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DEPARTEMENT OF GENETICS AND MOLECULAR BIOLOGY 
LABORATORY OF GENE INFORMATION ANALYSIS 
 

1) Binding specificity of hREV7 protein: T. HANAFUSA, E. OHASHI, K. HARA, 

H. HASHIMOTO1, and H. OHMORI (1Yokohama City University) 

Human cell has at least 15 different DNA polymerases (Pols). Among them, only a 
few enzymes (such as Polδ and Polε) essential for chromosomal DNA replication have 
proof-reading function due to intrinsic 3’-5’ exonuclease activity and exhibit high 
processivity in the presence of PCNA, the sliding clamp. Most of human Pols lack such 
proof-reading activity and hence are error-prone. However, such error-prone Pols are 
required for bypassing through sites of damaged DNA. Four Y-family Pols (Polη, Polι, 
Polκ and REV1) and one B-family (Polζ) have been shown to participate for translesion 
DNA synthesis (TLS). While the four Y-family enzymes are composed of a single 
subunit, Polζ contains two subunits; the REV3 catalytic subunit and the REV7 
accessory subunit of unknown function. The human REV7 (hereafter hREV7) has a 
weak similarity (23% identity) to the human MAD2 protein, which plays a crucial role 
in spindle assembly checkpoint via interactions with MAD1 or CDC20. For the reason, 
hREV7 is also called hMAD2B (hMAD2L2 or hMAD2β). hREV7 has also been 
reported to interact with multiple human proteins of various function, such as ADAM9 
(a metalloprotease disintegrin), PRCC (papillary renal cell carcinoma) or ELK-1 
(transcriptional factor involved in JNK MAP kinase pathway). Moreover, a recent study 
has reported that hREV7 interacts with the Shigella IpaB protein, which is one of the 
promoting effectors for the bacterial inversion into host cells. Thus, hREV7 seems to 
play a critical role in linking TLS to cell cycle regulation or gene expression changes. 

Previously, hREV7 was shown to interact with a C-terminal domain (CTD) of 
hREV1 (approximately 120 aa in the total 1251 residues) and a central region of hREV3 
(approximately 50 aa in the total 3130 residues). More recently, we and other groups 
reported that the same hREV1 CTD interacts also with Polκ, Polι and Polη via short 
motif sequences containing two consecutive phenylalanine (FF) residues. However, 
since hREV7 does not contain any FF sequence in the entire region (211 residues), we 
expected that hREV7 should interact with the REV1 CTD differently from the three 
Pols.  



To investigate how hREV7 interacts with hREV1 or hREV3, we first analyzed 
which region of hREV1 or hREV3 were required for the binding to hREV7. Our 
obtained by yeast two-hybrid assay revealed that while approximately 90 residues in the 
hREV1 CTD is required for its interaction to hREV7, a short (9 aa) sequence of hREV3 
(1877-ILKPLMSPP-1885) is sufficient for interacting with hREV7.  Further analyses 
by alanine scanning mutagenesis revealed that the P1880A and P1885A mutations 
significantly reduced the hREV7-interacting activity and that the P1880A/P1885A 
double mutation completely abolished the activity. Similar analyses with ADAM9 and 
ELK1 also revealed that the presence of two Proline residues is crucial for the hREV7 
interaction. Thus, we concluded that φLxPxxxxP (φ is a hydrophobic residue and x is 
any amino acid residue) is the consensus sequence of the hREV7-binding motif. 

Very surprisingly, hMAD2 was also found to bind to the same hREV7-binding 
sequence of hREV3, while it did not interact with the hREV1, ADAM9 or ELK1. 
hREV7 did not interact with the hMAD2-binding sequence of MAD1 or CDC20, whose 
consensus sequence is often presented as (K/R)φφxxxxP. While some previous papers 
suggested that hREV7 interacted with CDH1, a homologue of CDC20, we could not 
detect any interaction between hREV7 and CDH1 by our yeast two-hybrid assays. 
Furthermore, we found that mutations at some residues in the 1877-ILKPLMSPPS-1886 
sequence of hREV3 differently affected the interactions with hREV7 and hMAD2. For 
example, I1877A and L1878A substitutions completely abolished the interaction with 
hMAD2, while they showed no or little affect on the interaction with hMAD2. On the 
other hand, P1880F substitution abolished the hREV7 interaction, while fully retaining 
the hMAD2 interaction. These results were confirmed by in vitro pull-down assays 
using fusion proteins (GST-hREV3 and hREV7-His or hMAD2-His) that were 
overproduced in E. coli cells. Thus, our results suggest a possibility that hREV3 may be 
involved in spindle assembly checkpoint via interaction with hMAD2. We are currently 
trying to determine the binding specificity of hREV7 and hMAD2 at the atomic level. 

 
2) Testis specific 3’-mRNA processing in the Polk and Ccdc89 genes: Y. S. CHAN, 
H. TANAKA1, H. OHMORI (1Osaka University)  

 
Polκ is one of DNA polymerases specialized for translesion DNA synthesis. While 

many genes involved in DNA repair, replication and recombination show higher 



expressions in testis than in other organs, mRNAs for both human POLK and mouse 
Polk genes have a unique feature; their transcripts in testes are much shorter than those 
in other organs.  The mRNAs coding for Polκ abundantly expressed in testes are about 
2.8kb in length whereas those ubiquitously expressed in many other organs (including 
testis at lower level) are 4.2kb. The major and shorter transcripts found in testis have a 
polyA tail immediately downstream of the translation stop codon, whereas the longer 
transcripts have a much longer 3’-UTR with multiple copies of ARE (AU-rich 
elements) that is known to destabilize mRNA when present in 3’-UTR. 

We are interested in examining whether transcripts of other genes are similarly 
regulated. Ccdc89, a mouse gene whose expression is dramatically up-regulated during 
spermiogenesis, was reported to generate shorter transcripts in testis than those found in 
other organs at embryonic stages. Our experiments with Northern blotting showed that 
Ccdc89 is expressed specifically in testis of inborn and adult mice. The major 
transcripts found in testis are about 1.5kb in length while the transcripts expressed in 
embryo and the minor transcripts found in testis are 2.4kb. In addition, all of such 
transcripts have the same coding region, differing only in the length of 3’-UTR. By 
analyzing the 3’-end sequence of 3'-RACE products, we found that their polyA signals 
differ from each other. Furthermore, 5’-cap site hunting analysis showed that 
transcription of this intron-less gene starts from only one site. Thus, we concluded that 
Ccdc89-mRNAs with different lengths in 3’-UTR are generated due to alternative 
selection of polyA signal, not due to alternating splicing or initiation of the transcription 
at different sites. Because the longer transcripts of Polk and Ccdc89 have long 3’-UTR 
containing multiple copies of AUUUA sequence (an essential and minimal units of 
ARE), it seems plausible that a similar mechanism operates to generate shorter 
transcript with shorter 3’-UTR that contain no or less copies of AUUUA, thereby 
increasing mRNA stability in testis. 

CstF64 is a protein essential for polyadenylation of mRNA, involved in the 
cleavage process of nascent transcripts in the downstream of the consensus polyA signal 
AAUAAA. The gene coding for CstF64 is located on the X chromosome. Recently, it 
has been shown that a new form of CstF64 (named τCstF64) is highly expressed in 
testis during pachytene periods, while the CstF64 gene expression is blocked due to X 
chromosome inactivation. Since our Northern blotting results showed that mRNAs of 
Polk and Ccdc89 with different lengths in 3’-UTR are generated after the induction of 



the τCstF64 gene, we believe that τCstF64 plays a key role in causing the differences of 
polyadenylation site selections. 

To verify whether τCstF64 alone is sufficient in causing alternative polyA signal 
selection, we plan to examine the change of size for Polk-transcripts under τCstF64 
over-expressed condition in NIH3T3 cells. Next, we are also going to examine the 
change in length of Ccdc89-mRNA under τCstF64 over-expressed condition, by 
co-transfection of Ccdc89 expression vector with τCstF64 expression vector into 
NIH3T3 cells. On the other hand, since possibility that some factors other than τCstF64 
may also take part in the selection of polyA signal exists, we plan to investigate the 
change of size for both Polk- and Ccdc89-mRNA in mGS cells (male germ cells 
isolated from neonatal mouse testis) when  the expression of τCstF64 is suppressed by 
siRNA. 
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Many proteins involved in DNA replication and repair are known to undergo 
post-translational modifications such as phosphorylation and ubiquitination. PCNA 
(Proliferating Cell Nuclear Antigen, a homo-trimeric protein that encircles 
double-stranded DNA to function as a sliding clamp for DNA polymerases) is 
mono-ubiquitinated by the Rad6-Rad18 complex, and further poly-ubiquitinated by the 
Rad5-Mms2-Ubc13 complex, in response to various DNA-damaging agents. PCNA 
mono- and poly-ubiquitination activate an error-prone translesion synthesis pathway 
and an error-free pathway of damage avoidance, respectively. We showed that RFC 
(Replication Factor C, a hetero-pentameric protein complex that loads PCNA onto 
DNA) is also ubiquitinated in a RAD18-dependent manner in cells treated with 
alkylating agents or H2O2. A mutant form of RFC2 with a D228A substitution 
(corresponding to a yeast Rfc4 mutation that reduces an interaction with RPA, a 
ssDNA-binding protein) is heavily ubiquitinated in cells, even in the absence of DNA 
damage. Furthermore, RFC2 was ubiquitinated by the RAD6-RAD18 complex in vitro 
and its modification was inhibited in the presence of RPA. RPA-sensitive ubiquitination 
is unique to RFC2, not reported for PCNA. Our findings suggest that RPA plays a 



regulatory role in DNA damage responses via RFC2 ubiquitination in human cells 
(Ref).   
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