALTILEKANE DEIADIAESIHDHADEIYRSALARF--GDD——-—-*

$ GTKQEKTILNMARFIRSQALTILEKANELDADEIADIAESIHDHADEIYRSALARFGDD—-GENL*

GTRQEKTILNMARFIRSQALTILEKANELDADEIADIAESTHDHADETIYRSALARFGDDGENL*




AzL; (Rop21) mutant

& e The 2 sequences do
A
“u \}\ 1 1
S > AR not align over their
G —_— whole length because
: O IphaFold
Comoy Chans 18.2 of the mutant’s
*-\, U , 0,66477 0,609
NS A e repackaged
S hydrophobic core.

e Especially the 15t
monomer has
noticeable variations.




AzL; (Rop 21) mutant

;f.,j():é\
\i‘;(\v"“ﬂ"
SH e * Both proteins are

Aligned Sequence

: : Chain length EEES 1D Very Structu ra”y
chems 18 similar.
Chame 18 2 * AlphaFold made the
right prediction for

Rop21’s structure.

Az'z ’::,?. j:§-
AlphaFold . “L

A,L, Rop21 g, ¢ o

Alphafold ( ‘~ v,} p
o

GTKQAKTLLNMARFLRSQALTLL DH SALARFGDDGENL*

: GTKQEKTILNMARFIRSQALTIL L D

N\ .

GTKOAKTLLNMARFLRSQALTLLEKANELDADELADIAESLHDH




AzL; (Rop 13) mutant

R G [T e [ see] © They might look similar,
> WrRop but there is a catch.
T AlphaFold

- & Chains 1& 2

< e [ e The mutant's topology
-~/ AN A,L, (Rop13)

. -‘7/ L i changes due to the
S hydrophobic core

repackaging, which also
affects the alignment of
the rest of the amino
acids.




AzL; (Rop 13) mutant

Asz ROP 13
AlphaFold

Azl
AlphaFold

* Moderate level of
similarity between
the 2 mutants.

Chain length Aligned RMSD ™ Sequence
residues )

Asz (R0p13)

AlphaFold
Chains 1 & 2

0,86185
Al
AlphaFold

Chains 1’ & 2’

GTKQEKTLLNMARFLRSQALTLLEKANELDADELADIAESLHDHADELYRSALARFGD~DGENL-*




A3o_34 mutant

Chain 1:

Chain 1’:
Chain 2:
Chain 27:
Chain 3:
Chain 3’:
Chain 4:

Chain

 Both PDB and AlphaFold form 4
single helices instead of 2
monomers consisting of 2
helices.

e AlphaFold results match those
from PDB.

* Orange for PDBs’ A;y.5, and blue
for AlphaFolds’.

: MTKOEKTALNMARFIRSQTLTLLEKLNELADICESLHDHADELYRSCLARFGDDGENL*

Aligned

Chain length g RMSD ™ Sequence ID
0,97172
B33, (10x8) (When
PDB
. normalized with
Chains 1& 2 1qx8)
0,82431
D3034 (When
AlphaFold normalized with

Chains 1’ & 2’ AlphaFold’s Azq.

34)



Conclusions

‘ Only A31P has different topology and 3D structure.
' AlphaFold failed to predict the right structure.

‘ The mutation was either missed by the algorithm or it could not distinguish P from A.

‘ Mutation 2aa had a minor change in the turn region.

‘ AlphaFold predicted the right structure for 2aa.

‘ Different topologies occur when correcting heptad discontinuity by insertion (2aa) and deletion (Azo-34).



Conclusions ‘

* Considering the rapid advancement of technology, it
is only logical that one day- soon- we will be able to
predict protein structures using Al.



Thank you!
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