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Summary

The progressive
neurodegenerative  disease
known as Alzheimer's disease
(AD) is characterized by tau

pathology,
neuroinflammation, and f-
amyloid  buildup. Amyloid
precursor protein (APP) and
presenilin-1 (PSEN1) are the
main targets of classical AD
research, but new study
indicates that Annexin family
proteins may also influence
the course of the illness by
regulating inflammation,
membrane repair, and protein
aggregation. To investigate
the  connection  between
annexins and important AD-

related proteins, we used a comparative in silico technique. To find conserved areas involved in
amyloidogenesis, we first performed multiple sequence alignment (MSA) of APP across Rattus
norvegicus, Pan troglodytes, and Homo sapiens. Then, using MSA, BLASTp, and domain annotation
tools, we examined the functional relationships and sequence similarities between Annexins (Al,
A2, A4, A5, and A6) and AD-related proteins amyloid precursor protein, presenilin-1 (PSEN1) and
Formyl Peptide Receptor 2 (APP, PSENL1, and FPR2). Certain annexins and AD proteins were found
to be evolutionary close by phylogenetic research, indicating a potential shared ancestral origin or
functional convergence. Our findings underline the possible relevance of Annexin Al, A2, and A4 as

molecular contributors to disease pathophysiology and as targets for additional experimental
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validation by suggesting that they may be functionally and evolutionarily associated with fundamental

AD pathways.
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Introduction

The type of dementia,
Alzheimer's disease (AD), is typified by a
buildup of abnormal protein aggregates such
neurofibrillary tangles and B-amyloid plaques,
as well as gradual cognitive decline and
synaptic dysfunction (1)(Sharmistha et al.,
2025). Even though tau pathology and the
amyloid cascade theory have dominated AD
research for decades, new research shows that
auxiliary proteins—such as the annexin protein
family—that control neuroinflammatory
signaling, membrane repair, vesicle trafficking,
and apoptotic pathways are also significantly
involved (2)(Y Park et al., 2023). Recent
research indicates that annexins, which are
calcium-dependent phospholipid-binding
proteins involved in a variety of cellular
functions, may be important modulators in
neurodegenerative pathways.

most common

The ability to attach negatively charged
phospholipids in a calcium-dependent way
characterizes the structurally conserved family
of proteins known as annexins. Each of the 12
known human annexins (ANXA1-ANXA11 and
ANXA13) has a variable N-terminal region that
confers functional specialization and a
conserved C-terminal annexin repeat domain
(3)(Krzyzanowska et al., 2015). These proteins

are involved in cytoskeletal architecture,
endocytosis,  vesicle  aggregation, and
membrane trafficking—processes that are

becoming more and more linked to AD
pathogenesis, especially in connection with
synaptic degeneration, vesicle dysfunction, and
membrane instability (4)(Hitchcock et al., 2014).

Annexins Al, A2, A4, A5, A13 and A6 have
demonstrated distinct expression patterns and
regulatory roles in the pathophysiology of
Alzheimer's disease. By suppressing NF-kB
signaling and lowering microglial activation, for
example, Annexin Al is becoming more well
acknowledged for its  anti-inflammatory
properties, which may provide neuroprotection
in AD models (5)(Han et al., 2020). On the other
hand, AD patients' brains have higher levels of
Annexin A5, which is known for its function in
apoptotic cell clearance and may be connected
to plaque buildup and neuronal death
(6)(Sohma, H.,et al, 2013). Notably, Annexin A4
has been implicated in amyloidogenic pathways
by being connected to membrane repair and the
formation of amyloid fibrils on lipid surfaces
(7)(Pilji¢ & Schultz, 2006).

Annexins play a significant role in AD through
their impact on amyloid formation and
processing. Studies have demonstrated that in
pathological settings, particularly in the lipid-rich
milieu of neuronal membranes, Annexin A5 and
Annexin A6 can directly bind AB peptides and
encourage fibril formation (8)(Sadleir et al,
2025). In addition to encouraging plague
nucleation, these interactions may compromise
membrane integrity, resulting in calcium
dyshomeostasis and neuronal damage.
Furthermore, Annexin A4 seems to have two
functions: it helps repair membranes under
stress and, ironically, increases A aggregation
under chronic conditions. This could be because
of oxidative stress and modifications in calcium
influx (7) (Pilji¢ & Schultz, 2006).
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Chronic neuroinflammation, which is primarily
caused by activated microglia and astrocytes, is
another key aspect of AD pathogenesis.
Annexin A1 (ANXAL1) has become a crucial anti-
inflammatory mediator in this regard. It limits
microglial  overactivation, inhibits = NF-kB
signaling, and facilitates the removal of debris
and dead neurons by acting through the formyl
peptide receptor 2 (FPR2) (9)(Ansari et al.,
2021). Pharmacological mimetics of ANXA1 can
restore homeostasis and enhance cognitive
performance in AD models, while animal studies
have shown that ANXAl deficiency worsens
neuroinflammation and speeds up cognitive
decline (10)(Chua et al., 2022) This makes
ANXA1l a promising therapeutic target in
addition to being a crucial regulator of
neuroimmune interaction.

Furthermore, annexin function is closely related
to the disruption of calcium homeostasis, a
known factor in AD. As calcium buffers or
sensors, annexins—especially A2 and A6—take
role in exocytosis, endocytosis, and vesicle
trafficking. In AD brains, disruption of these
mechanisms has been linked to axonal
degeneration and decreased synaptic plasticity
(11) (Torres & Cardenas, 2020). Given that
synaptic loss is the most reliable indicator of
cognitive impairment in AD, annexins'
pathogenic significance is highlighted by their
function in preserving synaptic vesicle recycling
and membrane integrity.

New proteomic and transcriptome research has
revealed that a number of annexins exhibit
varying levels of expression in the postmortem
brain tissues and cerebrospinal fluid (CSF) of
AD patients, indicating their potential use as
diagnostic biomarkers. For instance, elevated
levels of Annexin A5 and Annexin A2 have been
identified in AD CSF and have been linked to
Braak stage and AP load (12)(Weiss et al.,
2016). These results pave the way for the
application of annexin-based markers in
progression tracking or early diagnosis (13)(de
Souza Ferreira, et al, 2023).
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In addition to plaque buildup, annexins also
have a role in mitochondrial dysfunction,
oxidative stress, poor clearance, and persistent
neuroinflammation, all of which contribute to the
neurodegenerative development of AD. Their
significance in disease development is further
expanded by their interactions with tau protein
aggregation, vesicle-mediated transport
regulation, and microglial phagocytic capability
(14)(Ries et al., 2021)

When considered collectively, the annexin
family proteins are now understood to be active
regulators of the various cellular and molecular
processes that underpin Alzheimer's disease
rather than passive structural elements. Further
investigation into their various roles could
provide fresh perspectives on the
pathophysiology of disease and aid in the
creation of annexin-targeted treatment plans
(15)(Jing, J. (2024)

Results

The protein and sequence retrieval of Annexin
A2 (ANXAZ2) gave its PDB number of 1BT6 and
that of Annexin A4 (ANXA4) gave its PDB
number as 1ANN. The proteins shown entirely
in cartoon representation, with its alpha-helices
prominently displayed in green, which dominate
its secondary structure as represented in figure
1. This helical architecture is characteristic of
annexins, forming a conserved core that
facilitates  calcium-dependent binding to
phospholipid membranes. The absence of beta-
sheets aligns with known structural profiles of
both  ANXA2 and ANXA4. The positively
charged red markers indicate potential calcium-
binding or structurally relevant regions
contributing to membrane interaction or protein—
protein interaction.

Annexin A2 (ANXA2) and Annexin A4 (ANXA4)
are calcium-dependent phospholipid-binding
proteins involved in membrane dynamics,
vesicle trafficking, and cellular signaling. Their
functional association with key
neurodegeneration-related proteins APP, FPR2,
and PSEN1 suggests potential regulatory roles
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in  neuroinflammatory and
pathways. ANXA2 has been reported to
influence APP processing and trafficking,
possibly modulating amyloid-beta generation,
while also participating in actin remodeling and
endocytosis—processes disrupted in
Alzheimer’s disease. ANXA4, known for its
membrane-stabilizing role, may contribute to
cellular defense against oxidative and
excitotoxic stress seen in neurodegeneration.
Both annexins also intersect with inflammatory

amyloidogenic

Vita Scientia B

signaling: ANXA2 can regulate pathways linked
to FPR2, a receptor involved in resolution of
inflammation, while altered annexin expression
may affect or reflect changes in PSENL1 function,
a core component of the y-secretase complexes
that processes APP. Together, these

interactions suggest that ANXA2 and ANXA4
could modulate or respond to amyloidogenic
and inflammatory stress, linkihg membrane
homeostasis to Alzheimer’s-related signaling
networks.

Figure 1. Three-dimensional conformation XRD structure of a) human Annexin A2 (ANXA2) and human

Annexin A4 (ANXA4) visualized using PyMOL.

The Multiple Sequence Alignment studies of
ANXA4 across species like rat, human and
chimpanzee as shown in Figure 2 help us to
understand high conservation across the
sequences which reflect the evolutionary
conservation of structural and functional
domains in Annexin A4. The multiple sequence
alignment presented corresponds to Annexin A4
(A4) from rat, human, and chimpanzee, as
indicated by the sequence identifiers (A4_RAT,
A4 _HUMAN, A4 PANTR). The alignment
reveals a high degree of sequence conservation
across all three species, particularly in functional
domains. Notably, residues from positions 121
to 180 are perfectly conserved, indicating a
functionally important domain, likely contributing
to calcium-dependent membrane binding or
interaction with other proteins. These conserved
motifs may reflect structural domains such as
annexin repeats that are central to annexin

function. Additional stretches, especially toward
the C-terminal end (e.g., 180-240), also exhibit
strong conservation with  only  minor
substitutions, suggesting evolutionary pressure
to maintain structural integrity and function. The
high conservation across mammals emphasizes
the crucial, possibly non-redundant, cellular
roles of Annexin A4 in membrane-related
processes such as exocytosis, inflammation, or
calcium signaling.

Multiple sequence alignment of the C-terminal
region (residues 580-770) of APP (Amyloid
Precursor Protein) from human, chimpanzee,
and rat is represented in Figure 3. The alignment
highlights the conserved AR region (residues
~672-713, shaded red) and the transmembrane
domain (residues ~700-723, shaded purple).
High conservation is observed across species,
especially within the AR and transmembrane
regions, emphasizing their crucial role in
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amyloidogenic processing and membrane in modulating APP cleavage and
insertion. Minor variations are present in the  neuroinflammatory responses. ANXA5, known
flanking sequences, while the core pathogenic  for its role in membrane dynamics and
region of AR remains highly conserved, apoptosis, and ANXA13, a less characterized
underscoring its functional and pathological  but evolutionarily conserved annexin, interact
relevance across mammals. within this network—likely contributing to
The PPI (Protein-Protein Interaction) of the  structural and regulatory support. The
Annexin family proteins and Alzheimer’s interaction of APP and ANXA1 with FPR2 further
Disease related proteins like PSEN1, FPR2, highlights annexins' involvement in
APP show a strong correlation with ANXA1, inflammation-related signaling. Overall, this
ANXA4, ANXA2, ANXA5, ANXA6, ANXA13 as  network underscores the functional
shown in Figure 4. This central positioning of  convergence of annexins on central AD
ANXA2 suggests it plays a pivotal role in  mechanisms, particularly through ANXA2, and
bridging annexin-regulated processes like  suggests that even underexplored members like
vesicle trafficking, membrane repair, and ANXA13 may play supporting roles in
calcium signaling with AD-related pathways neurodegenerative pathways.

such as amyloid precursor protein processing

and y-secretase activity. ANXA1 and ANXAG6

also show direct links to APP, implicating them

CLUSTAL O0(1.2.4) multiple sequence alignment

sp | PO8592 | AA_RAT MLPSLALLLLAAWTVRALEVPTDGNAGLLAEPQIAMFCGKLNMHMNVONGKWESDPSGTK 60
sp | PO5067 | AA_HUMAN MLPGLALLLLAAWTARALEVPTDGNAGLLAEPQIAMFCGRLNMHMNVONGKWDSDPSGTK 60
sp|Q5IS80 | A4A_PANTR MLPGLALLLLAAWTARALEVPTDGNAGLLAEPQIAMFCGRLNMHMNVONGKWDSDPSGTK 60

e e L e gk e P P e e e Fo ke L P e e v e e e ke ke e vk e e ke ke ke s e e dde e e e ke 1 ok e e vk ke ke ke ke e e e e T gk e ke e e ke ok

sp | PO8592 | A4_RAT TCIGTKEGILQYCQEVYPELQITNVVEANQPVTIQNWCKRGRKQCKTHTHIVIPYRCLVG 120
sp | PO5@67 | A4d_HUMAN TCIDTKEGILQYCQEVYPELQITNVVEANQPVTIQNWCKRGRKQCKTHPHFVIPYRCLVG 120
sp|Q5IS80 | A4_PANTR TCIDTKEGILOQYCQEVYPELQITNVVEANQPVTIQNWCKRGRKQCKTHPHFVIPYRCLVG 120

e e L e sk s T ke T ke e T ke e ke e e e e e e e e e ke e e ok e e ok e ke e ek e e s e e sk e e T e ek A ke e Aok ke

sp | PO8592 | AA_RAT EFVSDALLVPDKCKFLHQERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDKFR 180

sp | PO5067 | A4_HUMAN EFVSDALLVPDKCKFLHQERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDKFR 180

splQ5IS80 | A4 _PANTR EFVSDALLVPDKCKFLHQERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDKFR 180
e e e e e e e e e e e e e e e S e e T e e e e e e e e Ao e e o e e e e S e e o e TS e ke S e o e o e e ok ke e e A

sp | PO8592 | A4_RAT GVEFVCCPLAEESDSIDSADAEEDDSDVWWGGADTDYADGGEDKVVEVAEEEEVADVEEE 240

sp | PO5067 | AA_HUMAN GVEFVCCPLAEESDNVDSADAEEDDSDVWWGGADTDYADGSEDKVVEVAEEEEVAEVEEE 240

sp|Q5IS80 | A4_PANTR GVEFVCCPLAEESDNVDSADAEEDDSDVWWGGADTDYADGSEDKVVEVAEEEEVAEVEEE 240
e e e e e T e e e e e e e LT P e e P TR e v e T ok e S ke e ke e e s e e e e e e L v e s e ke S ke e e o e e ok e T e e e e
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CLUSTAL 0(1.2.4) multiple sequence alignment

sp|PO8592 | Ad_RAT
sp | PO5067 | Ad_HUMAN
sp | Q5IS80 | A4_PANTR

sp | PO8592 | A4_RAT
sp | PO5067 | AA_HUMAN
SplQ5IS80|A4_PANTR

sp | PO8592 | Ad_RAT
sp | PO5067 | Ad_HUMAN
splQ5IS80 | Ad_PANTR

sp | PO8592 | Ad_RAT
sp | PO5067 | A4_HUMAN
sp|Q5IS80 | A4_PANTR

sp|PO8592 | A4_RAT
sp|PO5067 | A4_HUMAN
sp|Q5IS80|A4_PANTR

sp|PO8592 | A4_RAT
sp|PO5067 | A4_HUMAN
sp|Q5IS8G|A4_PANTR

sp|P0O8592|A4_RAT
sp|PO5067 | AA_HUMAN
sp|Q5IS8@|A4_PANTR

sp|PO8592 | A4 RAT
sp|PO5067 | A4_HUMAN
sp|Q5IS80|A4_PANTR

sp|PO8592 | A4_RAT
sp|PO5067 | A4 _HUMAN
sp|Q5IS80|A4_PANTR

MLPSLALLLLAAWTVRALEVPTDGNAGLLAEPQIAMFCGKLNMHMNVONGKWESDPSGTK
MLPGLALLLLAAWTARALEVPTDGNAGLLAEPQIAMFCGRLNMHMNVONGKWDSDPSGTK
MLPGLALLLLAAWTARALEVPTDGNAGLLAEPQIAMFCGRLNMHMNVONGKWDSDPSGTK
HAodede L Fe 5 ] ok e e e e

TCIGTKEGILQYCQEVYPELQITNVVEANQPVTIQNWCKRGRKQCKTHTHIVIPYRCLVG
TCIDTKEGILQYCQEVYPELQITNVVEANQPVTIQNWCKRGRKQCKTHPHFVIPYRCLVG
TCIDTKEGILQYCQEVYPELQITNVVEANQPVTIQNWCKRGRKQCKTHPHFVIPYRCLVG

e e L e sk s T ke T ke e T ke e ke e e e e e e e e e ke e e ok e e ok e ke e ek e e s e e sk e e T e ek A ke e Aok ke

EFVSDALLVPDKCKFLHQERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDKFR
EFVSDALLVPDKCKFLHQERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDKFR
EFVSDALLVPDKCKFLHOQERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDKFR

e e Ao e Fe ko e ke sk ok sk ke e ok e e e gk e T ok ke o ok e sk ok e e R e ke A s ke A sk ke ok ek A e ke Ak ke ke

GVEFVCCPLAEESDSIDSADAEEDDSDVWWGGADTDYADGGEDKVVEVAEEEEVADVEEE
GVEFVCCPLAEESDNVDSADAEEDDSDVWWGGADTDYADGSEDKVVEVAEEEEVAEVEEE
GVEFVCCPLAEESDNVDSADAEEDDSDVWWGGADTDYADGSEDKVVEVAEEEEVAEVEEE
B I R I

EAEDDEDVEDGDEVEEEAEEPYEEATERTTSIATTTTTTTESYEEVVREVCSEQAETGPC
EADDDEDDEDGDEVEEEAEEPYEEATERTTSIATTTTTTTESVEEVVREVCSEQAETGPC
EADDDEDDEDGDEVEEEAEEPYEEATERTTSIATTTTTTTESVEEVVREVCSEQAETGPC

*k I hkkhkEk AhkkRkAAAAAAkAhkhkhkkhhhkrhkhhrrhhkhhkrhhkhhhhhkhkhhdrkrhkhdhhohhkhhd

RAMISRWYFDVTEGKCAPFFYGGCGGNRNNFDTEEYCMAVCGSVSSQSLLKTTSEPLPQD
RAMISRWYFDVTEGKCAPFFYGGCGGNRNNFDTEEYCMAVCGSAMSQSLLKTTQEPLARD
RAMISRWYFDVTEGKCAPFFYGGCGGNRNNFDTEEYCMAVCGSVMSQSLLKTTQEPLARD
Fhkhkk kA hkkhhrhr Kk hhhhhrkhkkkkhhhrrkkkhrhhrhrd, *hkkrkxk, *kx 1%

PVKLPTTAASTPDAVDKYLETPGDENEHAHFQKAKERLEAKHRERMSQVMREWEEAERQA
PVKLPTTAASTPDAVDKYLETPGDENEHAHFQKAKERLEAKHRERMSQVMREWEEAERQA
PVKLPTTAASTPDAVDKYLETPGDENEHAHFQKAKERLEAKHRERMSQVMREWEEAERQA
Fhkkkkkkk Kk hkhkkk ko ok kkkk ok ke kkkk ok kkk ko kkkkkkkdkhkkkkk Kk kokkkhx

KNLPKADKKAVIQHFQEKVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYITAL
KNLPKADKKAVIQHFQEKVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYITAL
KNLPKADKKAVIQHFQEKVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYTITAL
B S e

QAVPPRPHHVFNMLKKYVRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVIYER
QAVPPRPRHVFNMLKKYVRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVIYER
QAVPPRPRHVFNMLKKYVRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVIYER

dhhkkkhkk I kkhkhkhkdhkhkrkhkhhhkkkhkhhkkhkhkhhkrhhkhkhkrhhkhkhkhhhkkhhdhkhhrhhhhikhii
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sp|PO8592| A4 RAT MNQSLSLLYNVPAVAEEIQDEVDELLQKEQNYSDDVLANMISEPRISYGNDALMPSLTET 600
sp|PA5067| A4 _HUMAN MNQSLSLLYNVPAVAEEIQDEVDELLQKEQNYSDDVLANMISEPRISYGNDALMPSLTET 600
sp|Q5IS80|A4_PANTR MNQSLSLLYNVPAVAEEIQDEVDELLQKEQNYSDDVLANMISEPRISYGNDALMPSLTET 600
koo e e ek sk ok ok g ok ok ke s ok ok s ok ok e e skokoke o sk ok ke ke ook ok e ke e ok ok ok ok ok ok e kok ok ok ke ek ek ke
sp|PA8592 | AA_RAT KTTVELLPVNGEFSLDDLQPWHPFGVDSVPANTENEVEPVDARPAADRGLTTRPGSGLTN 660
sp|PO5067 | A4_HUMAN KTTVELLPVNGEFSLDDLQPWHSFGADSVPANTENEVEPVDARPAADRGLTTRPGSGLTN 660
sp|Q5IS80|A4_PANTR KTTVELLPVNGEFSLDDLQPWHSFGADSVPANTENEVEPVDARPAADRGLTTRPGSGLTN 660
sk dede ok sk ke e ek e sk ek sk e sk sk sk sk ek sk skt ke s skt e ok sk ek ke ok sk e sk ok ek sk ok ek ek e
sp|PO8592| A4 RAT IKTEEISEVKMDAEFGHDSGFEVRHOKLVFFAEDVGSNKGATIIGLMVGGVVIATVIVITL 720
sp|PA5067| A4 _HUMAN IKTEEISEVKMDAEFRHDSGYEVHHOKLVFFAEDVGSNKGATIIGLMVGGVVIATVIVITL 720
sp|Q5IS80|A4_PANTR IKTEEISEVKMDAEFRHDSGYEVHHOKLVFFAEDVGSNKGAILGLMVGGYVIATVIVITL 720

KAKAIEIAAARAKRERAER hhkhk Kk dhhhhkhhhhrddhhhkhrhhhhkkhhhhrdihhkhrhk

sp|PA8592 | AA_RAT VMLKKKQYTSIHHGVVEVDAAVTPEERHLSKMQONGYENPTYKFFEQMON 770
sp|PO5067 | A4_HUMAN VMLKKKQYTSIHHGVVEVYDAAVTPEERHLSKMQQNGYENPTYKFFEQMQN 770
sp|Q5IS80 |A4_PANTR VMLKKKQYTSIHHGVVEVDAAVTPEERHLSKMQQNGYENPTYKFFEQMQN 770

e s e she e ke e e sk e ke e e sk e ke e ke sk e ke e e ke ke ke e ke ok e ke e e ke ok ke e e ke e ke e e ke ok ke e e ke ke

Figure 2. Multiple sequence alignment of Annexin A4 from rat, human, and chimpanzee using Clustal
Omega (version 1.2.4).

The sequences of Annexin A4 from Rattus norvegicus (A4_RAT), Homo sapiens (A4_HUMAN), and Pan
troglodytes (A4_PANTR) were aligned to identify conserved and variable regions. Asterisks (*) indicate
positions with fully conserved residues across all three species, colons () denote conservation between groups
with strongly similar properties, and periods (.) mark weaker similarities. High conservation across the
sequences reflects evolutionary conservation of structural and functional domains in Annexin A4.

PUSOTAN HAnAM 70 VLR
[CASROAY PAVRATY VLA
BPSOALRATTID - VLA

Figure 3. This figure shows a multiple sequence alignment of the APP protein across human, chimpanzee,
and rat, highlighting the conserved A and transmembrane regions. Highly conserved regions, especially from
residues 670 to 720, are shaded consistently in purple indicating potential functional or structural importance,

suggesting evolutionary conservation with slight species-specific divergence.
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ANXA13

Figure 4. The protein-protein interaction (PPI) network reveals a tightly connected annexin subnetwork with
ANXAZ2 (Annexin A2) at its core, interacting extensively with other Annexins (ANXAL, ANXA4, ANXA5, ANXAG,
and ANXA13) as well as key Alzheimer’s disease (AD) proteins APP and PSENL1.

The Multiple Sequence alignment studies of
Annexin family proteins (ANX) related to AD
revealed a high degree of conservation across
the annexin protein family, particularly in the
core annexin repeat regions known to mediate
calcium-dependent  phospholipid  binding.
Conserved residues are evident across all
sequences, suggesting functional importance in
membrane-related processes. Variable regions,
typically located in the N-terminal or loop
domains, may account for isoform-specific
functions and interactions with disease-
associated proteins such as APP and PSENL1.
ANXAZ2, which shows strong centrality in the PPI
network, shares substantial identity with
ANXA1L, ANXAS5, and ANXAG, supporting their
overlapping roles in Alzheimer's disease

pathways. ANXAL13 retains many conserved
motifs but also exhibits unique sequence
features, reflecting its evolutionary divergence
and potential for distinct cellular roles. Annexins
are characterized by conserved core domains
comprising four homologous repeats (I-1V),
which form the structural backbone essential for
their calcium-dependent membrane-binding
activity. These repeats contain signature motifs
such as GAGTDE, DTSGDF, and KGLGT, which
are highly conserved across the annexin family,
highlighting their critical functional roles. In
contrast, the N- and C-terminal regions display

considerable  variability among different
annexins, contributing to isoform-specific
functions, localization, and regulatory

mechanisms. For instance, ANXA6 uniquely

Mohanta and Dutta, 2025, 1, (2), 2-16; Published on: 29th August 2025
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possesses additional repeats (V-VIII), granting
it extended functional capabilities compared to
other annexins. Meanwhile, ANXA13 exhibits
distinct sequence insertions and deletions,
identifying it as the most evolutionarily divergent
member of the family. The phylogenetic tree in
Figure 5 reveals two main clades:
ANXAL/ANXA2 and ANXA4/ANXA5/ANXAG,
indicating close evolutionary and functional
relationships within each group. ANXA13
branches separately with the highest
divergence, reflecting its distinct evolutionary
path and specialized roles. ANXA6 shows
moderate divergence, positioning it between the
two clusters as a possible evolutionary
intermediate.

Phylogram (ancestral relationship)
studies of the Annexin family proteins
involved in AD

The annexin family members group into distinct
clades, as shown Figure 5 with ANXAl and
ANXA2 and ANXA4 and ANXA5 showing the
highest similarity within their respective pairs,
while ANXA13 is the most evolutionarily distinct.
This suggests functional conservation within
clades and potential specialization in ANXA13

Analysis of functional relationship using
PROSITE

Prosite analysis of individual Annexin members
helps identify conserved domains, functional
motifs, and signature sequences unique or
shared among the family. This allows you to
understand differences in calcium-binding sites,
membrane-binding regions, and isoform-
specific functional elements, ultimately revealing
how each Annexin may contribute differently to
cellular processes such as signaling, vesicle
trafficking, or stress response.

Prosite analysis of ANXAl revealed four
conserved regions matching known annexin
domains, all aligned with its functional role in
calcium-dependent membrane binding. The

Vita Scientia @B

strongest match was observed between
positions 114-185 (score: 31.258), indicating a
highly conserved annexin repeat likely involved
in calcium binding or structural stabilization.
Additional conserved segments at positions 42—
113 and 273-344 also suggest domains critical
for phospholipid interaction and regulatory
functions. A moderately conserved region from
197-269 may contribute to protein—protein
interactions or structural integrity. Together,
these matched regions confirm ANXAL’s role in
membrane dynamics and signalling through
well-preserved annexin domains.

Prosite analysis of ANXA2 reveals four key
segments, each contributing uniquely to its
structure and function. The region spanning
residues 105-176 shows the highest
conservation (score: 32.899) and corresponds
to the core annexin domain essential for
calcium-dependent  phospholipid  binding,
underscoring its central role in membrane
dynamics and signaling. The N-terminal region
(33-104) is enriched in charged residues and
likely aids in initial membrane association. In
contrast, the segment from 189-261, with a
lower score, may represent a flexible or
regulatory region involved in protein-protein
interactions or post-translational modifications.
The final segment (265-336) contributes to
oligomerization and cytoskeletal interactions.
Together, these domains reflect ANXA2’s
functional versatility in processes such as
endocytosis, exocytosis, inflammation, and
potentially neurodegenerative diseases like
Alzheimer’s.

Prosite analysis of the ANXA4 protein reveals
four key conserved domains contributing to its
structural and functional integrity. The region
from residues 14-85 (score: 28.874) appears
moderately conserved and may be involved in
early folding or membrane association. The
segment from 86-157 shows a slightly higher
score (29.548), likely corresponding to part of
the annexin core domain important for calcium
and phospholipid binding. Residues 169-241
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(score: 28.567) maintain structural continuity
within the core repeats, supporting calcium-
dependent membrane interactions. The most
conserved region, spanning residues 245-316
with the highest score (30.806), likely includes a
critical portion of the C-terminal domain
responsible for membrane affinity and potential
interaction with other cellular components.
Together, these conserved motifs suggest a
consistent annexin repeat architecture essential
for ANXA4’s membrane-binding and regulatory
functions.

Prosite analysis of ANXA5 highlights four
conserved segments critical to its structure and
Alzheimer’s disease (AD)-related functions. The
highest-scoring region, residues 15-86 (score:
30.767), encompasses the annexin core domain
essential for calcium-dependent phospholipid
binding and membrane association, aligning
with ANXA5’s role in apoptosis and vesicle
trafficking. The adjacent segment, 87-158
(score:  29.249), also shows  strong
conservation, rich in charged residues that likely
facilitate Ca2* coordination and early apoptotic
recognition—key during neuronal stress in AD.
The moderately conserved region from 170-242
(score: 25.393) may support protein-protein
interactions, possibly with AR or cytoskeletal
partners, while the C-terminal segment (246—
317; score: 27.747) likely contributes to
membrane stabilization or vesicle fusion. These
conserved domains collectively reflect ANXA5’s
involvement in apoptosis, AP interaction,
membrane repair, and neuroinflammation—
processes central to AD pathogenesis.

Prosite-based domain analysis of ANXA6
reveals a structurally and functionally diverse
protein with eight conserved segments
supporting its unique dual-core architecture.
The N-terminal segments (residues 20-163;
scores ~29.6) form the first annexin core,
enriched in calcium-binding motifs critical for
membrane association and curvature sensing—
vital for neuronal vesicle trafficking. The central
regions (175-322) show moderate
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conservation, likely mediating protein
interactions or isoform-specific regulation. A
strikingly conserved second core spans
residues 363-506, with scores >31, highlighting
its essential role in membrane fusion, calcium
buffering, and neuroprotection. The less
conserved region (521-595; score: 22.533) may
serve regulatory functions, while the C-terminal
segment (599-670; score: 30.53) reinforces
membrane  stabilization and cytoskeletal
anchoring. These features support ANXA6’s
multifaceted roles in neurophysiology and its
potential contribution to Alzheimer’s disease
mechanisms.

Although ANXA13 lacks direct associations with
Alzheimer’s disease (AD), its evolutionary
ancestry and conserved core domains suggest
potential indirect roles. It may act as a functional
surrogate for annexins like ANXA2 or ANXA5
under cellular stress, contributing to membrane
repair, endocytosis/exocytosis, or calcium
regulation—processes  disrupted in  AD.
Additionally, its involvement in lipid raft
dynamics and compensatory expression during
neuroinflammation could influence neuronal
stability and survival in disease contexts.

Each ribbon diagram in Figure 6 illustrates the
conserved a-helical architecture characteristic
of annexins, with ANXA6 and ANXA13
displaying extended structures due to additional
or divergent repeats. ANXA6 shows two tandem
core domains, while ANXA13 reveals structural
features indicative of evolutionary divergence.
These models highlight both structural
conservation across annexins and isoform-
specific adaptations relevant to their cellular
functions, including membrane interaction and
signaling in neurodegenerative contexts such as
Alzheimer’s disease.

Limitations

These findings are purely based on
computational results and in-silico studies which
require validation through applied research. In-
silico studies offer valuable support for drug
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discovery, toxicological assessment, prediction
of physicochemical properties of proteins and
ligands, it thus enhances our prediction score of
the biological activities of genes, proteins and
their functional dependencies. However, these
predictions cannot completely be relied on
keeping in mind the complexity of physiological
mechanisms of biological systems. Thus,
integrated  workflows of using in-silico
approaches together with wet lab strategies like
genetic knockdown and chemical knockdown
approaches on cell lines and animal models

0.20
1 | I
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enhance efficient and effective target
identification using minimal time, effort and
resources. Web based systems integrating
literature mining across authentic published
work and curated databases accelerate the
process of hypothesis testing on gene-protein
relation and function, which needs an extensive.
These computational tools complement wet lab
experiments offering efficient means to explore
and challenge complex mechanisms of
biological systems.

sp|PO7355|ANXA2_HUMAN 0.247788
sp|PO4083|ANXA1_HUMAN 0.247788
sp|P27216|/ANX13_HUMAN 0.27413

sp|P08133|]ANXA6_HUMAN 0.223016

sp|P09525|ANXA4 HUMAN 0.211599
sp|P08758|ANXAS HUMAN 0.211599

Figure 5. Phylogenetic tree of selected human annexin (ANXA) proteins. The tree shows the evolutionary
relationships among six ANXA family members: ANXAL, ANXA2, ANXA4, ANXA5, ANXAGB, and ANXA13, with
their corresponding UniProt accession numbers. Branch lengths are proportional to sequence divergence, and
the scale bar represents a genetic distance of 0.20. The numerical values indicate the pairwise evolutionary
distances for each sequence. The decimal numbers (e.g., 0.247788) are branch lengths, which indicate the
evolutionary distance (typically based on % sequence divergence).
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Figure 6. Comparative 3D structural representations and analysis of selected annexin family members
(ANXAL, ANXA2, ANXA4, ANXA5, ANXA6, and ANXAL3).

Conclusion

Previous research has mostly linked annexins to
neuroinflammation and cellular balance.
However, our results show that annexins and
core AD proteins have always had a
conversation with each other, which may be
what sets off the first signs of the disease.
According to the co-alignment and phylogenetic
links found in this study, annexins may be
upstream modulators affecting APP processing
and plague dynamics rather than only
downstream effectors. Crucially, conserved
domains and similar motifs suggest that annexin
and AD proteins may interact directly, which
calls for structural and biochemical confirmation.
These revelations raise the possibility of

annexin-based molecular therapies that focus
on the early stages of the illness, before obvious
plague development or cognitive deterioration.
Furthermore, our findings open the door for the
development of isoform-specific biomarkers,
which has hitherto been mainly unexplored, by
identifying particular annexins (e.g., ANXAL,
ANXA4, ANXA5, ANXA6) with strong
evolutionary  relationships to  AD-related
proteins. To better understand their functional
significance and therapeutic potential, future
studies should concentrate on experimentally
analyzing these protein—protein interactions,
ideally in animal and cellular models that are
relevant to the disease..

Materials and Methods
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1. Protein Sequence Retrieval:

The pdb & UniProtkB database
(https://lwww.uniprot.org/) provided the FASTA
formatted  protein  sequences of the
human,(Homo sapiens) rat (Rattus norvegicus),
and chimpanzee (Pan troglodytes) amyloid
precursor protein (APP), as well as the
Alzheimer's disease-associated proteins
Presenilin-1 (PSEN1), Formyl Peptide Receptor
2 (FPR2), and several Annexin family proteins
(Annexin Al, A2, A4, A5, A6, Al3). To
guarantee accuracy and completeness,
accession IDs were cross-checked for every
species. PyMOL was used to visualize the three-
dimensional structure of annexin proteins,
allowing detailed examination of their conserved
domains and structural features.

2. 2. Alignment of Multiple Sequences (MSA)
and building of phylogenetic tree:

Multiple sequence alignment was carried out
Clustal Omega
(https://www.ebi.ac.uk/Tools/msa/clustalo/) to
evaluate sequence conservation and divergence

using

across APP across species, as well as between
annexins and AD-associated proteins. To
objective was to find conserved motifs,
divergent and putative pathogenic

functional domains, alignments were displayed.

areas,

To assess the evolutionary links between the
APP proteins from various species and their
resemblance to annexins and other proteins
linked to Alzheimer's disease, a phylogenetic
tree, or phylogram, was created. For comparison,
the Maximum Likelihood (ML) and Neighbor-
Joining (NJ) approaches were used. Conserved
residues and domains were annotated using
Jalview.

3. Analysis of the Functional Relationship:

Additionally, pairwise alignments  were
performed using BLASTp (NCBI Protein—
Protein BLAST) with adjusted E-value
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thresholds (< 1e-5) to assess sequence similarity
and possible evolutionary conservation in order
to investigate possible functional associations
between Annexin proteins and AD-related
proteins (APP, PSENI1, FPR2). Additionally,
Protein—protein interaction (PPI) analysis was
conducted wusing the STRING database
((https://string-db.org/) to identify functional
associations among key targets, including APP,
PSEN1, and annexin family proteins (ANXAI,
ANXA2, ANXA4, ANXAS5, ANXAG,
ANXA13). To analyze structural conservation,
PROSITE was used to compare all annexin
family members. The analysis revealed shared
conserved domains characteristic of the annexin
superfamily, supporting their
similarity and potential co-regulation in cellular

functional

processes.
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