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KillerRed

A genetically encoded photosensitizer

Maria E Bulina'”?, Dmitriy M Chudakov'?, Olga V Britanova', Yurii G Yanushevich!, Dmitry B Staroverov?,
Tatyana V Chepurnykh?, Ekaterina M Merzlyak?, Maria A Shkrob!, Sergey Lukyanov' &

Konstantin A Lukyanov!

Photosensitizers are chromophores that generate reactive
oxygen species (ROS) upon light irradiation®. They are

used for inactivation of specific proteins by chromophore-
assisted light inactivation (CALI) and for light-induced

cell killing in photodynamic therapy. Here we report a
genetically encoded photosensitizer, which we call KillerRed,
jeveloped from the hyd hi stein anm2CP, a

log of green fi protein (GFP). KillerRed
generates ROS upon irradiation with green light. Whereas
known photosensitizers must be added to living systems
exogenously, KillerRed is fully genetically encoded. We
demonstrate the utility of KillerRed for light-induced killing
of Escherichia coli and eukaryotic cells and for inactivating
fusions to f-galactosidase and phospholipase Cal pleckstrin
homology domain.

-

variants of different colors, nonfluorescent chromoproteins and cir-
cularly permuted variants. The majority of proteins tested had little or
no effiect on the viability of bacterial cells (Fig. 1). Mutant W94F of the
chromoprotein asulCP from Anemonia sulcata showed a weak photo-
toxic effect, resulting in decreased bacterial survival. Only one of the
proteins, KillerRed, showed a strong phototoxic effect (Fig. 1ab).
KillerRed {GenBank accession number AY969116) is a dimeric red
fluorescent protein with fluorescence excitation/emission maxima at
585/610 nm, an extinction coefficient of 45,000 M~'cm™" at 585 nm
and a fluorescence quantum yield of 0.25 (Fig. 1c). We derived
it from the hydrozoan chromoprotein anm2CP? by including
the substitutions T145N and C161A (comesponding to positions
148 and 165 in Aequorea vidoria GFP), which are spatially
close 10 the chromophore and drastically affect protein fluorescent
properties, as well as the folding- and brightness-improving mutations
UNE MOAC VIl F7I0 KITEN TS 214N 110V F16D 1D
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CALCIUM SIGNALLING

FLUORESCENCE IMAGING
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SuperNova, a monomeric
photosensitizing fluorescent protein for
chromophore-assisted light inactivation
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SuperNova, a monomeric Stepwise synaptic plasticity events drive the early
phase of memory consolidation
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Table 2. Examples of molecular inactivation by CALI using photosensitizing proteins.

Photosensitizer Protein of interest Function Targeting method CALI Sample Reference
KillerRed PLC31 lipid metabolism etc. fusion in vitro 38
B1-integrin invadasome structure fusion in vitro 47
Centrin2 replication of centromere fusion brain slice 48
Histon H2B component of nucleosome fusion in vitro 49
RBMX chromosome morphogenesis fusion in vitro 50
Sec13 biogenesis of COPIl-coated vesicle fusion in vitro 51
Aquaporin1/4 water transport fusion in vitro 52
Cofirin actin cfilament disassembly fusion in vitro 53
Rab7 endocytosis fusion in vitro 54
GON domain protein secretion from ER fusion in vivo (c.elegance) 76
GRASP55/65 fomation of Golgi ribbon fusion in vitro 55
tandem KillerRed Ran membrane targetting of RhoA fusion in vitro 56
SuperNova cofirin actin filament disassembly fusion in vitro 15
mDia1 Rho effector etc. fusion in vitro 57
CamKIIB LTP induction fusion brain slice 58
Synapsin component of synaptic vesicle fusion in vitro 59
Synaptophysin component of synaptic vesicle fusion in vitro 59
SDHB/SDHC Mitochondrial electron transport Chain complex Il fusion (CRISPER) in vivo (c.elegance) 63
Myosin Il growth of cell junction fusion (CRISPER) in vivo (Drosophila) 64
Arl13b primary cillium formation fusion chick embryonic slice 60
SuperNova-Green PLCS1 lipid metabolism etc. fusion in vitro 44
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