
Supplementary Figure 1. Analysis of the binding of DNMDP to PDE3ACAT and 
SLFN12 and superposition of PDE3ACAT-Xtl structures. 

a, SEC-MALS analysis of the PDE3ACAT-SLFN12 complex. SEC traces for PDE3ACAT 

(red), SLFN12 (green), and the complex (blue) are shown. The data for PDE3A and 
PDE3A+SLFN12 were collected at 150mM NaCl, and at 500 mM NaCl for SLFN12. 
The theoretical and experimentally determined mass of the proteins is shown in the 
table. b, DSC analysis of 4 µM PDE3ACAT or c, SLFN12 in the absence (black line) 
and presence (gray line) of 10 µM DNMDP. The ∆Tm discussed in the manuscript 
was calculated based on the difference between the major peak of the traces for 
PDE3ACAT ± DNMDP. It is not clear why we observe two peaks in the DSC. (d,e)
Stereoviews of the superposition of the catalytic domain of PDE3A in the absence 
(blue), and presence of AMP (red), DNMDP (green), and trequinsin (cyan). The 
backbone of protein is shown in a ribbon representation and the AMP, DNMDP, and 
trequinsin in a licorice representation. The superposition of the whole chain is shown 
in d and an expanded version of the catalytic site in e.
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Supplementary Figure 2. Time-resolved D-uptake heat maps of PDE3ACAT alone 
and in the presence of SLFN12. 
a, Heat map of the D-uptake observed for PDE3ACAT (22 μM) bound to BRD9500 (40 
μM). Prior to initiating deuterium exchange experiments, PDE3ACAT and BRD9500 
were incubated for 30 min at room temperature to ensure complex formation. Color-
coding is based on the deuterium uptake across different time points, with slow-
exchanging regions represented with blue and fast exchanging regions with red. b,
Peptide map and differential D-uptake of PDE3ACAT:BRD9500 in the presence of 
SLFN12. Proteins were mixed in equimolar concentrations and incubated for 30 min 
on ice to ensure complex formation. Out of the 750 peptides identified (horizontal 
lines), 452 peptides were analyzed for their D-content, yielding an almost complete 
sequence coverage and an average redundancy value of ~14. Peptides for which a 
% deuterium uptake difference was observed between the two protein states are 
depicted with green and blue. Peptides in grey indicate that their D-uptake was 
unaffected in the presence of SLFN12.  The heat map was generated in HDExaminer
as follows: First, the protein was divided into non-overlapping “atomic peptides”. 
These atomic peptides were formed by dividing the protein everywhere an observed 
peptide starts or ends. Each observed peptide’s deuteration level was then 
expressed as a sum of the deuteration levels for one or more atomic peptides. The 
first two residues of each peptide were ignored, since these are widely considered to 
exchange too rapidly. The deuteration level for each atomic peptide was 
subsequently computed by minimizing the least squares error within the set of 
observed peptides. For mapping onto the heat map and the PDE3A structure, 
deuteration levels were further smoothed in HDExaminer. c, Residual plot depicting 
D-uptake differences between PDE3ACAT-BRD9500 and PDE3ACAT-BRD9500-
SLFN12. Each dot represents a unique peptide shown for different time points. 
Negative values indicate a decrease in the D-uptake of PDE3ACAT in the presence of 
SLFN12 and could suggest a probable interaction interface. Deuterium differences 
larger than 4% are considered significant. 
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Supplementary Figure 3. Cryo-EM data processing workflow.
Following generation of an ab initio initial 3D reference model, 3D classification with 
global particle pose searches was used to filter remaining junk particles. This particle 
set was improved by refining per-particle defocus and per-optics group beamtilt
parameters. These were then used as the input to the Relion “Bayesian polishing” 
per-particle motion correction procedure. 3D classification (with fixed particle poses) 
of the polished particles was then used to eliminate outlier conformations of the 
complex. Selected polished particles were then improved over three rounds of 
refinement of all applicable CTF parameters. Remaining conformational 
heterogeneity was resolved by Relion multi-body refinement with SLFN12 and 
PDE3A as two separate bodies. A particle subset representing particles where both 
bodies were positioned along a common central symmetry axis was used for a final 
3D refinement. The imposed symmetry and resulting resolution (at half-maps 
FSC=0.143) are noted for each refinement. All steps were performed in the presence 
of a solvent mask unless noted. The masks used to delineate the SLFN12 and 
PDE3A bodies for multi-body refinement are shown as color-coded meshes to the left 
of the resulting refined bodies. 
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Supplementary Figure 4. Resolution estimates and angular distribution for the 
PDE3ACAT-SLFN12 cryo-EM maps. 
Three maps were used for construction of the PDE3ACAT-SLFN12 model: one for 
each protein dimer body, which were used for atomic model building and refinement, 
and a consensus subset of particles in which the two bodies share the same twofold 
symmetry axis, which was used to merge the two dimer models. a, Maps colored by 
local resolution, as calculated by the method implemented in RELION. b, Gold-
standard half-map Fourier shell correlation (FSC) (blue) and map-model FSC 
(orange) curves for each map and model. Resolutions are given at the standard 
cutoffs (FSC = 0.143 and 0.5, respectively). c, The angular particle distribution in the 
consensus subset map, shown in two 90°-separated views. d, Representative 
experimental cryo-EM density centered around Tyr830 of the hydrophobic core of 
PDE3A (blue sticks); e, Trp428 of the NTD of SLFN12 that was built de novo (green 
sticks); and f, DNMDP (cyan sticks).  All maps were sharpened by an automatically 
determined B-factor and filtered to local resolution.
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Supplementary Figure 5. Further analysis of the PDE3A and SLFN12 structure.
a, Stereoview of the superposition of the catalytic domains of PDE3A from the apo 
crystal structure (green) and cryo-EM structure (red). b, Tertiary and secondary 
structure of the N-terminal and C-terminal domains of the SLFN12 monomer. The 
tertiary fold of the regions of the N-terminal domain and the C-terminal domain are 
shown at the top with the topology diagrams below. The a-helices are colored red 
and the b-strands are colored yellow. In the topology diagram, the a-helices and b-
strands are represented as rectangles and arrows, respectively. The a-helices and b-
strands are numbered from N-terminus to C-terminus. The zinc ion is shown as a 
gray sphere with the four coordinating residues indicated. c, Comparison of the N-
terminal domains from the cryo-EM SLFN12 and crystal structure of SLFN13. The 
structures of the N-terminal domains (NTD) from the cryo-EM SLFN12 and crystal 
structure of SLFN13 are shown on the left and right, respectively. The structures are 
shown as cartoon and (transparent) surface representations. The regions of the NTD 
are colored as shown in Figure 5. For SLFN12, the width of the cavity between the 
N-lobe and C-lobe was measured using the Ca atom from Lys 35 and Lys 213. For 
SLFN13, Lys 36 and Arg 218 were used. d, Location of residues E200 and E205 of 
SLFN12 relative to PDE3A. SLFN12 is shown semi-transparent to highlight the 
position of E200, and E205, which are shown in a van der Waals surface 
representation. e, Conformation of the linker between the core domain of SLFN12-
CTD and the SLFN12-PIR. The interactions are centered around Phe 548. f,
Interactions between the SLFN12-NTD and SLFN12-CTD. The interactions are 
centered around two residues: Ala 12 (left) and Pro 519 (right). The residues are 
colored red or cyan depending on whether they are derived from SLFN12-NTD or 
SLFN12-CTD, respectively. 
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Supplementary Figure 6.  CRISPR knockout of PDE3A in GB1 cells for deep 
mutational scanning assay. 
a, Immunoblot of PDE3A in parental GB1 cells and three clonal PDE3A CRISPR 
knockout GB1 cells lines.  This immunoblot was performed once, but lack of PDE3A 
expression in sg6F12 relative to parental GB1 cells was confirmed in a second 
biological replicate and immunoblot.  b, 72-hour DNMDP dose response of parental 
and PDE3A-KO GB1 cell lines, with or without ectopic expression of PDE3A 
transduced at a multiplicity of infection of 1. c, Sequencing of genomic PDE3A from 
CRISPR-KO PDE3A cell line sg6F12 showing frequencies of specific editing events 
of the four alleles of PDE3A in GB1 cells. d, Change in PDE3A allele abundance 
under negative control conditions.  No change is expected; variable sites indicate 
regions of low coverage in the mutant allele library subsequently eliminated from 
analysis.
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Supplementary Figure 7.  Multiple sequence alignment between the RNase 
regions of rat SLFN13, human SLFN13, and human SLFN12.
SLFN13 catalytic residues are marked in red, conserved charged residues in green, 
non-conserved charged residues in blue, and the CCCH zinc finger is marked by 
blue circles. 



/

CL867AL O(1.2.4) PXOWLSOH VHTXHQFH DOLJQPHQW 

VS_Q58311_6LN13B5A7        -MEIHP6L99EP6<PDLIIHAGE97LGEKD5NKMD6KKK-5LEKA5I7EAACALLN6GGG 58 
VS_Q68D06_6LN13BH8MAN      MEANHC6LG9<P6<PDL9ID9GE97LGEEN5KKLQK7Q5-DQE5A59I5AACALLN6GGG 59 
VS_Q8I<M2_6LN12BH8MAN      ---MNI69DLE7N<AEL9LD9G597LGEN65KKMKDCKL5KKQNE6965AMCALLN6GGG 57 
                               : *: :  .* :*::..*.*****:.*:*:.. :    :.  : .* ********* 

VS_Q58311_6LN13B5A7        9I9MQM6NK6EHP9--EMGLDLE76L5ELIP66DLQAFIE7KQQGDLF<IF9K6:6C6P- 115 
VS_Q68D06_6LN13BH8MAN      9IQMEMAN5DE5P7--EMGLDLEE6L5KLIQ<P<LQAFFE7KQHG5CF<IF9K6:6GDPF 117 
VS_Q8I<M2_6LN12BH8MAN      9IKAEIENED<6<7KDGIGLDLEN6F6NILL--F9PE<LDFMQNGN<FLIF9K6:6LN7- 114 
                           **  :: *..   .   :***** *: :::    :  :::  *:*  * ******* .   

VS_Q58311_6LN13B5A7        -KDG67KP5IC6L666L<C56L76KLPLD6KE7FEFLE5KK7C9KG6L7DGKGPPAKIP5 174 
VS_Q68D06_6LN13BH8MAN      LKDG6FN65IC6L666L<C56G769LHMN65QAFDFLK7KE5Q6K<NLINEG6PP6KIMK 177 
VS_Q8I<M2_6LN12BH8MAN      -----6GL5I77L66NL<K5DI76AK9MNA7AALEFLKDMKK75G5-L<L5PELLAK5PC 168 
                                   ** :***.** *. **   :::  :::**:  :      *       :*    

VS_Q58311_6LN13B5A7        LM<QNDL-E6NPAFEIFQ6E5LE<GQ5LPF6E6A6IEFKQF6755AHE<IK69IPE<I6A 233 
VS_Q68D06_6LN13BH8MAN      A9<QNI6-E6NPA<E9FQ7D7IE<GEIL6FPE6P6IEFKQF67KHIQQ<9ENIIPE<I6A 236
VS_Q8I<M2_6LN12BH8MAN      9DIQEENNMKALAG9FFD57ELD5KEKL7F7E67H9EIKNF67EKLLQ5IKEILPQ<96A 228 
                              *:    .  *  .*:   ::  : * * **  :*:*:***.:  : ::.::*:*:** 

VS_Q58311_6LN13B5A7        FAN7QGG<LLFG9DDE6K59LGCPKDN9D5D6LKA99NEAI6KLP9FHFC66KEK96<K7 293 
VS_Q68D06_6LN13BH8MAN      FAN7EGG<LFIG9DDK65K9LGCAKEQ9DPD6LKN9IA5AI6KLPI9HFC66KP59E<67 296 
VS_Q8I<M2_6LN12BH8MAN      FAN7DGG<LFIGLNED-KEIIGFKAEM6DLDDLE5EIEK6I5KMP9HHFCMEKKKIN<6C 287 
                           ****:****::*:::. :.::*   :  * *.*:  : .:* *:*: *** .* ::.*.  

VS_Q58311_6LN13B5A7        59ID9FKEGNL<G<LC9IK9E5FCCA9F6EAPI6:MADKENG9<6LN7EK:95MM9DIGP 353
VS_Q68D06_6LN13BH8MAN      KI9E9FCGKEL<G<LC9IK9KAFCC99F6EAPK6:M95E-K<I5PL77EE:9EKMMDADP 355 
VS_Q8I<M2_6LN12BH8MAN      KFLG9<DKG6LCG<9CAL59E5FCCA9FAKEPD6:H9KD-N59MQL75KE:IQFM9EAEP 346 
                           :.: *:   .* **:*.::*: ***.**:: * ** . . : :  *. ::*:. *::  * 

VS_Q58311_6LN13B5A7        EAA66KQ66LDDL6KDFECQL6L6N6PPHC5P9<6KKGLEHKGDLQK5LFQ96ADCFK<7 413 
VS_Q68D06_6LN13BH8MAN      EFP-------PDFAEAFE6QL6L6D6P6LC5P9<6KKGLEHKADLQQHLFP9PPGHLEC7 408 
VS_Q8I<M2_6LN12BH8MAN      KF666<EE9I6Q--------IN76LPAPH6:PLLE:-------Q5Q5HHCPGL6G5I7<7 391 
                           :          :        :. *     . *: .        : *::      . :  * 

VS_Q58311_6LN13B5A7        PE6L:5ELC6QHE5LENLI6QQMC6F6CGLLIL656:A9DLNLEGKQG9ICDALLIAEN6 473 
VS_Q68D06_6LN13BH8MAN      PE6L:KEL6LQHEGLKELIHKQM5PF6QGI9IL656:A9DLNLQEKPG9ICDALLIAQN6 468 
VS_Q8I<M2_6LN12BH8MAN      PENLC5KLFLQHEGLKQLICEEMD695KG6LIF656:69DLGLQENHK9LCDALLI6QD6 451
                           **.* ::*  *** *::** ::*  .  * :*:****:***.*: :  *:******:::* 

VS_Q58311_6LN13B5A7        PP7L<7ILEEQDELGQD<C757AF7LKQKL9N7GG<7G59C9M7K9LCL66QNNIE7NGN 533 
VS_Q68D06_6LN13BH8MAN      7PIL<7IL5EQDAEGQD<C757AF7LKQKL9NMGG<7GK9C95AK9LCL6PE66AEALEA 528
VS_Q8I<M2_6LN12BH8MAN      PP9L<7FHM9QDEEFKG<67Q7AL7LKQKLAKIGG<7KK9C9M7KIF<L6PEGM76CQ<D 511 
                            * ***:   **   :.*.*:**:******.: **** :*** :*:: ** :.  .     

VS_Q58311_6LN13B5A7        696LID<P56<NLANIQEMEDLLQAL9I9LLNF66FL6DQLGC--EILNLL79QQ<EIL6 591 
VS_Q68D06_6LN13BH8MAN      A96PMD<PA6<6LAG7QHMEALLQ6L9I9LLGF56LL6DQLGC--E9LNLL7AQQ<EIF6 586 
VS_Q8I<M2_6LN12BH8MAN      L56Q9I<PE6<<F755K<L---LKALFKALK5LK6L-5DQF6FAENL<QIIGIDCFQKND 567 
                             * : ** ** ::  : :   *::*. .*  : *:  **:.   :: :::  : ::  . 

VS_Q58311_6LN13B5A7        K6LH-K75KLF9HGMPG6GK7IIAMKIMEKIKN7FHCE5D6IL<ICENQLL5DFI5AKN9 650
VS_Q68D06_6LN13BH8MAN      56L5-KN5ELF9HGLPG6GK7IMAMKIMEKI5N9FHCEAH5IL<9CENQPL5NFI6D5NI 645 
VS_Q8I<M2_6LN12BH8MAN      KKMFK6C55L7------------------------------------------------- 578 
                           :.:  . *.*                                                   

VS_Q58311_6LN13B5A7        C5A975K7FM7PNFE9EKIQHII9DEAQNF57ENGD:<MKAK5I7Q5MK7CPQIF:IFLD 710 
VS_Q68D06_6LN13BH8MAN      C5AE75E7FL5EKF--EHIQHI9IDEAQNF57EDGD:<5KAK7I7Q5EKDCPG9L:IFLD 703 
VS_Q8I<M2_6LN12BH8MAN      ------------------------------------------------------------ 578 
                                                                                        

VS_Q58311_6LN13B5A7        <FQ76HQKE6GLPDFLHQ<PKEEL7K995NADKIAEFLQKI6EKI56NPPPIIP5E6LNM 770 
VS_Q68D06_6LN13BH8MAN      <FQ76HLGH6GLPPL6AQ<P5EEL75995NADEIAE<IQQEMQLIIENPPINIPHG<LAI 763 
VS_Q8I<M2_6LN12BH8MAN      ------------------------------------------------------------ 578 
                                                                                        

VS_Q58311_6LN13B5A7        9CEFN:6QG96G7CKLL76LGLEQMA5<9AE5C<FFLKNG<6AQDIA9LF67EDEKDNNE 830 
VS_Q68D06_6LN13BH8MAN      L6EAK:9PG9PGN7KIIKNF7LEQI97<9AD7C5CFFE5G<6PKD9A9L96797E9EQ<Q 823
VS_Q8I<M2_6LN12BH8MAN      ------------------------------------------------------------ 578 
                                                                                        

VS_Q58311_6LN13B5A7        DMFL5EI5N57-6QIDDA----<HL<MFD6I55F6GLE56I9FGIDP57AEK6IFHNLML 885 
VS_Q68D06_6LN13BH8MAN      6KLLKAM5KKM99QL6DACDMLG9HI9LD6955F6GLE56I9FGIHP57ADPAILPNILI 883 
VS_Q8I<M2_6LN12BH8MAN      ------------------------------------------------------------ 578 
                                                                                        

VS_Q58311_6LN13B5A7        CLA65A5KHL<IL6K9PNPFNF 907 
VS_Q68D06_6LN13BH8MAN      CLA65AKQHL<IFL-------- 897
VS_Q8I<M2_6LN12BH8MAN      ---------------------- 578 
                                                  

PLEASE NOTE: ShRZLQg cRORUV RQ OaUge aOLgQPeQWV LV VORZ.ThiV ZebViWe UeTXiUeV cRRkieV, aQd Whe limiWed SURceVViQg Rf \RXU SeUVRQal daWa iQ RUdeU WR fXQcWiRQ. B\
XViQg Whe ViWe \RX aUe agUeeiQg WR WhiV aV RXWliQed iQ RXU PUiYac\ NRWice (hWWSV://ZZZ.ebi.ac.Xk/daWa-
SURWecWiRQ/SUiYac\-QRWice/embl-ebi-SXblic-ZebViWe) aQd TeUmV Rf UVe
(hWWSV://ZZZ.ebi.ac.Xk/abRXW/WeUmV-Rf-XVe).
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Supplementary Table 1.  IC50 data for trequinsin across phosphodiesterases.



Data Collection*
PDE3A(APO) PDE3A+DNMDP PDE3A+cAMP PDE3A+Trequinsin

Space group P21 P21 P21 P21
Cell dimensions (Å) 82.37, 58.79, 157.66 82.21, 58.52, 157.54 82.42, 58.78, 157.0 83.24, 59.65, 158.12
Unit cell angles (˚) 90, 90.69, 90 90, 90.66, 90 90, 90.74, 90 90, 90.48, 90
Wavelength (Å) 0.976 0.976 0.976 0.976
Resolution (Å) 47.13  - 1.702 

(1.763  - 1.702)
47.67  - 2.002 

(2.074  - 2.002)
47.86  - 2.08 

(2.154  - 2.08)
41.24  - 2.204 

(2.283  - 2.204)
Rmeas (%) 8.052 (122.5) 6.753 (93.7) 10.3 (127.3) 6.562 (67.42)
I/s (I) 8.69 (0.92) 11.48 (1.51) 9.74 (1.25) 11.29 (1.74)
Completeness (%) 99.15 (97.96) 94.3 (91.7) 99.50 (98.94) 98.46 (96.97)

Refinement
Resolution (Å) 47.13  - 1.702 

(1.763  - 1.702)
47.67  - 2.002 

(2.074  - 2.002)
47.86  - 2.08 

(2.154  - 2.08)
41.24  - 2.204 

(2.283  - 2.204)
No. reflections 164233 (16112) 100572 (9898) 90404 (8928) 77687 (7573)
Rwork (%) 20.06 (38.11) 19.26 (31.79) 23.08 (36.48) 23.11 (38.85)
Rfree (%) 22.35 (39.58) 22.20 (35.35) 24.77 (37.45) 25.54 (39.55)
Average B-Factor (Å2) 36.00 46.20 46.04 60.82
Bond lengths (Å) 0.011 0.016 0.012 0.010
Bond angles (˚) 1.32 1.94 1.51 1.34
Ramachandran

Favored (%)
Allowed (%)
Outliers (%)

97.84
1.81
0.35

97.22
2.16
0.63

97.31
2.41
0.28

94.69
3.03
0.48

Supplementary Table 2. Crystallographic statistics for data processing and refinement. 



SLFN12 body PDE3A body Composite model
Map resolution (FSC = 0.143) (Å) 2.76 2.97 3.22

Map symmetry applied C2 C2 C2

Map-model fit 
(unsharpened/sharpened-
filtered

FSC = 0.5 (Å) 2.8 / 2.8 3.2 / 3.0 3.4 / 3.3
Masked cross correlation 0.83 / 0.85 0.75 / 0.81 0.76 / 0.78

Composition (#)
Chains 2 4 4

Atoms (no hydrogens) 8142 6202 14344
Protein residues 1004 762 1766
Ligands Zn: 2 DNMDP: 2

Mn: 2
Mg: 2

Zn: 2
DNMDP: 2

Mn: 2
Mg: 2

Bonds (RMSD)
Length (Å) (no. > 4 s) 0.002 (0) 0.002 (0) 0.002 (0)
Angles (˚) (no. > 4 s) 0.422 (0) 0.408 (0) 0.425 (0)
Dihedral Angles (˚) (no. > 4 s) 7.411 (0) 7.782 (0) 7.639 (0)

MolProbity score 1.14 1.29 1.23
Clash score 3.54 5.32 4.58
EMRinger score 4.38 3.03 2.87

Ramchandran plot (%)
Outliers 0.00 0.00 0.00
Allowed 1.61 0.80 1.27
Favored 98.39 99.20 98.73

Rotamer outliers (%) (no.) 0.22 (2) 0.30 (2) 0.25 (4)
Cß outliers (%) (no.) 0.00 (0) 0.00 (0) 0.00 (0)

Peptide plane (%)
Cis proline/general 10.0 / 0.0 0.0 / 0.0 3.6 / 0.0
Twisted proline/general 0.0 / 0.0 0.0 / 0.0 0.0 / 0.0

ADP (B-factors) vs sharpened-
filtered map (min/max/mean)

Protein 20.85/97.43/49.84 22.50/96.99/45.08 20.85/97.43/47.79
Ligand 57.67/58.34/58.01 29.14/48.86/39.63 29.14/58.34/40.37

Supplementary Table 3. CryoEM statistics for refinement of complex structure.



Residue 
no.

Amino 
acid Mutation introduced PDE3A 

homodimerization
Interaction 

with DNMDP
SLFN12 interacting 

residue
857 V P, D Yes No No
858 L E, D, P, G Yes No No
859 Y R, L, W, K, N, G, S, P, T, C, E, I, V, Q, D, M Yes No No
860 N M, D, I, R, K, V, W, Y, G, E, F, Q, T, L, A, P Yes No No
861 D I, V, A, K, P, S, R, T Yes No No
867 N W, I, K, G, L, V, T, D, P, R Yes No No
871 A L, E, I, P, D, V, M Yes No No
910 L R, K, G, S, E, N, Q, D No Yes I558
911 K D, E, P No No I558
914 F C, E, A, Q, S, T, N, R, K, G, D, V No No Y555 and I560
972 F Y, H, K, P, Q, E, D, R No Yes I557
988 P E, D, L, K, R, Q No No N553, A556, and I557
989 F N, R, G, E, K, P, Q, I, D No No N553, L554, and I557
990 M D, N, Q, E, Y, W, P, V, R, K, T No No I557

1000 L Y, T, S, R, P, E, D, A, K, G No No L554
1003 S W No No A551
1004 F N, R, K, M, E, G, D, Y, P, A, Q, H, Z, S, T, W No Yes L554
1007 H P No No L554
1008 I N, E, A, W, K, D, G, Y, H, R, T, Q, S, P No No I558

Supplementary Table 4. Missense mutations of residues located in the PDE3A 
homodimerization and PDE3A-SLFN12 interfaces causing DNMDP resistance in the 
deep mutational scanning assay.



Primer Name Primer Sequence Comments
SLFN12_R43S_F AAAGCAGAATGAAAGcGTCTCACGAGCTATG Used with SLFN12_R168C_R, GeneArt PLUS mutagenesis PCR
SLFN12_R43S_R CATAGCTCGTGAGACgCTTTCATTCTGCTTT Used with pDONR_3500_F, GeneArt PLUS mutagenesis PCR
SLFN12_R168C_F CTGGCAAAGAGGCCCtGTGTTGATATACAAG Used with pDONR_3500_R, GeneArt PLUS mutagenesis PCR
SLFN12_R168C_R CTTGTATATCAACACaGGGCCTCTTTGCCAG Used with SLFN12_R43S_F, GeneArt PLUS mutagenesis PCR
SLFN12_E200A_F GAAAAATTGACCTTTACTGcATCCACACATGTTGA Used with pDONR_3500_R, GeneArt PLUS mutagenesis PCR
SLFN12_E200A_R TCAACATGTGTGGATgCAGTAAAGGTCAATTTTTCT Used with pDONR_3500_F, GeneArt PLUS mutagenesis PCR
SLFN12_E205A_F GAATCCACACATGTTGcAATTAAAAACTTCTCGACAG Used with pDONR_3500_R, GeneArt PLUS mutagenesis PCR
SLFN12_E205A_R CTGTCGAGAAGTTTTTAATTgCAACATGTGTGGATTC Used with pDONR_3500_F, GeneArt PLUS mutagenesis PCR

SLFN12_E200A_E205A_F GAAAAATTGACCTTTACTGcATCCACACATGTTGcAATTAAAAACTTCTCG
ACAG

Used with pDONR_3500_R, GeneArt PLUS mutagenesis PCR

SLFN12_E200A_E205A_R CTGTCGAGAAGTTTTTAATTgCAACATGTGTGGATgCAGTAAAGGTCAAT
TTTTCTT

Used with pDONR_3500_F, GeneArt PLUS mutagenesis PCR

pDONR_3500_F gaggcgctaaatgaaaccttaacgctatgg Used with SLFN12 mutagenic Reverse primers, GeneArt PLUS 
mutagenesis PCR

pDONR_3500_R ccatagcgttaaggtttcatttagcgcctc Used with SLFN12 mutagenic Forward primers, GeneArt PLUS 
mutagenesis PCR

PDE3A_F914D_F GAAGAAACACgatGACTTCGTAGCC Used with PDE3A_GW_R2, overlapping PCR mutagenesis and 
Gateway BP reaction

PDE3A_F914D_R GGCTACGAAGTCatcGTGTTTCTT Used with PDE3A_GW_F, overlapping PCR mutagenesis and 
Gateway BP reaction

PDE3A_F914A_F GAAGAAACACgctGACTTCGTAGCC Used with PDE3A_GW_R2, overlapping PCR mutagenesis and 
Gateway BP reaction

PDE3A_F914A_R GGCTACGAAGTCagcGTGTTTCTT Used with PDE3A_GW_F, overlapping PCR mutagenesis and 
Gateway BP reaction

PDE3A_N867R_F TCAGTTTTGGAGagaCATCACGCAGCTGCT Used with PDE3A_GW_R2, overlapping PCR mutagenesis and 
Gateway BP reaction

PDE3A_N867R_R GCAGCAGCTGCGTGATGtctCTCCAAAACTGA Used with PDE3A_GW_F, overlapping PCR mutagenesis and 
Gateway BP reaction

PDE3A_GW_F GGGGACAACTTTGTACAAAAAAGTTGGCaccATGGCAGTGCCCGGCGAC
GCTGC

Used with PDE3A mutagenic Reverse primers, overlapping PCR 
mutagenesis and Gateway BP reaction

PDE3A_GW_R2 GGGGACAACTTTGTACAAGAAAGTTGGcaaCTGGTCTGGCTTTTGGGTTG
G

Used with PDE3A mutagenic Forward primers, overlapping PCR 
mutagenesis and Gateway BP reaction

3XFLAG_EcoRV_AvrII_SpeI
_F

ATCGACTACAAGGACCACGACGGTGACTACAAGGACCACGACATCGACT
ACAAGGACGACGACGACAAGTGATAATGACCTAGGA

Annealed with 3XFLAG_EcoRV_AvrII_SpeI_R, restriction 
cloning

3XFLAG_EcoRV_AvrII_SpeI
_R

CTAGTCCTAGGTCATTATCACTTGTCGTCGTCGTCCTTGTAGTCGATGTCG
TGGTCCTTGTAGTCACCGTCGTGGTCCTTGTAGTCGAT

Annealed with 3XFLAG_EcoRV_AvrII_SpeI_F, restriction cloning

AmpR F GGATGGAGGCGGATAAAGTTGCAGG Used with TetOne_BBamplification_R, Gibson assembly
TetOne_BBamplification_R GAATTCTTTACGAGGGTAGGAAGTG Used with AmpR_F, Gibson assembly
TetOne_BBamplification_F GGATCCAGACCACCTCCCCTGCGAG Used with AmpR_R_2, Gibson assembly
AmpR_R_2 CCTGCAACTTTATCCGCCTCCATCCAG Used with TetOne_BBamplification_F, Gibson assembly
TetOne_GW_Gib_F CACTTCCTACCCTCGTAAAGAATTCacaagtttgtacaaaaaagctg Used with TetOne_GW_Gib_R_FLAG, Gibson assembly

TetOne_GW_Gib_R_FLAG CGCAGGGGAGGTGGTCTGGATCCttactaTCACTTGTCGTCGTCGTCCTTG
TAGTC

Used with TetOne_GW_Gib_F, overlapping PCR mutagenesis 
and Gateway BP reaction

SLFN12_kozak_GW_F GGGGACAACTTTGTACAAAAAAGTTGGCaccATGAACATCAGTGTTGATT
TGGAAACG

Used with SLFN12 mutagenic Reverse primers, overlapping 
PCR mutagenesis and Gateway BP reaction

SLFN12_GW_Ro GGGGACAACTTTGTACAAGAAAGTTGggcaGGTGAGCCTTCGAC Used with SLFN12 mutagenic Forward primers, overlapping 
PCR mutagenesis and Gateway BP reaction

SLFN12_1-548_GW_Ro GGGGACAACTTTGTACAAGAAAGTTGggcaAAACTGGTCTCTCAG Used with SLFN12_kozak_GW_F, PCR and Gateway BP reaction
SLFN12_1-568_GW_Ro GGGGACAACTTTGTACAAGAAAGTTGggcaTTTATCATTCTTCTG Used with SLFN12_kozak_GW_F, PCR and Gateway BP reaction

Supplementary Table 5. DNA oligonucleotide sequences used in this study. 



Protein Codon-optimized cDNA sequence

PDE3A(640-1141) 

GAAGATGAAACCGAATGTCTGCGTGAACCGCTGCGTAAAGCAAGCGCATGTAGCACCTATGCACCG
GAAACCATGATGTTTCTGGATAAACCGATTCTGGCACCGGAACCGCTGGTTATGGATAATCTGGAT
AGCATTATGGAACAGCTGAACACCTGGAACTTTCCGATTTTTGATCTGGTGGAAAACATTGGTCGT
AAATGTGGTCGTATTCTGAGCCAGGTTAGCTATCGTCTGTTTGAAGATATGGGTCTGTTCGAAGCC
TTTAAAATCCCGATTCGTGAATTTATGAACTACTTTCATGCCCTGGAAATTGGCTATCGTGATATT
CCGTATCATAATCGTATTCATGCAACCGATGTTCTGCATGCCGTTTGGTATCTGACCACCCAGCCG
ATTCCGGGTCTGAGCACCGTTATTAATGATCATGGTAGCACCAGCGATAGCGATTCAGATAGCGGT
TTTACCCATGGTCATATGGGTTATGTGTTCAGCAAAACCTATAACGTGACCGATGATAAATATGGT
TGTCTGAGCGGTAATATTCCGGCACTGGAACTGATGGCACTGTATGTTGCAGCAGCAATGCATGAT
TATGATCATCCGGGTCGTACCAATGCATTTCTGGTTGCGACCAGCGCACCGCAGGCAGTTCTGTAT
AATGATCGTAGCGTTCTGGAAAATCATCATGCAGCAGCCGCATGGAACCTGTTTATGAGCCGTCCG
GAATATAACTTTCTGATCAATCTGGATCATGTGGAATTCAAACACTTTCGCTTTCTGGTGATTGAA
GCAATTCTGGCAACCGATCTGAAAAAACACTTTGATTTTGTGGCCAAATTTAACGGCAAAGTGAAT
GATGATGTGGGCATTGATTGGACCAATGAAAATGATCGTCTGCTGGTTTGTCAGATGTGTATTAAA
CTGGCCGATATCAATGGTCCGGCAAAATGTAAAGAACTGCATCTGCAGTGGACCGATGGTATTGTG
AATGAATTTTATGAGCAGGGTGATGAAGAAGCAAGCCTGGGTCTGCCGATTAGCCCGTTTATGGAT
CGTAGTGCACCGCAGCTGGCAAATCTGCAAGAAAGCTTTATTAGCCATATTGTTGGTCCGCTGTGC
AATAGCTATGATAGCGCAGGTCTGATGCCTGGTAAATGGGTTGAAGATAGTGATGAAAGCGGTGAT
ACCGATGATCCGGAAGAAGAAGAGGAAGAGGCACCGGCACCGAATGAAGAAGAAACCTGCGAAAAT
AATGAGAGCCCGAAAAAAAAAACCTTTAAACGTCGCAAAATCTATTGCCAGATTACCCAGCATCTG
CTGCAGAACCATAAAATGTGGAAAAAAGTGATCGAAGAAGAACAGCGTCTGGCAGGTATTGAAAAT
CAGAGCCTGGATCAGACACCGCAGAGCCATAGCAGCGAGCAGATTCAGGCCATTAAAGAGGAAGAA
GAAGAAAAAGGTAAACCGCGTGGTGAAGAAATTCCGACCCAGAAACCGGATCAG

SLFN12

ATGAACATCTCCGTGGACCTCGAGACTAACTACGCTGAGCTGGTGCTGGACGTGGGTCGTGTGACC
CTGGGAGAGAACTCCCGCAAGAAGATGAAGGACTGCAAGCTGCGCAAGAAGCAGAACGAGTCTGTC
TCCCGTGCTATGTGCGCTCTGCTGAACTCCGGTGGTGGTGTCATCAAGGCTGAGATCGAGAACGAG
GACTACTCCTACACCAAGGACGGTATCGGCCTGGACCTGGAAAACTCCTTCTCCAACATCCTGCTG
TTCGTGCCCGAGTACCTGGACTTCATGCAGAACGGCAACTACTTCCTGATCTTCGTGAAGTCCTGG
TCCCTGAACACCTCCGGCCTGCGTATCACCACCCTGTCCTCCAACCTGTACAAGCGTGACATCACC
TCCGCTAAAGTGATGAACGCTACCGCTGCTCTCGAGTTCCTGAAGGACATGAAGAAGACCCGCGGT
CGTCTGTACCTGCGTCCCGAGCTGTTGGCTAAGCGCCCCTGCGTGGACATCCAAGAGGAAAACAAC
ATGAAGGCTCTGGCCGGCGTGTTCTTCGACCGTACTGAGCTGGACCGCAAGGAAAAGCTGACCTTC
ACCGAGTCCACCCACGTCGAGATCAAGAACTTCTCCACCGAGAAGCTGCTGCAGCGCATCAAGGAA
ATCCTGCCCCAGTACGTGTCCGCTTTCGCTAACACCGACGGTGGTTACCTGTTCATCGGCCTCAAC
GAGGATAAGGAAATCATCGGTTTCAAGGCCGAGATGTCTGACCTGGACGACCTCGAGCGTGAAATC
GAGAAGTCCATCCGCAAGATGCCCGTGCACCACTTCTGCATGGAAAAGAAGAAGATCAACTACTCC
TGCAAGTTCCTGGGCGTGTACGACAAGGGTTCCCTGTGCGGTTACGTGTGCGCCCTGCGTGTCGAG
AGGTTCTGCTGCGCTGTGTTCGCTAAGGAACCCGACTCCTGGCACGTGAAGGACAACCGTGTGATG
CAGCTGACTAGGAAGGAATGGATCCAGTTCATGGTCGAGGCTGAGCCCAAGTTCTCCAGCTCCTAC
GAGGAAGTGATCTCCCAGATCAACACCTCCCTGCCCGCTCCCCACTCCTGGCCTTTGTTGGAATGG
CAGCGTCAGCGTCACCACTGCCCTGGACTGTCCGGTCGTATCACCTACACCCCCGAGAACCTGTGC
CGCAAGCTGTTCCTGCAGCACGAGGGCCTGAAGCAGCTGATCTGCGAAGAGATGGACTCCGTGCGC
AAGGGTTCTCTGATCTTCTCTAGGTCTTGGAGCGTGGACCTGGGCCTGCAAGAGAACCACAAGGTG
CTGTGCGACGCCCTGCTGATCTCTCAGGACTCCCCCCCTGTGCTGTACACCTTCCACATGGTGCAG
GACGAGGAATTCAAGGGCTACTCCACCCAGACCGCTCTGACTCTGAAGCAAAAGCTGGCTAAGATC
GGCGGTTACACCAAGAAAGTGTGCGTGATGACCAAGATCTTCTACCTGTCCCCCGAGGGAATGACC
TCCTGCCAGTACGACCTGCGTTCCCAAGTGATCTACCCCGAGTCCTACTACTTCACCCGTCGCAAG
TACCTGCTGAAGGCCCTGTTCAAGGCTCTGAAGCGTCTGAAGTCCCTGCGTGACCAGTTCAGCTTC
GCTGAGAACCTCTACCAGATCATCGGTATCGACTGCTTCCAAAAGAACGATAAGAAGATGTTCAAG
TCCTGCCGTCGCCTGACC

Supplementary Table 6.  Codon-optimized cDNA sequences for expression of PDE3A and SLFN12.


