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FH 2% R L “ Oleic Acid Availability Impacts Thymocyte Preprogramming and

EiE ATP2A2 calcium NFAT

Subsequent Peripheral Treg Cell Differentiation” A & 3 T Nature Immunology (2023,
doi: 10.1038/s41590-023-01672-1.).
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BTGB 4 25403 106 SRS T L TSR IR TRE . BRGSO R

UL AESRAE BRIV T JT I B 1 T2 OG0 SRT, TG0 2 i 40 B I 2 K iE A
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2 T A TR K
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eI K% VNP20009 40T 244t AT DAZE s S A7 s 48, did it X4l B AR 2317 & 3L
K i& VNP20009 41 B #E N A4 4 J5 £ ZE 4 CD1 b+ 40 oy 75, I b 1 ifi v
CDIIb+4 gt i bu sl . BRIk, FERAN S HEM 72 iR & 2R /) VINP20009 2 18 7T A
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PR3 IR SR MG T RE 18T 71, RN A 22 D Re 40 i 24k 5 Y TEUR 2836 97 A AL
SEE TRt TR .
AR B BL “ Nanozyme-coated bacteria hitchhike on CD11b+ immune cells to

boost tumor radio-immunotherapy” @K KAE (Advanced Materials ).

Initial 2 Gy Secondary 6 Gy Combined Immune
X-rays Irradiation X-rays Irradiation Checkpoint Inhibitors

Type | IFNs ,.-f

Y

Primary Tumor Inflammation & TME Regulation & Distal/Metastatic
APV Accumulation by Monocyte Radiosensitization Tumor Inhibition

B 2.1 MY ed AR R s B IE

2. PiIE BNCT 49K Z

Wi P 47£3R3697 (Boron Neutron Capture Therapy, BNCT) J&—Filt 4K %
SRVE [ R S [) FBUR YT, T 2020 4E7E H AR T I ARIAIT .  BNCT V897 7 2
Jets R EWN-10 (10B) [FALFRIEL B H L A, A R 750k e gk 47 f
5t 10B J5i 15 #vrb Rl A R AR A% 2R SR LA e R 2 P T ook A S
TLi AT A% BE 8 20 B o I PR BNCT 697 2R B e I 4127 10B &% &= AT 20 pg,
T H MR H A IERHLL 10B SEtt (T/N) KT 3. [Fik, FF & e S a2
XS BNCT J7 = kB H AT R A 1058 A2, B BPA #1 BSH, X
It TEE PR L ) e AN BEARL, T EL AR P PR BRI TR DRIBG, R R R R
JiRF 10B 114 XA BNCT 57 2037 — B2 . 2 B4 K R0hL ] 457 K& 10B,
1M1 LG I 582 & R B (EPRD SBR[ B AR T 221, R —KEF W II1%
TIZ

SR 5 X B B B A S AR IR E & 10B 0K ZAL B 40 K 0L 2R T
N ERRA =1 (PG il 7 —F#i %! BNCT #1245 h-10BN-PG (& 1a). BT
992K 10BN %R SF/N (BAZZ) 8 nm, B 1b). PG &1 )2 HI2E /KM 5, h-10BN-PG
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FES PRI BA W R i o e (A3 # /K> 6.0 mg 10B/mL) AR A e 1,
AR T B F E S 5 RA 2. HR, PG Z NI & ATE h-10BN-PG 3£ i dE4F 7 1%
W BT P B 7k, AT A A0 B A% 77 W 40 L 2R G K IR B S5 B o AR A 230 3R
h-10BN-PG e FLARAN L 25 PR AN [ 47 (19 =4 MR 40 R ERVB B RE /7. MR N L4300 A 52
5 27~ h-10BN-PG £ R # ik 4 5 e it EPR RURAE CT26 KT 45l b s &
FUCE o), ST 12 /NS MR A 10B WK E RTIA 8.8%ID/g B 102.1 pg/g, 1 H
T/NIEH] 7.6, LR BNCT ¥697 23K, 78 20T B ATl R _EAEFH 8125 BPA.
HE— BT & B R LE R 4141 ) h-10BN-PG Bl IS [R1Z 57 4 PR 40 e S5 . 7
BEFERL b, WS AT BAE R 2 e B HE 7 BT T h-10BN-PG 415 [¥) BNCT
BT SEH . 1925 T h-10BN-PG U7 10B BRI m MRS ERE, L — R4
S A — Rk R L e AT BR T CT26 gkt (I 1d, 1e), 1 A&
BB RN . 69T HLEIT 78 & B h-10BN-PG 4 S BNCT S8 CT26 4k 4
DNA WEEWIZE, #—0 SHUIRIET:. [, BNCT 5= A )% SRt 40 M A8 T2
T PR G OB, R AE TR R R RS T AR Re B R IR A K. B
£E LRI h-10BN-PG & —FhE 24 BNCT M2y, [ EA &5, EVHEE
T REARARHS AR SN EERE A, R R RIF IR IR AL AT 5. AEURBERl B, B
HBARE— 22 K3 h-10BN-PG 78 BELE /)N bR RALIR BT N = & A, S FLAE I R
BNCT V&97 T RAW 71, MR IEE# AT 2 .

Z W 7¢ LL ¢ Tumor Eradication by Boron Neutron Capture Therapy with
10B-enriched Hexagonal Boron Nitride Nanoparticles Grafted with Poly(Glycerol)” 4
BT 7 H 20 HIER K& # T Advanced Materials (i 3C8E#%:  https://doi.org/10. 1002/
adma.202301479).
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3. VRITRIZ R Ac-225 Hifk g )

B SO TEAZ 3 22 Ac L3R 10 R, ZIREERRS 5.8 ] 7.1MeV e & o
R, BN I Bt ELA T 0 M BUR A% 3R . SR T ook 1% 493 88 4 i
B EFRIER), EFAID 25Ac R EE R IR T ] 52k
W 225 Ac ZiIIEE /3 AT BA T BRI E L. TR 25 Ac BUPEZEA
BEF= A R ] RABOE T (peT) BUEHT (BHHT), PG T 25Ac B 29
NI . T HIEPRFEATHE TR %Ga (tip= 67.7 min). *Cu (tip=12.7h) PLK
WARFME (P2La, BLa, La, 'Ce) ZMERN Ac MSTTRINZ R, HFiHEE
(I 225Ac 43 A SRT, YA IT 1L FE A S W 225 Ac ZE A9 A T SR AR AT A A
PR, X IR T 225Ac R R IR .
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F S T AN 0 A2 208 A BN AR S5 v 2 3 1R 2 6.5 0 1 9K EuMOF Ji Az
PR 2Ac. Eult5 25ACAHIL B 2142 DL AR R LA, AT ROKE 225 A3 PR
15 B 1) AR AL o AHAR S A% R 225Ac & FLATIT Eu fITEHRN 4.750 %1 13.083 A,
25A¢ BT A I ol S ) T UUARAE KR T P 4L Eu 1, Re g (e gk ok 7 3
BEur s e i 4%, JEmir= A R WG s R . BEFURIL, EuMOF X I K
SR 25Ac BA RIFHIARICAE S, 1min WA 70%HIFRIC 2, R EA RBiF
fibricfaE . 514k, EuMOF Xt 25Ac M3 B tha RAF IR G181, FIH /N
N AR SRR EILE 500 F1] 845 GHKALHI H R KAE S, HECT IS 225Ac/Eu

(1pC) REBEWRINE, BERHITE B A A7 211 22 Ac-labeled EuMOF H A B &
DTSR . IE A SEIAE B 25Ac-labeled EuMOF ({12470 4 5 /INEh W BA% (58 '
T MIEA K. 2 Ac-labeled EuMOF TG 25 B W Al AR R i OR, 3-%
2 a8 T AR BORLALE P88 P K B R (T B RE T, DA 225 Ac B L TR AR P A I ook
TR TR e R AR A RCR

oo WE OB LU “ A Radioluminescent Metal-Organic Framework for
Monitoring 2*Ac in Vivo” N FEAE J.Am.Chem.Soc. T .

£ L ———
o N -

@ **Ac-labeled nanofluorophor
= a-partices = Imageable photons

lonic radius 1.12A

lonic radius 0.95A /i

Eu®*/Ac* solution BTC solution

B 2.3 e AR 7 AU B AR 225 Ac FEVR NI AER) )0 A

24



(=) EBHBH

1. SEE B2 B AL BT 5T

HAT,  Ae UL SR AE AL LA A B HR T e R 1k Lt & [ SR o MR A H e () B 22
Yo SR, AENRBERT HFF 8 R SRR RTHE, e 22 4 s B BEAL B AL RHIE 34 Fr
AR RSB IBUR AR IR, AT v AR A e B8 T S e R

WHERN], ZIERE R Meh o B e X T fa FH s KRR I R R PE, H
BAEZANMK MG ERA R (indE-241 F98-243) . FHRZ AR K TR R E] =
Y, AR EHC RO B 1) 3 2RI . FE A 0 B AR ROR 2 H AT & 2 AT I
Wb 7 IR PR, A% O AR R M HR HEAT & &40 8 e vh i AR AR Oy
KFE . AR EORUGESEI, R RE T RO N SRt R ) £
T RSN KR ARG, PRI A TR i O AT R e B B i X

R GE B RNV BE AR 2 5 S = il R TR o AL, T SRR Ay
THEY N EELZWIENEZ SR B, =AW s Site ikt E +
B PR R 27 ) R, SO DR AZ R ST TSRS 25 42k i et e 22 e I ) — >
HRFAFLI A R dnaess =R RS, AU E S =0 R e RO ALY
M BRI ZE LI B, WA R AR > s xR . SR, SRR TP
HIAEH AT A, ARG AR ) B AR P AN ReA-AE BRI 8], B 5 L S5 o =i,
AN PR B 73 B IR A o BT, 1 B b 2R LRI AT P SRS R 88 A% g 7S A7 6 A T S 300
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I RN P8 BB I VA 58 o BT 9T BB e A JE 1 — b ik TS ) i RS 22
ST IR SOk (B D, AT ENH T IRE Z R G AP L TR TS Gt
il B R R S Al O 2 W A S RS EEAR S . AR
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2023 4= 4 A 20 H & ZFRAE Nature #F I, 18 SCHE4%: https://www.nature.com /articles/
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2. BWHMLEE S BRI ZIF-7 IERR MR

EIBANMELEM B (MOF) /2 B4 & 19 sURA HLEC AR S0 i — K L 2
FUARL, B LRI = fLBR A B B S A0 f, TE A2 S 2]
Z IR o £ MOF o1 5] NGk AT DUgE— 2B R4 B A B AL AV 5T, ZE IR 23 B

LR B R e A S E AT B T T2 B AT . H RS R MOF )
FEITERAE RGO, FEORFMAR. BOCHTHR B ik, ZEA R
R A R o A U AR SR 0 U ECRT CASR A R R e £, (H 2 R R
MR ZE ST, S SRR A T E . BT, AR B A MOF N 1E
ek (BlanAs e, 4. RIMABURILEZ) 1EHL R, MOF MskisE TR E
FERE— DI TE o T3 IN K 22U AL 0t S A ATE [l B b 2R5E T R 1m0 55 i
SZ MBI, EXN A IHEZRM B (J. Am. Chem. Soc.2020, 142, 20,
9169-9174.); WhA153T-¥f (Angew. Chem. Int. Ed., 2021, 60, 14858-14863.); &JB8H
HIHEZEH4 KL (Angew. Chem. Int. Ed., 2022, 61, €202212532.) F1 & HUS — R 41 1 1]
BT, AR AS Z MR E A T A= 3, BATE—25
J& TiZA T, RINSEIL T R AL — A i w B H s 4 I ZIF-7 RESEA R

S % S MBI 5T [ B\ 3 5 A58 P4 7 AR 40 5 S 22 R 3 ZIF-7 (1)
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(PXRD). [E&#%H#H; (MAS-SSNMR) FIZE SR B EEMNR, X ZIF-7 M BT RG
RAE. S5 RGN, JRIE N ZIF-7 MR T4 GeK & 1t ZIF-7 kL BA S
A BE AT EE R AR . IbAbh, AT DA — 20 eSO RS & VR 45 & bR ) & R
FEFE . @R 4k 1H-13C AT AN 48 (HETCOR). X SR eH T g
W (XPS) X BRI ORE N 45 /)1 (XANS) HisE T ZIF-7 *F-NH FI-OH $R
FAE. I 13C IR MBI IR H], 8 B R AEAE 5 i & b B R g
ik, HiE T ZIF-7-200 kGy A1 ZIF-7-solvothermal & (ISR E & & . [FK;, @it =
9% LT RT AN BT i 23 B S P R AR W) T SR A R ZIF-7 AR ISR N TE
FPoRiE, 25K 5 H R R G A R o
FH52 TAELL Article 30 & % T Journal of the American Chemical Society | (J.
Am. Chem. Soc. 2023, DIO: 10.1021/jacs.3c07778). 3 HE4%: https:/pubs. acs.org/
doi/abs/ 10.1021/jacs.3¢07778.
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Partitioning of americium from lanthanides (Ln) presentin used nuclear fuel plays a
key rolein the sustainable development of nuclear energy'>. This task is extremely
challenging because thermodynamically stable Am(IIl) and Ln(III) ions have nearly
identical ionic radii and coordination chemistry. Oxidization of Am(IlI) to Am(VI)
produces AmO,* ions distinct with Ln(Ill) ions, which has the potential to facilitate
separations in principle. However, the rapid reduction of Am(VI) back to Am(III) by
radiolysis products and organic reagents required for the traditional separation
protocols including solvent and solid extractions hampers practical redox-based
separations. Herein, we report a nanoscale polyoxometalate (POM) cluster witha
vacancy site compatible with the selective coordination of hexavalent actinides
(***U, ' Np, **Pu and **Am) over trivalent lanthanides in nitric acid media. To our
knowledge, this cluster is the most stable Am(VI) species in aqueous media abserved
so far. Ultrafiltration-based separation of nanoscale Am(VI)-POM clusters from
hydrated lanthanide ions by commercially available, fine-pored membranes enables
the development of aonce-through americium/lanthanide separation strategy that is
highly efficient and rapid, does notinvolve any organic components and requires
minimal energy input.

Americium is a neutron-capture by-product of nuclear power gen-
eration and a major contributor to the long-term radiotoxicity of
high-level waste. The efficient recovery of americium followed by
transmutation into short-lived or stable nuclides using fast reactors
would significantly reduce the environmental impact of nuclear energy.
However, the coexistence of lanthanides (Ln) with high neutron cap-
ture cross-sections (for example, "’ Gd) severely limits transmutation
efficiency. Overcoming this impediment requires the development
of efficient separations between americium and lanthanides and
has remained a long-standing challenge in the nuclear industry for
decades. This difficulty originates primarily from their similar chemical
behaviour because both americiumand lanthanides existinsolution as
thermodynamically stable trivalent cations that possess nearly identi-
cal ionic radii and coordination chemistry. Traditional separations
exploit the subtle bonding differences between Am(lll) and Ln(lll) ions
whereby extractants containing nitrogen or sulfur donors enable pref-
erential partitioning of Am(lll) over Ln(lll)**. This separation strategy,
however, is still hampered by limited discrimination between Am(lII)
and Ln(ll), and, more notably, by the generation of large amounts of
secondary radioactive liquid waste.

One proposed method for mitigating this separation challenge is
the oxidation of Am(Ill) to the higher oxidation states of Am(V) and

Am(VI)®. These cations possess coordination chemistry that para-
Ilels the linear dioxo early actinyl ions, such as UO,* and NpO,", with
anisotropic coordination contrasting sharply with relativelyisotropic
Ln(I)ions”. This, in principle, leads to better discrimination between
americium and lanthanides and a subsequent increase in separation
efficiency. Although various techniques have been explored following
redox-based protocol, including solvent extraction® ", precipitation™
and ion-exchange chromatography®, an unsolved issue is unavoidable
reduction of high-valent Am back to Am(llI) during the separation
process. Am(VI) cations are strong oxidizing agents with reduction
potentials of 1.6 V and 1.68 V for AmO,**/AmO," and AmO,*/Am**
couples, respectively (versus saturated calomel electrode (SCE))".
Therefore, Am(lll) species can be produced in a few seconds once
Am(VI) ions contact organic extractants/solvents or pass through a
chromatographic column, making these separations impractical. In
fact, both Am(VI) and Am(V) are traditionally thought to be unstable
in aqueous solution because they can even be efficiently reduced by
active radiolysis products, given that the two common americium
isotopes related to the nuclear fuel cycle (*'Am and ***Am) are both
considerably radioactive.

We address these challenges by selecting a polyoxometalate
(POM) that is tailored to the coordination requirements of Am(VI)
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The nature of activation signalsis essential in determining T cell subset
differentiation; however, the features that determine T cell subset
preference acquired during intrathymic development remain elusive.
Here we show that naive CD4" T cells generated in the mouse thymic

microenvironment

lacking Scd1, encoding the enzyme catalyzing oleic acid

(OA) production, exhibit enhanced regulatory T (T,.,) cell differentiation
and attenuated development of experimental autoimmune encephalomy-

elitis. Scdl deletion
T, cell differentiati

inK14* thymic epithelia recapitulated the enhanced
on phenotype of ScdI-deficient mice. The dearth of

OA permitted DOTILL to increase H3K79me?2 levels at the Atp2a2locus of
thymocytes at the DN2-DN3 transition stage. Such epigenetic modification
persisted innaive CD4" T cellsand facilitated Atp2a2 expression. Upon

T cell receptor activation, ATP2A2 enhanced the activity of the calcium-

NFAT1-Foxp3 axis to promote naive CD4" T cells to differentiate into T,

reg

cells. Therefore, OA availability is critical for preprogramming thymocytes
with T, cell differentiation propensitiesin the periphery.

All jawed vertebrates are capable of an adaptive immune response
driven by T cellsand Bcells'. T cells develop in the thymus from hemat-
opoietic stem cell (HSC)-derived lymphoid progenitors, which are
supported by factors such as Notchligands, interleukin (IL)-7 and stem
cell factor at specific locations™*. T cells with newly rearranged T cell
receptors (TCRs) are either positively or negatively selected against
self-major histocompatibility complex plus self-peptides, depending
ontheiravidity®. Aftermaturation, naive T cells enter the periphery and

differentiate into distinct T cell subsets in response to different types
of antigens, co-stimulation molecules, cytokines and metabolites®”.
However, it is unknown whether the thymic microenvironment could
preprogram naive T cells with properties that influence their subset
differentiation in the periphery.

T, cellsare aCD4" T cell population that has an essential role in
guarding immune homeostasis®. T, cells are controlled by the tran-
scriptional factor forkhead box protein P3 (Foxp3). Loss-of-function
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The coordination of immunity across organs is fundamental to cancer
development and progression. It is well known that the hostile metabolic
microenvironment in the tumour is amajor obstacle to effective anti-tumour
immunity. However, whether metabolic alterations in secondary lymphoid
tissues beyond the tumour can affect anti-tumour immunity remains
elusive. Using positron-emission tomography-computed tomography,

we show that the spleens of humans and mice with breast cancer are
metabolically reprogrammed to aglycolytic state. Such anincrease
inglucose consumption in the spleen primarily occurs in neutrophils
generated by extramedullary haematopoiesis and recruitment from the
bone marrow. These neutrophils in the white pulp create aglucose-deprived
microenvironment, which, inturn, induces T cell anergy by impairing
pyruvate kinase M2 and its action on STATS, thus compromising their
anti-tumour activities. Furthermore, CCL9 chemokine produced by splenic
stromal cells is central to splenic neutrophil accumulation, and blockade

of the CCR1receptor favours tumour eradication. Thus, neutrophils
metabolically influence the spleen microenvironment and control
anti-tumour T cell responses.

Recent efforts in investigating the phenotypes and functions of
immune cells in the tumour microenvironment have revolutionized
cancer therapies'. Effective deployment of cytotoxic T cells into
the tumour microenvironment is critical to sequester and eradi-
cate tumour cells; however, irreversible dysfunction of cytotoxic
T cells can occur and perturbs immunotherapy?. Although emerg-
ing evidence has suggested that immune cell dysfunction occurs
before the arrival of cells at the tumour microenvironment, how

anti-tumour T cell immunity is impaired outside of the tumour is
largely unknown®>.

Tumour development is often accompanied by major changes
in the systemic immune landscape and is associated with immune
re-organization across peripherallymphoid organs®. Whether, and how,
such re-organization contributes to tumour-specific T cell responses
and influences cancer progression remains largely undetermined.
As the largest secondary lymphoid organ, the mammalian spleenis
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Confining Ti-oxo clusters in covalent organic
framework micropores for photocatalytic reduction
of the dominant uranium species in seawater
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SUMMARY

Photocatalytic reduction is a promising strategy for uranium extrac-
tion from seawater. However, due to the lack of accessible active
sites, current photocatalysts work poorly under visible-light irradia-
tion in reducing UO,(CO3)3*", the dominant uranium species in
seawater. Here, a one-pot precursor preorganized encapsulation
strategy was applied to confine Ti-oxo clusters (TiOCs) within the
micropores of a photosensitive covalent organic framework
(TiOCse COF-T2), leading to the first utilization of confined photo-
catalysis in uranium extraction. This strategy endows the material
with photocatalytic reduction capability toward UO,(CO3)s*~ in
natural seawater, where ~89.9% of UO,(CO3);*~ was extracted by
TiOCse COF-TZ under visible-light irradiation. In comparison with
the unloaded COF-TZ and surface-loaded TiOCs@COF-TZ, the
TiOCse COF-TZ exhibits a clear superiority both in catalytic activity
and efficiency. Density functional theory (DFT) calculations infer
that the photoinduced electrons are derived from the COF-TZ,
whereas the TiOCs act as indispensable mediums during the
electron transfer process.

INTRODUCTION

Uranium extraction from seawater (UES) has been regarded as one of the seven most
important chemical separations that will change the world." As the fuel of most
nuclear power plants, uranium plays a vital role in producing clean and low-carbon
energy, but its land reserves are being rapidly exhausted. Alternatively, there exists
~4.5 billion tons of uranium in seawater, almost one thousand times as those on
land.”° This quantity, if available, could greatly overcome the bottleneck of uranium
shortage that currently restricts nuclear energy development.”~'® Although various

=17 most of

techniques have been explored for UES over the past few decades,
them are inefficient under practical conditions, thereby calling for massive material
input or additional energy consumption. There is a strong motivation to develop

novel strategies or materials for efficient and energy-saving UES.”-?0-%3

Photocatalytic uranium reduction by transforming soluble U(VI) to insoluble U(IV)
emerges as a ground-breaking route to achieve sustainable UES, especially when
sunlight is utilized as the energy source.”*** Although it has been reported that inor-
ganic semiconductor TiO; can photocatalyze the reduction of U(VI) in seawater,””
the realization of the result mostly relies on ultraviolet light, representing only 4%
of the total sunlight. In contrast, organic photocatalysts with conjugated structures
are outstanding candidates for this purpose owing to their excellent sunlight

THE BIGGER PICTURE

To ensure the sustainable
development of nuclear energy,
an efficient strategy of uranium
extraction from seawater (UES) is
crucial. Photocatalytic reduction is
emerging as a promising UES
strategy because it overcomes the
thermodynamic limitations of
sorbent methods. However, the
photocatalytic reduction of the
dominant uranium species
(UO5(CO4)s*7) in natural seawater
remains a challenge. Here, we
employ a precursor
preorganization strategy to
confine active Ti-oxo clusters
(TiOCs) within the micropores of a
photosensitive covalent organic
framework (COF) material
(TiOCse COF-TZ). The TiOCs play
an indispensable role during the
reduction of UO,(CO5)5*~, which
bridges the electron cloud of
COF-TZ and UO»(CO3)5*.
Moreover, the confinement effect
endows TiOCse COF-TZ with
superior catalytic activity and
enables efficient photocatalytic
reduction of UO,(COa5)s*~ in
natural seawater. This work
represents a remarkable advance
to sustainable photocatalytic UES
under conditions close to practical

scenarios.
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Regulation of alternative splicing (AS) enables a single transcript to yield
multiple isoforms that increase transcriptome and proteome diversity. Here,
we report that spliceosome component Usp39 plays a role in the regulation of
hepatocyte lipid homeostasis. We demonstrate that Usp39 expression is
downregulated in hepatic tissues of non-alcoholic fatty liver disease (NAFLD)
and non-alcoholic steatohepatitis (NASH) subjects. Hepatocyte-specific Usp39
deletion in mice leads to increased lipid accumulation, spontaneous steatosis
and impaired autophagy. Combined analysis of RNA immunoprecipitation
(RIP-seq) and bulk RNA sequencing (RNA-seq) data reveals that Usp39 reg-
ulates AS of several autophagy-related genes. In particular, deletion of Usp39
results in alternative 5’ splice site selection of exon 6 in Heat shock tran-
scription factor 1 (Hsf1) and consequently its reduced expression. Importantly,
overexpression of HsfI could attenuate lipid accumulation caused by Usp39
deficiency. Taken together, our findings indicate that Usp39-mediated AS is
required for sustaining autophagy and lipid homeostasis in the liver.

Non-alcoholic fatty liver disease (NAFLD) is the most common liver
disease, with a global prevalence of 25%', and is strongly associated
with metabolic syndrome, obesity, and diabetes’. Non-alcoholic
steatohepatitis (NASH) is a more severe subtype of NAFLD char-
acterized by diffuse fatty infiltration and inflammation®. NASH can
lead to fibrosis, cirrhosis and hepatocellular carcinoma®, and is now
the second leading cause of liver transplantation. Currently, no
drugs have been approved by the FDA for the treatment of
NAFLD and NASH, and the pathogenesis of NAFLD is not clearly
understood.

In NAFLD, hepatic fat accumulation is the result of an imbalance
between lipid acquisition and disposal, and recent evidence suggests
that autophagy is an important modulator of hepatic metabolism and
that defective autophagy may contribute to the pathogenesis of
NAFLD". Autophagy mediates the breakdown of intracellular lipid
droplets in hepatocytes through the process of lipophagy®. Hepatic
loss of Atg7 increases lipid accumulation due to defective autophagy,
leading to NAFLD in mice’, and ATG7 gene mutations in human
patients increase the risk of NAFLD®. In addition, liver-specific knock-
out of Tfeb promotes high-fat diet (HFD) induced hepatic steatosis’.
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erectile dysfunction
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Phosphodiesterase type 5 inhibitors (PDESis) constitute the primary ther-
apeutic option for treating erectile dysfunction (ED). Nevertheless, a sub-
stantial proportion of patients, approximately 30%, do not respond to PDES5i
treatment. Therefore, new treatment methods are needed. In this study, we
identified a pathway that contributes to male erectile function. We show that
mechano-regulated YAP/TAZ signaling in smooth muscle cells (SMCs) upre-
gulates adrenomedullin transcription, which relaxed the SMCs to maintain
erection. Using single-nucleus RNA sequencing, we investigated how penile
erection stretches the SMCs, inducing YAP/TAZ activity. Subsequently, we
demonstrate that YAP/TAZ plays a role in erectile function and penile reha-
bilitation, using genetic lesions and various animal models. This mechanism
relies on direct transcriptional regulation of adrenomedullin by YAP/TAZ,
which in turn modulates penile smooth muscle contraction. Importantly,
conventional PDESi, which targets NO-cGMP signaling, does not promote
erectile function in YAP/TAZ-deficient ED model mice. In contrast, by acti-
vating the YAP/TAZ-adrenomedullin cascade, mechanostimulation improves
erectile function in PDESi nonrespondent ED model rats and mice. Further-
more, using clinical retrospective observational data, we found that mechan-
ostimulation significantly promotes erectile function in patients irrespective
of PDESi use. Our studies lay the groundwork for exploring the mechano-YAP/
TAZ-adrenomedullin axis as a potential target in the treatment of ED.

Erectile dysfunction (ED), also known as impotence, is characterized by
the inability to maintain sufficient rigidity of the penile erection to
accomplish copulation. An erection is accomplished by arterial dilation
smooth muscle relaxation, and venous constriction around the penis.
Consequently, the corpus cavernosum fills with and retains blood to
achieve and maintain an erection". The most commonly used medi-
cines for ED are phosphodiesterase type 5 inhibitors (PDESi), widely
known by its commercial name Viagra®. PDESis bind to the catalytic site
of PDES to block the degradation of ¢cGMP in smooth muscle cells
(SMCs), thereby potentiating the effects of ¢cGMP on smooth muscle

relaxation to prolong erections®. PDESis, such as sildenafil and tadalafil,
are the most common clinically used drugs to treat ED. However,
approximately 30% of ED patients are classified as “nonresponders” to
PDESis”, spurring interest in finding new treatment options.

During clinical practice, physiotherapies, such as vacuum erection
devices (VEDs) and shock wave therapy (SWT), have been widely used
to treat ED patients. VED relies on negative pressure to draw blood into
the penis, and repeated application has been shown to improve ED***.
SWT consists of noninvasive low-intensity sound waves that pass
through erectile tissue, restoring natural erectile function®”. However,
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Nanoparticle-mediated TRPV1
channel blockade amplifies cancer
thermo-immunotherapy via heat
shock factor 1 modulation
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The survival of malignant tumors is highly dependent on their intrinsic self-
defense pathways such as heat shock protein (HSP) during cancer therapy.
However, precisely dismantling self-defenses to amplify antitumor potency
remains unexplored. Herein, we demonstrate that nanoparticle-mediated
transient receptor potential vanilloid member 1 (TRPV1) channel blockade
potentiates thermo-immunotherapy via suppressing heat shock factor 1
(HSF1)-mediated dual self-defense pathways. TRPV1 blockade inhibits
hyperthermia-induced calcium influx and subsequent nuclear translocation of
HSF1, which selectively suppresses stressfully overexpressed HSP70 for
enhancing thermotherapeutic efficacy against a variety of primary, metastatic
and recurrent tumor models. Particularly, the suppression of HSF1 transloca-
tion further restrains the transforming growth factor B (TGFf) pathway to
degrade the tumor stroma, which improves the infiltration of antitumor
therapeutics (e.g. anti-PD-L1 antibody) and immune cells into highly fibrotic
and immunosuppressive pancreatic cancers. As a result, TRPV1 blockade
retrieves thermo-immunotherapy with tumor-eradicable and immune mem-
ory effects. The nanoparticle-mediated TRPV1 blockade represents as an
effective approach to dismantle self-defenses for potent cancer therapy.
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Intrinsic self-defense pathways of tumor cells severely impair ther-
apeutic potencies, leading to frequent tumor recurrence and
metastasis. For instance, heat shock proteins (HSPs) in tumor cells are
stressfully upregulated to repair cell injury upon abnormal hyper-
thermia that can often be afforded by photothermal conversion agents
such as copper sulfide (CuS)-based nanoparticles under light
irradiation*”’, or non-thermal factors such as oxidants and free
radicals™°, while transforming growth factor B (TGFB) pathway at
tumor causes inaccessibility of antitumor therapeutics through ele-
vated cascade proliferation and activation of cancer-associated

fibroblasts (CAFs) to induce excessive enrichment of extracellular
matrix (ECM) in tumors™", further severely compromising antitumor
efficacy of conventional therapeutic compounds against fibrotic
tumors such as pancreatic ductal adenocarcinoma (PDAC) tumors,
together with inevitable tumor recurrence and metastasis™". Although
relevant small-molecule inhibitors have been extensively explored to
dismantle self-defenses of tumors for improving therapeutic
potencies™™, such compounds still suffer from severe dose-limiting
off-target toxicities owing to their indiscriminate suppression of
stressfully overexpressed proteins in tumor and normally expressed
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Understanding metal-metal bonding involving f-block elements has been a
challenging goal in chemistry. Here we report a series of mixed-valence di-
metallofullerenes, ThDy@C,,, 2n=72, 76, 78, and 80) and ThY@C,,, 2n=72
and 78), which feature single electron actinide-lanthanide metal-metal bonds,
characterized by structural, spectroscopic and computational methods.
Crystallographic characterization unambiguously confirmed that Th and Y or
Dy are encapsulated inside variably sized fullerene carbon cages. The ESR
study of ThY@D4(5)-Cs shows a doublet as expected for an unpaired electron
interacting with Y, and a SQUID magnetometric study of ThDy@Dsx(5)-C7s
reveals a high-spin ground state for the whole molecule. Theoretical studies
further confirm the presence of a single-electron bonding interaction between
Y or Dy and Th, due to a significant overlap between hybrid spd orbitals of the
two metals.

Metal-metal bonding is a classic research topic in chemical bonding
studies and has been applied as a tool for developing molecular
magnets as well as for addressing challenges in biology, energy, and
catalysis”. Thus far, most of the metal-metal bonding studies have
focused on the interactions involving d orbitals. By contrast, direct
bonds between f-block metals are extremely difficult to prepare by
conventional synthetic methods due to the limited extension of 4f or 5f
orbitals, and remained elusive until the very recent isolation of a
dilanthanide complex featuring lanthanide metal-metal bonds’. In this
study, Long, Harvey, and Chilton et al. significantly demonstrated that
single electron lanthanide metal-metal bonds, which give rise to an
enormous coercive magnetic field at liquid nitrogen temperature, can
be obtained in mixed-valence dilanthanide complexes (Cp™~),Lnl; (Ln

=Gd, Tb, or Dy) via salt metathesis reaction®. On the other hand, Liddle
et al. also reported the synthesis of a tri-thorium cluster with a delo-
calized 3-center-2-electron Th-Th bond very recently by using
K[C4(SiMes),] as the reduced reagent to generate thorium(lll)-con-
taining complexes which contains low-valence thorium ions in close
proximity”.

Endohedral doping of fullerenes with a variety of metal atoms or
metallic clusters to form endohedral metallofullerenes (EMFs) pro-
vides many possibilities for the investigation of metal-metal
interactions®™®. In particular, di-metallofullerenes (di-EMFs), with
only two metal atoms trapped inside the carbon cages, i.e. Ma@Ca,,
provide a unique platform to study these bonding interactions. In
these di-EMFs, the two metal atoms generally adopt relatively long
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| ™ Check for updates

Failure to recognize samples from the classes unseen during training is a major
limitation of artificial intelligence in the real-world implementation for
recognition and classification of retinal anomalies. We establish an
uncertainty-inspired open set (UIOS) model, which is trained with fundus
images of 9 retinal conditions. Besides assessing the probability of each
category, UIOS also calculates an uncertainty score to express its confidence.
Our UIOS model with thresholding strategy achieves an F1 score of 99.55%,
97.01% and 91.91% for the internal testing set, external target categories (TC)-
JSIEC dataset and TC-unseen testing set, respectively, compared to the F1score
of 92.20%, 80.69% and 64.74% by the standard Al model. Furthermore, UIOS
correctly predicts high uncertainty scores, which would prompt the need for a
manual check in the datasets of non-target categories retinal diseases, low-
quality fundus images, and non-fundus images. UIOS provides a robust
method for real-world screening of retinal anomalies.

Retina is part of the central nervous system responsible for pho-
totransduction. Retinal diseases are the leading cause of irrever-
sible blindness and visual impairment worldwide. Treatment at the
early stage of disease is important to reduce serious and permanent
damages. Therefore, timely diagnosis and appropriate treatment

irreversible blindness. Diagnosis of retinal diseases requires
expertise of trained ophthalmologists, while there is always heavy
demand for large number of patients with retinal diseases to limited
number of specialists. A solution to this service gap is image-based
screening that alleviates workload of ophthalmologists. Fundus

are important for preventing threatened vision and even photography-based screening has been shown to be successful to
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ABSTRACT: High-energy radiation that is compatible with renewable energy A
sources enables direct H, production from water for fuels; however, the challenge OJ Q Q “gdw

is to convert it as efficiently as possible, and the existing strategies have limited P

success. Herein, we report the use of Zr/Hf-based nanoscale UiO-66 metal— O‘ o Q @ 4;4 o~
organic frameworks as highly effective and stable radiation sensitizers for purified s 3 ° OB e
and natural water splitting under y-ray irradiation. Scavenging and pulse radiolysis ~ * O) O O - £d 8- A
experiments with Monte Carlo simulations show that the combination of 3D > ® UI0-66-MOFs H,|
arrays of ultrasmall metal-oxo clusters and high porosity affords unprecedented

effective scattering between secondary electrons and confined water, generating increased precursors of solvated electrons and
excited states of water, which are the main species responsible for H, production enhancement. The use of a small quantity (<80
mmol/L) of UiO-66-Hf-OH can achieve a y-rays-to-hydrogen conversion efficiency exceeding 10% that significantly outperforms
Zr-/Hf-oxide nanoparticles and the existing radiolytic H, promoters. Our work highlights the feasibility and merit of MOF-assisted
radiolytic water splitting and promises a competitive method for creating a green H, economy.

y-ray by 'Y

Bl INTRODUCTION e + ey +2H,0 - H, + 20H" (2)
Hydrogen (H,) as an ultraclean fuel has potential to power the ¢, + H+H,0 - H, + OH" 3)
future and tackle climate change. However, to be completely
green and sustainable, H, must be produced from abundant H-+H- - H, )
resources like water using renewable energy. Most technologies
for producing green H, focus on thermochemical, electrolytic, Although there are obstacles to public acceptance, the
and photolytic processes, yet they are still facing efficiency or radiolytic approach appears to have several advantages
economic challenges. In the midst of increasing environmental including all-day operation of chemical production driven by
and energy crises, the extraction of H, from water with ionizing available radiation sources, low environmental impact, and the
radiation stands out as an appealing choice and offers an possible reuse of nuclear wastes. The past years have witnessed
uncomplicated pathway for energy diversity. It has been known a sharp rise in the number of electron accelerators for
for many decades that high-energy radiation (e_g’ a-, -, and y- wastewater treatment, which can be safely operated and
rays) ionizes and excites the water to produce H, (eq 1) powered by excessive electricity from intermittent energy like
mostly through reactions of solvated electrons, e,,~, and H solar or wind energy. The “Co y-ray sources manufactured by
atoms (eqs 2—4). Radiolytic H, release has been a fast-growing neutron bombardment of stable cobalt in a nuclear reactor
research subject because of its importance in broad technical have been used in widespread aspects includin% radiation
R : 3
and natural situations such as radioactive waste storage and remediation,” sterilization,” and medical treatments.” Thus, the
disposal,l subsurface microbial ecosystems,z and astrobiol(;)gy.3 use of ionizing radiations to produce H, can be a carbon-free
This method should also belong to some complements to routine when coupled with renewable and nuclear power
conventional sustainable H, production using electricity or sources. Moreover, abundant radioactive used nuclear fuels are
solar power as the driving forces. Indeed, Marie Curie once daily discharged and stored in water pools, waiting for further
compared the radiolytic process to “an electrolysis without valuable reprocessing. The prospect is continuously promoted
electrodes”, " and it precludes any semiconductor materials
since the primary electron-solvent cation (e~ and H,0%) is Received: January 15, 2023 JACS
formed in the bulk solutions instead of on the surface of Published: February 22, 2023

separated electrodes or light absorbents.

H:0 " e (2.8), "OH (2.8), H(0.62), .
H;0%(2.8), H202(0.73), Hx(0.42) M

© 2023 American Chemical Society https://doi.org/10.1021/jacs.3c00547
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ABSTRACT: Lanthanide organic frameworks (Ln-MOFs) have
attracted increasing research enthusiasm as photoluminescent
materials. However, limited luminescence efficiency stemming
from restricted energy transfer efficiency from the organic linker to
the metal center hinders their applications. Herein, a uranyl
sensitization approach was proposed to boost the luminescence
efficiency of Ln-MOFs in a distinct heterobimetallic uranyl-
europium organic framework. The record-breaking photolumines-
cence quantum yield (PLQY, 92.68%) among all reported Eu-
MOFs was determined to benefit from nearly 100% energy transfer
efficiency between UO,** and Eu’*. Time-dependent density
functional theory and ab initio wave-function theory calculations

&
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* Recording-breaking Photoluminescence Quantum Yield

confirmed the overlap of excited state levels between UO,** and Eu®*, which is responsible for the efficient energy transfer process.
Coupled with intrinsically strong stopping power toward X-ray of the uranium center, SCU-UEu-2 features an ultralow detection
limit of 1.243 uGyair/s, outperforming the commercial scintillator LYSO (13.257 uGyair/s) and satisfying the requirement of X-ray

diagnosis (below 5.5 pGyair/s) in full.

Bl INTRODUCTION

In the context of trivalent lanthanide ions (Ln3*) with a low
molar absorption coefficient originating from their electric-
dipole forbidden 4f—4f transitions in diluted solutions, the
direct excitation of Ln** is very inefficient unless high-power
laser excitation is utilized." This problem can be overcome via
a well-known energy transfer process, termed the “antenna
effect”. It utilizes organic linkers with strong absorption
chromophores to sensitize Ln** emission, leading to a high
photoluminescence quantum yield (PLQY), which is perceived
as a long-term goal pursued by luminescent materials.>™”
However, nonradiative deactivation arising from the vibronic
coupling (C—H, N—H, O—H) of organic linkers in the
structure is one of the most important factors that weakens the
luminescence efficiency of lanthanide compoundSAS Selective
ligand deuteriation is capable of attenuating the quenching
effect of nonradiative deactivation, benefiting from the lower
stretching frequencies of O—D, N—D, and C—D oscillators.”
Utilizing conjugated ligands is another way to achieve high
PLQY by lessening nonradioactive deactivation and facilitating
intersystem crossing (ISC) elﬁciency.m‘ll However, only
elaborately designed organic ligands can meet the requirement
of boosting the energy transfer process, that is the lowest
triplet state of the organic linkers should be located at an
energy level slightly above the resonance level of Ladt '+

© 2023 American Chemical Society
13161
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Thus, these praised approaches are seriously limited when used
for constructing highly luminescent materials. Searching for
new sensitization pathways may favor the construction of high
PLQY framework materials and extend their applications in a
wide range of functional luminescent materials."*~'¢
Introducing metal ions is frequently used to sensitize the
emission center in lanthanide inorganic compounds. Ce* has a
broad absorption band originating from its parity-allowed 4f—
Sd transition. It is often used as a sensitizer to improve the
luminescence efficiency of other ions (Tb*, Nd**, Eu**, Mn?*)
by absorbing UV radiation and then transfers the energy to the
luminescence center.'” Notably, the uranyl ion (UO,**) also
exhibits a broad absorption band ranging from 350 to 500 nm
and usually possesses characteristic emissions in the green-
yellow region where electrons of uranyl’s molecular orbitals are
excited to the nonbonding U-5f orbitals. 2™
emission peaks ranging from 470 to 590 nm (approximately

Characteristic

Received: February 26, 2023

JACS
Published: June 8, 2023 -
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ABSTRACT: ***Ac is considered as one of the most promising radioisotopes for
alpha-therapy because its emitted high-energy a-particles can efficiently damage
tumor cells. However, it also represents a significant threat to healthy tissues
owing to extremely high radiotoxicity if targeted therapy fails. This calls for a
pressing requirement of monitoring the biodistribution of ***Ac in vivo during the
treatment of tumors. However, the lack of imageable photons or positrons from
therapeutic doses of >*Ac makes this task currently quite challenging. We report
here a nanoscale luminescent europium-organic framework (EuMOF) that allows
for fast, simple, and efficient labeling of **Ac in its crystal structure with sufficient

photons v
0%

225Ac-labeled Nanofluorophor

Z5Ac-retention stability based on similar coordination behaviors between Ac®*

and Eu®. After labeling, the short distance between 25Ac and Eu’* in the

structure leads to exceedingly efficient energy transduction from***Ac-emitted a-particles to surrounding Eu®" ions, which emits red
luminescence through a scintillation process and produces sufficient photons for clearcut imaging. The in vivo intensity distribution
of radioluminescence signal originating from the ***Ac-labeled EuMOF is consistent with the dose of ***Ac dispersed among the
various organs determined by the radioanalytical measurement ex vivo, certifying the feasibility of in vivo directly monitoring Ac
using optical imaging for the first time. In addition, 225 pc-labeled EuMOF displays notable efficiency in treating the tumor. These
results provide a general design principle for fabricating *>*Ac-labeled radiopharmaceuticals with imaging photons and propose a
simple way to in vivo track radionuclides with no imaging photons, including but not limited to **>Ac.

H INTRODUCTION

Alpha-therapy labeling an alpha-emitting radionuclide in
medicine holds great potential for treating late-stage cancers
for which therapeutic options are limited, benefiting from its
high linear energy transfer (50—230 keV ym™") leading to dense
radiation damage and its short tissue range (40—100 ym)
minimizing negative effects on healthy surrounding tissues.' ™
Considering the multiple a-particles with high energies (from
5.8 to 7.1 MeV) and a suitable halflife (t,,, = 10 days) for
allowing sufficient therapy time, **Ac has been recognized as
one of the most promising candidates for alpha-therapy,
although more than 100 radionuclides can emit a-particles. R

Alpha-therapy using ***Ac-labeled radiopharmaceuticals is
still a double-edged sword. It will indistinguishably destroy the
DNA double strand and render high cell toxicity, leading to
efficient ablation of tumor cells and unavoidable damage to the
healthy tissue where it migrates and when targeted therapy fails.
Therefore, a suitable method should be provided to monitor the
biodistribution of ***Ac-labeled radiopharmaceuticals during the
treatment. However, the lack of imageable photons or positrons
from therapeutic quantities of ***Ac hinders routine treatment
planning and radiopharmaceutical tracking. Positron
emission tomography (PET) imaging is arguably one of the
most powerful techniques for in vivo diagnostics, and it is also

© XXXX American Chemical Society
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used to monitor the ***Ac treatment method in contemporary
preclinical and clinical studies.'”™>*> However, direct PET
imaging from 25A¢ is impossible, because it does not emit
positrons. Among available PET imaging radiometals, ®Ga (t, ”
= 67.7 min) and **Cu (t,/, = 12.7 h) have been used previously
as theranostic matched pairs for I 23725 Unfortunately, these
elements poorly represent the unique chemistry of 225Ac because
of their large differences in physicochemical properties.
Benefiting from their similar ionic radius and coordination
model, lanthanide isotopes ('**La, **La, "**La, and '**Ce) have
been chosen as PET imaging surrogates for therapeutic SAc.
However, the challenge of monitoring the biodistribution of
5Ac in real time during the treatment remains. Searching for a
simple and general way to overcome this obstacle will promote
the development of ***Ac-labeled radiopharmaceuticals.
Optical imaging is a powerful technique with numerous
advantages, including high sensitivity, low cost, and a short

Received: March 3, 2023
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ABSTRACT: Defects in metal—organic frameworks (MOFs) can
significantly change their local microstructures, thus notably
leading to an alteration-induced performance in sorption or
catalysis. However, achieving de novo defect engineering in MOFs
under ambient conditions without the scarification of their
crystallinity remains a challenge. Herein, we successfully synthesize
defective ZIF-7 through ®Co gamma ray radiation under ambient
conditions. The obtained ZIF-7 is defect-rich but also has excellent
crystallinity, enhanced BET surface area, and hierarchical pore
structure. Moreover, the amount and structure of these defects
within ZIF-7 were determined from the two-dimensional (2D)

Defective ZIF-7

Defect sites

v

owr

+ Room temperature  + Ambient pressure

 Highcrystallinity  + Enhanced surface area v Hierarchical structure

C—'H frequency-switched Lee—Goldburg heteronuclear correlation (FESLG-HETCOR) spectra, continuous rotation electron
diffraction (cRED), and high-resolution transmission electron microscopy (HRTEM). Interestingly, the defects in ZIF-7 all strongly

bind to CO,, leading to a remarkable enhancement of the CO,
solvothermal method.

H INTRODUCTION

Defect engineering in metal—organic frameworks (MOFs) is a
powerful strategy to tailor their physicochemical prnperﬁesl
and has been widely studied in important application fields
such as sorption,Z separation,3 band structures,” mechanical
1respcmses,5 and catalysis.() Defective MOFs are usually derived
from the absence of linkers or metal nodes during the de novo
synthesis or postsynthetic treatment of parent MOFs, thereby
leading to the formation of new chemical structures and
hierarchical pore architectures, which provide more active sites
and enhance the efficiency of mass transfer.” Despite the
successful synthesis of defective MOFs with good crystallinity
using acid modulators or the addition of ligand fragments
during the synthesis process, the degree of defects is limited
and this is not a general method for most MOFs.'>%#
Postsynthetic treatment with thermal,” laser photolysis,lo and
inorganic acid or base'" can be applied in defect engineering of
MOFs. Although it enhances the defect content, it also
inevitably leads to poor crystallinity or even transformation to
amorphous products.ll Additionally, additional energy con-
sumption and waste are generated.13 Until now, defect
engineering in MOFs without sacrificing the intrinsic proper-
ties, e.g, stability, crystallinity, surface area, and porosity, of
parent MOFs remains elusive."*

Ionization radiations such as electron beam and gamma ray
are unique energy sources with the merits of high energy and

© XXXX American Chemical Society
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sorption capability compared with that synthesized by the

excellent penetrating power, which can immediately produce
various active species to trigger or promote chemical
reactions.” In addition, these radiation energies are several
magnitudes higher than the energy of any chemical bonds,
which can facilely destroy local chemical structures to form
defects within materials via the radiation etching effect.'® Over
the past few decades, ionization radiation has been applied in
chemistry for the highly efficient synthesis of various organic
polymers and inorganic nanoparticles.” As an advanced
synthesis technique, ionization radiation has recently been
extended to the synthesis of crystalline porous materials,
includingg covalent organic frameworks (COFs),'® grafted
COFS,L inorganic zeolites,20 MOFs, and MOFs@metal
oxide heterc'struc:tures,mJ demonstrating the advantages of
high efficiency, maneuverable operation under ambient
conditions, energy and time savings, and environmental
friendliness.”'

Zeolitic imidazolate frameworks (ZIFs) are a unique family
of MOFs with similar topological structures as aluminosilicate

Received: July 20, 2023
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ABSTRACT: Nicotinamide adenine dinucleotide (NAD) is a critical Glucose

regulator of metabolic networks, and declining levels of its oxidized form, f_’_’ NAD* NAD

NAD", are closely associated with numerous diseases. While supplementing 4

cells with precursors needed for NAD" synthesis has shown poor efficacy in 0 el «3. %—g
combatting NAD" decline, an alternative strategy is the development of * IES FeNGR -4
synthetic materials that catalyze the oxidation of NADH into NAD?, thereby Precursor

taking over the natural role of the NADH oxidase (NOX) present in bacteria. 4NADH NADH

Herein, we discovered that metal-nitrogen-doped graphene (MNGR) Natural synthesis pathway  Catalytic elevation route
materials can catalyze the oxidation of NADH into NAD*. Among MNGR

materials with different transition metals, Fe-, Co-, and Cu-NGR displayed strong catalytic activity combined with >80% conversion
of NADH into NAD", similar specificity to NOX for abstracting hydrogen from the pyridine ring of nicotinamide, and higher
selectivity than 51 other nanomaterials. The NOX-like activity of FeNGR functioned well in diverse cell lines. As a proof of concept
of the in vivo application, we showed that FeNGR could specifically target the liver and remedy the metabolic flux anomaly in
obesity mice with NAD"-deficient cells. Overall, our study provides a distinct insight for exploration of drug candidates by design of
synthetic materials to mimic the functions of unique enzymes (e.g, NOX) in bacteria.

Bl INTRODUCTION steps."® However, supplementation of B; derivatives may lead
to NADH accumulation, resulting in side effects such as
hepatic [pressure, tissue- spe(:lﬁc cytotoxicity, and even carcino-
genesis.  In contrast to mammalian cells, the NADH oxidase
(NOX) was found in some bacteria to be involved in the
regulation of NAD" levels via the direct conversion of NADH
into NAD*” The advent of synthetic nanomaterials with
NOX-like activity holds great interest.

The rapid development of nanotechnologies allows the
precise design of nanostructures that mimic the catalytic
properties of natural enzymes, namely, nanozymes.”'"**
However, most nanozymes can merely catalyze the degrada-
tion of peroxides, oxygen and superoxide, while nanozymes
with reactivity toward C—H bonds have rarely been reported.
Synthetic metal-nitrogen-graphene (MNGR) materials origi-
nally developed for catalyzing O, electroreduction were
recently investigated in the field of heterogeneous catalysis
for the activation of C—H bonds.”>™> The 3d transition
metals are often chosen as the dopants due to their superior
efficiency to catalyze reduction and/or oxidation reactions, low

Nicotinamide adenine dinucleotide (NAD) is an essential
cofactor extensively expressed in all living cells." Its oxidized
and reduced forms (NAD* and NADH, respectively) play a
key role in the electron transport chain (ETC) of metabolic
processes, where NAD" serves as an electron acceptor in
metabolic redox reactions of cells.”* These reactions are crucial
for cells to maintain their elemental biological functions by
harvesting energy from fuel molecules such as glucose and fatty
acids.” The physiological functions of NAD" as an essential
coenzyme in metabolic networks have been highly underlined.’
While the decline in NAD™ levels is closely associated with
aging,ﬁ metabolic diseases,”* neurodegenerative disorders,”
and cancers,'”"! elevation of this cofactor by supplementing
cells with precursors needed for NAD" synthesis has shown
considerable benefits in preclinical trials.">™"® This has aroused
great interest in the exploration of efficient and affordable
pathways to increase NAD" levels for biomedical applications.

Mammalian cells can produce NAD" via two pathways,
namely, the de novo synthesis (DNS) pathway and the salvage
pathway (Figure S1). The former requires seven steps to
synthesize NAD" from its main building block, namely, the

Received: November 21, 2022 JACS

amino acid tryptophan, and was shown to be poorly efficient in Published: January 26, 2023

biomedical appl_icativ;)ns17 The salvage pathway utilizes vitamin
B, derivatives, including niacinamide (NAM), nicotinic acid
(NA), or nicotinamide ribose (NR), bypassing the synthesis of
adenine and resulting in the synthesis of NAD" in fewer
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ABSTRACT: RNA interference (RNAi) has proved to be a
promising modality for disease treatment. However, the promise of
conventional RNA therapeutics for clinical application is severely
impeded by low delivery efficiency and susceptibility of RNAs to
serum RNases. Therefore, developing advanced RNAi technology
is an increasing demand for achieving precise medicine. Herein, for
the first time, we propose an alkaline phosphatase (ALP)-
controllable and red light-activated RNA modification (ALARM)
approach for anti-tumor therapeutic application. An ALP-
responsive NIR fluorogenic probe f-RCP consisting of a tumor-
targeting cyclic RGD peptide, an ALP-activated photosensitizer
CyOP, and an 'O,-susceptible furan module for RNA modification
was rationally designed and synthesized. Studies have demon-
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ALP-Controllable and Red Light-Activated RNA Modification (ALARM)

strated that fRCP can specifically target to liver carcinoma HepG2 cells and spontaneously emit activated NIR/photoacoustic
signals upon cleavage by the ALP enzyme, allowing for sensitive detection of ALP-positive tumors. More notably, we surprisingly
found that the capability of fRCP producing singlet oxygen (*O,) under red light irradiation could be simultaneously unlocked,
which can ignite the covalent cyclization reaction between furan and nucleobases of intracellular RNA molecules, leading to
significant mitochondrial damage and severe apoptosis of tumor cells, in consequence realizing efficient tumor suppression. Most
importantly, the potential therapeutic mechanism was first explored on the transcriptomic level. This delicate ALARM strategy may

open up new insights into cancer gene therapy.

Bl INTRODUCTION

The treatment of malignant tumor still faces huge challenges
and bottlenecks such as tumor heterogeneity, drug resistance,
and systemic toxicity.l_S Among the conventional therapeutic
modalities, gene therapy as an emerging technique to regulate
the expression of targeted gene holds immense potential for
treating various human diseases including cancer.”™"* Over the
past decades, considerable efforts have been devoted to
developing gene silencing techru'ques.l‘i_21 However, the low
delivery efficiency, potential systemic toxicity, and high cost of
gene therapeutics greatly hinder their extensive applications in
clinical practices.””~>® Therefore, it is highly urgent to explore
advanced gene interference techniques for improving the
therapeutic efficacy of tumors while minimizing its side effects
for normal tissues and/or organs.

Ribonucleic acid (RNA) as a vital component of the Central
Dogma has been well recognized for its roles in transcription
and translation.””~*° RNA interference (RNA) technology has
proved to be a promising modality for cancer and other disease
treatments by silencing the target gene expression. Thus far,
two types of RNAi therapeutic strategies have been developed
to silence the RNA molecules that are associated with certain

© 2022 American Chemical Society
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diseases by utilizing antisense oligonucleotides® ™** and small

molecules.’>™** However, their promise for clinical
application is greatly impeded by low delivery efficiency,
susceptibility of RNA to serum RNases, poor gene silencing
activity due to noncovalent interaction,”” ™" and potential
systemic toxjcity."u_44 Numerous studies have recently
demonstrated that the covalent modification of RNA strands
can disturb the function of targeted RNA, leading to
dysregulated expression of downstream proteins that may
impact various cellular processes,%_w which has been
considered to be a promising approach for gene silencing.
Op de Beeck and Madder have previously reported a photo-
induced cross-linking method to study the intermolecular
interaction of DNA—DNA and protein—DNA through the
'0,-initiated cycloaddition reaction between furan and
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ABSTRACT: The chemistry of f-block metal—carbon multiple bonds is
underdeveloped compared to well-established carbene complexes of the
d-block transition metals. Herein, we report two new actinide-rare earth
mixed metal carbides and nitrogen carbide cluster fullerenes, USc,C,@
Dg;(6)-Cgo and USc,NC@Dy;,(6)-Cgo, which contain U—C bonds with
triple bond character and were successfully synthesized and characterized
by mass spectrometry, UV—vis—NIR spectroscopy, Fourier transform
infrared spectroscopy, single crystal X-ray diffraction, and DFT
calculations. Crystallographic studies show that the two previously
unreported clusters, USc,C, and USc,NC, are stabilized in the Dg;(6)-Cg,
carbon cage and adopt unique trifoliate configurations, in which C,/NC
units are almost vertically inserted into the plane defined by the U and

Sc,C,/USc,NC

two Sc atoms. Combined experimental and theoretical studies further reveal the bonding structure of USc,C, and USc,NC, which
contain C=U(VI)=C and C=U(V)=N bonding motifs. The electronic structures of the two compounds are determined as
U (Sc,)*(C*),@Dy;,(6)-Cgo™ and US*(Sc,)*"(N)*(C)* @D5,(6)-Cso*, respectively. Quantum-chemical studies confirm that
the U=C bonds in both molecules show unprecedented multicenter triple-bond character. The discovery of this unique U-C
multiple bond offers a deeper understanding of the fundamentals of uranium chemistry.

B INTRODUCTION

Understanding the nature of actinide-ligand multiple bonding
is a burgeoning but challenging topic due to the complexity of
the electronic structures.” In particular, the metal—carbon
multiple bond chemistry of f-block elements, i.e. lanthanides
and actinides, remains underdeveloped compared to the well-
established carbene complexes of the d-block transition metals.
Recent developments in the synthesis of ligand-stabilized
molecular uranium complexes containing U=C double bonds
such as [U(BIPM™S)(0)(Cl),] and [U(BIPM™S),]>~¢
provide important insights regarding the bonding structures
and the potential for uranium to engage in covalent multiple
bonding involving chiefly the 7s, 6d, and Sf shells.
Furthermore, the reaction of laser-ablated uranium atoms
with halomethanes has also led to a successful path to uranium
multiple bonds such as doubly bonded H,C=UHF and
H,C=UF, molecules”® and triply bonded HC=UF; and
FC=UF, molecules.” Although these systems were prepared
only in very small quantities in matrix isolation experiments,
the bonding analyses based on infrared spectroscopy and
quantum chemistry methods show the potential for uranium to
form multiple bonds with different motifs.

Fullerenes, with their nanoscale hollow cavities, can behave
as nanocontainers to stabilize metals and metal clusters with
bonding motifs that cannot be obtained under conventional
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synthetic conditions.'™ In the past two decades, endohedral
fullerenes containing variable unconventional lanthanide
clusters and transition metal clusters have been reported,
such as Ti;Cy@I,,(7)-Cgo, * Sc3C,@1,(7)-Cso,' ' Sc,0@
D3;,(24109)-C,g,"> TBCN@C,(6)-Cgs,"* TiM,C@I,(7)-Cyo
(M = Lu, Sc, Tb, Dy),"*™"" and Dy,C,@I,(7)-Cso.'® The
rather unique properties of fullerene cages led us to explore
elusive uranium bonding motifs stabilized by fullerene cages,
aiming to expand our understanding of fundamental uranium
bonding properties. For example, a nonlinear U=C=U
cluster, which contains two unprecedented axial U=C double
bonds, was found to be stabilized inside an I,,(7)-Cg, fullerene
cage.w Recently, we reported the unique 7* (side-on)
coordination of U by a cyanide in a UCN cluster, which was
stabilized inside a Cg, fullerene cage.”® These findings suggest
that unique actinide clusters with elusive actinide bonding
motifs can be captured and stabilized by fullerenes because of

JACS
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ABSTRACT: Despite decades of efforts, the actinide—carbon triple
bond has remained an elusive target, defying synthesis in any isolable
compound. Herein, we report the successful synthesis of uranium—
carbon triple bonds in carbide-bridged bimetallic [U=C—Ce] units
encapsulated inside the fullerene cages of C,, and C. The molecular
structures of UCCe@C,, and the nature of the U=C triple bond
were characterized through X-ray crystallography and various
spectroscopic analyses, revealing very short uranium—carbon bonds
of 1.921(6) and 1.930(6) A, with the metals existing in their highest
oxidation states of +6 and +4 for uranium and cerium, respectively.
Quantum-chemical studies further demonstrate that the C,, cages are
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UCCe@D,(10611)-C,,
U=C triple bond: 1.921(6) A

UCCe@D;(5)-Ce
U=C triple bond: 1.930(6) A

crucial for stabilizing the [UY'=C—Ce'V] units through covalent and
coordinative interactions. This work offers a new fundamental understanding of the elusive uranium—carbon triple bond and informs
the design of complexes with similar bonding motifs, opening up new possibilities for creating distinctive molecular compounds and

materials.

Bl INTRODUCTION

The actinides are technologically important elements, where
the understanding of their fundamental chemical properties
and roles in the nuclear fuel cycle is critical for advancing
nuclear ':echnology,l which is important for building a diverse
portfolio of carbon-free energy sources. Yet, despite this, the
chemistry of the actinide series remains underdeveloped in
comparison to transition metals and main group elements.
Major in-roads into the understanding of the electronic
properties and chemistry of the transition metals have been
accomplished over the decades through the synthesis of
molecular compounds possessing metal—ligand multiple
bonds,” where the critical understanding of d-orbital
participation in bonding motifs and reactivity has been
elucidated. While extensive studies of the uranyl cation,
[O=U=0]*, have shown the 5f orbitals to play a critical
role in the formation of the formal uranium—oxygen triple
bonds,”™ Sf orbital participation in other U=E and U=E
bonding remains less clear and an intensive area of study.b_g
Indeed, efforts into the synthesis of uranium and actinide
metal—ligand multiple bonds have intensified over the past two
decades, with significant advances achieved in the synthesis of

a variety of carbeno,'*™"* imido,"*™"" nitrido,'®"? heavier-
. 1 20-22 23-26 .
pnictogenido, 0X0, and chalcogenido com-
27-29
plexes.

Notable is the progress that has been made in developing
methods for the synthesis of new actinide—ligand multiple
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bonds. Yet, a significant gap exists in the domain of molecular
actinide complexes possessing the so-called “true” alkylidene
and alkylidyne bonds that are not stabilized through the
possible heteroatom resonance contributions.™ Pioneering
matrix isolation experiments identified transient uranium
methylidyne molecules X,U=CH (X = F, Cl, Br)*" and
uranium carbides such as U=C and C=U=C.*"* However,
these molecules have been observed only through spectro-
scopic methods at low temperatures in noble-gas matrices and
studied theoretically. A recent report shows that the use of a
novel alkylidene transfer reagent leads to the isolation of the
actinide allenylidenes possessing small but significant An=
C=C=CPh, (An = Th, U) resonance contributions,** which
is highly promising as it shows that actinide—carbon multiple
bonds may potentially be synthetically accessible under less
specialized laboratory conditions. The difficulty in isolating
actinide—carbon multiple bonds is thought to arise from high
bond polarization and orbital energy mismatch that lead to
poor An—C /:[-overlap.34
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NIR Light-Mediated Mitochondrial RNA Modification for Cancer

RNA Interference Therapeutics

Yali Feng, Jing Fang, Yan Zhao, Shuyue Ye, Anna Wang, Yuqi Zhang, Jinfeng Zhu,
Jiachen Li, Zhengzhong Lv, Zhongsheng Zhao, and Haibin Shi*

/Abstract: Mitochondrial RNA (mtRNA) plays a critical\
role in synthesis of mitochondrial proteins. Interfering
mtRNA is a highly effective way to induce cell
apoptosis. Herein, we report a near-infrared (NIR)
light-mediated mitochondrial RNA modification ap-
proach for long-term imaging and effective suppression
of tumors. A tumor-targetable NIR fluorescent probe f-
CRI consisting of a cyclic RGD peptide, a NIR
fluorophore IR780, and a singlet oxygen ('O,)-labile
furan group for RNA modification was rationally
designed and synthesized. This probe was demonstrated
to dominantly accumulate in cellular mitochondria and
could be covalently conjugated onto mtRNA upon
808 nm irradiation resulting in prolonged retention in
tumors. More notably, this covalent modification of
mtRNA by fCRI could perturb the function of
mitochondria leading to remarkable tumor suppression.
We thus envision that our current approach would offer
a potential approach for cancer RNA interference
therapeutics.

/

Introduction

Cancer is currently one of the major threats to human life
and health worldwide. The conventional techniques for
cancer treatment in clinics including surgery, chemotherapy,
radiotherapy, photodynamic therapy, immunotherapy, gene
therapy, etc, still encounter a huge challenge due to poor
tumor-targeting specificity, low therapeutic efficacy, inva-
siveness, and adverse side effects to healthy tissues.!'! There-
fore, it is highly meaningful to exploit novel advanced
technique for achieving accurate diagnosis and effective
treatment of malignant tumors.

[*] Y. Feng, ). Fang, Y. Zhao, S. Ye, A. Wang, Y. Zhang, |. Zhu, J. Li,
Z. Ly, Z. Zhao, Prof. H. Shi
State Key Laboratory of Radiation Medicine and Protection, School
for Radiological and Interdisciplinary Sciences (RAD-X) and Collab-
orative Innovation Centre of Radiation Medicine of Jiangsu Higher
Education, Soochow University
Suzhou 215123 (P. R. China)
E-mail: hbshi@suda.edu.cn
). Zhu
Department of Experimental Medicine, TOR, University of Rome
Tor Vergata
00133 Roma (ltaly)

Angew. Chem. Int. Ed. 2023, 202218969 (1 of 9)

Ribonucleic acid (RNA), as a key component of Central
Dogma, plays a vital role in gene regulation and protein
synthesis.”) RNA interference (RNAI) technology has been
proven to be a promising therapeutic modality for various
disease treatments by utilizing antisense oligonucleotides or
small molecules to manipulate the expression of target
genes.’! Nevertheless, the conventional RNAi approaches
still face substantial challenges to be widely applied in
clinical practice due to the poor stability of oligonucleotides
in blood, low delivery efficiency, insufficient gene silencing
activity, and potential systemic toxicity.’** Thus, there is a
highly demand to explore novel advanced and efficient gene
therapy technique to achieve precise treatment of human
disease. To this end, our group recently reported a red light-
mediated RNA modification strategy in which the cytoplas-
mic RNAs in cancer cells could be specifically and
covalently modified by probes through the cycloaddition
reaction between furan and nucleotides under the initiation
of 'O, generated by irradiation of photosensitizers with
660 nm laser light, which can cause severe cell apoptosis and
significant tumor suppression along with prolonged
imaging.”! More recently, we further developed a smart
RNA-reactive NIR probe f-RCP whose imaging and 'O,
generation capability can be specifically activated by tumor-
overexpressed ALP enzyme.” The therapeutic efficiency
and accuracy of this system were remarkably improved
highly implying the selective and covalent modification of
genes within cancer cell has a great potential to realize
effective cancer treatment. Nevertheless, the complicate
construction and limited tissue penetration of 660 nm light
in above system impedes its extensive applications, espe-
cially for deep tumors.

Mitochondria as one of the pivotal subcellular organelles
have being increasingly recognized to be a promising
druggable targets for cancer therapy because they are highly
relevant to energy supply,” cell growth,"** and cell
metabolism ) More importantly, mitochondria possess their
own genetic materials and system, and are closely involved
in cell differentiation,"” cell information transmission,'!
and apoptosis.') Mitochondrial ribonucleic acids (mtRNA)
that generally have a crucial role in guiding protein synthesis
can decompose and oxidize the species such as protein, fat,
and sugar.!"”! Abnormalities occurring in mitochondria, such
as interferences at any stage of mtRNA processing and
translation, usually induce the damage and dysfunction of
mitochondria leading to severe cell apoptosis.I'! Therefore,
mitochondrial gene therapy mediated by the covalent

© 2023 Wiley-VCH GmbH
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Assembling a Heterobimetallic Actinide Metal-Organic Framework
by a Reaction-Induced Preorganization Strategy

Sen Mei*, Lixi Chen”, Hailong Zhang', Zhiwei Li, Liwei Cheng, Junhao Lu, Xiaoqi Li,
Qian Yang, Yanlong Wang,* Zhiyong Liu, Zhifang Chai, and Shuao Wang*

Abstract: Periodically arranging coordination-distinct
actinides into one crystalline architecture is intriguing
but of great synthetic challenge. We report a rare
example of a heterobimetallic actinide metal-organic
framework (An-MOF) by a unique reaction-induced
preorganization strategy. A thorium MOF (SCU-16)
with the largest unit cell among all Th-MOFs was
prepared as the precursor, then the uranyl was precisely
embedded into the MOF precursor under oxidation
condition. Single crystal of the resulting thorium-
uranium MOF (SCU-16-U) shows that a uranyl-specific
site was in situ induced by the formate-to-carbonate
oxidation reaction. The heterobimetallic SCU-16-U
exhibits multifunction catalysis properties derived from
two distinct actinides. The strategy proposed here offers
a new avenue to create mixed-actinide functional
material with unique architecture and versatile function-
ality.
’ J

The burgeoning growth of actinide-containing materials in
recent years derives from their benefits towards nuclear
waste administration as well as the sustaining interests in
exploring novel actinide-based architectures.""! The unparal-
leled coordination chemistry of actinides has endowed the
materials with higher structural complexity and unique
properties compared with those composed of other group of
metal ions.2! Actinide metal-organic frameworks (An-
MOFs) are a particularly attractive category of actinide
functional materials owing to their unprecedented modu-
larity, structural tunability and potential utilities that are
rarely explored.®) Considering the large diversity and
uniqueness of An-MOF, this class of material is envisioned
to meet infinite possibilities in the future, probably beyond
that achieved by other metal-based MOFs.

A cutting-edge direction of An-MOFs is to further
increase their structural complexity, for example, by intro-
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ducing a second actinide node to the parent An-MOF." In
fact, many actinide species in nuclear waste are reduced to
low oxidation states for long-term geological disposal to
block their migration and diffusion in the environment, thus
creating heterobimetallic An-MOFs would open a new door
for spent fuel management and soil decontamination where
different actinides coexist steadily in solid matrix."! In
addition, the presence of a second actinide in the An-MOF
brings the material with additional functionalities, thereby
expanding the scope of An-MOF applications.””! However,
the synthesis of heterobimetallic An-MOF with definite
crystal structure remains a great challenge at the present
stage. Different actinides, especially those with different
valence states, show distinct crystallization kinetics and
thermodynamics,[7J so it is hard for two actinides to
crystallize into one framework under the same reaction
condition by one-pot synthesis. Post-metalation is a power-
ful tool to incorporate another coordination-distinct metal
to a parent MOF® and has hit a sounding success in
constructing structurally well-defined bimetallic MOFs."
This strategy usually requires the framework to possess
another metal chelating site where a second metal can be
firmly anchored to form long-range ordered structure.!"!
The chelating site usually stems from the unique architec-
ture of the parent MOF or from a preorganized linker,!""
but the complex coordination behavior of 5f elements makes
them difficult to be periodically embedded in any pre-
designed binding site.™>? Up to now, only one case
applying the cluster extension approach successfully yields
structurally well-defined heterobimetallic An-MOFs P Oth-
er efforts to this aim only yield mixed An-MOFs where the
spatial arrangement of metals is unclear.**" The lack of
unambiguous structure information of heterobimetallic An-
MOFs vastly hinders the exploration of their utilities and
frustrates the further elucidation of structure—property
relationship. Therefore, synthesizing novel heterobimetallic
An-MOFs with definite structure has fundamental signifi-
cance to the development of An-MOFs.

Herein, we report a unique reaction-induced preorgani-
zation strategy to assemble two coordination-distinct acti-
nides into one framework. A thorium MOF [ThO,(OH),-
(HCOO);45(L)3(H,0);]-12.5H,0-4 DMF-0.5NH,(CHj;),
(SCU-16, L=4.,4"-(3,5-pyridinediyl)bis-benzoate, DMF=N,
N-dimethylformamide) with the largest unit cell among all
reported thorium MOFs was prepared first (Figure 1).
Interestingly, SCU-16 contains a formate surrounded va-
cancy, which can transform to a carbonate decorated
vacancy via the uranyl-mediated formate-to-carbonate reac-

© 2023 Wiley-VCH GmbH
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Nano-enabled Quenching of Bacterial Communications for the

Prevention of Biofilm Formation

Meng Gao®, Bolong Xu", Yang Huang, Jiayu Cao, Lili Yang, Xi Liu, Alisher Djumaev,

Di Wu, Moxichexra Shoxiddinova, Xiaoming Cai, Behruz Tojiyev, Huizhen Zheng,

Xuehua Li, Kunduz Normurodova, Huiyu Liu,*

Abstract: Biofilm formation is a major threat to
industry, the environment and human health. While
killing of embedded microbes in biofilms may inevitably
lead to the evolution of antimicrobial resistance (AMR),
catalytic quenching of bacterial communications by
lactonase is a promising antifouling approach. Given the
shortcomings of protein enzymes, it is attractive to
engineer synthetic materials to mimic the activity of
lactonase. Herein, an efficient lactonase-like Zn—-N—~C
nanomaterial was synthesized by tuning the coordina-
tion environment around zinc atoms to mimic the active
domain of lactonase for catalytical interception of
bacterial communications in biofilm formation. The
Zn—N,—C material could selectively catalyze 77.5%
hydrolysis of N-acylated-L-homoserine lactone (AHL),
a critical bacterial quorum sensing (QS) signal in biofilm
construction. Consequently, AHL degradation down-
regulated the expression of QS-related genes in anti-
biotic resistant bacteria and significantly prevented
biofilm formation. As a proof of concept, Zn—N,—C-
coated iron plates prevented 80.3 % biofouling after a
month exposure in river. Overall, our study provides a
nano-enabled contactless antifouling insight to avoid
AMR evolution by engineering nanomaterials for mim-
icking the key bacterial enzymes (e.g., lactonase)
functioning in biofilm construction. )

and Ruibin Li*

Introduction

Planktonic prokaryotic cells tend to colonize most environ-
mental surfaces, secrete extracellular polymeric substances
(EPSs) and communicate to form slimy polymeric conglom-
erations of extracellular polysaccharides, proteins, lipids and
DNA, ak.a. biofilms.! Mature biofilms exhibit great
resistance to environmental stresses and pose significant
threats to industry, the environment and human health.
Marine biofilms, also known as biofouling, often grow on
the surfaces of ship hulls, leading to increased hydrodynamic
drag and fuel consumption during navigation, as well as
increased labor and time costs for cleaning.? Pathogenic
bacteria may also form biofilms inside food processing
equipment, resulting in food deterioration and endangering
consumer health.®! Therefore, there is a significant research
interest in preventing biofilm formation.

Traditional anti-biofilm strategies can be categorized
into three classes: physical, chemical and biological methods.
Flushing P! ultrasonic scaling,”” alternating magnetic field"”
and ionization radiation®! are the common physical methods
to eliminate biofilm. Antimicrobial agents, such as anti-
biotics, antibacterial peptide and nanomaterials, kill bacteria
through chemical reactions to prevent biofilm formation.
However, physical and chemical solutions have limit efficacy
and are subject to rapid adaptive resistance evolution,
making them challenging to use in practical applications.”)
Review of the construction process of biofilm may provide
distinct insights for anti-biofilm. Bacterial cells sense their
population density and tune biological functions through a
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Abstract: Fluorescence imaging in the second near-
infrared (NIR-II) window holds great promise for in
vivo visualization of amyloid-p (AB) pathology, which
can facilitate characterization and deep understanding
of Alzheimer’s disease (AD); however, it has been
rarely exploited. Herein, we report the development of
NIR-II fluorescent reporters with a donor-n-acceptor
(D-n-A) architecture for specific detection of AP
plaques in AD-model mice. Among all the designed
probes, DMP2 exhibits the highest affinity to AP fibrils
and can specifically activate its NIR-II fluorescence after
binding to AP fibrils via suppressed twisted intra-
molecular charge transfer (TICT) effect. With suitable
lipophilicity for ideal blood-brain barrier (BBB) pene-
trability and deep-tissue penetration of NIR-II
fluorescence, DMP2 possesses specific detection of AP
plaques in in vivo AD-model mice. Thus, this study
presents a potential agent for non-invasive imaging of
\AB plaques and deep deciphering of AD progression.

Introduction

Alzheimer’s disease (AD) represents the most widespread
neurodegenerative disease that is clinically characterized by
memory loss, cognitive decline and dementia, which seri-
ously threatens people’s health."! As the typical pathomor-
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phological hallmark of AD, amyloid-B (AB) plaques derived
from the assembly of monomeric AR peptides into high-
ordered AP fibrils accumulate and deposit into brains to
induce neurological disorders.”’ Up to now, there are no
effective therapeutic strategies that can halt or reverse the
progression of AD.® Early characterization creates an
opportunity for well-timed intervention to delay the onset
and progression of this disease. Among the diagnostic
methods, the cerebrospinal fluid (CSF) test possesses high
accuracy but the collection procedure (spinal tap) is invasive
and hence not widely acceptable.>*! An alternative strategy
is to develop imaging probes for the detection of AP
plaques, which have been regarded as an important bio-
marker for AD and the prediction of AD progression.t
Over the years, many probes with different modality such as
positron emission tomography (PET), single photon emis-
sion computed tomography (SPECT) and magnetic reso-
nance imaging (MRI) have been exploited to detect AB
plaques.! However, these conventional imaging techniques
have their drawbacks, for instance, relatively low sensitivity
for MRI and high cost and hazardous ionizing radiation for
PET and SPECT. Furthermore, these developed probes
incessantly emit signals and thus are “always-on”, which
leads to high background signals and thereafter inadequate
specificity and sensitivity.”!

In comparison with conventional imaging techniques,
fluorescent imaging possesses numerous advantages such as
low cost, non-invasiveness, high sensitivity, and real-time
longitudinal imaging.! Furthermore, by employing activat-
able fluorescent probes that can specifically turn on signals
in response to stimuli, fluorescence imaging enables real-
time visualization and specific detection of molecular
alterations at the early stage of diseases.”) Currently,
fluorescent probes that are commercially available for
imaging of AP plaques are thioflavin T (ThT) and thiofla-
vin S (ThS). However, these probes can only be utilized in
histological samples due to their short emission wavelength
(480 nm) and poor blood-brain barrier (BBB) penetration
ability to hamper their in vivo utility."” Though a series of
activatable near-infrared (NIR) fluorescent probes have
been developed for in vivo imaging of Ap plaques,'! the
fluorescence emission of these probes is generally located in
the first NIR window (NIR-I, 650-900 nm) that suffers from
severe tissue absorption, light scattering and autofluores-
cence. Such intense light-tissue interactions will result in
shallow penetration depth and poor signal-to-noise ratio
(SNR), thereby making them inadequate for deep-tissue
brain imaging with high fidelity.I'”) By contrast, fluorescence

© 2022 Wiley-VCH GmbH
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Abstract: Afterglow luminescence imaging probes, with long-lived
emission after cessation of light excitation, have drawn increasing
attention in biomedical imaging field owing to their elimination of
autofluorescence. However, current afterglow agents always suffer
from an unsatisfactory signal intensity and complex systems
consisting of multiple ingredients. To address these issues, this study
reports a near-infrared (NIR) afterglow luminophore (TPP-DO) by
chemical conjugation of an afterglow substrate and a photosensitizer
acting as both an afterglow initiator and an energy relay unit into a
single molecule, resulting in an intramolecular energy transfer process
to improve the afterglow brightness. The constructed TPP-DO NPs
emit a strong NIR afterglow luminescence with a signal intensity of up
to 108 p/s/cm?sr at a low concentration of 10 pM and a low irradiation
power density of 0.05 W/cm?, which is almost two orders of magnitude
higher than most existing organic afterglow probes. The highly bright
NIR afterglow luminescence with minimized background from TPP-
DO NPs allows a deep tissue penetration depth ability. Moreover, we
develop a GSH-activatable afterglow probe (Q-TPP-DO NPs) for
ultrasensitive detection of subcutaneous tumor with the smallest
tumor volume of 0.048 mm?, demonstrating the high potential for early
diagnosis and imaging-guided surgical resection of tumors.

Introduction

Optical imaging plays an essential role in biology and medicine as
it enables the monitoring of physiological and pathological
processes with non-invasiveness, high sensitivity, and real-time
visualization.'! As a conventional optical imaging technique,
fluorescence imaging is widely used in diverse imaging regimes.??
However, it always necessitates real-time light excitation, causing
serious autofluorescence and thus compromised imaging fidelity
with a decreased signal-to-background ratio (SBR) and reduced
tissue penetration depth. In contrast, afterglow luminescence
imaging has recently attracted increasing interest as it can

achieve autofluorescence-free self-luminescence imaging via
detecting the down-stream photon release stored in chemical
defects after the termination of the light irradiation.®! Hence,
afterglow luminescence imaging has been extensively explored
for in vivo imaging applications with high sensitivity and deep-
tissue penetration ability, such as tumor imaging,“! lymph node
mapping,”®!  drug-induced  hepatotoxicity,*?  image-guided
therapy,®® and monitoring therapeutic efficacy.”!

Current afterglow luminescence probes mainly include rare
earths materials-based inorganic and semiconducting polymers-
or small molecules-based organic materials.*"®! Rare earths-
based inorganic nanomaterials produce the release of photons
stored in energy traps after light irradiation.®" Differently, organic
systems utilize the unstable chemical defects to produce photons
after light irradiation with the latter showing great superiority for in
vivo utility by virtue of their better biocompatibility and structural
tunability.*21%131 The organic afterglow luminescence probes
usually consist of three components, a photosensitizer as an
afterglow initiator to produce singlet oxygen ('O2) upon light
irradiation, an afterglow substrate that reacts with 'O, to form
high-energy peroxides (i.e., chemical defects), and an energy
transfer molecule to absorb the stored energy from the chemical
defects via energy transfer and emit long-lived downstream
photons "8 However, the three ingredients are always
physically mixed, resulting in low afterglow brightness due to the
low efficiency of intermolecular energy transfer between the
afterglow substrate and the afterglow relay unit. In addition, it
requires tedious procedures with time-consumption and low
reproducibility, which precludes potentially clinical applications.
Recently, the chemical conjugation between an afterglow
substrate and an energy transfer unit has been reported, which
shows great potential and superiority, since it has approximately
100-fold higher afterglow brightness than the mixed systems
attributing to the higher efficiency of intramolecular energy
transfer compared to intermolecular energy transfer.’1% But the

1
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