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Supplementary Materials and Methods 

Quantitative real-time PCR 

The total RNA from each sample was isolated by Trizol (Invitrogen) according to the 

manufacturer's protocols. The BARD1 gene expressions in mRNA level were 

determined by real-time quantitative RT-PCR based on two-step SYBR green I 

chemistry using a ABI PRISMⓇ 7000 Sequence detector (Applied Biosystems) with 

the SYBRⓇ Premix Ex TaqTM (TaKaRa) according to the manufacturer’s instruction. 

Each reaction was performed in triplicate and data were analyzed according to the 

comparative Ct method and were normalized by β-actin expression in each sample. The 

primers used were as follows: BARD1, forward primer 

5'-GGCTGAGCAAATAGAGTCTCCAGACACTAAGAGC-3' and reverse primer 5'- 

CTCTTAGAAATGGGACTGGAAAGTCTATTGTGATG-3', β-actin, forward primer 

5'-CCCTGAGGCACTCTTCCAG-3' and reverse primer 

5'-ACTTGCGCTCAGGAGGAGC-3 

 

Tissue immunohistochemistry  

Human primary breast carcinoma tissue samples were obtained and handled in 

accordance with an approved Institutional Review Board application. Formalin-fixed, 

paraffin-embedded specimens were immunostained with anti-HERC2 antibody (1:50 

dilution) or anti-BRCA1 antibody (1:70 dilution) by the EnVision+ System (Dako) with 

a heat-induced, antigen retrieval step.  
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Supplementary Figure Legends 

Supplementary Figure S1.   

Mass spectrometric screening of BRCA1 immunocomplex identified HERC2. Proteins 

interacting with FLAG-BRCA1 were immunoprecipitated from transfected HEK-293T 

cells after incubation for 10 hours with 5 μM MG132 using anti-FLAG antibody-cross 

linked beads. The proteins were eluted off the beads and were subjected to nanoscale 

capillary liquid chromatography-tandem mass spectrometric (LC/MS/MS) analysis as 

described {Nishikawa, 2004 #408}. The Mascot software program (Matrix Science, 

London, UK) analyzed the acquired collision-induced dissociation spectra by searching 

the National Center for Biotechnology Information (NCBI) protein databases. Of the 

proteins identified, HERC2 exhibited the highest possibility with 10 peptides displaying 

a probability based Mowse score of 80. The peptides identified are shown with amino 

acid numbers. They distribute over the full length HERC2 as indicated in the top 

schema. The expected functional domains in the predicted HERC2 protein are shown. 

RLD: RCC1(regulator of chromatin condensation 1)-like domain, Heme1: Cytochrome 

b5-like Heme/Steroid binding domain, CPH: conserved domain within Cul7, PARC and 

HERC2 (that in Cul7 and PARC interacts with p53), ZZ ZnF: ZZ type Zinc finger, 

HECT: homologous to E6AP C-terminus.  

 

Supplementary Figure S2.   

BARD1 interaction status and stability of N-terminal BRCA1 fragments. (A) 

HEK-293T cells were transiently co-transfected with plasmids expressing Myc-BRCA1 
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fragments and full length HA-BARD1 as indicated. After 36 hours, cell lysates were 

prepared and immunoprecipitated (IP) followed by immunoblot (IB) using indicated 

antibodies. (B) HEK-293T cells transfected with the indicated fragment of Myc-BRCA1 

(2.5 μg/well of 6-well plate) were incubated with cycloheximide (CHX) and chased for 

the indicated lengths of time. Whole cell lysates were then immunoblotted with the 

indicated antibodies. The second panel represents a longer exposure.  

 

Supplementary Figure S3.  HERC2 expression in cultured cells.   

(A) Cytoplasmic localization of HERC2. HeLa cells were transfected with control or 

HERC2-targeting siRNAs and stained with anti-HERC2 antibody (upper panels). The 

nucleus was counter-stained with DAPI (lower panels). (B) Cellular localization of 

HERC2 and BRCA1 in cell cycle. HeLa cells were synchronized and stained with 

HERC2 and BRCA1 antibodies as indicated. Cell cycle progression was monitored by 

FACS analysis as in Fig. 5A and indicated at the bottom. Cells in late S-phase at four 

hours after release from double-thymidine block were shown at larger magnification 

(right upper panels). Merge indicates the overlaid images of the two proteins. The 

nucleus was stained with DAPI. (C) HERC2 is a possible nuclear-cytoplasmic shuttle 

protein. HeLa cells were incubated with leptomycin B (LMB +) or solvent ethanol 
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(LMB -) and stained with anti-HERC2 antibody. The nucleus was stained with DAPI. 

(D) Cellular localization of HERC2 fragments. HEK-293T cells transfected with 

FLAG-HERC2 fragments were formalin fixed and stained with anti-FLAG antibody.  

 

Supplementary Figure S4.  

BRCA1 expression in HERC2 depleted cells. HeLa cells transfected with the indicated 

siRNA were synchronized in S-phase and cell lysates prepared with 0.5%NP-40-based 

buffer were immunoblotted with the indicated antibodies. 

 

Supplementary Figure S5.  

Quantitative real-time PCR analysis for BARD1 mRNA expression. HeLa cells 

transfected with the indicated siRNA as in Fig. 6A was subjected to quantitative 

real-time PCR analysis for BARD1 mRNA expression. The mean percentages relative 

to the expression of mRNA in cells with control siRNA are shown with the standard 

deviation.  

 

Supplementary Figure S6.  

Expression of catalytically inactive HERC2 mutant prolongs BRCA1 half-life. 

HEK-293T cells transfected with C4762S mutant of FLAG-HERC2-F5 or parental 

pcDNA3 vector were incubated with cycloheximide (CHX) and chased for the indicated 
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lengths of time. Whole cell lysates were then immunoblotted with the indicated 

antibodies. 

 

Supplementary Figure S7.  

G2/M checkpoint activity induced by IR. Asynchronous HCT116 cells were left 

untreated (asyn), or incubated with nocodazole for 12 hours without (noco) or after 

irradiation with 10 Gy (noco/IR). Cells were costained for DNA content and histone H3 

phosphorylation, and were analyzed by flow cytometry. Mean percentages of mitotic 

cells from three individual experiments (left panel) and representative data (right 

panels) are shown. The boxed area in the top panel indicates mitotic cells. 

 

Supplementary Figure S8.  

HERC2 expression in human breast tissues.  

(A) Breast cancer tissue was fixed and stained with HERC2 antibody. While breast 

cancer cells (arrow) and non-cancerous breast ductal cells (arrowheads) express HERC2, 

mesenchymal cells did not. Scale bar, 100 mm. (B) HERC2 and BRCA1 expression in 

breast cancer. Tissue samples from 60 cases of breast cancer were stained with HERC2 

or BRCA1 antibody. Two typical cases are shown: high expression levels of HERC2 

with low levels of BRCA1 (case #1), or vice versa (case #2). Scale bar, 50 mm. The 

table summarizes the expression levels of HERC2 and BRCA1 in 60 cases of breast 

cancer. Expression levels were scored as follows. Score 0: no positive cells, score 1: 

less than 10% positive cells, score 2: 10% or more positive cells. 


