ination is induced
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RATIONAL DESIGN OF UNIVERSAL IMMUNOTHERAPY FOR TFRL-TROPIC ARENAVIRUSES

In the words of Scrooge McDuck “work
smarter, not harder.” Which is exactly
what the Rational design of universal
immunotherapy for T{Ri-tropic
arenaviruses has sct out to do. All of the
New World (NW) clade- B pathogens
have a similar transmembrane
glycoprotein and use
transferrin-receptor 1 (TfR1) entry.
Therefor because neutralizing
monoclonal antibodies (mAbs) have
saved animals from lethal doses of Junin
virus (JUNV) and there have been
favorable outcomes treating Machupo
virus (MACV) with anti-JUNV antibodies
it seems possible, one treatment may be
developed for all NW pathogens. Belore
we press on, I do feel it’s important to
note, the cross-reactivity mentioned
has only been seen hetween JUNV and
MACY not other NW viruses. To my
knowledge, that extends throughout
clinical practice and other research, it is
entirely likely there is a unique
connection between these two viruses.

Let’s pull out the spotlight and turn on
the microphone because arenaviruses

GPC- | - -
' /G'L/; otein Complex can use a bit more attention than the
tycopr

average virology course or lextbook
Envelope frequently provides. We're talking about
bi-segmented ambisense genomes here!
Now. before yvou whip out the ever so
popular Baltimore classification. or go
cross-cyed straining to figure out where
those are... STOP! They aren’t listed.
Actually, they just shoved the ambisense
genome in with Group V the (-) ssRNA
because of replicative behavior. This
week it’s important to zoom in a little
closer because we’re focusing
specifically on New World. clade- B
Mammarenaviridae. F'rom here on
forget aboul Lassa fever it’s Old World.
Not only does immune response differ in
the New World viruses like Machupo
(Bolivia), Junin (Argentina). Guanarito
(Venezuela), and Sabia (Brazil) but they
also follow a clathrin-dependent
endocylic recyeling pathway using the
transferrin receptor 1. The distinction is
paramount Lo our discussion.
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Borrowing a tactic explored for IV they set out to engineer a
molecule fusing the constant region (Fc) of immunoglobulin IgG1
with a more effective TfR1 ortholog to outcompete human cellular
receplors. This should neutralize a viral particle additionally
enlisting complement, cytotoxic and phagocytic immune functions
providing proactive treatment in a cost-effective manner. If this
works, there are remarkable potentials for a variety of other
zoonotic viruses. Using rodent derived orthologs as a foundation
in broad-spectrum design does present limitations such as
immunogenicity. However, in acute life-threatening viral disease,
prolonged use is nol needed and natural immunity may be
developed against future exposure.
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(ADCC) Antibody-dependent cellular
cytotoxicity

(Arenacepl LALA) Two Fe mulations causing
reduced affinity to Fey

(Arenacept- M1) Mutation to avoid binging
problems with an N-acelylglucosamine
allached al Asn2o4

(Arenacepl- M3) Mulation intended Lo
increase hexamer formation to activate
complement

CD) Circular dichroism
CDC) Complement- dependent cyloloxicity
EC, /) Hall-maximal effective concentration

GPC) Glycoprotein complex

hTfR1) Human- transferrin receptor 1
IC ) Half-maximal inhibitory concenlralion
]L\J\)Iunm virus

K,) Dissociation constant

(

(

(

(

(GTOV) Guanarito virus
(

(

(

(K,

(LASV) Lassa virus: an old-world arena virus
(mAbs) Monoclonal antibodies
(MACV) Machupo virus

(MLV) Murine leukemia virus
(NW) New World

(P4,22) Tetragonal space group
(PRNT) Plaque reduction neutralization test
(sAD) Stand-alone apical domain

(SBAV) Sahia virus

(

SDS-PAGE) Sodium dodecyl
sulfate-polyvacrylamide gel electrophoresis

(SPR) Surface plasmon resonance
(TfR1) Transferrin receptor 1
(WWAV) Whitewater Arroyo virus
(

wwTfR1) White-throated woodrat transferrin
receptor1

Supplementary Figure 2 | Quality of electron density. A wall-eyed stereo image

of the interface between sAD (green) and GP1macv (cyan) in a 2FoFc map (blue

mesh) at 6=1. Clear electron density for all the side chains at the interface is visible.

The NW mammarenaviruses bind in the apical domain
of TfR1. The domain is not a major plaver for binding
transferrin nor the regulatory competitive binding of
hereditary hemochromatosis protein so there shouldn't
be much functional TIR1 interference by using it alone.
Having previously found the White-throated woodrat
TfR1 showed higher binding affinity to the glycoprotein
complex than does human TfR1 and that it functions as
an entry receptor for other mammarenaviruses it was
used as a model to design the immunoadhesin. In order
to create a stand-alone protein, they remodeled the
apical domain by mutating hydrophobic residues
between the apical and protease domains to increase
solubility as well as removing a long loop. Two terminal
cysteines were finally used to increase stability. The
structure was verified for characteristic folding and
uniform size via circular dichroism and size exclusion
chromatography. Thermostability and solubility were
additionally checked and established therapeutically
safe.

Verifving this new stand-alone apical domain would
bind with the glvcoprotein binding subunit GP1 for
neutralization was established by measuring the
disassociation constants. The viral GP1s were fused onto
the C" termini of an antibody Fc region and immobhilized
on a protein coated sensor chip. The stand-alone apical
domain was then injected al increasing concentrations.
Surface plasmon resonance then monitors binding
shifts over time through electron resonance by
reflection of light source through a prism off the back of
the chip. One ol the benefits of the process is it allows
observation without interference like may occur with a
fluorescent tag. The binding mode was further observed
through the crvstallization of Machupo viral GP1 and the
stand-alone apical domain as a complex. While there
were some observed structural differences due to the
mutations made during construction overall, inteerity
was maintained.



The stand-alone apical domain was fused at the 7
terminus with an IgGa Fe linking the domains in a way to
allow eager and simultaneous hinding. Confocal
microscopy was then finallv used Lo verify binding
uniqueness when using the native glycoprotein
complexes. Unlike Lassa fever virus, Machupo. Junin,
Guanarito, Sabia and Whitewater Arrovo viruses all
showed affinity proving immunoadhesin Arenacept is
Helical center . g e
Pioh i Bl unique to TIR1 specific viruses.

Apical (binding) Domain
with iron later. Looking at complexed TfRi-ferritin vs
D Arenacept-ferritin a few differences were noted.
5 [ ]. W 0 ﬁ Arenacept contains a side chain that may be in the way

Membrane

and there are two places where polarity just might not be
strong enough to hold on. Well, that was promising
cenough to bust out a few sensor chips and do a little
more surface plasmon resonance measurements. They

Congratulations! Let’s all give ourselves a pat on the stuck Arenacepl and TIR1-Fe on chips and injected

back. We've built something that binds to a receptor!!! ferritin this time. But there is a small problem. Ferritin is
Because that's never been done... exactly. Cool ves, but composed of 24 peptide subunits so the set up allows
does il work? The problem with pushing boundaries with differentiation for the combined binding strengths,
extremely deadly viruses means vou have to be careful meaning it’s less sensitive and is only recording larger
every step of the way. In 1963 when Machupo virus was changes. Measuring like this ferritin immediately and
first isolated. four of the scientists were infected. two of irreversibly binds to human TfR1, however, it does

which then transmitted it to their wives, Talk aboul a dissociate from Arenacept. Ultimately what we're paying
surprising “hi, honey, I'm home!” attention to here is not how precise these values are but

the difference between the two. The binding event with
Arenacept is much weaker than with the real receptor.

So, safety is a big limitation in BSL-4 research, one The numbers aren’t perfect but it is enough to say the
precaution this group took was starting with a murine likeliness of cellular interference is low enough to stick
leukemia based gammaretroviral-pseudotyped virus. with this line of research al this poinL.

Yup, that’s a mouthful. If you haven't been studying up on

vour gene therapy lately, here's the premise. They took a / ’ ’
mouse retroviral genome, placed it inside the spike ‘_ ET S (] [T D N u
studded Z- protein shell. *The great big book of
everything™ can help with the visual. When the virus
infects a cell, the genome integrates along with luciferase
which then can be detected by its blue-green
luminescence. HEK293T cells overexpressing TIR1 were
simply monitored for infection in the presence of
Arenacept with a favorable conclusion. In a separate
analvsis. mutating an Arenacept critical binding place
notably increased infection emphasizing structural
avidity. The question then became, can Arenacept
outcompete TfR1? Keeping things consistent the process
was again performed in triplicate, this time using the
IeGa Fe fused to human TIR1. When they compared the
two, the result was so good they decided it was time to
revisit whether or not there was going to be a problem
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This study sets out for a broad-spectrum

approach to treat mammarenaviruses. How

do you feel about the results/ conclusions

presented?

€ - [sthis a broad spectrum option?
Why or why nol?

Arenaviruses overlap with a lot of other
viruses, even the common flu. The
bi-segmented ambisense genome is pretty
neat vet they are neglected pathogens.

4 - Keeping in mind now we have a
variety of ways to study them and not
all are pathogens... How else do you
think they might be used or studied?

Climate change is an concern with
arenaviruses. For ex. in Bolivia millions of
acres ol Amazon have been destroyed by
fires in the past year creating a state of
emergency. The major way Machupo is
prevented is through rodent population
control. Now fires threaten their habitat.
4 - What other pathogen concerns is
climate change creating and as
scientists how might we rise to the
challenge?



