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Off-tissue effects are persistent issues of modern inhibition-based therapies. By merging the strategies of photopharmacology ‘ [l
Abst ract and small-molecule degraders, we introduce a novel concept for persistent spatiotemporal control of induced protein V—ﬂﬁ }_g =
degradation that potentially prevents off-tissue toxicity. Building on the successful principle of bifunctional all-small-molecule o l i o ::S,
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reversible control over the topological distance between both ligands. The azo-cis-isomer is observed to be inactive because the e P [
distance defined by the linker is prohibitively short to permit complex formation between the protein binding partners. By ik e '{’i,
contrast, the azo-trans-isomer is active since it can engage both protein partners to form the necessary and productive ternary YA
complex. Importantly, due to the bistable nature of the ortho-F -azobenzene moiety employed, the photostationary state of the oyas T u: .:" o . ?:_u ; hat S
photoPROTAC is persistent, with no need for continuous irradiation. This technique offers reversible on/off switching of i [ ———| -
protein degradation that is compatible with an intracellular environment and, therefors, could be useful in experimental o[ e ———— b
exploration of biological signaling pathways—such as those crucial for oncogenic signal transduction. Additionally, this strategy
may be suitable for therapeutic intervention to address a variety of diseases. By enabling reversible activation and deactivation of
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Introduction ARTICLE SECTIONS §

Proteins reshape their function in response to environmental changes through allosteric =

process in which two distinct sites within & protein or protein complex are functionally € |ezucsen
gulated enzymes, effector binding at a distal site alters the thermodynamic and/or kin
action at the active site. [3) The transfer of chemical information between the two eng
mediated by structural {4) and/or dynamical (5) changes that generally make accessible g
conformation characteristic of the enzyme active state. (67 To attain such a catalytica
binding finely tunes the enzyme dynamic conformational ensemble by reshaping the rel
conformational states and/or the time scales of structural fluctuations and conformatic (... .
bidirectional communication between distal sites occurs &t the temary complex, ie. wh
substrate are bound &t their respective sites, and propagates through dynamic networky  Ssapsring Infrmatisn
interactions. {3.10) Capturing the time evolution of the allosteric activation of enzymest . . .
ternary complax involves deciphering the interplay of fast and slow conformational dyni
substrate binding. {11) The transient nature of both the ternary complex and the alloste)  Askeewiksgmans
undergoing turnover hampers the structural and dynamic characterization of allosteric 1
identification of functienally relevant states. {12-17) It is therefore not surprising that th
remains hidden for several enzymes.

Rasots

Conclusions

Aroradiations
Rafaranzas

Allosteric regulation operating in the model enzyme imidazole glycerol phosphate synthase (IGPS) from Thermortogs
maritima has been investigated from structural and dynamical perspectives. [18-30) IGPS is a heterodimeric enzyme
lenging to class | glutamine amidetransferases (GATase) that encompasses the catalytic interplay between HisH and
isF subunits (Figure 1). HisH catalyzes glutamine hydrolysis producing glutamate and ammonia. The HisF cyclase
monomer couples the ammonia produced by HisH, which migrates through an internal tunnel, with N-[(5-
phosphoribulosyljformiming]-3-amincimidazole-4-carboxamide ribonuclectide (PREAR). The latter also acts as the
allosteric effector for the reaction occurring in HisH. The binding of PRFAR, ca. 30 A far away from the HisH active site,
enhances 4500-fold the basal glutaminase activity of IGPS, while the substrate affinity is only moderately altered. (30

Figure 1
e T e mew
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Reversible Spatiotemporal Control of Induced Protein Degradation

by Bistable PhotoPROTACs

Pfaff*, Kusal T. G. Samarasinghe?*, Craig M. Crews* and Erick M. Carreira®
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(25,4R)-1-((S)-2-{(4-((E)-{a-{{({5)-3-{a-chlorophenyl)-2,3,9-trimethyl-6H-thiena[3,2-

i,z 3-a][1,4]diazepin-6

cl

1Q-1 amine 18 (10.5 mg, 28.0 pmoal, 1.00 equiv) and acid 54 (21.4 mg, 28.0 pmel, 1.00 equiv) were

dissolved in anhydrous DMF {0.28 ml, 0.1 M). DIPEA (12 ul, 85 pmol, 3.00 equiv) and HATU (11.3 mg,

Content
L y Figures 7
2. Materials and Methods. 5

2.1 General Synthetic Methods.

2.2 safety

3 Analysis of Synthetic C

30.0 pmol, 1.05 equiv) were added to the reaction mixture at room temperature. After 2 hours, the
reaction mixture was quenched by addition of sat. ag. NaHCO; and the aq. phase was extracted three
times with EtOAc. The combined org. layers were washed with brine and dried over sodium sulfate.
Residual DMF and

were removed by after freezing in a water/dioxane
mixture. The crude product was further purified by flash column chromatography (94% EtOAC/4%

PrOH/2% H0) 10 afford photoPROTAC-1 as an orange oil (16.0 mg, 14.0 pmeol, 51%).

Rf = 0.36 (B5% EtOAC/10% iPrOH/5% H,0).

247 ical Ck

2.5 Cell Culture.

2.6 Irradiation of photoPROTAC.

2.7 Western Blot Analysis.

2.8 GSH Stability Test.

EEEEY
RAES T
Rf, NMR, IR,
ESI-HRMS

H NMR (500 MHz, CD-0D) 5 = 8.87 (s, 1H), 7.70 (dd, 1 = 5.1, 1.6 Hz, 2H), 7.67 (dd, ] = 5.1, 1.6 Hz, 2H),
7.52(d, ) = 8.5 Hz, 2H), 7.48 (d, ] = 8.5 Hz, 2H), 7.44 - 7.40 (m, 4H), 4.91 {5, 1H), 4.65 - 4.50 (m, 4H),
(dd, 1= 13.6, 7.0 Hz, 2H), 4.35 (d, ] = 15.4 Hz, 1H), 3.98 {d, J = 11.0 Hz, 1H), 3.87 (dd, 1= 11.0,3.8
Hz, 1H), 2.71 (5, 3H), 2.47 (s, 3H), 2.43 (s, 3H), 2.29 - 2.22 (m, 1H), 2.15 - 2.09 (m, 1H), 1.69 (5, 3H),
113 (s, 9H).

B NMR (126 MHz, CD;0D) & = 174.4, 172.0, 166.8, 166.7, 166.5, 157.4, 156.1, 155.3, 153.0, 152.2,
149.0,140.3, 139.2, 138.1, 138.1, 134.3, 133.5, 133.4, 133.3, 133.3, 132.0, 132.0, 1315, 131.4, 131.3,
1304, 129.8,129.0, 113.4, 113.1, 71.1, 60.9, 53.9, 58.2, 56.8, 43.7, 42.9,39.0, 37.2, 27.1, 15.8, 14.4,

2.9 Quantum Yield
3. i 14
4. NMR Spectra 34
5. sl 63

129,116,

19F NMR (471 MHz, CD;0D) & = -1214, -1215.

IR: 3322, 2925. 28855, 1665, 1533, 1427, 1343, 1243, 1090, 1047, 967, 843,
ESI-HRMS: caled. for CoaHs:CIFaN1:0sS: (M+H) 1108.3135, found 1108.3144.

_J_M__QUL

Caloud L

13C-NMR

19F-NMR
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