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Abstract– We have reviewed the COP1 mediated tumor suppressor protein p53 pathway and its oncogenic role. 
COP1 is a negative regulator of p53 and acts as a pivotal controller of p53-Akt death-live switch (Protein kinase B). 
In presence of p53, COP1 is overexpressed in breast, ovarian, gastric cancers, even without MDM2 (Mouse double 
minute-2) amplification. Following DNA damage, COP1 is phosphorylated instantly by ATM (Ataxia telangiectasia 
mutated) and degraded by 14-3-3σ following nuclear export and enhancing ubiquitination. In ATM lacking cell, oth-
er kinases, i.e. ATR (ataxia telangiectasia and Rad3-related protein), Jun kinases and DNA-PK (DNA-dependent pro-
tein kinase) cause COP1 & CSN3 (COP9 signalosome complex subunit-3) phosphorylation and initiate COP1’s down 
regulation. Although, it has been previously found that co-knockout of MDM2 and COP1 enhance p53’s half-life by 
eight fold, the reason is still unknown. Additionally, while interacting with p53, COP1 upregulate MDM2’s E3 ubiq-
uitin ligase, Akt, CSN6 (COP9 signalosome 6) activity and inhibit 14-3-3σ’s negative regulation on MDM2 and 
COP1 itself. Conclusively, there persists an amplification loop among COP1, MDM2, Akt and 14-3-3σ to regulate 
p53’s stability and activity. However, the role of another tumor suppressor PTEN (phosphatase and tensin homo-
logue) is yet to be discovered. This study provides insight on the molecular genetic pathways related to cancer and 
might be helpful for therapeutic inventions.   
  
Keywords– COP1, p53, 14-3-3σ, PTEN, MDM2, ATM, Akt, CSN3, CSN6, MLF1.  

 
 

INTRODUCTION                                                                     

In plant, COP1 is a crucial mediator to block Photo-
morphogenesis during dark through ubiquitin medi-
ated proteasomal degradation of light-induced tran-
scription factor Hypocotyl 5 (HY5) (Hardtke et al., 
2000). Human constitutive photomorphogensis pro-
tein 1 (huCOP1= “COP1”) E3 ubiquitin ligase, is re-
portedly overexpressed in breast, ovarian cancer 
(Dornan et al., 2004a), and hepatocellular carcinomas 
(HCC), third most lethal neoplasm (Lee et al., 2010) 
and gastric cancer and predictive of survival in the 
latter (Li et al., 2012). Therefore, it contributes to accel-
erate degradation of the p53 protein also attenuating 
p53’s function (Dornan et al., 2004b). The p53 is 
dubbed as “the guardian of genome” (Lane, 1992) 

which reflects its real function. It is the single hub 
through which various kind of signals pass and ex-
presses decisive cellular response (Lu, 2010). The p53 
applies emergency break when DNA is damaged by 
irradiation, mutagenic chemicals and other stress con-
ditions. Following DNA damage, damage sensing 
molecules such as ATM becomes active and phos-
phorylates p53 such as at serine-(ser)-15 (Su et al., 
2010). The p53 becomes an active transcription factor 
and induces transcription of several genes to mediate 
cell cycle arrest, DNA repair, apoptosis such as p21, 
14-3-3σ (sigma), PTEN and inhibit E3 ligases such as 
MDM2, COP1, p53-induced protein with a RING-h2 
domain (Pirh2) (Dornan et al., 2004b). E3 ligases inhib-
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it the function of p53 by causing its ubiquitin mediat-
ed proteolysis. p53-Akt act as death-live Switch. 
Death-live Switch becomes on/off depending on Bista-
bility. In respect to p53-Akt death-live Switch, p53 ac-
tive means the immediate pause of cell growth or 
apoptosis and Akt active means the cell will proceed 
on (Wee and Aguda, 2006). COP1 is the pivotal mole-
cule of the p53 and 14-3-3σ, p53 and MDM2 & Akt and 
MDM2 pathways. While COP1 increases, 14-3-3σ de-
creases and Akt activates; and thus COP1 prevents p53 
dependent apoptosis and induces cell growth. 

COP1 regulates various cellular functions, for in-
stance, proliferation and survival, through ubiquitin- 
mediated protein degradation. Ubiquitinated target of 
COP1, such as p53, is the first identified target of 
COP1 in mammal (Dornan et al., 2004b). COP1 is able 
to ubiquitinate p53 without MDM2 or Pirh2 (Bianchi 
et al., 2003). Silencing of COP1 and MDM2 enhances 
half-life of p53 two fold in comparative to control re-
spectively. But co-silencing of MDM2 and COP1 en-
hance half-life of p53 eight-fold in relative to control 
(Dornan et al., 2004b). This effect is double than the 
summation of MDM2 and COP1’s independent effects. 
Therefore, COP1 axis plays pivotal role in spreading 
cancer. 

 

REGULATION OF COP1 THROUGH ATM 
ATM protein kinase, one of the critical components of 
DNA damage sensing molecule, protects genomic in-
tegrity. ATM is a molecular police for DNA damage 
and phosphorylates key effecter substrates like the 
tumor suppressor p53 and E3 ligases such COP1, 
MDM2 to dampen their ability to negatively regulate 
p53 (Pereg et al., 2005). These three enzymes: ATM, 
ATR and DNA-PK are involved in DNA damage re-
sponses. ATM and ATR participate in the activation of 
cell-cycle checkpoints induced by DNA damage (Keith 
and Schreiber, 1995), whereas DNA-PK acts primarily 
during DNA repair. The ATM protein is encoded by 
the ATM gene responsible for the human genetic dis-
order Ataxia telangiectasia (AT), a rare autosomal re-
cessive genetic disorder (Anderson and Carter, 1996). 

ATM – p53   

The p53 is tightly regulated by controlled degradation 
through E3 ubiquitin ligases such as COP1, is a critical 
negative regulator of p53 (Dornan et al., 2004b). There-
fore, in response to DNA damage, ATM phosphory-
lates Ser387 on COP1, which is necessary and suffi-

cient to disrupt the COP1-p53 complex and subse-
quently to abrogate the ubiquitination and degrada-
tion of p53 thus p53 becomes stabilized and exerts its 
tumor suppressor properties in response to DNA 
damage (Dornan et al., 2006). Activation of ATM caus-
es decrease in the abundance of COP1 protein. Ubiqui-
tination event entirely depends on phosphorylation at 
Ser-387 on COP1. Ser-15 is a functionally important 
residue within the p53 amino-terminal region. Ser-15 
on p53, phosphorylated by ATM, represents an early 
cellular response to a variety of genotoxic stresses 
(Siliciano et al., 1997). Therefore, ATM is directly re-
sponsible for phosphorylation and degradation of 
COP1. 

ATM lacking fibroblasts  

The steady-state levels of COP1 in human fibroblasts 
after DNA damage induced by 10 Geiger (Gy) of IR 
started to decline within 30 minutes and decreased to 
an almost undetectable level by 1 hour after exposure 
to IR. This is closely correlated to an increase in 
steady-state levels of p53 and activation of the down-
stream target gene p21. There is decrease of COP1 pro-
tein abundance but not decrease of COP1 in mRNA 
levels, besides same result with as low as 2 Gy of IR. 
Human fibroblasts, derived from A-T patient, lack the 
function of ATM. When these fibroblasts were stimu-
lated by 10 Gy IR, steady-state level of COP1 protein 
was unchanged in these fibroblasts at early time 
points but decreased in abundance at later time points 
(Dornan et al., 2006). From this above information, it is 
clear that there presents some other molecules which 
can subsidize the lack of ATM. ATR functions as an 
upstream regulator of p53 phosphorylation in DNA-
damaged cells. Both ATM and ATR play partially 
overlapping and independent roles in the phosphory-
lation of p53 during cellular exposure to genotoxic 
stress. In fact, ATM’s catalytic activity is more robust 
and quicker than ATR’s catalytic activity. Consequent-
ly, when ATM’s activation is abrogated, ATR phos-
phorylates Ser-15 on p53 but takes longer time due to 
ATR’s slower catalytic activity than ATM (Tibbetts et 
al., 1999), which is consistent with the result of Dornan 
et al., (2006) report. In response to DNA damage, 
Ser15 on p53 is reported to be phosphorylated by 
DNA-PK and Jun kinases at later inductive phase 
(Lees-Miller et al., 1992). ATM phosphorylates ser-15 
on p53 and ser-387 on COP1 at the same time.  
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Therefore, it could be fairly proposed that these three 
candidates of kinases named ATR, DNA-PK and Jun 
kinases can phosphorylate ser-387 on COP1 and initi-
ate degradation of COP1 in ATM lacking cells (Fig. 1). 

 
 

HUMAN COP1  

Human COP1 officially known as Ring finger and WD 
repeat domain 2 (RFND2); synonyms are- COP1 and 
RNF200, locates on chromosome 1q25.1-q25.2. It con-
sists of 21 exons and span 263kb and encodes four 
isoforms (www.uniprot.org). Its sequence length is 
2193 nucleotides, encoding protein sequence length 
731 amino acids (a. a). It is found in plants, lower ani-
mal and human beings. Therefore, COP1 is evolution-
ary well conserved across species (Table 1). Dornan et 
al., (2004a) reported that the COP1 gene contains two 
p53 consensus recognition sites 
(PuPuPuCWWGPyPyPy) (Pu= purine and Py= pyrim-
idine) on the COP1 promoter at -2074 to -2083 and-
2086 to-2095 from +1 (ATG) transcription start point. 
Therefore, COP1 is a p53’s transcriptional target gene. 
It also reported that p53 is the first identified direct 
mammalian substrate of COP1 which binds p53 pro-
tein through the 92-160 and 318-393 Amino acid se-
quences (Yamada et al., 2013). Thereby, there exists a 
negative feedback loop between COP1 and p53. 

Function of COP1 Domains  

COP1 contains three domains- Ring, Coiled-coil and 
WD40. COP1 also contains two nuclear localization 

sequences (NLS) and one nuclear export sequence 
(NES). Coiled-coil domain locates in between Ring 
and WD40 domains. The Ring finger domain is 
marked by conserved pattern of cysteine and histidine 
residues that involves binding two zinc atoms in a 
particular cross-brace orientation (Von Arnim and 
Deng, 1993). Ring domain involves Ring or non-Ring 
protein-protein interaction. The Ring finger domain is 
necessary for COP1’s E3 ubiquitin ligase activity. 
Coiled-coil domain is important for COP1’s self-
dimerization. A monopatite NLS locates in between 
amino-terminal and Ring domain and a bipartite NLS 
is located proximal at the WD40 repeats (Fig. 2). COP1 
localizes both in cytoplasm and nucleus. In unstressed 
condition, COP1 is mainly localized in the nucleus of 
cell (Dornan et al., 2006). 

COP1’s E3 ligases effect  

According to Dornan et al. (Dornan et al., 2004b), 
COP1’s negative effect on p53 is 2-fold in respect to 
control also MDM2 and Pirh2’s negative effect on p53 
is 2-fold and 1.5-fold respectively. Co-ablation of 
COP1 and Pirh2 gives 3.5-fold negative effects on p53 
that is equal to the summation of these two E3 ubiqui-
tin ligases independent negative effects on p53. 
Whereas, co-ablation of MDM2 and COP1 gives 8-fold 
negative effects on p53 that is double to the summa-
tion of these two E3 ubiquitin ligases independent 
negative effects on p53. Although ligase activity of 
COP1 and MDM2 is independent, co-ablation of 
MDM2 and COP1 gives 8-fold negative effects on p53. 
There is evidence that COP1 is located on upstream of 

 
Figure 1. A proposed model for contribution of kinases to phosphorylate p53 and COP1. In response to DNA damage, it is re-
ported that, Ser15 on p53 is phosphorylated by ATM at an earlier inductive phase and is followed by ATR/DNA-PK/Jun kinases at 
a later steady-state phase. Similarly Ser387 on COP1 is also sequentially phosphorylated by ATM and may be followed by 
ATR/DNA-PK/Jun kinases at a later steady-state phase at different kinetics to maintain the level of Ser387 phosphorylation. 
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Akt and MDM2 and parallel to 14-3-3σ and on down-
stream of p53 in ATM and MLF1 mediated pathways 
(Yoneda-Kato et al., 2005). Up-stream relationship be-
tween COP1 and 14-3-3σ is vice versa. But, 14-3-3σ is 
always located in up-stream of MDM2. COP1 locates 
in the middle of p53 and Akt signaling pathways. 
Thereby, besides COP1’s independent E3 ubiquitin 
ligases effect on p53, COP1 enhances MDM2’s E3 
Ubiquitin ligase activity through direct interaction, by 
enhancing Akt activity also inhibiting 14-3-3σ’s nega-
tive regulation on MDM2. Thus inhibiting 14-3-3σ’s 

activity, COP1 itself reduces the 14-3-3σ inhibition up-
on COP1. Hence, there persists a cascade between 
COP1 and MDM2 axis that vigorously control p53’s 
stability and activity (Fig. 3).  

 

14-3-3 Σ PROTEIN  

14-3-3σ is originally isolated from human mammary 
epithelial cells and known as stratifin (SFN) due to its 
expression in stratified epithelia. It has two unique 
residues at Ser5 and Glutamine (Glut)-80, which lie 
opposite to each other. On the contrary, other 14-3-3 
isoforms have Asp 5 or Glu 5 residues. Because of 
these two unique residues the σ isoform cannot form 
heterodimer with other isoforms. The σ isoform is re-
sponsible for binding particular targets, which are not 
recognized by other members of 14-3-3 proteins family 
(Wilker et al., 2005). 

p53-14-3-3σ Positive Feedback Loop  

14-3-3σ gene locates in chromosome 1p35 and its pro-
moter contains a p53 response element; therefore, p53 
can directly transactivate the expression of 14-3-3σ 
following DNA damage (Hermeking et al., 1997). 14-3-
3σ binds and activates p53 in a positive feedback loop. 
It also acts as a negative regulator of Akt (Yang et al., 
2007; Yang et al., 2006). It is down regulated during 
neoplastic transformation such as breast cancer, HCC, 
ovarian cancer (Iwata et al., 2000). 14-3-3σ’s roles in 
p53 tetramerization which is critical for both p53’s 

binding to DNA sequence and facilitating p53’s tran-
scriptional activity (Waterman et al., 1998). Thus, 14-3-
3σ positively regulates p53 protein through stabilizing 
p53 and increasing p53 transcriptional activity. 

14-3-3σ is induced by p53 in response to DNA dam-
age  

p53 induces expression of 14-3-3σ to mediate cell cycle 
arrest. 14-3-3σ functions as a secondary level of tumor 
suppressor. In the absence of 14-3-3σ, cyclinB/cdc2 
complexes enter the nucleus even existed DNA dam-
age, causing mitotic catastrophe, a situation in which 
mitosis is induced with DNA damage (Chan et al., 
1999). Lack of 14-3-3σ’s activation causes immortality 
of cells, leads to tumor formation. Overexpression of 
14-3-3σ suppresses the anchorage-independent 
growth of several breast cancer cell lines (Laronga et 
al., 2000). Hence, the tumor suppressor function of 14-
3-3σ is abolished during tumorigenesis. 14-3-3σ up-

 
Figure 2. Putative COP1 domain localization. 
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regulation correlates with Akt inactivation in response 
to DNA damage. There exists a strong inverse rela-
tionship between 14-3-3σ expression and the activa-
tion of Akt. 14-3-3σ cannot function as a tumor sup-
pressor during tumorigenesis due to low expression 
or silencing (Ferguson et al., 2000). 

 

14 -3-3σ has a Positive Feedback Effect on p53  

The expression level of p53 is increased when a high 
level of 14-3-3σ is present; as a result, 14-3-3σ has a 
positive impact on p53 stability. Elevated level of 14-3-
3σ mediates p53’s stabilization directly by increasing 
p53’s half-life, while elevated level of 14-3-3σ leads to 
a decrease in the half-life of MDM2 and COP1.14-3-3σ 
directly inhibits MDM2-mediated p53’s ubiquitination, 
nuclear export and degradation by the cytoplasmic 
proteosome. 14-3-3σ blocks MDM2-mediated nuclear 
export of p53 very efficiently, thereby stabilizing and 
retaining p53 in the nucleus (Yang et al., 2003). 

14-3-3σ -MDM2 

MDM2 gene locates on chromosome12q13. MDM2 

contains both NLS and NES. Therefore, MDM2 moves 
between the cytoplasm and nucleus. Akt phosphory-
lates MDM2 on Ser-166 and Ser-188 thus inhibiting 
MDM2’s self-ubiquitination (Feng et al., 2004) and in-
duces localization of MDM2 into the nucleus. Through 
the binding of MDM2 with p53, it promotes p53’s nu-
clear export and cytoplasmic degradation (Zhou et al., 
2001). 14-3-3σ blocks MDM2-mediated nuclear export, 
thereby stabilizes and retains p53 in the nucleus (Yang 
et al., 2007). In conclusion, Akt-meditaed cell survival 
is inhibited by 14-3-3σ.   

 

AKT-PTEN 

Protein kinase B (PKB, also called Akt) oncogene is a 
crucial regulator of a variety of cellular processes, in-
cluding cell survival and proliferation. Akt activity is 
elevated in several types of human malignancy, in-
cluding ovarian, breast, lung, and thyroid cancers 
(Vivanco and Sawyers, 2002). The kinase activity of 
Akt is activated in human cancer as a result of dysreg-
ulation of its regulators such as PTEN. It, located on 
chromosome 10, is a transcriptional target of p53. It 

 
 

Figure 3. Combined pathway of COP1. 
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can inhibit Akt; thereby affecting the subcellular local-
ization of MDM2. It can down regulate MDM2 and 
increase p53’s stability (Freeman et al., 2003). In addi-
tion, PTEN-/- cells have high Akt activity and are de-
fective in checkpoint control in response to DNA 
damage (Puc et al., 2005). As a result, there exists posi-
tive feedback loop between p53 and PTEN. Signifi-
cantly, 14-3-3σ and PTEN impose same biological ef-
fects in terms of p53 activation. 14-3-3σ inhibits E3 
ligase activity of MDM2, Akt and COP1. On the con-
trary, COP1 negatively regulates 14-3-3σ. Similarly, 
PTEN negatively regulates MDM2 and Akt (Freeman 
et al., 2003) but lacks the interaction information with 
COP1. Therefore, 14-3-3σ and PTEN play tumor sup-
pressive role in the same way. Thereby, there presents 
vice versa relationship between PTEN and COP1 (Fig. 
3). 

 

MYELOID LEUKEMIA FACTOR 1 (MLF1)  

MLF1 is generated by t (3; 5) (q25.1; q34) chromosomal 
translocation, which is associated with myelodysplas-
tic syndrome (MDS) and acute myeloid leukemia 
(AML) (Yoneda-Kato et al., 1996). Human MLF1 has a 
single nucleotide polymorphism at the 226th amino-
acid codon, which produces proline (P) and threonine 
(T) at a ratio of 3:1 in normal genomic alleles 
(Fukumoto et al., 2005). Cells expressing T-MLF1 cease 
proliferation much earlier than those expressing P-
MLF1 like as ATM’s response to DNA damage signal. 

Consensus Sequence of MLF1  

MLF1 continuously shuttles between the nucleus and 
the cytoplasm of proliferating mammalian cells by 
interacting directly with Chromosomal Region 
Maintenance-1 (CRM1, also known as Exportin-1). 
MLF1 contains a functional NES sequence at amino 
acids 89 to 96, which enables binding of CRM1 in vivo 
(Fukuda et al., 1997). Two putative consensus se-
quences of NLS located at 168 to 174 & 232 to 236 se-
quences are conserved in human and mouse MLF1 
(Yoneda-Kato et al., 2005). 

Physiological Function of MLF1  

MLF1, a negative regulator of cell cycle progression, is 
physiologically involved in tumor suppressor path-
ways that functions up-stream of the tumor suppres-
sor p53 (Dornan et al., 2004b). Genotoxic stress signals 

and the MLF1 signal are capable of inducing the 
CSN3-COP1 mediated accumulation of p53. MLF1 
stabilizes p53’s activity by suppressing COP1, through 
a third component CSN3. It directly binds CSN3 and 
activates the p53/p21 pathway through CSN3–COP1 
pathway. MLF1’s Residues from 50 to 125 are essential 
for interaction with CSN3. More than average expres-
sion of CSN3 is essential for the growth suppressive 
function of MLF1 (Yoneda-Kato and Kato, 2008; 
Yoneda-Kato et al., 2005). CSN3 expression causes de-
crease of COP1 protein in the endogenous. On the 
other hand, a reduction of CSN3 leads to an increase 
of COP1 regardless the level of MLF1 expression. 
Hence, MLF1 modulates COP1 expression through 
CSN3 to activate the p53 pathway. Interestingly, CSN3 
is a substrate of ATM in DNA damage-induced apop-
tosis (Lavin and Kozlov, 2007). Therefore, CSN3 might 
be a substrate of ATR, DNA-PK and Jun kinase in 
ATM lacking cells like as COP1 ser387 (Fig. 1). 

 

CSN6, A MULTIPROTEIN COMPLEX 

CSN6 consists of eight distinct subunits (CSN1-CSN8) 
in all eukaryotes. Akt phosphorylates at ser-60 to sta-
bilize CSN6. Interestingly, CSN6 activates Akt to cre-
ate a self-propelling positive feed-back loop (Chen et 
al., 2012). CSN6 directly ties COP1and increases 
COP1’s stability through inhibition of ubiquitin-
mediated COP1’s proteasomal degradation. Thereby, 
CSN6 up-regulates COP1 at the post-transcriptional 
level. CSN6 regulates 14-3-3σ’s post-transcriptional 
level by enhancing 14-3-3σ’s ubiquitination through 
COP1 (Fig. 3).  

Down-regulation of 14-3-3σ by CSN6 is independent 
on p53 expression. CSN6 forms tie with the C-
terminus of 14-3-3σ by N-terminus of CSN6. Thus, it 
can down regulate the expression of 14-3-3σ and lead 
Akt activation. In this way, both CSN6 and COP1 are 
involved in degrading 14-3-3σ, promoting cell survival 
and increasing tumorigenicity. 14-3-3σ is down regu-
lated during neoplastic transformation (Prasad et al., 
1992). On the contrary, 14-3-3σ negatively regulates 
COP1. Therefore, COP1and 14-3-3σ form a vice versa 
relationship between them. CSN6 is a positive regula-
tor of MDM2 (Lee et al., 2011). In a word, CSN6 desta-
bilizes p53 to promote tumorigenesis (Fig. 3).  
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NPM-MLF1  

The fusion protein NPM-MLF1, generated by t(3; 5) 
(q25.1; q34) chromosomal translocation, leads to leu-
kemogenesis and it consists of more than half of the 
amino terminus of NPM and almost the entire MLF1 
sequence (Yoneda-Kato et al., 1996). The region of 
NPM retained in NPM-MLF1 includes a NES se-
quence and a bipartite NLS sequence (Wang et al., 
2005), and the region of MLF1 contains a NES se-
quence and two putative NLS sequences. NPM-MLF1, 
recruited to the nucleolus, has the ability to override 
cellular senescence and to facilitate oncogenic trans-
formation. It impairs the expression of p53 in response 
to genotoxic or oncogenic stress. The expression of 
NPM-MLF1 in MEFs facilitates an early escape from 
senescence and induces oncogenic transformation in 
collaboration with Ras (Yoneda-Kato and Kato, 2008) 
(Fig. 3). 

 

OTHER FACETS OF COP1 

Protein is a variable molecule. Therefore, it will be 
abortive thinking that COP1 played only one type of 
role. According to Migliorini et al., (2011) COP1 plays 
role as a tumor suppressor through degrading c-JUN 
in genetically engineered mice. Although, there pre-

sents species-specific wiring variation between human 
and mice (Migliorini et al., 2011). Besides COP1 impli-
cated in fasting & hepatic glucose metabolism and 
fatty acid synthesis through degrading CREB-
regulated transcription coactivator-2 (CRTC2), fork-
head box protein01 (FOXO1) and acetyl-CoA carbox-
ylase (ACC) respectively (Marine, 2012).  

 

CONCLUSION  

COP1 is a critical oncogene that plays pivotal role to 
grow cancer cells. COP1 can initiate cancer growth 
without p53’s mutation even without MDM2 gene 
amplification, although these two events consider as 
major cause of cancer. Therefore, COP1 demands great 
effort to elucidate all undiscovered pathways and par-
tially discovered pathways. How COP1 mediates p53’s 
nuclear export demands elucidation. It arouses a ques-
tion if there is any direct or indirect relationship be-
tween PTEN and COP1. COP1 down regulates 14-3-
3σ’s expression. It is to be clarified that COP1 overex-
pression causes 14-3-3σ’s expression lower or not. An-
other thing demands more specific result that when 
ATM is absent, whether ATR, DNA-PK and Jun kinas-
es phosphorylate on COP1 at s387 and CSN3 or not. It 
should be made clearer how Ras signaling pathway 
links to COP1 pathways. Searching suitable therapeu-
tics against COP1 is the laborious emerging field.  

Table 1. Sequence homology of huCOP1 with other species (E3 Ubiquitin-protein ligase RFWD2) Cop1
(http://www.uniprot.org/uniprot/Q8NHY2) 

 
Organism  
(species) 

Entry name Protein name Gene name Amino acid 
length 

Sequence 
Identity (%) 

Rattus norvegicus Q5BJY0_RAT Protein Rfdw2 Rfwd2 RGD1304773 433 98 

Mus musculus 
(mouse) 

RFWD2_MOUSE E3 ubiquitin-protein 
ligase RFWD2 

Rfwd2 Cop1 733 99 

Pan troglodytes 
(Chimpanzee) 

H2R8E1_PANTR Ring finger and WD 
repeat domain2 

RFWD2 731 100 

Macaca mulatta   
(Rhesus macaque) 

F6QR11_MACMU E3 ubiquitin-protein 
ligase RFWD2 isoform a 

RFWD2 731 99 

Bos taurus A2VE77_BOVIN RFWD2 protein RFWD2 735 99 

Felis catus (cat) M3WKQ3_FELCA Uncharacterized protein RFWD2 595 97 

Arabidopsis thali-
ana 

COP1_ARATH Ubiquitin ligase Cop1 Cop1at3250 T2114.11 675 39 
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ABBREVIATIONS 
Akt / PKB: Protein kinase B, AML: acute myeloid leu-
kemia, AT: Ataxia telangiectasia, ATM: Ataxia telangi-
ectasia mutated, ATR: ataxia telangiectasia and Rad3-
related protein, ARF: Alternate Reading Frame, Arg: 
Arginine, CDC2/cyclinB: Cell division control 2, 
COP1: Constitutive Photomorphogenic Protein 1, 
CRM1: Chromosome Region Maintenance1, CSN3: 
COP9 signalosome complex subunit 3, CSN6: COP9 
signalosome complex subunit 6, DNA-PK: DNA-
dependent protein kinase, Gy: Geiger, Glu: Glutamine, 
HCC: hepatocellular carcinomas, 14-3-3σ: Human 
mammary epithelium marker 1, HY5: Hypocotyl 5, IR: 
ionizing radiation, MDM2: Mouse Double Minute-2, 
MEF: mouse embryo fibroblast,  MLF1: Myeloid leu-
kemia factor 1, mTOR: mammalian target of rapamy-
cin, NLS: Nuclear localization sequence, NES: Nuclear 
export sequence, P: proline, PIK: phosphatidylinositol 
phosphate kinase, PI3-K: phosphatidylinositol 3-
phosphate kinase, Pirh2: p53-induced protein with a 
RING-h2   domain, NPM: nucleophosmin, NPM-
MLF1: nucleophosmin – Myeloid leukemia factor 1 
fusion protein, PTEN: phosphatase and tensin homo-
logue, PI3K: phosphatidylinositide 3-OH kinase, 
RFWD2: Ring finger and WD repeat domain 2, SiR-
NA: small interfering RNA, SFN: Stratifin, Ser: Serine, 
T: Threonine, TORC2: cAMP responsive coactivator, 
TP53: Tumor suppressor gene. 
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