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Argomenti oggetto di valutazione::

+ Reazione polimerasica a catena (PCR): descrizione della tecnica e applicazioni in
campo biomedico
Tecniche per determinare la struttura di una proteina

¢ Tecniche di isolamento e purificazione di organelli cellulari

Verifica delle conoscenze:

e Programmi di videoscrittura: caratteristiche, formati ed esempi



jYCaMP: an optimized calcium indicator for
two-photon imaging at fiber laser wavelengths

Manuel Alexander Mohr - *27, Daniel Bushey', Abhi Aggarwal?, Jonathan S. Marvin®,
Jeong Jun Kim -, Emiliano Jimenez Marquez'4, Yajie Liang"®, Ronak Patel', John J. Macklin',
Chi-Yu Lee!, Arthur Tsang's, Getahun Tsegaye'’, Allison M. Ahrens$, Jerry L. Chen®, Douglas S. Kim'3,

Allan M. Wong'®, Loren L. Looger ', Eric R. Schreiteri:** and Kaspar Podgorski‘i'=

Femtosecond lasers at fixed wavelengths above 1,000nm
are powerful, stable and Inexpensive, making them promis-
Ing sources for two-photon microscopy. Blosensors optimlzed
for these wavelengths are needed for both hext-generation
microscopes and affordable turn-key systems. Here we
report JYCaMP1, a yellow varlant of the calclum Indicator
JGCaMP7 that outperforms Its parent In mice and flles at
excitation wavelengths above 1,000nm and enables
Improved two-color calclum Imaging with red fluorescent
protein-based Indicators.

Two-photon (2P) microscopy has become a leading method for
in vivo imaging owing to its optical sectioning capabilities and the
increased depth-penectration of near-infrared light in scattering tis-
suet, However, the light sources commonly used for 2P imaging—
tuneable titanium-sapphire lasers and parametric oscillators—are
costly, require frequent expert maintenance and lack the output
power needed for operating several microscopes simultaneously or
for high-speed imaping methods that use extended focal patterns™*.

Promising alternatives to these traditional light sources. such as
high-power industrial ytterbium-doped fiber lasers (YbFLs) and
modelacked semiconductor lasers, have shown feasibility for in vivo
imaging™" and are becoming widely available at costs orders of
magnitude lower and/or power outputs orders of magnitude higher
than conventlonal tunable lasers (Supplementary Fig. 1). Since the
bulk of a 2P microscope’s cost is the laser. these sources promise to
make 2P imaging accessible to many more users. However, com-
mercially available lasers of this kind are largely limited to a fixed

residue Lo form a x-stacking inleraction with the phenolic ring of the
GYG-chromophore (compared to the green TYG-chromophore)
resulting in a shift toward longer wavelengths®. To redshift iGCaMP7.
we fIrst introduced mutations that convert GFP inte mVenus”
(‘Venus-GCaMP; jGCaMP7s+M65T, VIISY, K118V, F203L,
T222G, V2251, §229A, 1250A). Unfortunately, Venus-GCaMP did
not exhibit the anticipated spectral shift, retaining excitation and
emission spectrasimilar toits parent GCaMP (Supplementary Fig. 2).
To find a truly vellow-fluorescent GCaMP variant, we randomly
mutated Venus-GCaMP. and used fluorescence emission ratio-
metry to screen for spectral shift in bacterial colonies. We found
a single amino acid mutation SI17P (203 in GFP), close to T115,
that produced a pronounced redshift. The resulting variant main-
tained scnsor properties similar to those of the parent GCaMP
while exhibiting 19 and 36 nm spectral shift in its one-photon and
2P excitation spectrum, respectively (Fig. 1b and Supplementary
Table 1). Similarly, jJGCaMP7 variants containing yellow tluores-
cent protein, YPET and citrine mutations failed to produce yellow
emission spectra but were rescued by additional introduction of
the S117P mutation (data not shown). In GCaMP. the closed barrel
structure of circularly permuted GFP s opened within f-strand 7
to accommodate the calcium-sensing domains. Residues 115 and
117 lie on {-strand 10 of GFP. structurally adjacent to 3-strand 7.
and thelir position might be affected by the GCaMP permutation in
a way that prevents the cructal n-stacking interaction (Fig. 1a). The
substitution S117P might then reorient position 115 to rescue the
r-stacking and vield the observed yellow fluorescence.
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Argomenti oggetto di valutazione::

¢ PCR quantitativa: marcatori fluorescenti, analisi dati e applicazioni in campo
biomedico

o Descrizione di vettori plasmidici e tecniche di clonaggio per 'espressione di proteine
ricombinanti.

¢ Descrizione delle principali vie di trasduzione del segnale

Verifica delle conoscenze

¢ Fogli elettronici: caratteristiche, formali ed esempi
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Loss- or Gain-of-Function Mutations in ACOX7 Cause
Axonal Loss via Different Mechanisms
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SUMMARY

ACOX1 jacyl-CoA oxidase 1) encodes the first and rate-limiting enzyme of the very-long-chain fatty acid
(VLCFA) pB-oxidation pathway in peroxisomes and leads to H.O. production. Unexpectedly, Drosophia (d)
ACOX1 is mostly expressed and required in glia, and loss of ACOXT leads to dcvl,lurn"n al delay, pupal
death. reduced lifespan, impaired synaptic transmissicn, and glial and axcnal los atients who cary a pre-
viously unidentified, de novo, dominant variant in ACOX1 (p.N237S}also -:-,-chlbl‘ghgd loss. However, this mu-
tation causes increased levels of ACOX1 protein and functicn resulting in elevated levels of reactive oxygen
speciesin gliain flies and murine Schwann cells. ACOX 7 (p.N237S) patients exhibita severe loss of Schwann
cells and neurons. However. treatment of flies and primary Schwann cells with an antioxidant suppressed the
p.N2375-induced neurodegencration. ln summary. both loss and gain of ACOX1 lead t¢ glial and neuronal
loss. but different mechanisms are at play and require different treatments.

INTRODUCTION wrth ghal dysfunction {Ct t at al, 2017, Teshniwal and Z
21 Mitochondria and paroxisomas hava b-aen mpla.,ated in

Lipids are critical for nauronal devolopmnm syna;:tr plastx:rty some of these neurodegenarative diseases, but tha molecular
and function (4 Sbhatia and Hatchern, 2008 T=w-Plerchala =tal.,  avents that underie tha demise of nsurons vary widely (Vishwa
2002). Abnormal lspod matabolism contributastothe paﬂwgenas tath, 2075). Some naurodagenarmative dissases have baan asso-
of several neurodagenarative dx.-ar:!ers. including Alzhsimer’'s  ciated with defects in the degradation of fatty acids by [i-oxida-
2017 t al, 2015), Parkinson's disease tion, and these disorders .«.hafa some common faaturﬁst_x on

:i_sﬂa&a :'..J at al.. 2017; L
{Linat al., 2018; Linatal, 2313}, andvanau;d seasas associated ot al., 1996; Panar et al, 2006; Wandars et al., 2010), In yeast
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Argomenti oggetto di valutazione::
¢ Elettroforesi di proteine e acidi nucleici: principi e applicazioni
e Tecniche per lo studio di interazioni proteina-proteina
e Struttura, funzioni e ruolo fisiopatologico dei mitocondri

Verifica delle conoscenze

e Presentazioni multimediali: caratteristiche, formali ed esempi
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Molecular mechanisms and cellular
functions of cGAS—STING signalling

rin 2= and Veit Hornung ' 2=

Kari-Peter Hopfne
Abstract | The cGAS-STING signalling axis, comprising the synthase torthe second messenger
oyelic GMP-AMP (c(GAS ) and the cyelic OMP-AMP recepror stimulztorofinterferon genes
(STING), detects pathogenic DNA ta trigger aninnate immune reactioninvolving & strong type |
interteron response aqainst micrabizlinfections. Notahly however besides sensing microbial
DNA the DNA sensor cGAS can zlso be activated by endogencusDNA, including extra nudear
chromatin resultingtrom genataxic stress and DNA release d trom mitachandriz, placing cGAS-

L STING asanimponant axis in zutoimmunity, sterile inflammatory responsesand cellular

sanescence. Initizl models assumed that co-localization of cGAS and DNAinthe cytosol detines
the speciticity ofthe pathway tarnon-self. but recent work revealed that cGAS is also present
in the nucleus and at the plazma membrans, and tuch tubceliulsr compammentalization waz
linked te signalling speciticity of cGAS. Further confounding the simple view of cGAS-STING

' signalling as a response mechanism to infectious agents,both cGAS and STING were shown

tohave additionaltunctions, independent ot intederon response. These involve nan-catalytic
roles of cGASinrequlating DNA re pairand signalling viaSTING to NF-xB and MAFKaswell as

| STING-mediated induction of autaphagy and lysosame-dependent cell death. We have akso

learnt that cGAS dimers can multirmerize and undergo liquid-liquid phase separationta torm
biomalecular condensates that could imporantly requlate cGAS activation Here, we review the
molecular mechanisms znd cellular functions undedying cCAS-STING activation and signalling.
particulady highlighting the newly emerging diversity otthis signalling pathway and discussing

how the specificity towards namnal damage-induced and infection-associated DNA could

be achieved.

Cell mmtrinsic recognition and defence systems agatnst
foretgn genetic matertal encompass an anctent and (-

damental feature of Livirg systems. A first Iine of dcﬁ.nu.
In mammals {5 orchestrated by the in
Germilne- wded o
.'n:‘m varsus patt
= (PAMPs and DAM 1thr :-ull\slh 1 clic-
ll& stanalling cascades that k... to the mnitztior of cell
zutonomos defence mochanisme, as well as the produc

ton of soluble mediators, such as l)'\ [ 1mtert;
mmatory cytokines 2% . Type [ interferons
play a central role tn Impeding v .ral pre ‘paguo-': hence
thetr praduction ts typlcally aoverned by PREs e
v:ml ved o sefse viral infoctton. By Inductng the expression
of interferon-stimulated genes, type | Interferons boost
<all antonomous defence mechanisms (o an avlocrine
manner. 2nd furthermon: can spread amviral Immunity
and actrvate the aus 3

Cyrosolic DNA 152 potent 1"‘?3(:1:«:):’3 type [ nter
ferom response”” 10 L Under normal condittons,

nogen anc

fined to the nucleus and mitochondria,
and 1s rapldly degraded by nucleases In the cytosol and
endolysosomnal companiments. Foliowing Infections, for
cxample, Increased amoents of Intracellelzr DNA are
detected 1n 2 pathway that tvolves cyclic GMP-AMP
synthase .d.;\"- also known as MB21D1) Y a -m.rr.bv
ofthe nut [NTase) enryme
J'b\llﬂ'h L.Pvll\.tﬂ' of sttmulator of [l"lLf.L.dl" bmu
(STING). cGAS rormally restdes as tnactive proteln
tn the cell. Upon binding to DNA, cGAS undergoss 2
conformationzl change lo zn active state and produces
the second messenger cyclic GMP-AMP (cGAMD)
from AT ’.r GTP- % which ts =uhu.qumll\ detecled
by the oy: eciae easor STING™ - 4n-kDz
dimertc !r,.:u'm.'nhr_ru protein at the u."_uplurrh
reticulum (ERY. Binding of cGAMP activates STING,
which then translocates to the Golgl znd activates
'l"l\-K b!rdlrg kinzse | (TBK!1). TBKI then phos-
horylates ts2lf, STING and. subsequently, the inter-
nr 'g;lsﬂnr‘\ fzctor 3 (IRF3) transcription factor.
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