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Imaging inflammation and immune cell function

. Neutrophils Macrophages
£ @/
Proteinases 3/4 macrophages JACS, 2013.
Angew. Chem., 2019. ACS Cent. Sci., 2017.
Nat. Comm., 2020. Activatable fluorophores for MMPs Angew. Chem., 2019.
Angew. Chem., 2022. Cathepsin G Imaging immune cell functions pH Chem. Sci., 2020.
NE | RoS HO, @ Angew. Chem., 2023.

Enzymes Cathepsin S
Reactive fluorophores FRET probes

Enzymes Activity-based probes Cell transfer .
Granzyme B C
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I\endive-Tapia et al. Acc. Chem. Res., 2022, 1183 (covering our work plus Bogyo, Pu, Schultz...)



Small-molecule fluorophores
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ACS, 2013, 16018.
lfo Lavilla (previous work: Arevalo et al. EuJOC, 2009, 617; Preciado et al. Angew., 2012, 6874).



Small-molecule fluorophores

Phagosomal acidification in macrophages
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Small-molecule fluorophores

Phagosomal acidification in macrophages
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Collaboration with Yi Feng
(Feng et al. Nature, 2009, 921;
PLoS Biol., 2010, e1000562)
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Fluorescent amino acids
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Cheng et al. Nat. Rev. Chem., 2020, 275 (covering our work plus DeGrado, Klymchenko, Imperialli, Mely...). . |



Fluorogenic (OFF-to-ON) amino acids

(0.05 eq)
Pd(OAC)2(1 .0 eq)
AgBF4
O. _OH
TFA (140,58). JVF
R Mw
N/
H -
74
H
FF
Trp-BODIPY

et al. Nat. Commun., 2016, 10940 and Nat. Protocols, 2017, 1588.

. Lavilla (previous work: Preciado et al. JOC, 2013, 8129; Mendive Tapia et al. Nat. Commun., 2015, 7160).
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Fluorogenic (OFF-to-ON) amino acids
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Fluorogenic (OFF-to-ON) amino acids
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VES (ET)
3.06 eV
f=0.005
State
Crossing

e
.

293 eV

: AES (LE)
i 287eV
i f=0.876

VES (LE) AES (ET)

299 eV 1.13 eV

f=0618 f=0.003
0.91eV

v

-on with Xiaogang Liu (previous work on computational analysis rational design: Chem. Soc. Rev., 2021, 12656). |
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Fluorogenic (OFF-to-ON) peptides: case 1

Antifungal peptides

NH2
HQN \)J\ /d: \)\ NH2

\QDJD

hydrophilic domain hydrophobic domain

R1, Rzl H (4)
Rq: H, Ry BODIPY (5)
R4: BODIPY,Ry: H (6)
Rq, Ry BODIPY  (7)

‘_-:'-.
el Can Zhao (with Prof. Nick Read)

_ia et al. Nat. Commun., 2016, 10940.
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Fluorogenic (OFF-to-ON) peptides: case 1

Antifungal peptides

Asperqillus Klebsiella  Escherichia Pseudomonas Human
HNs_ NH2 NH fumigatus[1] pneumoniae[2]  coli[2] aeruginosa[2] RBCsI[3]
2
NH 4 r8%02 93% >99% >99% 99%
/f 5 36+0.1 87% 94% >99% >99%
O O

6 5.0 0] 96% 95% >99% >99%

y O
N
| N W
o = o - o 7 25%0.1 93% 95% >99% 96%

®
rR,— R1m 8 20%0.1 94% 96% >99% >99% o

N

H

N
NH, H
hydrophilic domain hydrophobic domain , C
R, Rz H (4)

R+: H, Ry BODIPY (5)
R1I BODIPY, RQC H (6)
R4, Ry BODIPY  (7)

Can Zhao (with Prof. Nick Read) wash-free imaging of live Aspergillus fumigatus o C
. (peptide 8 + )
-Tapia et al. Nat. Commun., 2016, 10940.




Fluorogenic (OFF-to-ON) peptides: case 2

RZ% Rs3

(0] H

—l\rNH ”#N r, apopeptide
R4

Ooo binding
NH sequence

N

NON FLUORESCENT HIGHLY FLUORESCENT “

., 2020, 4027.
nsfield (previous work on the ‘phagocytic synapse’: Barth et al. Front. Immunol., 2017, 01708).




Fluorogenic (OFF-to-ON) peptides: case 2

i) cleavage R, 0 R
Fmoc SPPS (TFA:DCM 1:99) o 7/[( 3 y
CIO —_— » NH H/%/N
Oxyma Pure ii) cyclization Ry
(COMU, DIPEA) R, Oo
cTCPS DIC NH o}

resin

i) deprotection OJ\/H HNJJ\(NH

Peptides Ri-Rs clog P Apo-0 to 15
Apo-0 EEEWW -2.97
Apo-2 KKKWW -2.78
Apo-3 KKKWF -2.93
Apo-4 KKKFF -3.08
Apo-5 KWKWK -2.78
Apo-6 KKWWK -2.78
Apo-7 WWKKK -2.78
Apo-8 KWWKK -2.78
Apo-9 KKKLI -3.41
Apo-10 KKKVI -3.94
Apo-11 KKWWW -0.68
Apo-12 KWWWW 1.43
Apo-13 KKKKW -4.63
Apo-14 KKKKK -5.38
Apo-15 RKKWF -3.38

Ramon Subiros-Funosas

_. Commun., 2020, 4027.




Fluorogenic (OFF-to-ON) peptides: case 2

Apo-15 rapidly and selectively stains apoptotic cells over live cells

Apo-15

(ApoTracker Green)

Barth et al. Nat. Commun., 2020, 4027.

HoN

’\P:NH
NH,

Fluorescence (RFU)
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Apo-15




Fluorogenic (OFF-to-ON) peptides: case 2

16,000 = I

=)
L
T 12,000 -
0
o)
o
<
(1))
S 8000 -
Q
Q
w
o
(=]
=3
T 4000 =

Apo-15 binds to phosphatidylserine in apoptotic cells

p-values

PS vs
PS vs
PSvs
PS vs
PS vs

. PG: 0.0040
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. PA: 0.0048
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Barth et al. Nat. Commun., 2020, 4027.
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Fluorogenic (OFF-to-ON) amino acids

(0.05 eq)
Pd(OAC)2(1 0eq)
AgBF4

O._OH TFA (18%§8),£6MF
MW ,

Y

FF

Trp-BODIPY

Can we make
them smaller?




Fluorogenic (OFF-to-ON) amino acids

Smaller size (try 1: Phe-BODIPYSs)

Fmoc

“*}@

BODIPY 2 PGs

HC F F  CH TAM—HVK,H

Tad O 3 PGs
removal
B an

C(sp®)-H labelling

. Angew. Chem., 2022, €202302688. ) _
utz Ackermann (previous work: Wang et al. Angew. Chem., 2018, 14700). |



Fluorogenic (OFF-to-ON) amino acids
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Fluorogenic (OFF-to-ON) amino acids

Smaller size (try 2: NBDs)

NO, NO,
_N_ starting from 1 starting from 1 _N
e - o ‘Se
N l) Boc-L-Dapa-OH 1) Boc-L-Cys-OH =N
HNJ\ g if) HCI in dioxane ii) HCI in dioxane Sl i
HCI H,N™ "COOH HCIH,N™ "COOH
NO, NO, NO,
=N starting from 2 N starting from 2 _N,
~ /S £ _ X - e IS
N i) Boc-L-Dapa-OH =N’ i) Boc-L-Cys-OH N
HN - if) HCI in dioxane Y if) HCl in dioxane S ;
)\ X=Se,Y=F (1) l
HCIH,N™ “COOH X=S5Y=F (2) HCIH,N™ “COOH
X=0,Y=Cl (3)
X=C(CH;),Y=F (4
NO, (CH5) (4) NO,
N - : N
= starting from 3 starting from 4 = ><
N i) Boc-L-Dapa-OH Fmoc-L-Dapa-OH :
7 or Boc-L-Cys-OH HN 1
)\ ii) HC in dioxane l
HCIH,N® "COOH  Z=NH(9), Z=S(10) Fmoc-HN™ “COOH

czna et al. Angew. Chem., 2023, €202216231.
ous work on SCOTfluors: Benson et al. Angew. Chem., 2019, 6911; Nat. Commun., 2021, 2369.




Fluorogenic (OFF-to-ON) amino acids

Smaller size (try 2: NBDs)

NN

OH
o PSD-95 binder

0 SSIESDV 5 D
H 1”?
e ®
. SS5ESDV -

peptide 16

N ° N'SeN 3 ®
0:5 :P}N~<\/}N02 . % *
turn-on amino ,
Ho‘{:o acid 5 Q.
O:S””/OH i'; @
= § <

peptide PAINT imaging
of PSD-95 nanoclusters

&

oliner and Konieczna et al. Angew. Chem., 2023, €202216231.
aboration with Mathew Horrocks for peptide-PAINT (previous work: Oi et al. Commun. Biol., 2020, 458).
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Cys

Imaging tool builders

_sulfo-Cy5

HN
F o
o
o F N Ny sulfe-asy21
cozHn. H o M
SN 0 F
: ERL F

Fernandez et al. Angew. Chem., 2019, 16894 (CCL2-PhagoGreen). @
©

JI\‘
N )

Barth et al. Angew. Chem., 2022, €202207508 (CCL2-cathepsins).
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weight
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Fluorogenic proteins

Interleukin 33 (IL-33): alarmin cytokine involved in asthma, IBD...

Binding-induced
fluorescence
emission

24, 143.
rley (previous work on IL-33 biology: Osbourn et al. Immunity, 2017, 739).




Fluorogenic proteins

Can’t we do this with GFP (Green Fluorescent Protein)? s
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Fluorogenic proteins

mm —

IL-33 content
measured by ELISA

v

Cell Line Freeze-thaw Supernatants
@ 5% 106 necrosis on
cells / ml dry ice
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No, we can’t
(at least for IL-33)
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Fluorogenic proteins




Fluorogenic proteins
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Fluorogenic proteins

Native-like fluorogenic IL-33 proteins

Normalized ST2 binding

1.25-

1.00-

0.75

0.50+

0.254

0.00+

unlabeled IL-33

e
o~ IL-33(1)
-0~ IL-33(3)
-0~ 1L-33(6)

10 100
[IL-33, ng mL™"}

_ACS Cent. Sci., 2024, 143.

real-time imaging of IL-33
in ST2+ve live cells (10x FF)

a. %
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