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Abstract

Luman/CREB3 (also called LZIP) is an endoplasmic reticulum (ER)-bound transcription factor 

that has been implicated in the ER stress response. In this study, we used the region of Luman 

containing the basic DNA-binding domain as bait in a yeast two-hybrid screen and identified the 

Jun activation domain-binding protein 1 (JAB1) or the COP9 signalosome complex unit 5 (CSN5) 

as an interacting protein. We confirmed their direct binding by glutathione S-transferase pull-down 

assays, and verified the existence of such interaction in the cellular environment by mammalian 

two-hybrid and co-immunoprecipitation assays. Deletion mapping studies revealed that the MPN 

domain in JAB1 was essential and sufficient for the binding. JAB1 also colocalized with Luman in 

transfected cells. More interestingly, the nuclear form of Luman was shown to promote the 

translocation of JAB1 into the nucleus. We found that overexpression of JAB1 shortened the half-

life of Luman by 67%, and repressed its transactivation function on GAL4 and unfolded protein 

response element (UPRE)-containing promoters. We therefore propose that JAB1 is a novel 

binding partner of Luman, which negatively regulates the activity of Luman by promoting its 

degradation.
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1. Introduction

Luman/CREB3 [1], also called LZIP [2], is identified through its association with herpes 

simplex virus (HSV)-related host cell factor 1 (HCF-1) [3,4]. The mode of interaction 

between Luman and HCF-1 is mimicked by the HSV-1 protein VP16, which has led to the 

hypothesis that Luman may play a role in the viral reactivation from latency [2,5,6]. Current 

data suggest that the primary cellular function of Luman may be in the endoplasmic 

reticulum stress response [2]. Luman has been implicated in HIV replication [7], dendritic 

cell maturation [8], breast cancer metastasis [9] and monocyte cell migration [10].

Luman is a cAMP response element (CRE)-binding protein that has four other closely 

related CREB3 family members, including CREB-H or CREB3-like 1 (CREB3L1) [11,12], 
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BBF2H7/CREB3L2 [13], OASIS/CREB3L3 [14] and CREB4/AIbZIP/Atce1/Tisp40/

CREB3L4 [15–19]. As transcript factors, they share a unique structural feature — a 

hydrophobic transmembrane domain that tethers them to the endoplasmic reticulum (ER). 

All CREB3 family members appear to play a role in the ER stress response or the unfolded 

protein response (UPR) [reviewed in 20,21], although with different tissue specificities. In 

the event of the UPR, these CREB3 proteins are believed to be cleaved and released from the 

ER by regulated intramembrane proteolysis, translocating into the nucleus and activating 

downstream target genes [8,13,16,19,22–24].

In addition to CRE, these CREB3 proteins differentially bind to various enhancer elements 

commonly found in the promoter region of UPR-related genes. Luman can bind the CAAT 

enhancer binding protein (C/EBP) element [1] and the Tax responsive element (TxRE) [25]. 

Recently, the ER-associated degradation (ERAD)-related protein Herp (homocysteine-

induced ER protein) [26] or Mif1 [27] has been found to be a direct downstream target of 

Luman [23]. Luman induces cellular Herp expression during the UPR via transactivation of 

an ERSE-II enhancer element in the promoter. Luman may also induce another ERAD 

protein EDEM, through a UPRE-like element [28]. On the basis of viral mimicry, we have 

thus proposed that Luman may play a unique role in the ERAD that is fundamental to HSV 

lytic/latent replication cycle [23].

Here we report the identification of JAB1 (Jun activation domain-binding protein-1) as a 

cellular ligand of Luman using a yeast two-hybrid strategy. We verified the interaction 

between Luman and JAB1 with in vitro and in vivo assays. We found that JAB1 could 

repress the activation potential of Luman and decrease its protein stability.

2. Material and methods

2.1. Yeast two-hybrid screen

The Matchmaker 3 yeast two-hybrid system and a pre-transformed adult human brain 

Matchmaker cDNA library (BD Biosciences Clontech) were used in the screen. All 

experimental procedures followed the manufacturer’s instruction. Briefly, the bait plasmid 

pGBKT7/LU(AD-BD) was constructed by cloning a PCR fragment of Luman cDNA (a.a. 

55–181) into the pGBKT7 vector. The bait plasmid was then transformed into the 

Saccharomyces cerevisiae MATα reporter strain AH109 using the small-scale LiAc 

protocol. For library screens, the AH109[pGBKT7/LU(AD-BD)] reporter strain was mated 

with S. cerevisiae MATa strain Y187, pre-transformed with an adult human brain 

Matchmaker cDNA library, and plated on SD/-Leu/-Trp/-Ade/-His minimal media 

supplemented with 10 mM 3-amino-1,2,4-triazole (3-AT). Plates were incubated at 30 °C for 

up to 16 days. Approximately 5 × 105 colonies were screened. Forty-three colonies were 

picked up and re-streaked onto to new SD/-Ade/-His/-Leu/-Trp plates, out of which 24 grew 

rapidly. Plasmids were recovered from these yeast strains, and were cotransformed back into 

the yeast strain AH109 with the bait plasmid pGBKT7/LU(AD-BD), and selected on SD/-

Ade/-His/-Leu/-Trp plates. Among them, 7 clones were found to be positive and were 

subsequently sequenced, one of which contained JAB1 cDNA.
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2.2. Cell culture and transfection

Human embryonic kidney (HEK)-293, COS7 and Vero cells were grown in Dulbecco’s 

modified Eagle’s medium [high glucose (4500 mg/L), 4 mM L-glutamine; HyClone] 

supplemented with 10% fetal bovine serum (Sigma) and 1% v/v penicillin/streptomycin. 

Cells were maintained at 37 °C in a humidified 5% CO2 incubator and passaged every 2–3 

days. Cells were transfected by the calcium phosphate precipitation method as previously 

described [6].

2.3. Plasmids

The full-length JAB1 cDNA was amplified using primers 5′-

CTGAATTCCACACCCGGAAACCTAGC and 5′-GTACCTCGAGTATCAGATTTTGG 

GTAACT (attached EcoRI and XhoI restriction sites are underlined), and was cloned 

between EcoRI and XhoI sites of pcDNA3 with an N-terminal FLAG or HA epitope tag, 

yielding pFLAG-JAB1 and pHA-JAB1. The same strategy was used to clone the fragment 

into pGEX-KG (encoding a glutathione-S-transferase fusion protein at the N-terminus; gift 

from Gerry Weinmaster, University of California, Los Angeles) and pM1 (encoding an N-

terminal GAL4 DNA binding domain fusion protein; gift from Ian Sadowski, University of 

British Columbia), which gave rise to pGEX-JAB1 and pM-JAB1.

JAB1 deletion mutant plasmids pHA-JAB1(1–195), pHA-JAB1(44–195), and pHA-

JAB1(190–334) were constructed using the same cloning scheme as the full-length JAB1, 

and inserted into the EcoRI/XhoI sites of the pcDNA3 vector. The primer pairs for 

amplifying mutant JAB1 fragments a.a. 1–195, 44–195 and 190–334 were 5′-

CTGAATTCAACGACAACTTCTCCGCTTCC/5′-

GTGTCTCGAGTTAAGGTTTGTAGCCCTTTGG, 5′-

GAGAATTCCCCTGGACTAAGGATCACCAT/5′-

GTGTCTCGAGTTAAGGTTTGTAGCCCTTTGG and 5′-

GTACCTCGAGTATCAGATTTTGGGTAACT/5′-

CAGAATTCCCAAAGGGCTACAAACCT. The p5 × UPRE-luciferase plasmid [29] was a 

gift from Ron Prywes, Columbia University. Other plasmids used in this study have been 

described previously [23,28].

2.4. GST (glutathione S-transferase) pull-down

GST fusion proteins were produced in Escherichia coli strain BL21(DE3) (Novagen) and 

were purified using glutathione-sepharose beads (GE Healthcare) [1,5]. A rabbit reticulocyte 

in vitro transcription–translation system (TnT; Promega) was used to produce 35S-labeled 

Luman, JAB1 and its mutants, and the GAL4 activation domain (AD) fused to GFP (as a 

negative control) according to the manufacturer’s protocol. Protein concentrations of the 

bead slurry were calculated by comparison to BSA standards (Pierce). GST fusion proteins 

bound to glutathione-sepharose-4B beads were incubated for 1 h with in vitro 35S-labeled 

protein in the binding buffer [140 mM NaCl, 50 mM Tris, pH 8.0, 2 mM Na3VO4, 5 mg/mL 

BSA and 0.5% (vol/vol) Ipegal CA 630]. Beads were collected by centrifugation, washed 

and re-suspended in 2× SDS sample buffer. The eluted protein was separated by sodium 

dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE), and visualized on a 

Typhoon 9400 PhosphorImager (GE Healthcare).
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2.5. Dual luciferase reporter assays

Assays were performed according to the Dual Luciferase Reporting System manual 

(Promega). In each assay, 30 ng of pRL-SV40 and 1 μg of a reporter plasmid were used in 

the cell transfection. All reporter plasmids were based on the pGL3-promoter plasmid 

(Promega), encoding a firefly luciferase gene downstream of the response element. The 

pRL-SV40 plasmid encodes Renilla luciferase gene under the control of the SV40 promoter, 

which was used as an internal control for transfection efficiency.

At 16 h post-transfection, media were changed and the cells were allowed to recover for 8 h. 

Cells were harvested, lysed, and used in the dual luciferase assays. Luciferase activity was 

measured using a Turner TD-20e Luminometer and calculated as relative luciferase activity 

(firefly luciferase/Renilla luciferase). Assays were independently repeated at least 3 times. 

Data are shown with standard errors.

2.6. Co-immunoprecipitation

HEK-293 cells in 35-mm dishes were transiently transfected with a total of 5 μg of plasmid 

DNA (the blank vector pcDNA3 was used as filler DNA in single transfections). Cells were 

treated with a proteasome inhibitor MG132 at a final concentration of 5 μM for the last 6 h 

prior to cell harvest. At 24 h post-transfection cells were washed with cold PBS and lysed in 

RIPA buffer (2.5 M NaCl, 0.5 M Tris pH 7.4, 0.5 M EDTA, 10% v/v Triton X-100, 1 mM 

PMSF and 0.2 mM Na3VO4) at 4 °C. Cell lysates were pre-cleared with Protein G beads, 

and were incubated with 1 μg of either an anti-FLAG (Sigma) or anti-Luman antibody 

(M13) for 21 h. After incubation, the beads were collected by centrifugation, washed with 

cold RIPA buffer and resuspended in sample buffer. For Western blotting of 

immunoprecipitates, an anti-Luman (M13) [6] or anti-FLAG (Sigma) antibody was used as 

primary antibodies at 1:1000 dilution. HRP-conjugated anti-rabbit IgG or anti-mouse IgG 

antibodies (Promega) were used as secondary antibodies at 1: 30,000. Blots were visualized 

using ECL Plus (GE Healthcare) on a Typhoon 9400 PhosphorImager (GE Healthcare). The 

results are representative of at least two independent experiments.

2.7. Confocal immunofluorescence microscopy

Cells were fixed in 4% formaldehyde, and permeabilized in 0.1% Triton X-100. The cover 

slips were incubated with 1:100–200 dilution of primary antibodies anti-JAB1 B-17 and 

anti-HA HA.11 (Santa Cruz Biotechnologies), then with a 1:400 dilution of Alexa594- or 

Alexa488-conjugated anti-mouse IgG antibody (Molecular Probes Inc.) and were mounted 

with 50% glycerol containing 500 pM 4′,6-diamidino-2-phenylinole (DAPI). Images were 

captured with a Hamamatsu ORCA-ER Digital Camera under a Leica DMRE confocal 

microscope.

2.8. [35S]-methionine/cysteine pulse-chase

HEK-293 cells were seeded into 100-mm dishes one day prior to transfection. The cells 

were transfected with 20 μg of pFLAG-Luman only, or co-transfected with the pHA-JAB1 

plasmid. Cells were split into 4 × 60-mm dishes at 16 h post-transfection. At 27 h post-

transfection, cells were incubated in the pre-labeling media (DMEM without L-methionine 

and L-cysteine; Invitrogen) for 1 h. Cells were subsequently pulse-labeled for 1.5 h in pre-
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labeling media supplemented with a final concentration of 250 μCi/mL of [35S]-methionine/

cysteine (MP Biomedicals). The cells were then chased with complete DMEM media for the 

desired time (0, 60, 120 or 240 min). Cells were lysed in the RIPA buffer described above. 

Equal amounts of total protein were subjected to immunoprecipitation by anti-FLAG 

antibody (M2, Sigma) and a control antibody (anti-XBP1, M-186, Santa Cruz Biotech.), 

resolved by SDS-PAGE, followed by autoradiography and visualization on a Typhoon 9400 

PhosphorImager. Band intensities were analyzed using IMAGEQUANT TLv2003.01 (GE 

Healthcare) and expressed as relative units of density compared to that of time 0. Data is 

representative of two independent trials.

For Western blotting, a second gel was run in parallel and probed with anti-Luman (M13) 

[6]. Blots were visualized using ECL Plus (GE Healthcare) on a Typhoon 9400 

PhosphorImager.

2.9. JAB1 siRNA knockdown and immunoprecipitation

Both the scrambled control siRNA (Silencer® Select Negative Control #1) and custom 

siRNA against JAB1 (5′-GCUCAGAGUAU CGAUGAAA-3′ with 3′ dTdT overhangs 

sense strand) were supplied by Ambion. HEK 293 cells were transfected with either the 

control siRNA or JAB1 siRNA at a final concentration of 10 nM using Lipofectamine™ 

RNAiMAX (Invitrogen) as per manufacturer’s instructions. Forty-eight hours of post 

transfection, cells were harvested in lysis buffer containing 150 mM NaCl, 1% NP40, 50 

mM Tris pH-8, 5% glycerol, 1 mM EDTA and the Halt™ protease inhibitor cocktail 

(Thermo Scientific). The extracts were precleared with the Protein G Mag Sepharose Xtra 

beads (GE healthcare), and incubated with rabbit polyclonal anti-CREB3 antibody 

(Proteintech Group) for 1 h at 4 °C. The resulting antibody–protein complex was incubated 

with the protein G magnetic beads for 4 h at 4 °C, and the complex bound to the beads was 

washed three times with PBS and eluted with 100 mM glycine pH 2.5. Samples were 

neutralized with 1 M Tris buffer pH 9.5 prior to 10% SDS-PAGE and Western blotting using 

rabbit polyclonal anti-CREB3 and mouse monoclonal anti-ubiquitin (P4D1; Santa Cruz 

Biotechnology) antibodies.

2.10. Reverse transcription (RT)-PCR analysis

Cells were transfected with 10 nM siRNA directed against JAB1 for 48 h and then treated 

with 2 μg/mL tunicamycin. Cells transfected with 10 nM scrambled siRNA was used as a 

control. Total RNA was extracted using Trizol and the cDNA was synthesized using 

Superscript II RNaseH reverse transcriptase (Invitrogen) and oligo-dT primers. RT-PCR was 

carried out using the following primers: Herp, 5′-CTTGG AGCTGAGTGGCGAC and 5′-

CAATGTCCAGGAGAGGCAATC; GAPDH, 5′-CCACCAACTGCTTAGCACC and 5′-

GGGTGGCAGTGATGGCAT.

3. Results

3.1. Identification of JAB1 as a potential binding partner of Luman

To elucidate the cellular role of Luman, a yeast two-hybrid screen of a human fetal brain 

cDNA library was conducted to identify cellular ligands of Luman. The region of Luman 
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used as bait in the screen, a.a. 55–182, is between the N-terminal activation domain and the 

leucine zipper region, containing an extended basic domain that is well conserved among 

CREB3 family members [1]. Among approximately 5 × 105 independent colonies screened, 

7 positive clones were confirmed in repeated yeast two-hybrid assays. Among them, one 

contains JAB1/CSN5 cDNA, which is presented here.

3.2. Luman interacts with JAB1 both in vitro and in vivo

To confirm the direct interaction between Luman and JAB1, we first employed an in vitro 

biochemical method, the GST pull-down assay. Recombinant GST fusion proteins of N-

terminal Luman a.a. 1–215 and JAB1 were made and purified using glutathione sepharose 

beads. The GST-fusion protein beads were incubated with [35S]-labeled Luman and JAB1 

proteins, and precipitated to check the physical association of these proteins. As depicted in 

Fig. 1A, JAB1 was readily pulled down by GST-Luman(1–215), and the same was observed 

in the reciprocal assay. No interaction was seen in the controls, GST (lane 2) or GAL4 AD-

GFP (Fig. 1A, row 3). These results confirmed that Luman and JAB1 can interact with each 

other directly. We also noticed that JAB1 also appeared to associate with itself (Fig. 1A, first 

row, lane 4). To our knowledge, this is the first report of JAB1 self-association.

Next we sought to test whether the interaction exists in the mammalian cellular environment 

using a mammalian two-hybrid assay. Analogous to the yeast two-hybrid system, JAB1 was 

fused to GAL4 DBD (DNA-binding domain) and used as the bait. The induction of GAL 

UAS reporter is dependent upon recruiting Luman to the GAL promoter and a functional 

activation domain at the N-terminus (a.a. 1–52) of Luman for transcription activation [1] in 

the prey plasmid. Luman with the activation domain that removed Luman(53–272), was 

included as the negative control. As seen in Fig. 1B, when GAL DBD-JAB1 is co-expressed 

with Luman (column 5), approximately 30-fold activation of the GAL4 reporter was 

observed. This activity is higher than the positive control sample containing Luman and 

GAL-Luman(53–371) (22-fold, column 4), indicating that Luman and JAB1 interact with 

each other in mammalian cells. Lack of JAB1 in the bait (column 3) or the activation domain 

of Luman in the prey (column 2) did not produce a significant level of reporter activation. 

These data suggest that the observed induction of the reporter was dependent upon 

successful recruitment of Luman by JAB1 and the transactivation function of Luman.

To verify the interaction between Luman and JAB1 in the cell, co-immunoprecipitation 

assays were also carried out. HEK-293 cells were transfected with plasmids encoding 

Luman and FLAG-JAB1. We found that a Luman specific antibody precipitated JAB1 

efficiently (Fig. 1C, top panel). In reciprocal, precipitation of FLAG-JAB1 with an anti-

FLAG antibody also brought down Luman readily (Fig. 1C, middle panel). In addition, 

Luman was able to pull out endogenous HCF-1, which was used as a positive control 

(bottom panel). To ensure that the antibodies used in the assays were specifically targeting 

their antigen, we also included controls to show that each antibody was able to precipitate its 

own antigen (panels A and B, right column). Thus, both mammalian two-hybrid and co-

immunoprecipitation assays demonstrated that Luman can interact with JAB1 in the 

mammalian cell environment.
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3.3. JAB1 co-localization of Luman in mammalian cells

To further confirm the interaction in the mammalian cells, we sought to examine the 

subcellular localization of the two proteins by confocal immunofluorescence microscopy. 

Without co-transfection with Luman, JAB1 exhibited a diffuse staining pattern throughout 

the cell with a prominent nuclear staining (Fig. 2, row 1). As shown previously [6], the full-

length Luman localized to the endoplasmic reticulum (ER); while Luman(1–215) was 

nuclear, which represents the proteolytically processed form of the protein (Fig. 2, row 2 and 

3). Interestingly in co-transfected Vero cells, JAB1 was apparently tethered onto the ER by 

the full-length Luman in the cytosol, while the nuclear activated form of Luman protein, 

Luman(1–215), also colocalized with JAB1 in the nucleus. These results suggest a strong 

interaction between the two proteins.

3.4. Luman interacts with JAB1 via the MPN domain

The MPN (Mpr1, Pad1 N-terminal) domain of JAB1 (a.a. 44–195) has been found to 

mediate protein–protein interactions [30]. We asked whether Luman also interacts with 

JAB1 through this region. Three JAB1 mutants were made, including regions encoding the 

MPN domain, and the segment N-terminal or C-terminal to the MPN domain (Fig. 3A). The 

ability of direct interaction with these JAB1 deletion mutants by Luman was examined by 

the GST pull-down assay. We found that GST-Luman(1–215) bound with all of the JAB1 

mutants except JAB1 190–334 (Fig. 3B), which lacks the MPN domain. Notably, JAB1 (44–

195) associated with Luman, indicating that the MPN domain itself is sufficient for the 

Luman–JAB1 interaction. This result is consistent with other reports that the MPN domain is 

necessary for protein–protein interactions [31,32].

3.5. Interaction of JAB1 represses the transactivation potential of Luman

To determine the functional relevance of JAB1–Luman interaction, with Luman being a 

transcription factor, we sought to investigate whether JAB1 could affect the transactivation 

ability of Luman. Previous studies have shown that Luman may play a role in the unfold 

protein response, and it can activate a key UPR enhancer element, the unfolded protein 

response element (UPRE) [1,23,28]. Dual luciferase assays were performed to determine the 

effect of JAB1 on the activation potential of Luman on a UPRE-containing reporter.

For the UPRE luciferase assay, HEK-293 cells were transfected with either pcDNA or 

pcHA-JAB and a Luman construct (pcFLAG-Luman or pcFLAG-Luman(1–215)) along with 

the 5× UPRE luciferase reporter and the control reporter pRL-SV40. Consistent with 

previous data [28], Luman showed approximately 12-fold activation while Luman1-215 had 

~25-fold (Fig. 4A top, columns 3 and 5). Co-expression with JAB1 reduced this activation 

by 40% for Luman (compare columns 3 and 4) and 27% for Luman(1–215) (compare 

columns 5 and 6 in Fig. 4A top panel).

To determine whether the JAB1 repression is specific to the UPRE enhancer, the GAL4 UAS 

reporter system was also included in the dual luciferase assay. The activation potential of 

Luman was tested when tethered to the GAL promoter through fusion of the GAL DBD. We 

found that the transcription potential of Luman was reduced by ~50% with overexpression 

of JAB1 (Fig. 4A bottom panel). The results indicate that JAB1 interaction can repress the 
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general activation potential of Luman, and that the repression appears to be independent of 

the promoter sequences.

3.6. JAB1 promotes degradation of the Luman protein

Next we were interested to investigate that mechanism by which JAB1 represses the 

transactivation potential of Luman. The presence of an acidic domain, such as the one 

present at the amino-terminus of Luman, is thought to increase the probability of a 

polypeptide being targeted for rapid degradation by the proteasome [33]. We also noticed a 

rapid turnover of the Luman protein. Since JAB1 has previously been shown to affect the 

degradation rate of other proteins such as p27Kip1 through protein–protein interaction 

[31,34], we were interested to examine whether the interaction with JAB1 could affect the 

protein stability of Luman. The pulse-chase experiment was thus carried out. Two parallel 

cultures of HEK-293 cells expressing FLAG-Luman or co-expressing FLAG-Luman and 

HA-JAB1 were pulse-labeled with [35S]-methionine/cysteine for 1.5 h, and then chased with 

regular media for 0, 60, 120 or 240 min. The Luman protein was immunoprecipitated, 

resolved by SDS-PAGE and subjected to autoradiography. Identification of the Luman bands 

was made with the aid of comparative Western blotting. From the pulse-chase experiment 

(Fig. 4B), the half-life of Luman was estimated to be ~135 min. With the co-expression of 

JAB1, its half-life shortened to ~45 min, representing a change of 90 min or a reduction of 

67%.

To confirm this observation and to examine if JAB1 regulation of the Luman protein stability 

involves ubiquitin and/or proteasomes, endogenous Luman protein from HEK 293 cells, 

with or without JAB1 siRNA treatment, was immunoprecipitated and examined for 

ubiquitination (Fig. 5). In agreement with the pulse-chase experiment findings (Fig. 4B), the 

JAB1 knockdown cells had significantly higher levels of Luman (Fig. 5A, left panel). In the 

immunoprecipitates using an anti-Luman antibody, there were markedly higher levels of 

Luman protein in the JAB1 knockdown samples; however, no ubiquitinated Luman was 

detected (Fig. 5A, right panel). To examine the effects of JAB1 and siRNA JAB1 on 

expression of Luman-induced UPR target genes, we have performed semi-quantitative PCR 

of Luman downstream target gene Herp, with or without tunicamycin treatment (Fig. 5B). 

Compared to the controls, both JAB1 knockdown and Luman overexpression samples 

showed higher levels of Herp. It may be worth mentioning that Herp, as a key ER stress 

protein, is under the control of many factors. Therefore, one may not expect a drastic impact 

of JAB1 knockdown via Luman on the expression levels of Herp.

4. Discussion

In the present study we provided both in vitro and in vivo evidence that JAB1 is a novel 

cellular binding partner of Luman. Mapping studies revealed that the MPN domain of JAB1 

(amino acids 44–195) was necessary and sufficient for the interaction with Luman. We 

found that overexpression of JAB1 significantly shortened the half-life of the Luman protein 

and repressed its transactivation function. We therefore propose that JAB1 is potentially a 

key regulator of the activity of Luman.
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JAB1 is also known as CSN5 or unit 5 of the COP9 signalosome complex (CSN), which is 

structurally similar to the 26S proteasome lid [35]. Both JAB1 and Rpn11, the JAB1 

paralogue in the proteasome, has a JAMM motif in the MPN domain that resembles the 

active site of metalloproteases [36,37]. Rpn11 is responsible for the cleavage of ubiquitin 

molecules at the proteasome from proteins targeted for degradation. In parallel, JAB1 is 

responsible for the cleavage of Nedd8, a ubiquitin-like molecule, from the cullin subunit of 

the E3 ubiquitin ligase [38]. It is thus not surprising that JAB1 interaction with Luman via 

the MPN domain promoted Luman degradation (Fig. 4B).

As a potential regulator of Luman, one possible mechanism by which JAB1 controls the 

transactivation function of Luman is through affecting the binding affinities of Luman to 

target DNA elements. For instance, JAB1 enhances c-Jun transactivation by enhancing 

binding to their cognate DNA sequences [39,40]. In the case of Luman, this regulatory 

mechanism does not seem plausible, since JAB1 repression of Luman was also observed in 

the GAL4 reporter system, in which Luman was recruited to the artificial GAL4 UAS 

promoter, independent of known target elements of Luman, such as UPRE or CRE.

Another common modus operandi of JAB1 is to inhibit protein function by destabilizing the 

protein and promoting its degradation [41]. JAB1 has been previously shown to destabilize 

proteins, such as the estrogen receptor [42], DNA topoisomerase IIα [32], and transcription 

factors Smad7 [43] and RUNX3 [44]. Overexpression of JAB1 is found to reduce the half-

life of p27Kip1 from more than 5 h to 1.4 h [34], and increase the degradation rate of rLHR 

by 3 fold [45]. The pulse–chase experiment presented in this study suggests that JAB1 may 

also exert its repressive effect on Luman by decreasing the half-life of Luman. Being an 

unstable protein, the half-life of Luman was estimated to be approximately 135 min (Fig. 

4B), similar to that of ATF6 (half-life of 120 min), which is another ER-stress responsive 

transcription factor that bears many structural and functional resemblance to Luman [46]. 

With overexpression of JAB1, the half-life of Luman was decreased by ~67%, to 

approximately 45 min. Thus, we believe that JAB1 may be a critical factor that regulates the 

duration of the action of Luman during the UPR.

The mechanism of JAB1-mediated degradation of Luman is unclear, but likely through the 

proteasome pathway. The low levels of ubiquinated Luman protein observed in Fig. 5B may 

indicate rapid degradation of the protein. We have observed previously that the proteasome 

inhibitor MG132 substantially increases the stability of Luman [23]. Other known JAB1-

binding partners, such as c-Jun [47], p53 [48,49], and p27Kip1 [34], are altered in their 

susceptibility to proteasomal degradation by JAB1, which is believed to have resulted from 

changes in their phosphorylation status by the action of CSN-associated kinases. JAB1, as 

part of the CSN, has been shown to regulate the phosphorylation of transcriptional 

regulators, including c-Jun [50]; thus it is possible that interaction with JAB1 may also alter 

the phosphorylation status of Luman, thereby affecting its protein stability. As this being 

said, however, it is possible that the protein stability of Luman may also be regulated by an 

alternative non-proteasomal degradation mechanism induced by ER stress [51].

JAB1 can exist in two forms in the cell: the nuclear CSN and the cytoplasmic small-JAB1 

containing complex [31,43,47,52–55]. No detectable level of endogenous JAB1 was 
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observed in the cells examined in our studies, likely due to low expression level of the 

protein and its natural diffused distribution throughout the cell. In our transfected cells, 

JAB1 exhibited a staining pattern that agrees with previous findings and with its known 

cellular functions [31,43,53,55–57]. Most interestingly we have found that Luman could 

drastically change the subcellular localization of JAB1. In particular, co-expression of the 

proteolytically processed Luman, a.a. 1–215, apparently caused JAB1 translocation to the 

nucleus entirely. JAB1 has previously been shown to have an altered localization when co-

expressed with interacting proteins [31,34,55,57]. This observation suggests an intricate 

regulatory relationship between JAB1 and Luman in terms of their cellular functions. JAB1 

may play a critical role in regulation of the stability of Luman and represses its 

transactivation potential; however, once activated by proteolytic processing, Luman may also 

affect the function of JAB1 by controlling its subcellular localization, although the 

functional significance of JAB1 nuclear translocation is unclear.

As an additional support of their functional connections in the cell, JAB1 has also been 

linked to the UPR recently through its interaction with the ER-stress sensor IRE1 [58]. 

Under the conditions of no or low ER-stress, interaction with JAB1 downregulates IRE1-

mediated activation of the UPR. In this capacity, JAB1 appears to function as a “brake” on 

the UPR, preventing premature or unnecessary activation of this cellular stress signaling 

pathway. Here we show that, in a similar manner, JAB1 might also downregulate the 

transactivation activity of Luman during the UPR. The interaction of JAB1 and Luman 

provides yet another example of complex crosstalks between different regulatory circuitries 

in this highly orchestrated signaling event.
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Fig. 1. 
Luman interacts with JAB1 both in vitro and in vivo. (A) Direct binding of Luman to JAB1 

in GST pull-down assays. GST, GST-Luman(1–215) and GST-JAB1 proteins were coupled 

to glutathione-sepharose beads and incubated with [35S]-labeled GAL4 AD-GFP, FLAG-

Luman and HA-JAB1. After extensive washing, proteins were eluted from the beads, 

separated on a 10% SDS-PAGE gel and visualized by autoradiography. The input lanes have 

10% of the radio-labeled protein used in each pull-down assay. (B) Luman interacts with 

JAB1 in the cell as demonstrated by the mammalian two-hybrid assay. HEK-293 cells were 

transiently transfected with a combination of pM-JAB1 and a Luman construct, along with 

the reporter plasmids p5×GAL4 luciferase and pRL-SV40. Dual luciferase activities were 

measured 24 h post-transfection. Values are normalized to Renilla luciferase before being 

referenced to the pM-JAB1 background control. Data are based on 6 independent assays and 

shown with standard errors. (C) Luman interacts with JAB1 in mammalian cells as 

demonstrated by co-immunoprecipitation. HEK-293 cells were transiently transfected with 

pcDNA-Luman, pFLAG-JAB1 or both. Cells were treated with proteasome inhibitor MG132 

for the last 6 h, prior to harvest of cell lysates at 24 h post-transfection. Cleared lysates were 

incubated with either a Luman- or FLAG-specific antibody, followed by precipitation with 

Protein G beads. Precipitated samples were subjected to SDS-PAGE and probed in Western 

blotting with antibodies against FLAG (top panel), Luman (middle panel) or HCF-1 (bottom 

panel). HCF-1 was included as a positive control for Luman since it is a known interacting 

protein. The input lanes have 2% of cleared cell lysates used in the immunoprecipitation 

assays. Abbreviations: IP, immunoprecipitation antibody; WB, Western blot antibody.
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Fig. 2. 
Co-localization of JAB1 with Luman demonstrated by confocal fluorescence microscopy. 

Vero cells were transiently transfected with plasmids expressing JAB1 or GFP-Luman 

protein. JAB1 was visualized indirectly with a JAB1-specific antibody and a fluorophore 

Alexa488- or Alexa594-conjugated secondary antibody. DAPI was used to counter-stain the 

nuclei of the cells.
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Fig. 3. 
The MPN domain of JAB1 is necessary and sufficient for interaction with Luman. (A) 

Schematic diagram showing the JAB1 deletion mutants used in the study. (B) GST and GST-

Luman(1–215) proteins were coupled to glutathione-sepharose beads and incubated with 
35S-labeled HA-JAB1 proteins, as well as with the controls FLAG-Luman and GAL4 AD-

GFP. After extensive washing, proteins were eluted from the beads, separated on a 10% 

SDS-PAGE gel and visualized by autoradiography. The input lanes have 10% of the radio-

labeled protein used in each assay. (C) To confirm the pulldown results of JAB1(190–334), 

the experiment was repeated with the full-length JAB1 protein and Luman as positive 

controls.
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Fig. 4. 
JAB1 represses transactivational activity of Luman and promotes degradation of the Luman 

protein. (A) Dual luciferase reporter assays. HEK-293 cells were transiently transfected with 

pHA-JAB1 and FLAG-Luman (top panel) or Gal DBD-Luman (bottom panel) constructs, 

along with the firefly luciferase reporter plasmids 5×UPRE or 5×GAL4 respectively. The 

control Renilla luciferase reporter plasmid pRL-SV40 was included in all samples. The 

firefly luciferase values are normalized to Renilla luciferase before being referenced to the 

pcDNA control. Data are based on 3 independent assays and shown with standard errors. (B) 

Pulse-chase assays. HEK-293 cells were transiently transfected with pcFLAG-Luman alone, 

or co-transfected with HA-JAB1. The cells were methionine/cysteine starved for 1 h, pulse-

labeled with [35S]-methionine/cysteine for 1.5 h and chased for the time as indicated. The 

Luman protein was then immunoprecipitated with an anti-FLAG antibody, resolved by SDS-

PAGE, and visualized by autoradiography. The negative control represents a pooled sample 

immunoprecipitated with a non-specific antibody. The half-life of the protein was 

determined by densitometric analysis using data from two independent trials collected on a 

Typhoon 9400 Phosphorimager. Values are plotted with standard errors.
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Fig. 5. 
JAB1 siRNA knockdown increases the levels of Luman and the downstream target Herp. (A) 

HEK293 cells treated with either scrambled siRNA or JAB1 siRNA, were 

immunoprecipitated using an anti-Luman antibody. The flowthrough (FT) and eluted (E) 

samples were separated on a 10% SDS-PAGE, and analyzed by Western blotting using both 

Luman and ubiquitin antibodies. The left panel depicts the levels of Luman, JAB1 and β-

actin in the input lysates prior to immunoprecipitation. The right panel shows the levels of 

total Luman and ubiquitinated Luman in the precipitates. (B) RT-PCR analysis of Herp and 

GAPDH in HEK293 cells which were transfected with either scrambled siRNA or JAB1 

siRNA or Luman, with or without tunicamycin (Tm) treatment. Densitometric analysis of 

the HERP bands normalized against GAPDH was performed. The experiment was repeated 

three times, and fold changes over the control siRNA sample were shown, along with 

standard errors.
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