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Table S1. Antibodies used for western blotting  

Target Supplier Host 
species 

Catalog # Dilution RRID 

HA epitope tag 
(6E2) 

Cell Signaling 
Technology 

mouse 2367 1:1000 AB_10691311 

Phospho-S507 
PPP1R12A (P-
MYPT1)a 

Cell Signaling 
Technology 

rabbit 3040 1:1000 AB_2168424 

Phospho-S668 
PPP1R12A (P-
MYPT1) 

Cell Signaling 
Technology 

rabbit 3048 1:1000 AB_2168418 

Phospho-S472 
PPP1R12A (P-
MYPT1) 

Invitrogen rabbit PA5-
114608 

1:1000 AB_2899244 

Phospho-T696 
PPP1R12A (P-
MYPT1) 

Cell Signaling 
Technology 

rabbit 5163 1:1000 AB_10691830 

Phospho-T853 
PPP1R12A (P-
MYPT1) 

Cell Signaling 
Technology 

rabbit 4563 1:1000 AB_1031185 

Total PPP2R5D Abcam rabbit ab188323 1:10000 -- 
Phospho-S133 
CREB 

EMD Millipore mouse 05-667 1:500 AB_309889 

Total CREB Cell Signaling 
Technology 

rabbit 9197 1:1000 AB_331277 

Goat-anti-mouse 
IgG (H+L), HRP 
conjugate 

Advansta goat R-05071-
500 

1:20000 -- 

IRDye® 800CW 
Goat anti-Rabbit 
IgG Secondary 
Antibody 

LI-COR goat 925-32211 1:15000 AB_10956166 

IRDye® 680RD 
Goat anti-Rabbit 
IgG Secondary 
Antibody 

LI-COR goat 926-68071 1:15000 AB_621842 

IRDye® 800CW 
Goat anti-Mouse 
IgG Secondary 
Antibody 

LI-COR goat 926-32210 1:15000 AB_10718209 

 

aThe antigen used to make this antibody is 100% identical to the mouse PPP1R12A sequence, 
and 85% identical to the mouse PPP1R12B sequence. Therefore, this antibody would also 
recognize Phospho-S502 of PPP1R12B. 



Table S2. Statistically significant LH-induced changes in phosphopeptide intensity of proteins in 
rat ovarian follicles that have been reported to form complexes with PPP family phosphatase 
catalytic subunits, other than those listed in Table 1. Previously published lists of validated PPP 
family-interacting proteins (19, 20) were used to query the phosphopeptide database for 
significant differences in response to LH. Multiplicity refers to either singly phosphorylated (1) or 
doubly phosphorylated (2) peptides. Significant increases in phosphopeptide intensity following 
LH treatment are above the dashed line; significant decreases in phosphopeptide intensity with 
LH treatment are below the dashed line.  
 

Gene name 
UniProt 

accession 
Amino 
acid 

Site 
# M

ul
tip

lic
ity

 

Phosphopeptide intensity 
(log2 mean ± SEM) Fold 

change Control 350 nM LH 
HDAC6* A0A0G2QC41 S 59 1 14.56 ± 0.61 18.64 ± 1.07 18.0 
STRN3* E9PT82 S 239 2 15.24 ± 0.08 19.02 ± 0.18 14.6 
STRN3* E9PT82 S 255 2 15.24 ± 0.08 19.02 ± 0.18 14.6 
PLCL1 F1LP62 S 19 2 17.04 ± 0.13 20.14 ± 0.06 9.1 
EIF2AK2 M0RDJ3 S 212 1 18.95 ± 0.18 21.94 ± 0.26 8.5 
FARP1* F1LYQ8 S 513 2 13.80 ± 0.21 16.70 ± 0.18 7.9 
FARP1* F1LYQ8 S 517 2 13.80 ± 0.21 16.70 ± 0.18 7.9 
MAP1B* P15205 S 561 1 22.90 ± 0.12 25.52 ± 0.31 6.5 
ZFYVE16 D4ADF6 S 903 2 17.57 ± 0.24 20.17 ± 0.09 6.5 
ZFYVE16 D4ADF6 S 907 2 17.57 ± 0.24 20.17 ± 0.09 6.5 
PHACTR4* M0R7T1 S 159 2 18.97 ± 0.16 21.52 ± 0.12 6.2 
APC* G3V8Q9 S 2793 1 18.43 ± 0.11 20.87 ± 0.19 5.8 
MKI67 D4A0Y6 S 124 1 17.98 ± 0.02 20.41 ± 0.24 5.7 
PHACTR4* M0R7T1 S 162 2 19.29 ± 0.20 21.68 ± 0.13 5.5 
AKAP1 D4A9M6 S 425 1 17.01 ± 0.06 29.39 ± 0.11 5.5 
APC* G3V8Q9 S 2817 2 15.38 ± 0.33 17.67 ± 0.21 5.2 
APC* G3V8Q9 S 2829 2 15.67 ± 0.27 17.77 ± 0.18 4.6 
APC* G3V8Q9 T 2819 2 14.37 ± 0.25 16.23 ± 0.10 3.8 
PLCL1 F1LP62 T 15 2 19.78 ± 0.11 21.58 ± 0.07 3.7 
SH2D4A Q6AYC8 S 51 1 18.21 ± 0.21 20.01 ± 0.39 3.7 
PCIF1 D4A417 T 135 3 14.49 ± 0.25 16.29 ± 0.14 3.7 
SLC9A1 P26431 S 707 2 19.21 ± 0.14 20.98 ± 0.09 3.6 
AKAP11 A0A0G2JZI9 S 21 1 17.30 ± 0.37 19.05 ± 0.37 3.6 
PLCL1 F1LP62 S 491 1 11.53 ± 0.35 13.23 ± 0.24 3.4 
PCIF1 D4A417 T 150 2 18.36 ± 0.37 20.05 ± 0.09 3.4 
PCIF1 D4A417 T 135 2 16.05 ± 0.44 17.73 ± 0.28 3.4 
PCIF1 D4A417 S 140 3 16.06 ± 0.23 17.66 ± 0.16 3.2 
PLCL1 F1LP62 S 17 2 19.58 ± 0.13 21.12 ± 0.07 3.1 
SLC9A1 P26431 S 697 2 20.56 ± 0.11 22.09 ± 0.14 3.1 
SLC9A1 P26431 S 776 2 16.38 ± 0.10 17.86 ± 0.17 3.0 
MAP1B* P15205 S 985 2 23.10 ± 0.09 24.56 ± 0.16 2.9 



 
* Proteins known to regulate the cytoskeleton and/or cell motility according to the National 

Center for Biotechnology Information (NCBI) gene summaries.  
 
 

 

 

 

MAP1B* P15205 S 988 2 23.10 ± 0.09 24.56 ± 0.16 2.9 
MAP1B* P15205 S 1454 2 17.42 ± 0.41 18.86 ± 0.14 2.9 
MAP1B* P15205 S 1465 2 17.42 ± 0.41 18.86 ± 0.14 2.9 
MAP1B* P15205 T 1262 3 19.12 ± 0.26 20.51 ± 0.06 2.8 
SLC9A1 P26431 S 606 2 17.61 ± 0.02 19.00 ± 0.15 2.8 
MKI67 D4A0Y6 S 336 1 19.80 ± 0.08 21.09 ± 0.22 2.6 
SLC9A1 P26431 S 790 2 19.02 ± 0.07 20.22 ± 0.12 2.4 
SET* Q63945 S 28 2 18.89 ± 0.06 20.09 ± 0.11 2.4 
SET* Q63945 S 30 2 18.89 ± 0.06 20.09 ± 0.11 2.4 
MAP1B* P15205 S 1471 1 17.76 ± 0.11 18.90 ± 0.32 2.3 
CASP9 Q9JHK1 S 348 2 14.65 ± 0.09 15.70 ± 0.26 2.2 
CASP9 Q9JHK1 S 350 2 14.65 ± 0.09 15.70 ± 0.26 2.2 
AKAP1 D4A9M6 S 101 1 18.57 ± 0.07 19.60 ± 0.31 2.2 
HDAC6* A0A0G2QC41 S 43 1 22.25 ± 0.11 19.52 ± 0.37 -6.2 
HDAC6* A0A0G2QC41 S 859 1 21.50 ± 0.12 19.27 ± 0.61 -4.4 
MAP1B* P15205 T 527 1 21.25 ± 0.23 19.10 ± 0.73 -4.2 
AKAP1 D4A9M6 S 103 1 19.38 ± 0.19 17.48 ± 0.51 -3.5 
PHACTR2* A0A0G2K8Q4 T 22 1 20.29 ± 0.23 18.48 ± 0.73 -3.3 
FARP1* F1LYQ8 S 427 2 20.51 ± 0.31 18.85 ± 0.13 -3.0 
FARP1* F1LYQ8 S 435 2 20.51 ± 0.31 18.85 ± 0.13 -3.0 
PHACTR2* A0A0G2K8Q4 S 154 1 18.30 ± 0.08 16.65 ± 0.40 -3.0 
MAP1B* P15205 S 541 1 24.80 ± 0.03 23.33 ± 0.40 -2.6 
APC* G3V8Q9 S 2556 2 17.80 ± 0.18 16.35 ± 0.19 -2.6 
MAP1B* P15205 T 1959 1 17.86 ± 0.12 16.45 ± 0.35 -2.5 
SLC9A1 P26431 S 790 1 22.26 ± 0.11 20.91 ± 0.47 -2.4 
APC* G3V8Q9 S 2556 2 19.43 ± 0.08 18.22 ± 0.36 -2.2 
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Figure S1. Generation of Ppp1r12a-S507A mice. To introduce the S507A mutation into 
Ppp1r12a (indicated in bold pink type), we employed CRISPOR (http://crispor.tefor.net) and 
identified a CRISPR cleavage site (5’- CTC TTC AAT GTC AGA TGT AC) adjacent to S507 in 
exon 11 of Ppp1r12a. The PAM sequence is underlined. CRISPR/Cas9 ribonucleoprotein 
together with single-strand DNA donor were electroporated into one-cell embryos from 
C57BL/6J mice that had been previously modified to insert an HA tag on the N-terminus of Npr2 
(21). The embryos were then transferred into foster females for subsequent development. PCR 
genotyping was performed to screen for potential founders using the primer pair PS507AF and 
P1r12a I12R, which amplifies a fragment of 135 bp specific to the S507A knockin mutation. 
Founders were further confirmed by PCR using primer pair P1r12a I11F and P1r12a I12R to 
amplify a fragment of 258 bp containing the S507A mutation followed by sequencing of the PCR 
product. Founders were then bred with C57BL/6J mice (with HA-tagged Npr2) to establish the 
Ppp1r12a-S507A mouse line.  

 

DNA sequences for generation and genotyping of PPP1R12A-S507A mice.   
(* represents phosphorothioate linkages to prevent degradation from exonuclease) 
Type of sequence Sequence 

sgRNA 5’- CTCTTCAATGTCAGATGTAC 

S507A ssDNA donor (sense)  5’- T*C*A*TTCATGACTTTCCTGTTGTCAG GAG AAA GAT 
AAC AAA GGA ACG AGA CTT GCG TAT GTC ACC CCT 
ACA ATC CCG AGA CGA CTA GCC GCG ACA TCT GAC 
ATT GAA GAG AAG GAG AAC AG 
GTGAGTGCAGAGAGGCGGCTGTGTGCATCC*C*T*G 

PS507AF (Fwd genotyping primer) 5’- CAATCCCGAGACGACTAGCCGCG 

P1r12a I12R (Rev genotyping) 5’- GCTCGCATCAGTCCTCACATC 

P1r12a I11F (PCR/sequencing) 5'- GACTGCACGGTCACAGACGTG 

P1r12a I12R (PCR/sequencing) 5'- GCTCGCATCAGTCCTCACATC 

 

Exon 11->
AAACTGGGAAAGGACTGCACGGTCACAGACGTGTTAAAGCCTCTTCATGTTTTCATCGCACCTTTTGTCATTCATGACTTTCCTGTTGTCAG GAG AAA GAT AAC AAA GGA ACG AGA CTT GCG TAT

E   K   D   N   K   G   T   R   L A   Y
GTC ACC CCT ACA ATC CCG AGA CGA CTA GCC GCG ACA TCT GAC ATT GAA GAG AAG GAG AAC AG GTGAGTGCAGAGAGGCGGCTGTGTGCATCCCTGCAGAGTCTGCAGTGTTCGCA
V   T   P   T   I   P   R   R   L   A   A T   S   D   I   E   E  K   E   N

T*C*A*TTCATGACTTTCCTGTTGTCAG GAG AAA GAT AAC AAA GGA ACG AGA CTT 
GCG TAT GTC ACC CCT ACA ATC CCG AGA CGA CTA GCC GCG ACA TCT GAC 
ATT GAA GAG AAG GAG AAC AG GTGAGTGCAGAGAGGCGGCTGTGTGCATCC*C*T*G

Exon 11->
AAACTGGGAAAGGACTGCACGGTCACAGACGTGTTAAAGCCTCTTCATGTTTTCATCGCACCTTTTGTCATTCATGACTTTCCTGTTGTCAG GAG AAA GAT AAC AAA GGA ACG AGA CTT GCG TAT 

E   K   D   N   K   G   T   R   L A   Y 
GTC ACC CCT ACA ATC CCG AGA CGA CTA GCC AGT ACA TCT GAC ATT GAA GAG AAG GAG AAC AG GTGAGTGCAGAGAGGCGGCTGTGTGCATCCCTGCAGAGTCTGCAGTGTTCGCA
V   T   P   T   I   P   R   R   L   A   S T   S   D   I   E   E  K   E   N

S507A:AGT>GCG

S507A ssDNA
CRISPR/Cas9 cleavage followed

by homology-directed repair

PPP1r12a S507A knockin sequence

PPP1r12a wildtype sequence

PCR/sequencing confirmation
of PPP1r12a S507A knockin



Figure S2. Generation of Ppp2r5d-S53A/S81A/S82A/S566A mice, nicknamed Ppp2r5d-4A. 
These mice were generated in a two-step process. Ppp2r5d-S566A mice were generated first, 
then bred to homozygosity to provide embryos for generation of the final Ppp2r5d-4A mice. (A) 
We identified a CRISPR site cleavage site (5’- GAG GAA GTC AGA GCT GCC AC) close to 
S566 in exon 15 using CRISPOR (http://crispor.tefor.net). The PAM site is underlined. A G>A 
silent mutation in Q560 was included in the S566A ssDNA donor to eliminate the PAM in order 
to prevent re-cleavage of the S566A knockin allele. S566A ssDNA and CRISPR/Cas9 
ribonucleoprotein were electroporated into one-cell embryos from C57BL/6J mice that had been 
previously modified to insert an HA tag on the N-terminus of Npr2 (21). The embryos were then 
transferred into a foster mother for subsequent development. Founder pups were identified by 
PCR genotyping using the primer pair PS566AF and PppE15R1, to amplify a 157 bp fragment 
specific to the S566A knockin. Their genotypes were confirmed by PCR using primer pair Ppp 
I14F1 and Ppp E15R1 to amplify a fragment of 255 bp containing the S566A knockin mutation 
followed by sequencing of the PCR product. (B) Two CRISPR sites adjacent to S53 (sgRNA1) 
and S81/S82 (sgRNA2) were identified. CRISPR/Cas9 ribonucleoproteins and 3A ssDNA were 
electroporated into homozygous Ppp2r5d-S566A one-cell embryos. Founders containing the 
S53A/S81A/S82A knockin mutations were identified using the primer pair S53.E3F1 and 
S81.82E3R1 to specifically amplify a fragment of 120 bp, and their identities were further 
confirmed by PCR using primer pair P2r5d.SeqF and P2r5d.SeqR to amplify a fragment of 383 
bp containing the S53A/S81A/S82A mutations followed by sequencing of the PCR product. 
Founders were bred with C57BL/6J mice (with HA-tagged Npr2) to establish the Ppp2r5d-4A 
mouse line.  
 
A

 
 

  

Exon 15->
GACGGGCAGCAGAAACGGGAGGGAGGGGAAATGAGCTCTCCTGGGGACTGTGGTCACCGTGCCTGGCCTCTCCCTGTCTGTCCCCAG ATG CTG AAG GAC ATC AAG AAG GAC AAA GTG

S566 M   L   K   D   I   K   K   D   K   V
CTG CTC CGG AGG AAG TCA GAG CTG CCA CAG GAC GTG TAC ACC ATC AAG GCA CTA GAG GCG CAC AAG CGG GCA GAA GAG TTC CTG ACT GCC AGC CAG
L   L   R   R   K   S   E   L   P   Q   D   V   Y   T   I   K   A   L   E   A   H   K   R   A   E   E   F   L   T   A   S   Q
GAG GCC CTC TGA CCCCCTCACCTTCCCTTCCCACAGGATTCCAGCCCACTCAGCCCTGGGATGCAGCCCAGCCCTCCACCCTCTGCTCCTCATCGGCTGACCTGGGGCAGAACGGCACCTCTC
E   A   L   •

CRISPR/Cas9 cleavage followed
by homology-directed repair

G*A*G* GGC CTC CTG GCT GGC AGT CAG GAA CTC TTC TGC CCG CTT GTG CGC CTC TAG 
TGC CTT GAT GGT GTA CAC GTC TTG TGG CAG CTC GGC CTT CCT CCG GAG CAG CAC TTT 
GTC CTT CTT GAT GTC CTT CAG CAT CTGGGGACAGACAGGGAGAGGCC*A*G*G

S566A ssDNA

Exon 15->
GACGGGCAGCAGAAACGGGAGGGAGGGGAAATGAGCTCTCCTGGGGACTGTGGTCACCGTGCCTGGCCTCTCCCTGTCTGTCCCCAG ATG CTG AAG GAC ATC AAG AAG GAC AAA GTG

S566A G>A M   L   K   D   I   K   K   D   K   V
CTG CTC CGG AGG AAG GCC GAG CTG CCA CAA GAC GTG TAC ACC ATC AAG GCA CTA GAG GCG CAC AAG CGG GCA GAA GAG TTC CTG ACT GCC AGC CAG
L   L   R   R   K   A E   L   P   Q   D   V   Y   T   I   K   A   L   E   A   H   K   R   A   E   E   F   L   T   A   S   Q
GAG GCC CTC TGA CCCCCTCACCTTCCCTTCCCACAGGATTCCAGCCCACTCAGCCCTGGGATGCAGCCCAGCCCTCCACCCTCTGCTCCTCATCGGCTGACCTGGGGCAGAACGGCACCTCTC
E   A   L   •

PPP2r5d wildtype sequence

PPP2r5d S556A sequence

PCR/sequencing confirmation
of PPP2r5d S566A knockinG>A

S566A:TCA>GCC



DNA sequences for generation and genotyping of PPP2R5D-S566A mice.  
(* represents phosphorothioate linkages to prevent degradation from exonuclease) 
Type of sequence Sequence 

sgRNA 5’- GAGGAAGTCAGAGCTGCCAC 

S566A ssDNA donor (antisense) 5’- 
G*A*G*GGCCTCCTGGCTGGCAGTCAGGAACTCTTCTGC
CCGCTTGTGCGCCTCTAGTGCCTTGATGGTGTACACGTC
TTGTGGCAGCTCGGCCTTCCTCCGGAGCAGCACTTTGT
CCTTCTTGATGTCCTTCAGCATCTGGGGACAGACAGGGA
GAGGCC*A*G*G 
 

PppS566AF 
(Forward genotyping primer) 

5’- AAGTGCTGCTCCGGAGGAAGGCC 

PppE15R1 
(Reverse genotyping primer) 

5’- GGGCTGAGTGGGCTGGAATCC 

Ppp I14F1 (PCR/sequencing) 5’ - ACGGGAGGGAGGGGAAATGAGC  

Ppp E15R1 (PCR/sequencing) 5’ - GGGCTGAGTGGGCTGGAATCC 

 

 

 

 B 

 

 

 

CRISPR/Cas9 cleavage followed
by homology-directed repair

C*G*A*ATTACTTTTATGCCCAG GCC CAG CCC CAG CCC CAG TCT CAG TCA CCA TCA TCC AAC AAG CGA CCT GCT AAC
AGT ACA CCA CCC CCA ACA CAA CTC AGC AAA ATC AAG TAC TCA GGG GGA CCC CAG ATT GTC AAG AAA GAA CGA
CGC CAA GCC GCA TTC CCC TTC AAC CTC AAC AAG AAC CGG GAG CTA CAA AAA CTT CCT GCC TTG AAA G GTACTC

3A ssDNA

Exon 3->    
GGGCTGGTAGATGGTCAAGGCTAGGGTAGAGGGCATCTTGTGAAGAGCTGGCTTCAACGAATTACTTTTATGCCCAG GCC CAG CCC CAG CCC CAG TCT CAG TCA CCA TCA TCC AAC AAG

A   Q   P   Q   P   Q   S   Q   S   P   S   S   N K 
S53 S81 S82

CGA CCC AGC AAC AGT ACA CCA CCC CCA ACA CAA CTC AGC AAA ATC AAG TAC TCA GGG GGA CCC CAG ATT GTC AAG AAA GAA CGA CGC CAA AGC TCC TTC CCC 
R   P   S   N   S   T   P   P   P   T   Q   L   S   K   I   K   Y   S   G   G   P   Q   I   V   K   K   E   R   R   Q   S   S F   P 

TTC AAC CTC AAC AAG AAC CGG GAG CTA CAA AAA CTT CCT GCC TTG AAA G GTACTCACAGCCAGCCAGGGACTTGTGAACTGGGCCTCGGGGCTGTGAGCTTTGGTTGGGGAGTGTCTT
F   N   L   N   K   N   R   E   L   Q   K   L   P   A   L   K  

TGGGGAAACGGGGTACTATAGATGGGGAGGTGCAACTGTGAGTGAGGTGAAGGGGTCCGGGTGGGAAAGGGAGGTCTACAGGAACAATTAAGACATGCACCTGACTGTTGAGACCTCCACAG

PPP2r5d S566A sequence

Exon 3->    
GGGCTGGTAGATGGTCAAGGCTAGGGTAGAGGGCATCTTGTGAAGAGCTGGCTTCAACGAATTACTTTTATGCCCAG GCC CAG CCC CAG CCC CAG TCT CAG TCA CCA TCA TCC AAC AAG

A   Q   P   Q   P   Q   S   Q   S   P   S   S   N K 
C>T S53A S81A S82A

CGA CCT GCT AAC AGT ACA CCA CCC CCA ACA CAA CTC AGC AAA ATC AAG TAC TCA GGG GGA CCC CAG ATT GTC AAG AAA GAA CGA CGC CAA GCC GCA TTC CCC 
R   P   A N   S   T   P   P   P   T   Q   L   S   K   I   K   Y   S   G   G   P   Q   I   V   K   K   E   R   R   Q   A A F   P 

TTC AAC CTC AAC AAG AAC CGG GAG CTA CAA AAA CTT CCT GCC TTG AAA G GTACTCACAGCCAGCCAGGGACTTGTGAACTGGGCCTCGGGGCTGTGAGCTTTGGTTGGGGAGTGTCTT
F   N   L   N   K   N   R   E   L   Q   K   L   P   A   L   K  

TGGGGAAACGGGGTACTATAGATGGGGAGGTGCAACTGTGAGTGAGGTGAAGGGGTCCGGGTGGGAAAGGGAGGTCTACAGGAACAATTAAGACATGCACCTGACTGTTGAGACCTCCACAG

PPP2r5d 4A sequence

C>T

S53A:AGC>GCT

S81A:AGC>GCC

S82A:TCC>GCA



DNA sequences for generation and genotyping of PPP2R5D-4A mice.  
(* represents phosphorothioate linkages to prevent degradation from exonuclease) 
Type of sequence Sequence 

sgRNA1  5’- TGGGGGTGGTGTACTGTTGC 

sgRNA2  5’- CTTGTTGAGGTTGAAGGGGA 

3A ssDNA donor (sense) 5’- 
C*G*A*ATTACTTTTATGCCCAGGCCCAGCCCCAGCCCCAGTC
TCAGTCACCATCATCCAACAAGCGACCTGCTAACAGTACACC
ACCCCCAACACAACTCAGCAAAATCAAGTACTCAGGGGGAC
CCCAGATTGTCAAGAAAGAACGACGCCAAGCCGCATTCCCC
TTCAACCTCAACAAGAACCGGGAGCTACAA 
AAACTTCCTGCCTTGAAAGGTACTC 

S53.E3F1 
(Forward genotyping primer) 

5’- CATCCAACAAGCGACCTGCT 

S81.82E3R1 
(Reverse genotyping primer) 

5’- GAGGTTGAAGGGGAATGCGGC 

P2r5d.SeqR 
(PCR/sequencing) 

5’ - GAGGGCTGGTAGATGGTCAAG 

P2r5d.SeqR 
(PCR/sequencing) 

5’ - CTCACAGTTGCACCTCCCCAT 



Figure S3. PPP1R12A mRNA is ~5 times more abundant than PPP1R12B mRNA in mouse 
ovarian follicles. The bars show the mean ± SEM for analysis of 3 independent preparations of 
RNA. 
 

 
 
 
 
Methods: RNA from mouse preovulatory follicles was extracted with Trizol and treated with 
DNAse. ddPCR was performed using a Bio-Rad QX-200 Droplet Digital system and primers as 
listed below. We thank Andrew Collins and Angela Ross (Bio-Rad) for performing the ddPCR 
assay.  
 
Primer sequences used for ddPCR to compare amounts of PPP1R12A and PPP2R12B mRNA. 

Gene name Forward Reverse Amplicon 
Ppp1r12a 5’-CTCTATGCCTCAAGTCAGCTC 5’-GCTGTGACTTATCTTCCCCTTC 139 bp 
Ppp1r12b 5’-AGAAGCTTGAAGATCCTGGTG 5’-TGGGTTTGTCTGGTTGAGTTG 150 bp 
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Figure S4. Rp-8-CPT-cAMPS effectively inhibits LH-induced PKA activation in mouse 
preovulatory follicles. (A) Follicles were treated with or without Rp-8-CPT-cAMPS (10 mM, 4 hr) 
then stimulated with 10 nM LH (30 min).  Follicle proteins were separated on a standard SDS-
PAGE gel (no Phostag) and western blots were probed with an antibody recognizing 
phosphorylated serine 133 of the PKA substrate CREB, and with an antibody against total 
CREB. Signals were detected with fluorescent secondary antibodies to ensure linearity (see 
methods). (B) Summary of ratios of signal intensities for pS133 CREB/total CREB, for 2 blots 
like those shown in A. Each symbol represents a set of samples that were treated as indicated 
and then analyzed together on the same blot. Bars show mean ± SEM. Values were normalized 
to the control with no Rp-8-CPT-cAMPS and no LH.  
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B1WBW4 Armadillo repeat−containing protein 10
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M0RAP6 Family with sequence similarity 208, member A
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E9PT99 GTP−binding protein overexpressed in skeletal muscle
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O88900 Growth factor receptor−bound protein 14
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Q3T1J9 MOB kinase activator 1A
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MORC2



NN CC

S563

−2

−1

0

1

2

0 250 500 750
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
) Candidate

TRUE

Domains and Regions:

DOMAIN: CW−type

REGION: Disordered

A0A096MIX0 MORC family CW−type zinc finger 3

MORC3



NNNNNNNNNNNNNN CCCCCCCCCCCCCC

S1571

S1802

S1804

S1805

S1808

S231

S495

−2

0

2

0 500 1000 1500 2000
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: L27

DOMAIN: PDZ 1

DOMAIN: PDZ 10

DOMAIN: PDZ 11

DOMAIN: PDZ 12

DOMAIN: PDZ 13

DOMAIN: PDZ 2

DOMAIN: PDZ 3

DOMAIN: PDZ 4

DOMAIN: PDZ 5

DOMAIN: PDZ 6

DOMAIN: PDZ 7

DOMAIN: PDZ 8

DOMAIN: PDZ 9

REGION: Disordered

O55164 Multiple PDZ domain protein

MPDZ



NNNNNNNNNNNNNNNNNN CCCCCCCCCCCCCCCCCC

S833

S1194

S453

S859

S893

S944

S972

S1065

S1071
−2

0

2

0 500 1000 1500
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: ANK_REP_REGION

DOMAIN: Chromo

REGION: Disordered

A0A0G2K5D3 Uncharacterized protein
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D4A5D4 Microtubule crosslinking factor 1
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REGION: Interaction with BCCIP
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REGION: Lung−homing for mammary tumors

Q9Z1W6 Protein LYRIC
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MTMR12



NNNNNNNN CCCCCCCC

S46

S6
S49

S58

−5.0

−2.5

0.0

2.5

5.0

0 200 400 600
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: Myotubularin phosphatase

DOMAIN: TYR_PHOSPHATASE_2

REGION: Disordered

REGION: Substrate binding

D3ZA31 Myotubularin related protein 2 (Predicted), isoform CRA_b

MTMR2



NNNN CCCC

S595

S623−2

−1

0

1

2

0 200 400 600
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: GRAM

DOMAIN: Myotubularin phosphatase

REGION: Interaction with RAB1B

REGION: Substrate binding

A0A0G2JXT6 Myotubularin−related protein 6

MTMR6



NN CC

S548

−2

−1

0

1

2

0 200 400
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
) Candidate

TRUE

Domains and Regions:

DOMAIN: Myotubularin phosphatase

Q5XIN4 Myotubularin−related protein 9

MTMR9



NNNNNNNNNNNN CCCCCCCCCCCC

S2448

S2450

S2454 S2478 S2481

S1418

−2

−1

0

1

2

0 1000 2000
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: FAT

DOMAIN: FATC

DOMAIN: PI3K/PI4K

REGION: Disordered

A0A0G2JX74 Serine/threonine−protein kinase mTOR

MTOR



NN CC

S54

−2

−1

0

1

2

0 300 600 900
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

TRUE

Domains and Regions:

DOMAIN: Helicase ATP−binding

DOMAIN: Helicase C−terminal

REGION: Disordered

D4AE49 Mtr4 exosome RNA helicase

MTREX



NNNNNNNNNNNNNNNNNNNNNNNN CCCCCCCCCCCCCCCCCCCCCCCC

S6

S1257

T1258

S1305

S1306

S14

S1162

S1164

S1166

S1255

S1283

S1323

−4

−2

0

2

4

0 500 1000
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

REGION: Disordered

REGION: Interaction with MYB
REGION: Required for nuclear and
nucleolar localization

O35821 Myb−binding protein 1A

MYBBP1A



NNNN CCCC

S2127

S3365

−2

0

2

0 1000 2000 3000 4000
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: DOC

DOMAIN: RING−type

REGION: Disordered

D4A2D3 MYC−binding protein 2, E3 ubiquitin protein ligase

MYCBP2



NNNNNNNNNNNNNNNN CCCCCCCCCCCCCCCC

S1806

S1807

T1812

S1813

S934

S1472
S1810

S1886

−2

−1

0

1

2

0 500 1000 1500 2000
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: Fibronectin type−III

DOMAIN: Ig−like

DOMAIN: Protein kinase

REGION: Disordered

A0A0G2K0Q7 Myosin light chain kinase

MYLK



NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

S1177

S1222

S1327
S1337

S1398

S1649

S1959

S1108

S1115

S1220

S1229

S1237

S1247

S1266
S1952

−3

−2

−1

0

1

2

3

0 500 1000 1500 2000
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: IQ 1

DOMAIN: IQ 2

DOMAIN: IQ 3

DOMAIN: IQ 4

DOMAIN: Myosin motor

DOMAIN: Ras−associating

DOMAIN: Rho−GAP

REGION: Actin−binding

REGION: Disordered

REGION: Interaction with RHOA

REGION: Neck or regulatory domain

REGION: Tail

Q63358 Unconventional myosin−IXb

MYO9B



NNNNNN CCCCCC

S280 S284 S291

−3

−2

−1

0

1

2

3

0 100 200 300
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
) Candidate

TRUE

Domains and Regions:

DOMAIN: N−acetyltransferase

REGION: Disordered

A0A0G2JV35 Hyaluronoglucosaminidase 3, isoform CRA_d

NAA80



NNNNNNNN CCCCCCCC

S162

S171

S6

S159

−2

−1

0

1

2

0 100 200 300 400 500
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: NCD1

DOMAIN: NCD2

REGION: Disordered

D4A4F4 Ngfi−A binding protein 2, isoform CRA_a

NAB2



NNNNNNNN CCCCCCCC

S203

T159

T161

S166

−2

−1

0

1

2

0 50 100 150 200
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: NAC−A/B

REGION: Disordered

B2RYX0 Naca protein

NACA



NNNN CCCC

S46

S48

−2

−1

0

1

2

0 100 200 300 400
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

F7EXV6 NAD kinase

NADK



NNNN CCCC

S139

S1039

−2

−1

0

1

2

0 500 1000 1500 2000
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: AAA

REGION: Disordered

D4A5I4 Neuron navigator 1

NAV1



NNNNNNNNNN CCCCCCCCCC

S242

S1045

S240

S412

S1210

−3

−2

−1

0

1

2

3

0 500 1000 1500 2000
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: Calponin−homology (CH)

REGION: Disordered

A0A0G2K833 Neuron navigator 2

NAV2



NNNNNNNN CCCCCCCC

S1318

S575

S589

S1321

−2

−1

0

1

2

0 500 1000
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: Cnd1

DOMAIN: Cnd1_N

REGION: Disordered

A0A0G2JWH3 Condensin complex subunit 1

NCAPD2



NNNNNNNNNN CCCCCCCCCC

S439

S563

S25

S495

T565

−3

−2

−1

0

1

2

3

0 200 400 600
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
) Candidate

FALSE

TRUE

Domains and Regions:

REGION: Disordered

D3ZXL5 Nuclear cap−binding subunit 3

NCBP3



NN CC

S82

−2

−1

0

1

2

0 100 200 300
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
) Candidate

TRUE

Domains and Regions:

DOMAIN: SH2

DOMAIN: SH3

G3V7X3 NCK adaptor protein 1

NCK1



NN CC

S90

−2

−1

0

1

2

0 100 200 300
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

TRUE

Domains and Regions:

DOMAIN: SH2

DOMAIN: SH3

REGION: Disordered

D4A3M8 Cytoplasmic protein

NCK2



NNNN CCCC

S475

S627
−2

−1

0

1

2

0 500 1000
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: NCKAP5

REGION: Disordered

A0A0G2K5W1 NCK−associated protein 5−like

NCKAP5L



NN CC

T165

−2

0

2

0 200 400 600
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

TRUE

Domains and Regions:

DOMAIN: DUF2013

DOMAIN: SH3

REGION: Disordered

D3ZWX4 NCK−interacting protein with SH3 domain

NCKIPSD



NNNNNNNNNNNNNN CCCCCCCCCCCCCC

S29 S34

S65

S9

S125

S376

S380

−2

0

2

0 200 400 600
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
) Candidate

FALSE

TRUE

Domains and Regions:

REGION: Disordered

D3ZEI6 Nuclear receptor coactivator 5

NCOA5



NN CC

S1163

−2

−1

0

1

2

0 500 1000
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

TRUE

Domains and Regions:

DOMAIN: Fibronectin type−III 1

DOMAIN: Fibronectin type−III 2

DOMAIN: Fibronectin type−III 3

DOMAIN: Fibronectin type−III 4

DOMAIN: Fibronectin type−III 5

DOMAIN: Fibronectin type−III 6

DOMAIN: Ig−like C2−type 1

DOMAIN: Ig−like C2−type 2

DOMAIN: Ig−like C2−type 3

DOMAIN: Ig−like C2−type 4

REGION: Disordered

P97603 Neogenin (Fragment)

NEO1



NNNNNNNN CCCCCCCC

S2445 S2460

S2488

S2774

−2

−1

0

1

2

0 1000 2000
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: CRAL−TRIO

DOMAIN: Ras−GAP

REGION: Disordered

A0A0G2JWL3 Neurofibromin

NF1



NNNN CCCC

S345

S367

−2

−1

0

1

2

0 300 600 900
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: RHD

REGION: Disordered

D3ZU59 Nuclear factor of activated T−cells, cytoplasmic, calcineurin−dependent 3 (Predicted), isoform CRA_a

NFATC3



NNNNNNNNNNNNNNNNNN CCCCCCCCCCCCCCCCCC

S256

S259
S262

S265

S271

S291
S310

S184

S278

−2

−1

0

1

2

0 100 200 300 400 500
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: CTF/NF−I

REGION: Disordered

F1LRV0 Nuclear factor 1

NFIA



NNNNNNNNNNNNNNNNNN CCCCCCCCCCCCCCCCCC

S273

S276

S279

S284
S305

S333

S194

S339

S343

−2

−1

0

1

2

0 100 200 300 400
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: CTF/NF−I

REGION: Disordered

O70188 Nuclear factor 1

NFIC



NN CC

S857

−2

−1

0

1

2

0 250 500 750
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

TRUE

Domains and Regions:

DOMAIN: ANK_REP_REGION

DOMAIN: RHD

REGION: Disordered

Q5U2Z4 Nuclear factor kappa B subunit 2

NFKB2



NN CC

S843

−2

0

2

0 250 500 750
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
) Candidate

TRUE

Domains and Regions:

DOMAIN: RING−type

REGION: Disordered

F1LNF3 Nuclear transcription factor, X−box−binding−like 1

NFXL1



NNNNNNNN CCCCCCCC

S226

T213 T217

S244

−2

0

2

0 100 200
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: RRM

REGION: Disordered

Q5RJM0 MKI67 FHA domain−interacting nucleolar phosphoprotein
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D3ZMY7 5'−nucleotidase, cytosolic II
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P12369 cAMP−dependent protein kinase type II−beta regulatory subunit
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M0RAK0 Proline and serine−rich 2
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G3V9P0 26S proteasome non−ATPase regulatory subunit 9
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D3ZQL8 Pumilio 2 (Drosophila)
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Q1EG89 Myocardial ischemic preconditioning associated protein 7
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D3ZMD6 Glutamine and serine rich 1 (Predicted)

QSER1
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F1LNT3 R3H domain−containing 1
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A0A0G2K1W1 RAB11 family−interacting protein 5
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P35284 Ras−related protein Rab−12
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P35286 Ras−related protein Rab−13
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Q5U1Y1 Ras−related protein Rab−34

RAB34
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G3V631 RAB guanine nucleotide exchange factor (GEF) 1 (Predicted), isoform CRA_a

RABGEF1
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REGION: Interaction with PEBP1/RKIP

P11345 RAF proto−oncogene serine/threonine−protein kinase

RAF1
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P86411 Ral GTPase−activating protein subunit alpha−2
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D3Z7Z5 RAN−binding protein 10
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M0R3M4 RAN−binding protein 2
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F1M8L9 Rap guanine nucleotide exchange factor 1

RAPGEF1
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D4ADX8 Ras association (RalGDS/AF−6) and pleckstrin homology domains 1

RAPH1
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A0A0G2JTA7 RAS protein activator−like 2
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G3V953 RB−binding protein 6, ubiquitin ligase

RBBP6
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A1A5R1 RNA binding protein fox−1 homolog 2

RBFOX2
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D3ZM54 RNA−binding motif protein 12B

RBM12B
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M0R9Q1 RCG48334, isoform CRA_e

RBM14
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M0R3Z8 RCG28930, isoform CRA_b
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Q6AY02 RNA−binding motif protein 17
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D3Z8R4 RNA−binding motif protein 25−like 1

RBM25L1
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B2GV05 RNA−binding protein 5
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F1M8F0 RNA−binding motif protein 7
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A0A0G2K9L3 Ring finger and CCCH−type domains 2

RC3H2
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A0A0U1RVI9 RCG34378, isoform CRA_h

RCG_34378
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Q4QQW1 Receptor expression−enhancing protein 4
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Q4KLY1 GTP−binding protein
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Q6P7A7 Dolichyl−diphosphooligosaccharide−−protein glycosyltransferase subunit 1

RPN1
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P47752 Sphingosine 1−phosphate receptor 2

S1PR2
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A0A0G2JSM1 Ratsg2, isoform CRA_b
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D3ZF42 Sentrin−specific protease 7
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Q63945 Protein SET
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Q9JM15 Sodium−coupled neutral amino acid transporter 1
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D4ADU2 Solute carrier family 7 member 11
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Q5M7V8 Thyroid hormone receptor−associated protein 3
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Q5HZE5 Transmembrane protein 17

TMEM17
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Q925D4 Transmembrane protein 176B
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D3ZXD8 Transmembrane protein 245
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D3ZKV7 Trinucleotide repeat−containing 18

TNRC18
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A0A0G2JWP8 DNA topoisomerase 2
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F1M842 Tumor protein p53−binding protein 1

TP53BP1
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DOMAIN: Ion_trans
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A0A0G2K2X9 Two pore calcium channel protein 1

TPCN1
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F1MA98 Nucleoprotein TPR

TPR
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B1WC25 Tra2a protein

TRA2A
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Q99MM4 TRAF−type zinc finger domain−containing protein 1
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F1LUA2 Translocating chain−associated membrane protein

TRAM2
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D3ZE49 Trafficking protein particle complex 12
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D3ZUK4 Tripartite motif−containing 33
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F1LP64 E3 ubiquitin−protein ligase TRIP12
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Q5EB66 Triple QxxK/R motif−containing protein

TRIQK
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REGION: Leucine−zipper

Q3B8N7 TSC22 domain family protein 4

TSC22D4
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D3ZKB9 Teashirt homolog 3
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D3ZXP1 Tetratricopeptide repeat domain 28

TTC28
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A0A0G2JZ04 Terminal uridylyl transferase 4

TUT4
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D3ZKR9 Terminal uridylyl transferase 7
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B2GV14 Taxilin alpha
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Q5XIS7 Ubiquitin−associated protein 1

UBAP1
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A0A0U1RRQ3 Ubiquitin−associated protein 2
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E9PTR4 RCG62582, isoform CRA_b
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REGION: Disordered

A0A096MJH0 Ubiquitin−conjugating enzyme E2, J1 (Fragment)

UBE2J1



NNNNNNNNNNNNNNNNNN CCCCCCCCCCCCCCCCCC

S360

S683

S686
S743

S1043

S1046

S1048

S1086

S1025

−5.0

−2.5

0.0

2.5

5.0

0 300 600 900
Position

lo
g 2

 (
LH

 / 
C

on
tr

ol
)

Candidate

FALSE

TRUE

Domains and Regions:

DOMAIN: UBC core

REGION: Disordered

F1M403 Ubiquitin−conjugating enzyme E2O
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A0A0G2JU89 E3 ubiquitin−protein ligase UBR4
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Q62671 E3 ubiquitin−protein ligase UBR5
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P0C627 UBX domain−containing protein 2B
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M0RAE4 Similar to UBX domain containing 1, isoform CRA_c

UBXN6
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A0A0G2JXJ2 E3 ubiquitin−protein ligase UHRF1
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P17431 mRNA decay activator protein ZFP36L1
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