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Figures

Figure 1: Mismatched RNA targets abrogate RNA cleavage and induce new Cas13d states.
(A) Schematic of Cas13d cleavage assay. Cleavage of a P32-labeled RNA substrate is triggered
by the binding of an RNA target complementary to the crRNA. Black: crRNA, red: target RNA in
red, yellow: P32, (B) Diagram of the mismatched targets investigated in this study. Red: target
RNA, thick ticks: mismatches at the 4th and 10th positions, pink: 5" and 3’ flanking sequences.
(C) Second-order cleavage rates (blue bars) of a frans substrate when Cas13d is activated by a
matched target (MT), or mismatched targets. Orange bars: on-rates (kon) measured for the same
substrates. Error bars: mean + S.D. from at least three biological replicates. (D) Cryo-EM density
maps of seven Cas13d tertiary structures with the indicated mismatched target RNAs. Dashed
oval: missing Helical-1 domain density.
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Figure 2: Conformational changes in RNA duplexes across different states. Left: Front view
of crRNA and RNA duplexes across all states. Middle: Side view of crRNA and RNA duplexes
across all states. Right: Side view of cryo-EM density maps across all states.

16


https://doi.org/10.1101/2025.09.12.675955
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.09.12.675955; this version posted September 13, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

C 1 0 [ 7= Cleavage . Binding ] 4 O[ D E 10 W Cleavage = Bndng | OU

o
o

o
ey

T
1
I
T2 LUl
T3 LU L]
T4 LU L L L)
T5 NN

©
N

b
Normalized kon

o
Normalized kon

Normalized kcat/Km
Normalized kcat/Km

o
[N}

_\
IS

o

o

CT1 T2 T3 T4 T5

F G
6
s MT
< 5 m C4A
;m
'Z 4
m‘
o 3
o)
E 2
)
(8]
o 1
X
TS 3 )
2 Q &
Q S L0
¥ J I
A\

Figure 3: RNA-Cas13d interactions that change between the inactive and active states. En-
larged view of NTD-Helical-1 domain interactions in the (A) inactive and (B) nuclease-active states.
Key changes between the two states include disruption of R435-G83 and D428-R84 interactions,
formation of new RNA-protein contacts with R84, N86, N377, and R435, and displacement of the
Helical-1 domain to accommodate the extended RNA duplex. (C) Second-order cleavage rates of
a trans substrate by Cas13d mutants, normalized to the WT Cas13d rates shown in the dashed
line. Error bars: S.D. from three biological replicates. (D) Schematic of a series of progressively
truncated RNA targets, labeled T1-T5. Light red: 5’ and 3’ flanking sequences. (E) Second-
order cleavage rates activated with the indicated RNAs. The rates are normalized to the extended
MT RNA (dashed line). Error bars: S.D. from three biological replicates. (F) Enlarged view of
N405/Q409 interactions with crRNA positions 10 and 11 in the inactive state that stabilize the lin-
ear RNA duplex conformation. (G) Second-ordkf cleavage rates of N40O5A and Q409A mutants
with MT and C4A targets, showing partial rescue of C4A cleavage activity. Error bars: S.D. from
three biological replicates.
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Figure 4: Stabilization of the active site loop regulates trans cleavage rates. (A) A back
view of global domain movements between the intermediate and active states. The arrows in-
dicate global domain movements from the intermediate state to the active state.(B) An enlarged
view shows the superposition of the active sites in the binary (pink), intermediate (yellow), inactive
(light green), and active (dark green) states. (C) Detailed interactions with ASL residues. Green:
HEPN1 domain, pink: HEPN2, yellow: Helical-2. (D) Second-order cleavage rates with the indi-
cated Cas13d mutants, activated with an MT RNA and normalized to WT Cas13d (dashed line).
Error bars: S.D. of three biological replicates.
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Figure 5: Proposed Cas13d activation model. Cas13d Ribonucleoprotein (RNP) recognizes
distal mismatches with low binding affinity, which may prevent the initiation of RNA duplex formation
(target with red cross). By contrast, an RNA with a partial match at the distal end can initiate duplex
formation, progressing the ternary complex to an intermediate state. The formation of a proximal
RNA duplex must separate multiple contacts between the NTD and Helical-1 domains, creating
an energy barrier for mismatch surveillance. A perfectly matched target activates Cas13d’s HEPN
nuclease domain (top, scissors). Target RNAs with a proximal mismatch trap Cas13d in an inactive
state (broken scissors).
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