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Abstract 

TMEM74(Transmembrane protein 74) ,a lysosome transmembrane protein, induces 

cell autophagy. Knockdown of TMEM74 abolished EBSS -induced autophagy. BIK, 

belonging to BOP( BH3-only protein) protein family, has been reported to induce cell 

apoptosis . Autophagy and apoptosis ,as different pathways regulated by extra- or 

intra-cellular signals precisely, both play a crucial role in processes of intra-cellular 

substrates degradation,energy metabolism and cell survival. 

  However, the relationship between autophagy and apoptosis still remains elusive. 

To elucidate the putative new relationship and further identify the function of 
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TMEM74,we performed the study mainly using 

co-immunoprecipitation ,immunoblotting, fluorescent location and basic cell biologic 

experimental techniques  

  In the present study, for the first time, it is demonstrated that autophagy-related 

protein TMEM74 colocalizes with apoptosis-related protein BIK in subcellular 

organelles. The data indicated that TMEM74 associates with BIK via TM domains of 

TMEM74 and BH3 domain of BIK. Further investigations revealed that TMEM74 

inhibits BIK-induced apoptosis by interacting with BIK,as evidenced by the results 

that autophagosome formation inhibitor could not block the inhibition effect 

completely. On the contrary, knockdown of TMEM74 and the TM domain-deficient 

mutant led to deprivation of the function.  

  Overall, the results revealed the autophagy modulator TMEM74 interrelates with 

apoptosis inducer BIK and inhibits its function, which provides a novel crosstalk 

point between autophagy and apoptosis to enlarge our understanding of the 

programmed cell death.  

Key words:  TMEM74; BIK;  apoptosis;  interaction 

 

(Submitted separately) Highlights  

 TMEM74 interacts with BIK 

 TMEM74 inhibits BIK-induced autophagy  

 TMEM74 associates BIK to impact on its pro-apoptotic function  

 

 

Abbreviations: BH domain, BCL-2 homology domain; BIK, BCL-2 interacting 

killer;BOP protein, BH3-only protein; DARM1: Damage-mediated autophagy 

modulator; E1B,  E1 beta subunit of branched-chain keto acid dehydrogenase; GFP, 

green fluorescent protein; GST, Glutathione -S-transferase; IP, immunoprecipitation;  

PCD, programmed cell death; PI3K, phosphatidyl inositol-3 kinase;TMEM74, 

Transmembrane protein 74; 
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1. Introduction  

Programmed cell death is regarded as a self-regulation mechanism[1],which 

eliminates surplus,senescent or injured cells and maintains dynamic homeostasis 

between cell growth and death when suffered from intra- or extra-cellular stress like 

chemical factors,physical factors or biological factors in single-or multi-cellular 

organisms, So far it has been found that there exists three major types of programmed 

cell death: apoptosis[2] ,autophagy[3], and necroptosis[4][5].  

  Apoptosis,as a firstly-discovered regulated cell death, leads to characteristic 

morphology changes, including blebbing, cell shrinkage,nuclear fragmentation, 

chromatin condensation and global decay. Its two best-understood initiation 

mechanisms tightly dependent on caspase family molecules are intrinsic 

pathways( also called mitochondrial pathway) and the extrinsic pathways, which 

undergoes organized degradation of cellular organelles by activated proteolytic 

caspases , eventually contributes to cell death[6][7].  

  Many molecules are involved with cell apoptosis like Bcl-2 family containing at 

least 30 members characterized by BH domains in protein structure, in which there 

are not only apoptosis inducers but also anti-apoptotic members[8].As a member of 

Bcl-2 family, Bik is characterized by a BH3 but not BH1 or BH2 domain which 

mediates protein interaction and a hydrophobic domain( C-terminus)[9] . It is 

sufficient for induction of apoptotic cell death independently of p53 and we have 

identified that it binds to apoptosis inhibitors like Bcl-2 or E1B 19K protein to oppose 

their anti-apoptosis functions[9][10].  

  Autophagy( self-devouring) is regarded as another conserved and regulated process, 

through which portions of cytosol, long-lived protein and cytoplasmic organelles are 

isolated within autophagosomes and carried to lysosome for digestion and 

recycling[11]. Distinguished from the apoptosis, autophagy presents two sides in cell 

survival,not leading to cell death definitely. It varies by different cell lines and 

different autophagy levels ,duration even stages[12][13].  

  TMEM74, a novel autophagosome and lysosome associated protein, contains two 

TM domains near its C-terminus.A previous study has shown that over-expression of 
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TMEM74 induces autophagy .while knockdown of TMEM74 hampers autophagic 

process under starvation induction.which indicates that TMEM74 is required for 

BESS-related autophagy induction [14][15].However, the deeper mechanism of 

TMEM74 in modulating cell autophagy and other life processes remains unknown. 

  There still greatly exists confusion about the relationship between apoptosis and 

autophagy.It seems that autophagy can both synergy with apoptosis to promote cell 

death and restrict apoptosis to reduce cell death. To figure out the conundrum, finding 

the intersection points between them shows pivotal. To date , it has been found that 

some molecules play the roles of co-regulatory factors like p53,DARM1 and 

Beclin1[16][17], In this paper , it was found that there may exist a new cross point 

performing as the structural and functional association between autophagy-related 

TMEM74 and apoptosis-related BIK.. 

 

2. Materials and Methods  

2.1. Antibodies and reagents.  

Polyclonal antibodies against TMEM74 were producted and purified by our lab；

anti-caspase-3(CST, 9665S);  anti-β-Actin(Tianjin Sungene Biotech , KM9001); 

anti-Flag(Tianjin Sungene Biotech, KM8002); anti-Myc(Tianjin Sungene Biotech, 

KM8003);  Anti-GST(MultiSciences, ab004-040);   anti-GFP(Abcam, ab1218), 

anti-GFP(Sigma, SAB4301138) ; anti-BIK(Santa Cruz, sc-365625)；anti-BIK(CST , 

4592P); anti-BCL-2(CST, 15071S) ; anti-BCL-2 (Antibody Revolution; ARH2043 ); 

Anti-LC3B (CST, 3868S);  Anti-LC3B (Sigma, L7543);  HRP-conjugated goat 

anti-rabbit secondary antibody(Biodragon, BF03008); HRP-conjugated goat 

anti-mouse secondary antibody(Biodragon, BF03001); Bafilomycin.A1( Santa 

Cruz,sc-201550A);  BL21 competent cells(Solarbio, C1400-10);  

CCK-8(DOJINDO, CK04)  AnnexinV-PI apoptosis detection kit(DOJINDO, AD10). 

2.2. Plasmid construction and siRNA  

Flag-TMEM74, GFP-TMEM74, mCherry-TMEM74,GST-TMEM74, GFP-BIK, and 

Myc-BIK  were constructed in our laboratory, The following truncated plasmids of  

TMEM74 and BIK were constructed: GFP-TMEM74-△TM, pCDB-TMEM74-△TM, 

mCherry-BIK-△TM, mCherry-BIK-△BH3，and pCDB-BIK-△BH3. All plasmids 
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were confirmed by DNA sequences. 

The siRNAs against TMEM74 were designed，and chemically synthesized by 

Genechem Corporation(Shanghai China) The control siRNA was confirmed to have 

no matches with the complete human genome by a BLAST search in 

NCBI(www.ncbi.nlm.nih.gov). The siRNAs sequences against TMEM74, BIK  and 

siControl are listed : siTMEM74-1: 5’-GGAGGAUGAUACAAGUUCA-3’; 

siTMEM74-2: 5’-GAGGCUGCCAUAUCUUUGA-3’; siBIK:5’-AAGACCCCU 

CUCCAGAGACAU-3’; siControl: 5’-UUCUCCGAACGUGUCACGU-3’. 

2.2. Cell culture, transfections and treatments 

HeLa cells were cultured in RPMI 1640 medium( Invitrogen 22400-089) 

supplemented with 10% fetal bovine serum and maintained at 37°C in a humidified 

chamber with 5% CO 2. Cells were transfected with plasmids(10-18ug) or siRNAs 

using the electroporation machine(BTX,ECM630)  when cell concentration was 

regulated at 2-3×10
6
/400ul, or using lipofectamine 3000 transfection 

reagent(Invitrogen,L3000015) following the instructions . The condition of 

electroporation was 123-126V, 20ms/pulse. Autophagy inhibition was achieved with 

bafilomycin.A1 (100nM), which can block the fusion of autophagosomes and 

lysosomes.  

2.3. Fluorescence and confocal microscopy 

HeLa cells co-transfected with the indicated plasmids were cultured in confocal 

dishes and treated as indicated, fixed with 4%  paraformaldehyde and permeabilized 

with 0.2% Triton X-100 (Beyotime, Shanghai,China, ST795). Morphological 

alterations in the cells were observed and analyzed with an Olympus FluoView 

FV1000 Confocal Microscope (Olympus, Melville, NY, USA).  

2.4. Flow cytometry analysis 

Treated cells were trypsinized, washed with PBS and resuspended in 100ul binding 

buffer. Then added FITC-AnnexinV(10ul) to the cell suspension, After incubation for 

20 min at 4℃ away from light, propidium iodide (PI) was added to 1 ug/ml, and 

samples were immediately analyzed on a FACSCalibur flow cytometer (Becton 

Dickinson, Franklin lake, NJ, USA).  
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2.5. Yeast Two-Hybrid Screening  

Briefly, the library contained 3000 known genes related to cell apoptosis, cell 

proliferation, or cell cycles. Each ORF was amplified by PCR using Pfu DNA 

polymerase and cloned into pGBK-RC, a Gal4 DNA-binding domain-based bait 

vector, and pGAD-RC, a Gal4 activation domain-based prey vector, following the 

MATCHMAKER GAL4 Two-Hybrid System 3 and Libraries User Manual PT3247-1 

(PR94575)” protocol (Clontech, Mountain View, CA). Plasmids with inserts of 

expected sizes were confirmed by colony. PCR followed by agarose gel 

electrophoresis. TMEM74 bait vector and prey vectors were co-transfected in yeast 

Y190 and spread into SD/-T-L-H. Formed colonies were picked out, cracked in 

liquefacient nitrogen, and subsequently utilized in colony lift filter assays. 

2.6.Western blot and IP 

For western blotting analysis, treated cells were collected and damaged by RIPA 

Lysis Buffer containing cocktail consisted of protease inhibitors(Roche Diagnostics, 

Berlin, Germany, 04693116001) then analyzed with polyacrylamide gel 

electrophoresis and the binds were visualized using an ImageQuant LAS 500( GE 

Healthcare).  

  For IP analysis, treated cells were collected and disrupted in IP Lysis Buffer (300 

mM NaCl, 50 mM Tris pH 8.0, 0.4% NP-40, 10 mM MgCl 2 , and 2.5 mM CaCl 2 ) 

containing protease inhibitors, Total cell extracts (1 mg per sample) were mixed with 

precleared protein G sepharose TM Fast Flow (GE Healthcare, 17-0618-01) and 

appropriate antibodies, followed by incubation for 4 h at 4°C. The beads were 

collected by centrifugation, washed three times using washing buffer (50 mM Tris, pH 

8.0, 150 mM NaCl, 0.4% NP-40, and 5 mM MgCl 2 ), resuspended in 2 × SDS 

loading buffer and then subjected to western blotting as described previously. 

2.7. GST pull down assay 

Recombinant GST or GST-TMEM74 fusion proteins were expressed in E. coli strain 

BL21 (DE3) and purified. The purified proteins were mixed with the cell lysates 

extracted from plasmid-transfected cells and immobilized in glutathione-Sepharose 

4B (GE Healthcare, 17-0756-01) for 4 h at 4 °C. After three washes, the beads were 

resuspended in 2×SDS loading buffer and subjected to western blotting for analysis..  

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 7 

2.8. Statistical analysis. 

Results are showed as the mean±SD. Differences between groups were analyzed 

using the Student’s t-test for continuous variables.Statistical significance in this study 

was set at P＜0.05. All reported P-values are two-sided. All analyzes were performed 

with GraphPad Prism 5 and presented as bar graphs or line charts.  

 

3: Results 

3.1: Identification of BIK that interacts with TMEM74 

To demonstrate and explore the molecular mechanism of TMEM74, we used yeast 

two-hybrid screening to identify the cellular targets or possible interactive molecules 

with TMEM74. In this screening, TMEM74 was used as bait for Y2H analysis, given 

that it was demonstrated not to have autonomous trans-activation and promoter 

binding activities. Plasmids of positive yeast colonies were extracted and transformed 

into E.coli. DNA sequence analysis showed that TMEM74-interacting clones 

contained a complete coding sequence of cellular BIK. Transformations of the BIK 

cDNA clone with pGBK-T7 bait vector or pGBK-T7-lamin were used as negative 

controls to exclude false-positive results. Data from colony lift filter assays confirmed 

that TMEM74 is an authentic BIK-binding protein (Data not shown). 

 

3.2: TMEM74 colocalizes with BIK dependent on TM domains of TMEM74 and 

BIK.  

We previously indicated that TMEM74 might have a possibility to associate with BIK 

by yeast two hybrid system. To verify this possibility, for the first time, It should be 

demonstrated whether there exists the colocalization between TMEM74 and BIK in 

the same subcellular compartments. Direct immunofluorescence assay was performed.  

The plasmids GFP-TMEM74 and mCherry-BIK were constructed and co-transfected 

into HeLa cells for 24h. Cells were fixed in 4% paraformaldehyde . As confocal 

microscopy images shown, GFP-TMEM74 appeared to colocalize with mCherry-BIK 

distinctly (Figure 1A). To further investigate the influence factors of the 

coloclization , we constructed the mutants of TMEM74 and BIK: TMEM74-△TM , 

BIK-△TM ,and BIK-△BH3 (Figure 1B), TMEM74 encodes 305 amino acids, TM1 
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and TM2 domain is constituted by 178-198 amino acid residues and 232-252 amino 

acid residues respectively; BIK encodes 158 amino acids and possesses a BH3 

domain(57-71) and a TM domain(137-158) . Then the plasmids as the indicated 

images shown were co-transfected into the HeLa cells respectively for 24h( Figures 

1C, 1D and 1E) , the over-expression efficiency was detected by western blotting 

(Figure 1H).  By confocal microscopy observations it was found that the deprivation 

of TM domains of either TMEM74 or BIK led to disappearance of fluorescence 

puncta locations so as to devastate the colocalization undoubtedly. However, 

surprisingly, BH3 domain deprivation of BIK had no impact on the colocalization.  

The results suggested that TM domains are required for the colocalization. 

Furthermore, TM domains can be treated as a prerequisite for structural and 

functional associations between TMEM74 and BIK in vivo.  

  In order to further confirm the previous conclusion,the colocalization of 

GFP-TMEM74 and mCherry-BIK was observed and measured with cell live imaging 

in the HeLa cells co-transfected with the indicated plasmids .The zero point was set at 

the 12
th

 h after the transfection. The enhanced levels of colocalization as time went by 

was observed and the two fluorescent signals gradually gathered at the specific 

compartments in cells as a mass shape, like where the red arrows indicate in the 

Figure 1F, which suggested the potential TMEM74 or BIK translocation to a certain 

intra-cellular site leading to the colocalization may exist, Four different regions were 

chosen to measure the Pearson Correlation for reflecting the levels of colocalization 

(Figures 1F and 1G).  

  The further several experiments to explore the functional domains about TMEM74 

were conducted, the GFP-TMEM74-△TM deprived of the specific location to the 

lysosomes and turned diffuse when compared with the full-length TMEM74 labeled 

by GFP (Figures S1A and S1B). Furthermore, the possibility that TMEM74 with 

deletion of TM domains becomes a nuclear component related to cell death was 

eliminated by the results shown in Figures S2A,S2B and S2C, The results of Figure 

S2 have shown that TMEM74-△TM could not induce cell death and influence cell 

survival with or without BIK by detecting cleaved caspase-3 and BCL-2 via western 

blotting and AnnexinV- PI dual staining followed by flow cytometry analysis.  
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3.3. TMEM74 interacts with BIK via TM domains of TMEM74 and BH3 domain of 

BIK.  

It has been determined that TMEM74 colocalizes with BIK and TM domains were 

crucial . It was proceeded to validate if TMEM74 interacted with BIK physically. We 

sought to test the interaction by co-immunoprecipitation analysis and GST-pull down 

assay. The constructed plasmids, GFP-TMEM74 and mCherry-BIK were 

co-transfected into HeLa cells. the cell lyastes were subjected to immunoprecipitation 

24 hours later . Western blotting showed that GFP-TMEM74 co-precipitated with 

mCherry-BIK and endogenous BIK(Figure 2A). Reciprocally, Flag-TMEM74 was 

also detected in the GFP-BIK immunoprecipitates(Figure 2B). Next, to assess if 

TMEM74 is directly associated with BIK, we obtained a GST-tagged full-length 

TMEM74 fusion protein and performed a GST pull-down assay, it was found that 

GST-TMEM74 bound to GFP-BIK in vitro(Figure 2C). Furthermore, we performed 

other IP assay about GFP-TMEM74-△TM and mCherry-BIK , or GFP-TMEM74 and 

mCherry-BIK-△BH3 respectively. The results unraveled that loss of TM domains of 

GFP-TMEM74 failed to bind to mCherry-BIK(Figure 2D). And lack of BH3 domain 

for mCherry-BIK also ablated binding to GFP-TMEM74(Figure 2E). Even if the 

colocalization between GFP-TMEM74 and mCherry-BIK-△BH3 still existed 

(Figure 1E), the interaction between them disappeared, which indicated that 

colocalization can be only regarded as the the necessary but not sufficient condition of 

the interaction. Since the TM domain of mCherry-BIK-△BH3 is still intact, meaning 

the localization of mCherry-BIK-△BH3 would not change compared with the 

full-length BIK labeled by mCherry . If the BH3 domain of BIK is exactly the region 

by which TMEM74 interacts with BIK, the above-mentioned results that seem like a 

paradox would emerge reasonably. Taken together, the results indicated that the TM 

domains of TMEM74 and BH3 domain of BIK are required for the interaction 

between TMEM74 and BIK.  

  It has been proven that BH3 domain of BIK is essential for apoptosis induction and 

its interaction with BCL-2 and BCL-XL[9][18][19], Meanwhile, as our results 

revealed, BH3 domains of BIK mediates the interaction between TMEM74 and BIK, 

thus the interaction between TMEM74 and BIK may have an impact on binding to 

BCL-2 for BIK. To substantiate our assumption, the attenuated pulled-down BCL-2 in 

the GFP- BIK immunoprecipitates from the cell lysates co-transfected with 
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mCherry-TMEM74 and GFP-BIK compared with the cell lysates treated with 

GFP-BIK plus control was observed by immunoblotting,which suggests TMEM74 

may competitively obstruct the interaction between BCL-2 and BIK (Figures 2F and 

2G).  

 

3.4. TMEM74 inhibits BIK-induced apoptosis by the interaction between them  

Since TMEM74 links to BIK in structural aspect, and as we have mentioned, BIK can 

induce cell apoptosis and TMEM74 triggers autophagy, the functional relationship 

also needs to be explored in consistence with the physical association. Experiments 

were performed in the HeLa cells co-transfected with the plasmids as indicated in 

Figure 3A, The flow cytometry results showed that fraction of apoptotic cells was 

down-regulated in the cells over-expressing Flag-TMEM74 plus Myc-BIK compared 

with the cells treated with Myc-BIK plus control(Figure 3A). Similarly, the protein 

levels of cleaved caspase-3 were also reduced and BCL-2 levels were elevated when 

comparing Flag-TMEM74 plus Myc-BIK over-expression with Myc-BIK plus control 

over-expression(Figures 3D and 3E).  

  To discern whether the inhibition effect is mediated by the interaction or 

TMEM74-induced autophagy directly , expertments were operated by using the 

autophagic inhibitor. Bafliomycin.A1 is an inhibitor of autophagic flux and 

suppresses the vacuolar ATPase, which prevents mature autophagosome from fusing 

with lysosomes to stop digesting the sequestered substrates. We conducted the same 

experiment with bafilomycin.A1 treatment,blocking autophagy induction. Data from 

the flow cytometry analysis and western blotting showed that bafilomycin.A1 had 

little impact on the inhibition of BIK-induced apoptosis including the same change in 

cleaved caspase-3 and BCL-2 (Figures 3B, 3F and 3G ). Simultaneously, CCK-8 

assay in HeLa cells supplemented the conclusion that autophagy blockade exerts 

scarce influence on suppression in BIK-induced apoptosis, which were shown by that 

TMEM74 elevated the cell proliferation rate in the CCK-8 assay compared with 

BIK-transfected control cells (Figure 3C). Excluding the possible effect that 

TMEM74-triggered autophagy reduces cell apoptosis, it was identified that TMEM74 

conjugation with BIK can also generate the inhibition of BIK-induced apoptosis.  

  Next, we explored whether BIK can influence TMEM74 function related to 
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autophagy induction via the interaction, the results showed that BIK has no impact on 

TMEM74 function as evidenced by the results that no significant difference in LC3B 

levels when comparing Flag-TMEM74 plus Myc-BIK over-expression with 

Flag-TMEM74 plus control over-expression (Figure 3E). Furthermore, BIK-△BH3 

over-expression which would destroy the interaction to free TMEM74 couldn’t cause 

the increased autophagy when compared with BIK over-expression, which further 

emphasized that the association of TMEM74 and BIK has no impacts on TMEM74 

function (Figure S3). In conclusion, the TMEM74 may locate at the upstream of BIK, 

not allowing BIK to influence the function of TMEM74 reversely.  

 

3.5.Knockdown of TMEM74 and TM domains loss of TMEM74 impair 

BIK-induced apoptosis inhibition  

The former conclusions were testified from other aspects. For the first time, 

we performed the flow cytometry analysis in HeLa cells co-transfected with the 

plasmids as indicated in Figure 4A , The decreased surviving fraction of cells was 

observed together with BIK over-expression when comparing TMEM74-△

TM-over-expression with WT-TMEM74 over-expression (Figures 4A and 4B). 

Meanwhile, the results in western blotting also supported the former conclusion, as 

evidenced by the increased cleaved caspase-3 and reduced BCL-2 levels together with 

BIK over-expression when comparing TMEM74-△TM over-expression with 

WT-TMEM74 over-expression (Figure 4E). The results exactly indicated that intact 

TMEM74 structure is required for the TMEM74 function including inhibiting 

BIK-induced apoptosis.  

  Then we synthesized two siRNAs against TMEM74(siTMEM74-1 and 

siTMEM74-2). The Flow cytometry analysis performed in TMEM74-silenced HeLa 

cells showed that TMEM74 knockdown led to the increased the fraction of apoptotic 

cells in BIK-treated cells compared with BIK plus siControl co-transfected cells 

(Figures 4C and 4D), and the western blotting also matched the flow cytometry 

results including the cleaved caspase-3 and BCL levels (Figure 4F) . It also suggested 

that endogenous TMEM74 can resist BIK pro-apoptotic function to maintain the 

intracellular homeostasis between death and growth. Taken altogether, the results are 

consistence with the conclusion that TMEM74 down-regulates BIK-induced 
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apoptosis.  

 

4.Discuss  

 

TMEM74 , as a novel lysosome transmembrane protein, was firstly identified in our 

lab, TMEM74 is conserved in humans, M. mulatta, B. taurus, R. norvegicus, and M. 

musculus, however, no obvious homology with any known genes or proteins has not 

been found or confirmed so far. Our lab firstly performed the functional report about 

TMEM74 and demonstrated its autophagy induction effect [14][15],whereas the 

deeper mechanisms about the TMEM74 function still remain unclear.  

  Bik,containing only one of the signature domains of the Bcl-2 family,the BH3 

domain, mediates the induction of cell apoptosis by Bax-dependent mitochondria 

pathway. As the previous reports shown, the similar mode of apoptosis for the 

BH3-only proteins like Bik, Bid, Bad, Bim and Noxa are established that they induce 

a conformational switch of Bax- or Bak- N terminus, trigger the release of   

cytochrome c and mitochondria apoptosis signals cascades[18][19][20][21]. 

Additionally, Bik interacts with anti-apoptotic molecules, for instance, associates with 

Bcl-2 or Bcl-xL via BH3 domain to impair their anti-apoptotic effect[19]. Altogether, 

Bik as a crucial role, activates the apoptosis via both pathways including positive 

stimulation and negative blockade to apoptosis inhibition factors.  

  It is well documented that the interplay between autophagy and apoptosis is 

mediated by the functional and structural interaction between Bcl-2 and Beclin1 , the 

mammalian orthologue of yeast Atg6 which has a crucial role in autophagosomes 

formation as a component of a protein complex, classIII phosphatidyl inositol-3 

kinase (PI3K) complex[22][23], the association between Beclin1 and Bcl-2 leads to 

the attenuated beclin1/VPS34 complex,thereby abolishing beclin1-mediated 

autophagy[24][25]. Since Bik also interacts with Bcl-2, it may be at the crossroads 

between autophagy and apoptosis.  

  Through our investigations, TMEM74, the autophagy activator, interacts with BIK 

and significantly reduces the pro-apoptotic activity of BIK  independent of 

TMEM74-induced autophagy as evidenced by the results that bafilomycin.A1, the 
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autophagy inhibitor by preventing autophagosomes from fusing with lysosomes, 

failed to counteract the TMEM74-mediated anti-apoptotic effect (Figures 3B. 3C, 3F 

and 3G). Intriguingly, based on our experiments, we found that the levels of cleaved 

caspase-3 were down-regulated in the cells transfected with Flag-TMEM74 plus 

control compared with the blank control (Figure 3D). Therefore, the results suggested 

that TMEM74 influences the BIK-induced apoptosis by either the TMEM74-induced 

autophagy or the interaction with BIK, which suggests that TMEM74-induced 

autophagy may benefit for cell survival, which remains to be further explored. 

  As for insights into the mechanism of how to inhibit the BIK-induced apoptosis via 

the interplay between TMEM74 and BIK, A consumption can be supported that the 

TMEM74 binding to BIK reduces the capacity of BIK to induce apoptosis by 

sequestration of BIK linking to BCL-2, as suggested by the reduced levels of BCL-2 

pulled down in the BIK immunoprecipitates from the cell lysates subjected to  

TMEM74 over-expression (Figures 2F and 2G). Impairment of the interaction 

between BCL-2 and BIK contributes to elevated levels of BCL-2 with unconstrained 

anti-apoptotic capacity, thereby inhibiting apoptosis. Furthermore, It is conceivable 

that the inevitable competition for BH3 domain of BIK from TMEM74 may largely 

cause the disassociation between BIK and BCL-2.  

  In a conclusion, it was confirmed that TMEM74 not only binds to BIK dependent 

of TM domains of TMEM74 and BH3 domain of BIK but also interferes with BIK 

pro-apopotic capacity, the accumulating evidences revealed that TMEM74 and BIK 

locate at the crossroads linking autophagy to apoptosis, like Bcl-2 and Beclin1, So it 

is definitely prospective and meaningful to deeply explore TMEM74 and BIK for the 

sake of the clearer relationships between autophagy and apoptosis as to further  

throw light upon the mechanisms of autophagy and apoptosis. 

 

5. Conclusion 

5.1. TMEM74 colocalizes with BIK in subcellular compartments  

5.2.TMEM74 interacts with BIK physically 

5.3.TMEM74 inhibits BIK-induced apoptosis via the physical interaction  
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5.4.The TM domains of TMEM74 and BH3 domain of BIK are essential for their 

structural and functional associations  
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                        Figure legends 

Figure 1. TMEM74 colocalizes with BIK. (A) HeLa cells were co-transfected with 
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mCherry-BIK and GFP-TMEM74 plasmids for 24h, and then observed by confocal 

microscopy. Representative confocal microscopy images of GFP-TMEM74 and 

mCherry-BIK were shown.(B) Truncated mutants including TMEM74-△TM , BIK-

△TM and BIK-△BH3 were constructed. (C,D,E) The representative confocal 

microscopy images of GFP-TMEM74-△TM  and mCherry-BIK，GFP-TMEM74 

and mCherry-BIK-△TM , or GFP-TMEM74 and mCherry-BIK-△BH3  in HeLa 

cells co-transfected with three groups of plasmids above for 24h respectively were 

shown. (F) HeLa cells were co-transfected with GFP-TMEM74 and mCherry-BIK for 

12h, then observed by the real-time confocal microscopy. The observing zero point 

was started from 12h after transfection. (G) The results are means±SD of Pearson 

Correlation of four selected regions. Pearson Correlation reflects the levels of 

colocalization. (H) The over-expression detection of GFP-TMEM74, GFP-TMEM74-

△TM, mCherry-BIK, mCherry-BIK-△BH3 and mCherry-BIK-△TM was performed 

via western blotting.  

 

Figure 2. TMEM74 interacts with BIK dependent on TM domains of TMEM74 

and BH3 domain of BIK. (A) HeLa cells were co-transfected with GFP-TMEM74 

and mCherry-BIK for 24h,Total cell extracts were subjected to IP using either an 

anti-GFP or an isotype control IgG. BIK was detected by an anti-BIK IgG in the 

immunoprecipitates by western blotting.(B) HeLa cells were co-transfected with 

Flag-TMEM74 and GFP-BIK for 24h, Total cell extracts were subjected to IP using 

an anti-GFP either an isotype control IgG. Flag-TMEM74 was detected by an 

anti-Flag IgG in the immunoprecipitates by western blotting.(C) GST protein and 

GST-TMEM74 fusion protein immobilized on Glutathione-Sepharose beads were 

incubated with GFP-BIK-transfected HeLa cell lysates at 4℃  for 4h,GST and 

GFP-BIK were detected by an anti-GFP IgG in the washed beads by western blotting. 

(D,E) The two groups of HeLa cell lysates respectively co-transfected with 

`GFP-TMEM74-△TM and mCherry-BIK, or GFP-TMEM74 and mCherry-BIK-△

BH3 were subjected to IP using either an anti-GFP or an isotype control IgG, BIK 

was detected by an anti-BIK IgG in the immunoprepitates by western blotting in two 

groups. (F) Two groups of HeLa cells co-transfected with GFP-BIK and 

mCherry-TMEM74, GFP-BIK and mCherry(control) respectively.The two groups of 

total cell extracts are subjected to IP using either an anti-GFP or an isotype control 
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IgG. BCL-2 was detected by an anti-BCL-2 IgG in the immunoprecipitates by 

western blotting. (G) Quantification of BCL-2 pulled down levels relative to 

GFP-BIK immobilized on protein G sepharose beads was shown as column.Data are 

means±SD of three experiments. *p<0.05, **p<0.01. 

 

Figure 3. TMEM74 inhibits BIK-induced cell apoptosis by the interaction 

between them.  

(A) The four groups of HeLa cells were respectively co-transfected for 24h with 

Flag-TMEM74 and Myc(control), Myc-BIK and Flag (control), Flag-TMEM74 and 

Myc-BIK, or Flag and Myc (blank). Apoptotic cells were measured by 

FITC-AnnexinV and PI staining followed by flow cytometry analysis. Results are 

means±SD, n=3 replicates. *p<0.05, **p<0.01. (B) The HeLa cells were respectively 

co-transfected for 24h with Flag-TMEM74 and Myc(control), Myc-BIK and 

Flag(control), Flag-TMEM74 and Myc-BIK, or Flag and Myc (blank), and meanwhile 

treated with bafilomycin.A1(100nM) for 24h. Apoptotic cells were measured by 

FITC-AnnexinV and PI staining followed by flow cytometry analysis. Results are 

means±SD, n=3 replicates. *p<0.05, **p<0.01. (C) The first four groups of HeLa 

cells were co-transfected  respectively with Flag-TMEM74 and Myc-BIK, 

Flag-TMEM74 and Myc(control), Myc-BIK and Flag(control) or Myc and Flag 

(blank), the other four groups(marked by the red lines) were subjected to the same 

co-transfection but treated with bafilomycin.A1(100nM), then monitored cell 

proliferation by CCK-8(Cell Counting Kit-8) assay.Data are means±SD of three 

replicates. *p<0.05, **p<0.01. (D,E) The four groups of HeLa cells were respectively 

co-transfected for 24h with Flag-TMEM74 and Myc(control), Myc-BIK and 

Flag(control), Flag-TMEM74 and Myc-BIK, or Flag and Myc (blank), then analyzed 

endogenous cleaved caspase-3, BCL-2 and LC3B-II by western blotting. (F,G) The 

four groups of HeLa cells were respectively co-transfected with Flag-TMEM74 and 

Myc(control), Myc-BIK and Flag(control), Flag-TMEM74 and Myc-BIK, or Flag and 

Myc (blank), meanwhile treated with bafilomycin.A1(100nM) for 24h, then analyzed 

the level of endogenous cleaved caspase-3 and BCL-2 levels in cell extracts by 

western blotting.  
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Figure 4. Knockdown of TMEM74 and TM domains of TMEM74 loss impair 

BIK-induced apoptosis inhibition (A,B) The HeLa cells were co-transfected with 

TMEM74-△TM and BIK, TMEM74 and BIK, control and BIK, blank control, 

TMEM74 and BIK-△BH3, TMEM74-△TM and BIK-△BH3, or control and BIK-△

BH3 for 24h respectively, then measured the apoptotic cells by AnnexinV-PI dual 

staining.  Data are means±SD of three replicates. *p<0.05, **p<0.01. (C,D) The six 

groups of HeLa cells were co-transfected with siTMEM74-1 and control, 

siTMEM74-2 and control, siTMEM74-1 and Myc-BIK, siTMEM74-2 and Myc-BIK, 

siControl and Myc-BIK or siControl and Myc (blank) for 36h respectively,then 

measured the apoptotic cells by AnnexinV-PI staining followed by flow cytometry. 

Data are means±SD of three replicates. *p<0.05, **p<0.01. (E) The HeLa cells were 

co-transfected with TMEM74-△TM and BIK, TMEM74 and BIK, control and BIK, 

blank, TMEM74 and BIK-△BH3, TMEM74-△TM and BIK-△BH3, or control and 

BIK-△BH3 for 24h,respectively, and analyzed the cleaved caspase-3 and BCL-2 by 

western blotting. (F) The HeLa cells were co-transfected with siTMEM74-1 and 

control, siTMEM74-2 and control, siTMEM74-1 and Myc-BIK, siTMEM74-2 and 

Myc-BIK, siControl and Myc-BIK or siControl and Myc (blank) for 36h 

respectively,then and analyzed the cleaved caspase-3 and BCL-2 by western blotting.  
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