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Abstract.
Background: The cause of Alzheimer’s disease (AD) is poorly understood. Neurotropic microbes, particularly herpesviruses,
might set off chronic neuroinflammation. Amyloid-� (A�) has antimicrobial properties and could represent a brain defense
against infection.
Objective: We searched for protein sequence alignment between herpes simplex virus type I (HSV-1) HSV-2, and A�.
Methods: Protein data bank (pdb) structures for A�, HSV-1, and HSV-2 were searched on the RCSB Protein Data Bank.
The protein structures were superimposed and aligned on PYMOL v 2.3.4.
Results: For HSV-1 and A�, amino acid residues ser549 – his569 of HSV-1 aligned closely with residues asp7 - asn27 of
A�. For HSV-2 and A�, amino acid residues of HSV-2 aligned less closely than those of HSV-1 with residues of A�.
Conclusion: Conjugating and binding to the same alpha helix in the HSV-1 protease, A� could be marking HSV-1 for attack
by the immune system, providing a rapid inherited immune response to a destructive neurotropic virus that would otherwise
require the more time-consuming involvement of T-cells, B-cells, and the adaptive immune system. But older people do not
respond to viral infections as well as younger individuals. When HSV-1 infection advances in an old person, more and more
amyloid is produced, forming an adhesive web. As the brain tries to hold the pathologic process in check, neuroinflammation
increases and spreads. Progressive neurodegeneration and cognitive decline are the outcome.
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INTRODUCTION

The cause of Alzheimer’s disease (AD) is poorly
understood. The disease process is associated with
amyloid-� (A�) plaques, tau neurofibrillary tan-
gles, and neuroinflammation. In 1991, the amyloid
hypothesis postulated that A� accumulation is a key
element [1]. A� was supposed to stimulate both the
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development of tau neurofibrillary tangles and neu-
roinflammation. A�, tau, and inflammation each led
to the malfunction and destruction of neurons and
synapses. It follows that clearing the brain of A�
would be beneficial, which has not been the case.
Therefore, A� is likely a result, not a cause, of AD
[2, 3].

A newer disease model suggests that infection
stimulates neuroinflammation, resulting in AD. Neu-
rotropic microbes, particularly herpesviruses, might
set off chronic neuroinflammation.
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Multiple reports link herpes simplex virus type
1 (HSV-1) to AD [4, 5]. DNA of HSV-1 is identi-
fied more often in the brains of individuals with AD
than in healthy controls; and the viral DNA is espe-
cially prominent within A� plaques [6]. In addition,
a herpes simplex virus glycoprotein B fragment with
homology to A� induces fibril formation and is neu-
rotoxic, suggesting a possible role for this infectious
agent in the pathophysiology of sporadic cases of AD
[7].

A� has antimicrobial properties [8] and could
represent a brain defense against infection [9]. To
evaluate this possibility, we searched for protein
sequence alignment between HSV-1 and A�.

METHODS

Protein data bank (pdb) entries were searched on
the RCSB Protein Data Bank. We identified three that
allowed us to examine the relationship of A� to HSV-
1, and HSV-2.

• 1IYT (Fig. 1A). Solution structure of the AD
A� peptide, Method: solution NMR, Deposited:
2002-09-06 Released: 2003-02-11 [10].

• 4IOX (Fig. 1B). The structure of the her-
pes simplex virus (HSV-1) DNA-packaging
motor pUL15 C-terminal nuclease domain,
Method: X-Ray diffraction, Resolution: 2.46 Å,
deposited: 2013-01-08 released: 2013-05-01
[11]. pUL15C, the C-terminal nuclease domain,
is required for herpesvirus genome processing
and packaging. pUL15 and its homologues are
highly conserved and have attracted consider-
able interest as drug targets [12].

• 1AT3 (Fig. 3A, B). Herpes simplex virus
(HSV-2) protease. Method: X-Ray diffrac-
tion, Resolution: 2.50 Å, deposited: 1997-08-16,
released: 1998-10-14 [13].

The protein structures were superimposed and
aligned on Pymol v 2.3.4. Pymol is an open source
molecular visualization system. Pymol can produce
high-quality 3D images of small molecules and bio-
logical macromolecules, such as proteins.

We utilized the Pymol super command, which
super aligns two protein selections. Super does a
sequence-independent structure-based dynamic pro-
gramming alignment (unlike the align command)
followed by a series of refinement cycles intended
to improve the fit by eliminating pairing with high

Fig. 1. A) Structure of the herpes simplex virus (HSV-1) DNA-
packaging motor pUL15 C-terminal nuclease domain. Arrow
points to alpha helix that aligns with A�-peptide. B) Solution struc-
ture of the Alzheimer’s disease A�-peptide. Arrow points to alpha
helix that aligns with HSV-1.

relative variability. The super command is more reli-
able than the align command for proteins with low
sequence similarity.

To evaluate conservation and alignment of the A�
genome across species, we used BLAT, the Blast-
Like Alignment Tool of the UCSC Genome Browser
[14]. BLAT can align a user sequence of 25 bases or
more to the genome. Because some level of mismatch
is tolerated, cross-species alignments may be per-
formed provided the species have not diverged too far
from each other; this capability allowed comparison
of the Mouse Mammary Tumor Virus genome to the
human genome [15]. BLAT calculates a percent iden-
tity score to indicate differences between sequences
without a perfect match (i.e., without 100% iden-
tity). The differences include mismatches and
gaps [16].
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RESULTS

For HSV-1 and A�, Pymol performed 6 cycles
of calculations on 124 aligned atoms, final
root mean square deviation of atomic positions
(RMSD) = 0.937Å for 94 atoms (Table 1). Amino
acid residues ser549 – his569 of the HSV-1 protease

Table 1
Pymol alignment cycles and RMSD (root mean square deviation
of atomic positions) score for HSV-1 and A�. The root-mean-
square deviation of atomic positions is the measure of the average
distance (Å) between the atoms of superimposed proteins. The
RMSD (0.937Å) indicates good alignment of the A� and HSV-1

residues

MatchAlign: aligning residues (864 versus 42)

MatchAlign: score 77.391
ExecutiveAlign: 124 atoms aligned.
ExecutiveRMS: 9 atoms rejected during cycle 1 (RMSD = 2.08).
ExecutiveRMS: 8 atoms rejected during cycle 2 (RMSD = 1.63).
ExecutiveRMS: 6 atoms rejected during cycle 3 (RMSD = 1.32).
ExecutiveRMS: 5 atoms rejected during cycle 4 (RMSD = 1.12).
ExecutiveRMS: 2 atoms rejected during cycle 5 (RMSD = 0.97).
Executive: RMSD = 0.937Å (94 to 94 atoms)

Fig. 2. HSV-1 aligned with A�. A) Arrow points to closely aligned
(RMSD = 0.937Å) alpha helices of HSV-1 (green) and A� (blue).
B) Closeup of aligned alpha helices of HSV-1 and A�.

Fig. 3. A) HSV-2 aligned with A�. Amino acid residues of HSV-2
aligned less closely (RMSD = 2.67Å) than those of HSV-1 with
residues of A�. B) Closeup of aligned alpha helices of HSV-2 and
A�.

aligned closely with residues asp7 - asn27 of A�
(Fig. 2A, B).

For HSV-2 and A�, Pymol performed 6 cycles
of calculations on 124 aligned atoms, final
RMSD = 2.67Å for 94 atoms. Amino acid residues
of HSV-2 aligned less closely than those of HSV-1
with residues of A� (Fig. 3A, B).

Results of the cross-species comparison of A� are
shown in Fig. 4. There is a high degree of align-
ment and conservation of human A� (chr 21q21.3) in
A� of the rhesus monkey and 27 other primates, but
much less alignment and conservation in the mouse,
dog, and elephant, even less in the chicken, western
clawed frog (Xenopus tropicalis), zebrafish, and lam-
prey. The rhesus macaque diverged from ancestors of
Homo sapiens about 25 million years ago [17].

DISCUSSION

A� is an ancient neuropeptide expressed in verte-
brates. Many vertebrate species share the human A�
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Fig. 4. Alignment of 42 amino acid residue human A� across species in the UCSC genome browser. There is a high degree of alignment
and conservation of human A� (chr 21q21.3) in A� of the rhesus monkey (solid black horizontal line) and 27 other primates, but much less
alignment and conservation in the mouse, dog, and elephant, even less in the chicken, western clawed frog (Xenopus tropicalis), zebrafish,
and lamprey. The high degree of conservation of A� in primates suggests that A� is important for survival.

sequence (Fig. 4), which has been highly conserved
over millions of years and therefore must be impor-
tant for survival [18]. The antimicrobial properties of
A� could be one of the reasons for A� conservation.
In vivo, A� may behave like ubiquitin, and some stud-
ies have suggested that a relationship between A� and
ubiquitin that may be involved in AD [19].

Ubiquitin is a small (8.6 kDa) regulatory protein
present in most tissues of eukaryotic organisms,
that is, it occurs ubiquitously [20]. The conjugation
and binding of ubiquitin to a substrate protein is
called ubiquitination. Ubiquitination affects proteins
in many ways; one is especially important: Ubiquitin
can mark a protein for degradation by the proteasome,
a protein complex which destroys unneeded or dam-
aged proteins by proteolysis, breaking peptide bonds
[21].

Similarly, conjugating and binding to an alpha
helix in the HSV-1 protease, A� could be marking
HSV-1 for attack by the immune system. A� could
evoke a rapid immune response to a destructive neu-
rotropic virus that would otherwise require the more
time-consuming involvement of T-cells, B-cells, and
the adaptive immune system.

A weakness in our hypothesis is that HSV-1 is an
enveloped virus. If A� behaves as an immunoglobu-
lin/opsonin (ubiquitin) for phagocytic cells, the virus
envelope should be destroyed first. But A� could have
a dual action: 1) interacting with the membrane and
destroying it, probably by pore formation, as many
studies suggest [22–25], and then 2) acting as an
immunoglobulin/opsonin (ubiquitin) for phagocytic
cells.

A� did not align as well with HSV-2 as with
HSV-1. This finding may be related to other studies

indicating a closer HSV-1 than HSV-2 association
with AD. Few studies suggest an HSV-2 AD link.

Older people do not handle viral infections as well
as younger individuals. A common denominator of
age-associated frailty is increased baseline inflam-
mation, called inflammaging, that is present in older
individuals. Recent studies have shown that the pres-
ence of excessive inflammation can inhibit immunity
in both animals and humans, increasing the morbidity
and mortality of viral infections [26].

As HSV-1 infection advances in an old person,
more and more amyloid is produced, forming an
adhesive web, as the brain tries to hold the pathologic
process in check. Meanwhile, neuroinflammation
increases and spreads. Progressive neurodegenera-
tion and cognitive decline are the outcome.
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