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Supplementary Figure Legends 10 

 11 

Supplementary Figure 1. NIP30 is not a substrate of REGγ. (A) Reciprocal 12 

interactions between REGγ and NIP30 in 293T cells were determined by 13 

exogenous co-immunoprecipitation and Western blot analysis in three 14 

independent experiments. Data represent mean ± SEM. (B) 293 REGγ-WT 15 

(active REGγ) cells were induced by doxycycline (DOX, 1µg mL-1) for 36 hrs；16 

293T, H1299 and HCT116 cells were transfected with flag-REGγ for 24hrs, 17 

then the expression of NIP30, REGγ and p21 was examined by Western 18 

blotting in three independent experiments. Data represent mean ± SEM. (C) 19 

The protein level of NIP30 and p21 were tested in REGγ WT and knock out 20 

293T cells. Actin was used as a loading control. Data represent mean ± SEM 21 

from three independent experiments. (D) Stably expressing a control shRNA 22 

(shN) or a REGγ-specific shRNA (shR) was generated in H1299, HCT116 and 23 

PC9 cells. The total cell lysates were analyzed by immunoblotting with 24 

indicated antibodies (NIP30, Flag, p21 and actin). Data represent mean ± SEM 25 

from three independent experiments. 26 

 27 
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 28 

Supplementary Figure 2. NIP30 prevents the turnover of p21 protein. (A) 29 

293T and H1299 cells were transfected with 2μg NIP30 plasmid. Cell lysates 30 

were subjected to Western blot analysis using flag, REGγ, p21 and actin in 31 

three independent experiments. Data represent mean ± SEM. (B) 293T 32 

(REGγ-WT) and REGγ-KO cells were transfected with flag-NIP30 plasmid for 33 

24hrs. The RT-PCR assay was performed to analyze the expression of p21 34 

PCR; n=3, each group. Data represent means±SEM. n.s.=no significance 35 

(one-way Anova). (C) SKNMC and A673 cells were transiently transfected with 36 

NIP30-siRNA or control-siRNA for 72 hrs. The protein level of NIP30 and p21 37 

was checked by Western blot in three independent experiments. Data 38 

represent mean ± SEM. (D) 293T and H1299 cells were transiently transfected 39 

with NIP30-siRNA or control-siRNA for 72 hrs. Cell lysates were subjected to 40 

Western blot analysis using indicated antibodies in three independent 41 

experiments. Data represent mean ± SEM. (E) The mRNA expression of p21 42 

was detected in 293T cells transfected NIP30-siRNA or control-siRNA by 43 

RT-PCR; n=3, each group. Data represent means±SEM. n.s.=no significance 44 

(two tail t-test). (F) 293 REGγ-WT (active REGγ) and 293 REGγ-N151Y 45 

(inactive REGγ) cells were induced by doxycycline (DOX, 1µg mL-1) for 36 hrs, 46 

and then transfected 1ug HA-p21, 1ug HA-vector or HA-NIP30 followed by 47 
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Western Blot analysis. Data represent mean ± SEM from three independent 48 

experiments. (G) 293 REGγ-WT (active REGγ) and 293 REGγ-N151Y 49 

(inactive REGγ) cells were induced by doxycycline (DOX, 1µg mL-1) for 36 hrs, 50 

and then transfected 1ug HA-Lats1, 1ug HA-vector or HA-NIP30 followed by 51 

Western Blot analysis. Data represent mean ± SEM from three independent 52 

experiments. 53 

 54 

 55 
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 58 

Supplementary Figure 3. Phosphorylation of NIP30 at specific sites is 59 

required for its regulation of REGγ pathway. (A) NIP30 fragments 1-127, 60 

1-169, 1-211, 128-254, 29-254 were constructed in PSG5-HA tag vector and 61 

co-transfected with PSG5-HA vector (HA-empty), NIP30 full length and 62 

flag-REGγ in 293T cells for 48hrs. HA beads were used for 63 

immunoprecipitation assay. (B) 293T cells were transfected with 2μg 64 

HA-vector or HA-NIP30 WT or HA-NIP30 4A for 36hrs. HA beads were used 65 

for immunoprecipitation assay, then treated with λPP or dd water. Cell lysates 66 
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were analyzed by immunoblotting with anti-HA antibody. Data in this figure are 67 

representatives of three independent repeats. (C) 293T cells were transfected 68 

with flag-tagged REGγ and HA-tagged NIP30 wildtype (WT) or single point 69 

mutation of NIP30 S226A, NIP30 S226D, NIP30 S227A, NIP30 S227D, NIP30 70 

S228A, NIP30 S228D, NIP30 S230A, NIP30 S230D plasmids. Cell lysates 71 

were immunoprecipitated with anti-Flag beads and probed with anti-HA and 72 

anti-flag antibodies. (D, E) Stable 293 cell lines expressing HBTH-hNIP30 73 

pellets were collected and incubated with streptavidin beads. And then the 74 

conjugated protein complexes in beads were digested and identified by LC 75 

MS/MS analysis. (F-H) The His-p21 protein concentration purified by E. coli 76 

was measured as 1.88μg/μl based on a standard curve with commercially 77 

available BSA (0.5μg/μl, 1μg/μl, 2μg/μl, 3μg/μl, 4μg/μl, 5μg/μl, 6μ78 

g/μl) using a BCA kit for the absorbance at 562 nm. A Coomassie brilliant blue 79 

staining result was shown to demonstrate different concentrations of BSA 80 

standards and the purified His-p21 proteins. (I) Following application of 1 81 

microgram of p21 plasmid in a 50 microliter TNT system for in vitro translation, 82 

the amount of p21 in a 5 microliter TNT translation system was estimated as 83 

10~15 ng by Western blot analysis of 5 microliter of TNT mix along with 5ng, 84 

10ng, 15ng, 20ng, 30ng, 40ng, and 50ng His-p21. (J) Purified NIP30 WT, 85 

NIP30 4A, NIP30 4D, REGγ, 20S proteasome and in vitro translated p21 86 

proteins were incubated at 30℃ as described in Materials and Methods. 87 

Anti-actin immunoblot is shown as the loading controls. Grayscale values of 88 

p21 were measured by Image J. The numbers below p21 bands represent 89 

values normalized against loading controls (actin) relative to the grayscale 90 

value in lane 1 which is set as a reference for the rest of bands. (K) The 91 

quantitated p21 values in J were statistically analyzed along with additional two 92 

repeating degradation experiments (see Source Data P 41/42). To ensure 93 

reliable comparison, the grayscale values of the first p21 bands in the 94 

repeating experiments were arbitrarily set to 3.2 (same as in J) followed by 95 

normalization of relative p21 levels for the rest of lanes. Values in each bar are 96 
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presented as the means ± SEM. ***, p<0.001. n.s.=no significance (one-way 97 

Anova). P (lane1, lane4) = 9.6E-7, P (lane4, lane7) = 1.4E-4, P (lane5, lane7) 98 

= 1.9E-4，P (lane6, lane7) = 3.3E-4. (L) REGγ WT and knock out 293T cells 99 

were infected with plvx-EF1α-ires-puro-flag-NIP30 (WT, 4A, 4D) to construct 100 

stable cells. Cell lysates were collected and flag, REGγ, p21 and actin were 101 

analyzed by Western blotting. (M) The same quantity of 293T cells as were 102 

seeded, cell proliferation was analyzed by MTT assay. Data represented mean 103 

+ SEM (n=4) (N) Xenograft Tumors were dissected and volumes were 104 

measured; n=12, REGγ+/+ group; n=9, REGγ+/+NIP30 WT group; n=12, 105 

REGγ+/+NIP30 4A group; n=8, REGγ+/+NIP30 4D group; n=8, REGγ-/- group; 106 

n=6, REGγ-/-NIP30 WT group; n=8, REGγ-/-NIP30 4A group; n=6, 107 

REGγ-/-NIP30 4D group. Values are presented as the means ± SEM. *, p<0.05; 108 

**, p<0.01 (one-way Anova). P(lane1, lane2) = 3.4E-4, P(lane1, lane4) = 0.002, 109 

P(lane1, lane4) = 9.7E-4. 110 

 111 

 112 

Supplementary Figure 4. Validation of the specificity of antibodies for 113 

pNIP30-Ser228 and pNIP30-Ser230. (A)  293T cells were transfected with 114 

HA-NIP30 WT, HA-NIP30 4A, HA-NIP30 4D for 48 hrs, and then HA beads 115 

were used to pull down the protein by anti-HA. pNIP30-Ser228 and total NIP30 116 

antibody were used in Western blot. (B) 293T cells were transfected with 117 

HA-NIP30 WT, HA-NIP30 4A, HA-NIP30 4D for 48 hrs, and then HA beads 118 

were used to pull down the protein by HA-antibody. –pNIP30-Ser230 and total 119 
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NIP30 antibody were used in Western blot. All data in this figure are 120 

representatives of three independent repeats. 121 

 122 

 123 
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Supplementary Figure 5. CK2 is an upstream kinase of NIP30. (A) 132 

Prediction of the upstream kinase using GPS2.1. (B) Reciprocal 133 

interactions between CK2 and NIP30 in 293T cells were determined by 134 

exogenous co-immunoprecipitation and Western blot analysis. Data represent 135 

mean ± SEM from three independent experiments. (C) Overexpressed 136 

Flag-CK2α in H1299 cells. Cell lysates were subjected to Western blot analysis 137 

using flag, REGγ, total NIP30, pNIP30Ser228, pNIP30Ser230, p21 and actin. 138 

Data represent mean ± SEM from three independent experiments. (D) 139 

Overexpressed Flag-CK2α’ in H1299 cells. Cell lysates were subjected to 140 
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Western blot analysis using flag, REGγ, total NIP30, pNIP30Ser228, 141 

pNIP30Ser230, p21 and actin. Data represent mean ± SEM from three 142 

independent experiments. (E) In 293T cells, 2ug candidate phosphatase 143 

plasmids (indicated by numbers for double-blinded screening) or 144 

pcDNA3.0-vector (control) were transiently transfected for 36hrs and then the 145 

expression of p-NIP30S228 was examined by Western blotting. Data 146 

represent mean ± SEM from three independent experiments. (F) The 147 

sequencing results of the selected candidate. (G) Sequencing results were 148 

obtained through NCBI database. (H) 293T WT and stable overexpression of 149 

NIP30 4A/ 4D cells were transfection with flag-CDC25A. Flag-CDC25A, p21 150 

and actin were analyzed by Western blotting in three independent experiments. 151 

Data represent mean ± SEM. (I) NIP30 was knocked down in SKNMC and 152 

A673 cells after treatment with NSC95397 for 3 hrs. Cell lysates were 153 

subjected to Western blot analysis. Data represent mean ± SEM from three 154 

independent experiments. (J) HCT116 (shN) and shR cells were treated with 155 

NSC95397 for 6 hrs. Cell lysates were subjected to Western blot analysis. 156 

Data represent mean ± SEM from three independent experiments. (K) Primary 157 

MEF cells were isolated from NIP30 Wild type and knock out mice and then 158 

NSC95397 was treated in cells for 6 hrs. The cell lysates were collected and 159 

the protein level of CDC25A, actin, p21 and NIP30 were analyzed by Western 160 

blotting in three independent experiments. Data represent mean ± SEM. (L) 161 

Flag-NIP30 and flag-CDC25A were individually expressed in 293T cells. Cell 162 

lysates were immunoprecipitated with anti-flag M2 agarose beads. The purified 163 

NIP30 was incubated with or without CDC25A for 5, 10, 20, or 30 minutes. The 164 

reaction products were separated by SDS-PAGE and analyzed by Western 165 

blot. Data represent mean ± SEM from three independent experiments. 166 

 167 
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Supplementary Figure 6. CDC25A-NIP30-REGγpathway activated in cell 172 

cycle from G0/G1 to S phase. (A) REGγ WT and knock out 293T cells were 173 

stained with PI and analyzed by flow cytometry analysis to enure synchronized 174 

to G0/G1, S, G2/M phase. (B) H1299 REGγ shN and shR cells were stained 175 

with PI and analyzed by flow cytometry analysis to make sure synchronized to 176 

G0/G1, S, G2/M phase. (C) Synchronized H1299 REGγ shN and shR cells to 177 

G0/G1, S, G2/M phase, followed by Western blot analysis using indicated 178 

antibodies. Data represent mean ± SEM from three independent experiments. 179 

(D) DNA content was analyzed by flow cytometry analysis in Normal, stable 180 
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NIP30 4A/4D overexpressed, CDC25A overexpressed and NSC95397 treated 181 

293T cells. Data represented mean ± SEM (n=3, one-way Anova). *, p<0.05; **, 182 

p<0.01; ***, p<0.001. P(lane1, lane2)=2.6E-4, P(lane1, lane3)=1.6E-4, 183 

P(lane1, lane4)=6.3E-5, P(lane1, lane5)=2E-5, P(lane6, lane8)=0.032, P(lane6, 184 

lane9)=0.027, P(lane6, lane10)=0.003. (E) DNA content was analyzed by flow 185 

cytometry analysis in Normal, stable NIP30 4A/4D overexpressed, CDC25A 186 

overexpressed and NSC95397 treated H1299 cells. Data represented mean ± 187 

SEM (n=3, one-way Anova). *, p<0.05; **, p<0.01; ***, p<0.001. P(lane1, lane3) 188 

=2.1E-8, P(lane1, lane4) =1.6E-3, P(lane1, lane5) =2.5E-5, P(lane6, lane8) 189 

=3.3E-5, P(lane6, lane9) =0.046, P(lane6, lane10) =0.015. (F) DNA content 190 

was analyzed by flow cytometry analysis in SKNMC cells treated with 191 

si-Control or siRNA. Data represented mean ± SEM (n=3, two-tailed t-test). *, 192 

p<0.05; **, p<0.01. P(lane1, lane2) =4.1E-3, P(lane3, lane4) =0.048. 193 

 194 

 195 

 196 
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 198 

Supplementary Figure 7. The action of the CDC25A-NIP30-REGγ pathway 199 

following DNA Damage. (A) REGγ WT and knock out 293T cells were treated 200 

with 0, 15 J/cm2, 25 J/cm2 or 35 J/cm2 UV irradiation and harvested 12hrs later. 201 

Cell lysates were immunoprecipitated with indicated antibodies. Data 202 

represent mean ± SEM from three independent experiments. (B) REGγ WT 203 

and knock out 293T cells were treated with 0, 15 J/cm2, 25 J/cm2 UV irradiation 204 

and harvested 12hrs later. The real time PCR assay was performed to analyze 205 

p21 gene expression; n=3, each group. Values are presented as the 206 

means ± SEM. n.s.=no significance (one-way Anova) (C) H1299 REGγ shN 207 

and shR cells were treated with 0, 15 J/cm2, 25 J/cm2 UV irradiation and 208 

harvested 12hrs later. The real time PCR assay was performed to analyze p21 209 

gene expression; n=3, each group. Values are presented as the means ± SEM. 210 

n.s.=no significance (one-way Anova) (D) REGγ WT and knock out 293T cells 211 

were transiently transfected with siCDC25A/Control , then treated with 15 212 

J/cm2, 25 J/cm2 UV irradiation and harvested for 12hrs. Cell lysates were 213 

subjected to Western blot using indicated antibodies. Data represent mean ± 214 

SEM from three independent experiments. (E) REGγ WT and knock out 293T 215 

cells were transiently transfected with siNIP30/Control, then treated with 15 216 

Jcm2, 25 J/cm2 UV irradiation and harvested for 12hrs. Cell lysates were 217 
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immunoprecipitated with indicated antibodies. Data represent mean ± SEM 218 

from three independent experiments. (F) REGγ WT and knock out 293T cells 219 

were treated with 0.2mM MMS for different time. The levels of CDC25A, total 220 

NIP30, NIP30Ser228p, NIP30Ser230p, p21, REGγ and γH2AX were determined by 221 

immunoblotting. Actin was used as a loading control. Data represent mean ± 222 

SEM from three independent experiments. (G) REGγ WT and knock out 293T 223 

cells were treated with 0.2mM MMS for different time and real time PCR assay 224 

was performed to analysis p21 gene expression; n=3, each group. Values are 225 

presented as the means ± SEM. n.s.=no significance (one-way Anova) (H) 226 

H1299 REGγ shN and shR cells were treated with 0.2mM MMS for different 227 

time and real time PCR assay was performed to analysis p21 gene expression; 228 

n=3, each group. Values are presented as the means ± SEM. n.s.=no 229 

significance (one-way Anova) (I) REGγ WT and knock out 293T cells that 230 

knock down CDC25A by siRNA were treated with 0.2mM MMS for 0.5 hr or 1hr. 231 

Cell lysates were subjected to Western blot using indicated antibodies. Data 232 

represent mean ± SEM from three independent experiments. (J) H1299 REGγ 233 

shN and shR cells were transiently transfected with siCDC25A/Control, and 234 

then cells were treated with 0.2mM MMS for 0.5 hr or 1hr. Cell lysates were 235 

subjected to Western blot using indicated antibodies in three independent 236 

experiments. Data represent mean ± SEM. (K) REGγ WT and knock out 293T 237 

cells that knock down NIP30 by siRNA were treated with 0.2mM MMS for 0.5 238 

hr or 1hr. Cell lysates were subjected to Western blot using indicated 239 

antibodies. Data represent mean ± SEM from three independent experiments. 240 

(L) H1299 REGγ shN and shR cells cells were transiently transfected with 241 

siNIP30/Control and then cells were treated with 0.2mM MMS for 0.5 hr or 1hr. 242 

Cell lysates were subjected to Western blot using indicated antibodies. Data 243 

represent mean ± SEM from three independent experiments. 244 

 245 
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 247 

 248 

Supplementary Figure 8. GCTA analysis of NIP30. (A) Distribution of point 249 

mutations in the NIP30 gene.  250 
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