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Question 1.

For the 462-residue protein sequence (AAF94790.1), DeepTMHMM [1]
predicted two membrane-spanning regions; posterior probabilities were
calculated for each part of the protein sequence to deduce their inside/outside
orientation. Figure 1 summarises the residue locations of transmembrane

domains and their surrounding intracellular and extracellular regions.

Topology Summary (AA regions)

Domain Start (AA) End (AA)
Intracellular 1 21
Transmembrane 22 41
Extracellular 42 171
Transmembrane 172 189
Intracellular 190 462

Figure 1: DeepTMHMM results. Amino acid (AA) positions of the topologies

calculated by the Deep TMHMM algorithm, summarised in a table.




Question 2.
The BLASTp algorithm rapidly finds potential homologs for the query, whereas
PSI-BLAST 1is an iterative BLASTp procedure, building a PSSM to find more

distant relationships with potentially greater functional associations [2].

Whilst the top three BLASTp hits were from two different sensor kinases (encoded
by PhoQ and CarS), all PSI-BLAST hits came from a MprB-encoded signal
transduction histidine-protein (Figure 2). The combination of far lower average
E-values (-117.51 vs -44.74) and a higher average query cover (94.33 vs 68.33)
of PSI-BLAST hits compared to BLASTp respectively reflects its methodology to
find more distantly related proteins to the query which share conserved functional
domains and 3D structures (Figure 2). PSI-BLAST iterations decreased sequence
identity to capture evolutionary divergence, reflected by the decrease in average

sequence identity of hits compared to BLASTp: 21.68% compared to 33.28%.

Upon inspection, HAMP and Histidine Kinase domains were present throughout

sequence hits.



BLASTp PSI-BLAST (2x Iterations)

m*ﬁ

1 90 180 270 360 450 1 90 180 270 360 450

Description Query E-Value | Identity Description Query | E-Value | Identity
Cover (%) Cover (%)
(%) (%)
Sensor protein 83 2e-54 3547 Signal transduction 95 5e-119 21.49
kinase CarS histidine-protein
kinase/phosphatase
Virulence sensor 61 Se-41 32.19 MprB
histidine kinase Signal transduction 95 le-118 21.28
PhoQ histidine-protein
kinase/phosphatase
Virulence sensor 61 6e-41 | 3219 MprB
histidine kinase Signal transduction 93 6e-117 22.05
PhoQ histidine-protein
kinase/phosphatase
MprB

Comparison of BLASTp and PSI-BLAST outputs using averages
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Figure 2: BLASTp/PSI-BLAST results. The outputs of PSI-BLAST and
BLASTp in summarised in table format. The results are presented in a bar plot
showing averages of key numerical metrics for each hit: a -log10 transformation

was applied to present E-values on the same scale.



Question 3.

InterPro collates various sources to provide annotations for a query sequence [3].

Four functional domains were predicted by InterPro (Figure 3). A C-terminal
signal transduction and HSP90-like ATPase domain were located within a large
Histidine Kinase (HK) domain with overlapping residues; the presence of a
phosphorylation site and ATP-binding kinase region respectively matches the
conserved domain architecture of HK [4]. The HK domain (residues 251-453)

was downstream of a HAMP domain (residues 192 — 243).

Regional residue annotations were provided by PHOBIUS [5]: cytoplasmic
(residues 1-20 and 193-463), transmembrane (residues 21-41 and 172-193) and
non-cytoplasmic (residues 251-453). Inter Pro domains were all in the cytoplasm,
beginning with the HAMP domain at residue 192. Combining InterPro and
PHOBIUS annotations facilitated a structural visualisation of the protein (Figure
3, bottom). Given slight residue shifts, PHOBIUS predictions align closely with
DeepTMHMM results (Figure 1), and InterPro domain architecture matches

BLAST results (HAMP and HK domains).
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Figure 3: InterPro Results. Python graphic visualising the 4 key InterPro
domains superimposed. This is adapted to another python graphic (via an arrow)
aligning the broad [InterPro domain predictions with PHOBIUS topology

predictions.



Question 4.

Phyre2 aligned the query to PDB ‘templates’, predicted unique 3D models and
ranked them by raw alignment score. The ten top models had high confidence
percentages (>99.9%) and thus a hydrophobic core ~2-4A RMSD from native.
Identity scores between sequences and templates were not high accuracy (=30%)

but adequate to accept 3D model predictions (>15%) (Figure 4A) [6].

Secondary structure and disordered regions can infer tertiary structure for this
query (AAF94790.1) with 78-80% accuracy. Phyre2 confidently predicted two
transmembrane regions (residues 21-45 and 172-191) conserved across models,
within long alpha-helices extending into the cytoplasm. Phyre2 also identified
intracellular intercalating beta-strands and alpha-helices in all 3D models, typical
of a HK catalytic domain [4]. A similar structure was found extracellularly
(residues 46-171) but with low confidence, so models were predicted after residue

170 (Figure 4B).

All templates were from kinase/sensor molecules with ‘signalling’, ‘transferase’
and ‘membrane’ annotations - associated with HK sensory autophosphorylation-

dependent signal transduction pathways [7].
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B) Template | Alignment Protein Molecule
(Rank Order) | (Coverage) (PDB) (PDB)
c4iSsA_ (1) 195-450 Transferase Histidine kinase covs
cdkpdB_ (2) | 243-452 | Transferase/signalling | Osmolarity sensor protein envz
c4ctiA_ (3) 194-449 Signalling Osmolarity sensor protein envz
c6zIsD_ (4) 190-454 Signalling Histidine kinase gacs
cdew8A_ (5) | 230-452 Transferase Sensor protein divl
c4biuB_ (6) 196-451 Transferase Sensor protein cpxa
c8g3aE_ (7) 170-454 Membrane Sensor protein bces
c6lgqC_ (8) 239-458 Signalling Histidine kinase kdpd
c2c2aA_(9) 232-451 Transferase Sensor histidine kinase
c6qrjA_(10) | 247-462 Signalling Hybrid kinase

Figure 4: Phyre2 Results. A) A bar graph presenting the sequence identities of

the top 10 templates. B) A table summarising the key information provided by

each template PDB. Alignment coverage of the query is also included.



Question 5.

With high average pLDDT across the AlphaFold model (Figure 5, left), most of
the prediction is high quality, especially the transmembrane portion of the protein
and conserved functional domains (pLDDT > 90) [8]. Regions like residues 1-20
have bad pLDDT; DeepTMHMM predicted this loop region to be in the
cytoplasm, but its 3D orientation appears to be parallel to the transmembrane

alpha-helices.

AlphaFold’s model spanned the entire protein (residues 1-463) compared to
Phyre2’s top models from residues 190-449, thus Phyre2 ignored the
transmembrane portion of the long central alpha-helices and the extracellular
domain (residues 42-171) identified by AlphaFold. However, Phyre2 captured
the parallel portion of the long alpha-helices close to the transmembrane region
(a characteristic HAMP ‘helix-loop-helix’ fold) and models agreed on the highly
conserved intracellular Histidine Kinase catalytic domain: several alpha-helices

packed over one face of large (typically antiparallel) beta-sheet (Figure 5, right)

[4].
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Figure 5: AlphaFold Results AlphaFold model, coloured by pLDDT on the left

and coloured by secondary structure (SS) on the right. Key domains are annotated.



Question 6.
The query protein sequence (AAF94790.1) is a gram-negative bacterium sensor

HK protein required for two-component signal transduction systems [9].

Figure 6A shows conserved prokaryotic HK motifs represented by the E. coli
EnvZ family (identified by Phyre2 as a close homolog): two transmembrane
regions, one extracellular region (sensor) and two intracellular regions [4][6]. The
intracellular components include a HAMP linker domain and HK core

encompassing a dimerization and catalytic domain.

AAF94790.1 has conserved domain architecture and folds with slight residue
shifts (Figure 6B). The HAMP domain is annotated whereas the dimerisation
domain was missed by software but resembles the initial alpha-helical portion of
the HK domain (residues 251-347). The conserved catalytic domain corresponds

to the HSP90-like ATPase and signal transduction annotations.

AlphaFold models the key functional domains, folds and their proximities in 3D
with high confidence (Figure 6B) [8]. In its active state, the structure is

homodimerized via the alpha-helical portion of the HK domain [6].
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Figure 6: Final Annotation of protein query AAF94790.1/Q9KRK1 A) The
relative positions of the conserved motifs in a representative, gram negative HPK
(E. coli EnvZ), taken from Wolanin PM et al [4]. The ‘dimerization domain’ and
‘catalytic domain’ are within a large Histidine Kinase Domain. Rectangles
represent alpha-helices and arrows represent beta-sheet. TM1 and TM?2 are
transmembrane helices. B) Python graphic summarising the key motifs
throughout the sequence using PHOBIUS, InterPro and BLAST. Regions/domains
are colour coded (legend) and their location is annotated on the y-axis. Types of
secondary structure are included above the graphic. The corresponding A/phaFold
predicted structure colour-coded to match the python graphic. Key domains are

annotated on the protein.
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