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Abstract Bim is a proapoptotic member of the Bcl-2

family and is primarily involved in the regulation of the

intrinsic apoptotic pathway. However, the detail of regu-

lation of Bim’s proapoptotic activity has not been clarified

yet. Using Bim L as bait, we screened a human fetal cDNA

library for interacting proteins and identified Grb10 as an

interactor. This interaction was verified by co-immuno-

precipitation and intracellular co-localization studies. The

potential segment of Bim L that binds Grb10 was identified

via a yeast mating test. Grb10 interacted with the DBD

(dynein binding domain) of Bim and inhibited apoptosis

triggered by overexpression of DBD containing Bim iso-

forms. The putative phosphorylation sites on DBD of Bim

play a role for the anti-proapoptotic activity of Grb10. Our

results suggest that Grb10 interacts with Bim L and inhibits

its proapoptotic activity in a phosphorylation-dependant

manner.
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Introduction

Apoptosis is a physiological progress for killing unwanted

cells in multicellular organisms that is necessary for

embryonic development and tissue homeostasis [1]. There

are two main intracellular apoptosis cascades—one that

involves the interaction of a death receptor with its ligand

and another with involves the mitochondria. The mito-

chondrial pathway is regulated by proapoptotic and anti-

apoptotic Bcl-2 family proteins [2]. The antiapoptotic

proteins, such as Bcl-2, Bcl-xL, Mcl-1 and Boo (Diva),

contain at least a BH1 and BH2 domain. The proapoptotic

members consist of two subgroups: Bax, Bak and Bok

(Mtd), which share homology in the BH1, BH2 and BH3,

but not in BH4 domains; Bim, Bid, Bad, Bik, Bmf, Hrk,

Noxa and Puma, which share homology only in the BH3

domain [3].

The BH3-only protein Bim was first discovered by an

expression screen for proteins that bind to Bcl-2 [4]. To

date, there are at least 15 isoforms of Bim that have been

reported [5, 6]. All three major isoforms of Bim, Bim EL,

L and S, are able to bind to Bcl-2 and Bcl-xL, which

reside on the mitochondrial outer membrane, and initiate

cytochrome C release in certain settings of apoptosis. The

apoptotic activity of Bim EL and Bim L is suppressed by

binding to the dynein motor complex via the dynein

binding domain (DBD). Bim S lacks the DBD and thus

has most potent cytotoxic activity [7]. At present, the

studies of transcriptional and posttranslational regulation

of Bim have revealed that the transcriptionof Bim was

regulated by HDACi and FOXO3a, while the modification

of Bim is effected by kinase family members such as JNK

and ERK [8–10]. However, the upstream regulators and

downstream targets of Bim remain largely unknown

[11, 12].
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Here we report that Bim L interacts with Grb10, an

adapter protein that is known to interact with a number of

receptor tyrosine kinases and signaling molecules. The

function of this interaction was determined by apoptosis

assays.

Materials and methods

Plasmid construction

The pLexA-Bim bait plasmids for the yeast two hybrid

assay and pEGFP-Bim plasmids for expressing EGFP-Bim

fusion proteins were described previously [6].

The ORF of human Grb10 was obtained from a human

fetal cDNA library (Clontech) by amplification with the

following primers: 50-ccggaattctgcaagctgccggccctctgttc-30;
50-cgcggatccaaggccactcggatgcagtggtg-30. The cDNA was

inserted into pDsRed-N1 (Clontech) between the EcoRI

and BamHI sites to generate pGrb10-DsRed that expresses

a Grb10-DsRed fusion protein. The Grb10 SH2 domain

fragment was amplified from a pB42AD fetal brain cDNA

library (Clontech) with the pB42AD sequence primers,

50-ccagcctcttgctgagtggagatg-30 and 50-ggagacttgaccaaacctct

ggcg-30, and subcloned into pcDNA3.0 (Clontech) between

the EcoRI and Hind III sites for eukaryotic expression of

the protein.

To identify the effect of mutation of the phosphorylation

sites of Bim L on the Bim L and Grb10 interaction, the

plasmids that express Bim L-GFP with mutations in puta-

tive phosphorylation sites were generated. Using Net

phos2.0 (http://www.cbs.dtu.dk/services/NetPhos/) and the

GPS Group-based Phosphorylation Scoring Method (url

Version 1.10 (http://973-proteinweb.ustc.edu.cn/gps/gps_

web/predict.php) [13, 14], the phosphorylation sites in Bim

L were predicted. Bim LY102Q, Bim LY103F and Bim

LY102QY103F are mutations of the putative phosphorylation

sites near the BH3 domain, and Bim LS44A and Bim LT56A

are mutations of the putative phosphorylation sites in the

DBD. All site-directed mutagenesis was performed using

the Muta-direct kit (SBS, China). The primers used for the

mutations mentioned above were 50-gacgagtttaacgctcaatat

gcaaggaggg-30 and 50-ccctccttgcatattgagcgttaaactcgtc-30,
50-cgagtttaacgcttactttgcaaggagggtatttttg-30 and 50-caaaaatac

cctccttgcaaagtaagcgttaaactcg-30, 50-cgagtttaacgctcaatttgcaa

ggaggg-30 and 50-ccctccttgcaaattgagcgttaaactcg-30, 50-caga

gccacaagacagggccccagcacccatgagttg-30 and 50-caactcatgggt

gctggggccctgtcttgtggctctg-30 and 50-gttgtgacaaatcaacacaagc

cccaagtcctccttgccag-30 and 50-ctggcaaggaggacttggggcttgtgt

tgatttgtcacaac-30, respectively.

Yeast two-hybrid assay

The pLexA two-hybrid system was purchased from Clon-

tech. Using pLexA-Bim L as bait, the yeast two-hybrid was

performed using a standard two-step protocol to screen a

pre-made pB42AD-fetal cDNA library (Clontech). All

positive clones were amplified with the pB42AD sequence

primers (50-ccagcctcttgctgagtggagatg-30 and 50-ggagacttga

ccaaacctctggcg-30) and PCR products were sequenced with

the same primers. The yeast-mating test was also used to

determine the interaction between the other three Bim

isoforms with the sequenced pB42AD positive clones.

pLexA-Bim S, pLexA-Bim a2, pLexA-Bim a3 was used to

transfect YM4271, and was then mated with the pB42AD-

positive clone EGY48 [p8opLacZ] yeast cells.

Co-immuprecipitation

To verify the interaction between Bim L and Grb10, co-

immuprecipitation was performed. HEK293 cells were

cultured in Dulbecco’s modified Eagle’s medium supple-

mented with 10% fetal calf serum, 50 lg streptomycin/ml

and 50 IU penicillin/ml. The cultures were incubated at

37�C in a humidified atmosphere of 5% CO2. The cells were

transfected with plasmid pEGFP- Bim L or control plasmid

pEGFP-C1 using Lipofectamine (Invitrogen). 24 h after

transfection, the cells were harvested and lysed in 500 ll

lysis buffer containing 20 nM Tris pH 7.5, 100 mM NaCl,

0.5% NP-40, 0.5 mM EDTA, 0.5 mM PMSF and 0.5%

protease inhibitor cocktail (Sigma). Five micrograms of

rabbit anti-Grb10 monoclonal antibody (Santa Cruz) was

added to 500 ll of each cell lysate. After a 2-h incubation of

the immunoprecipitates at 4�C, 10 ll of pre-washed protein

A/G Sepharose (Santa Cruz) were added to each immuno-

precipitated complex and shaken for 2 h at 4�C. The

immunoprecipitates were washed three times with ice-cold

wash buffer. Lysates and washed immunoprecipitates were

resolved on SDS-PAGE and transferred to nitrocellulose for

western blot assays. The nitrocellulose membrane was

blocked with 5% nonfat milk and incubated overnight at

4�C in mouse anti-EGFP antibody (Santa Cruz). Then the

membrane was exposed to horseradish-peroxidase conju-

gated anti- mouse antibody (Santa Cruz) and the bands were

visualized using an enhanced chemiluminescence immu-

noblotting detection kit (Amersham Biosciences).

Subcellular localization

The subcellular localization of Bim L and Grb10 were

determined in HEK293 cells. HEK293 cells were plated at
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a density of 2 9 105 cells per well (6-well plate). When the

cells were about 75% confluent, cells were transfected with

pEGFP-Bim L and pGrb10-DsRed using Lipofectamine

(Invitrogen), and the pDsRed and pEGFP-C1 plasmids

were co-transfected as controls with the above two plas-

mids, respectively. Twenty-four hours after transfection,

the cells were observed using a confocal fluorescence

microscope (Leica). The nuclei were strained with DAPi.

The fluorescence of GFP, RFP and DAPi was observed at

wavelengths of 488, 543 and 405 for excitation and 510,

582 and 461 for emission, respectively.

Apoptosis assay

HEK293 cells were plated at a density of 2 9 105 cells per

well. When the plates were about 75% confluent, cells were

co-transfected with pEGFP-Bim isoforms/mutatants and

pcDNA3.0-Grb10SH2-BPS using the Lipofectamine agent

(Invitrogen). pEGFP-Bim isoforms/mutatants and pcDNA3.0

co-transfected cells were used as a control. Twenty-four

hours after transfection, the cells were harvested. Apopto-

tic cells were quantified by flow cytometric analysis

(APO-BRDUTM Apoptosis Assay Kit, Becton Dickinson)

Fig. 1 The yeast mating test

between Grb10 and five Bim

isoforms (Bim L, Bim S, Bim

a2, and Bim a3)
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according to the manufacturer’s recommendations. The

experiment was repeated three times.

Results

Yeast two-hybrid library screening with Bim L

pLexA-Bim L was used as bait to screen a pB42AD-based

human fetal brain cDNA library for potential Bim

L-interacting proteins. A total of 121 positive clones were

isolated from 106 independently screened clones. Of the

121 positive clones, 14 corresponded to the Grb10 C-ter-

minus, which encoded part of the BPS domain and the

complete SH2 domain. In addition, the mating test revealed

that four isoforms of Bim L (Bim S, Bim a2, Bim a3,)

interact with Grb10 with different interaction strengths, the

interaction between Bim L and Bim a2 are strenger then

that of Bim S and Bim a3 (Fig. 1).

Co-immuprecipitation indicated an interaction

between Bim L and Grb10

To further investigate the interaction between Bim L and

Grb10 in vivo, co-immuprecipitation was performed in

HEK293 cells overexpressing the EGFP-Bim L fusion

protein. A rabbit anti-Grb10 antibody was able to precip-

itate EGFP-Bim L from the lysate of HEK293 cells

transfected with pEGFP-Bim L, while there was no band

present in the control co-immuprecipitation of pEGFP-C1

transfected cells (Fig. 2).

Intracellular localization of Bim L and Grb10

In order to investigate the intracellular localization of Bim

L and Grb10, HEK293 cells were co-transfected with

pEGFP-Bim L and Grb10-DsRed plasmids. Both the

EGFP-Bim L and Grb10-DsRed fusion proteins were

detected in the cytoplasm, and especially in irregular par-

ticles surrounding the nucleus. In GFP-Bim L and Grb10-

DsRed-expressing cells, the green fluorescence and red

fluorescence merged to some degree (Fig. 3).

Grb10 inhibited Bim L induced apoptosis

To investigate the function of Grb10 in apoptosis induced

by Bim, the apoptosis in pEGFP-Bim and pcDNA3.0-

Grb10SH2-BPS co-expression HEK293 cells were assayed.

Compared with the control, in Grb10 over-expressing

HEK293 cells, the apoptosis induced by over-expression of

Bim L is significantly decreased (from 69.66 ± 1.31 to

48.34 ± 2.04, n = 3, P \ 0.005). The results of the apop-

tosis assay showed that Grb10SH2-BPS apparently inhibits

apoptosis induced by pEGFP-Bim a2 (from 31.78 ± 1.55

to 17.36 ± 0.89, n = 3, P \ 0.005), pEGFP-Bim LY102Q

(from 66.13 ± 1.65 to 47.26 ± 2.55, n = 3, P \ 0.005)

and pEGFP-Bim LY103F (from 64.65 ± 1.99 to 47.62 ±

1.80, n = 3, P \ 0.005). Apoptosis of cells co-transfected

with Grb10SH2-BPS and pEGFP-Bim S (from 68.71 ±

1.92 to 67.66 ± 1.45, n = 3, P \ 0.05), pEGFP-Bim a3

(from 35.48 ± 1.35 to 34.83 ± 2.03, n = 3, P \ 0.05),

pEGFP-Bim LS44A (from 72.35 ± 1.87 to 69.88 ± 1.74,

n = 3, P \ 0.05) and pEGFP-Bim LT56A (from 69.53 ±

1.26 to 67.52 ± 1.12, n = 3, P \ 0.05) did not presented

significant difference (Fig 4).

Fig. 2 Co-immunoprecipitation analysis of Grb10 and Bim L in

HEK293 cells. Samples were analyzed by western blotting with a

mouse anti-GFP antibody. 1 Cell lysate of pEGFP-C1-transfected

HEK293 cells were incubated with a rabbit anti-Grb10 binding

protein on A/G agarose beads. 2 Cell lysate of pEGFP-Bim

L-transfected HEK293 cells were incubated with a rabbit anti-

Grb10 binding protein on A/G agarose beads. 3 Cell lysate of pEGFP-

C1-transfected HEK293 cells. 4 Cell lysate of pEGFP-Bim

L-transfected HEK293 cells

Fig. 3 Subcellular localization of Grb10 and Bim L co-expression HEK293. a subcellular localization of Grb10-RFP. b Subcellular location of

Bim L-GFP. c Cells co-transfected with Grb10-RFP and Bim L-GFP stained by DAPi. d The merge of a, b and c
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Discussion

Grb10 was isolated as a Bim interactor by yeast-two-

hybridization. The interaction between Bim and Grb10

was further confirmed by co-immunoprecipitation. The

localization of Bim L-EGFP and Grb10-DsRed overlapped

somewhat, which supports the possibility of an interaction

between Bim L and Grb10. Through apoptosis assays, the

function of the interaction between these two proteins was

also explored. Over-expression of Grb10 apparently

Fig. 4 Inhibitory effect of

Grb10 on Bim-induced

apoptosis
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inhibited Bim L or Bim a2-induced apoptosis. However,

over-expression of Grb10 was not able to inhibit apoptosis

induced by Bim S, or Bim a3, which lacks the DBD

domain. The yeast-mating test showed that Bim isoforms

containing the DBD domain interacted with Grb10 stronger

then the Bim isoforms without DBD. The results supported

that DBD play a role in Grb10 mediated anti-apoptotic

activity.

The phosphorylation state of Bim L is complex and

plays an important role in its apoptotic activity [9]. We

analyzed apoptosis induced by Bim L phosphorylation

mutants (BimS44A, Bim LT56A, Bim LY102Q, Bim LY103F

and Bim LY102QY103F) in Grb10 co-expressing HEK293

cells. Apoptosis induced by mutants that changed the DBD

domain phosphorylation sites (Bim LS44A and Bim LT56A)

could not be inhibited by over-expression of Grb10. Grb10

belongs to a small family of adapter proteins that are

known to interact with a number of receptor tyrosine

kinases and signaling molecules. It mediated the phos-

phorylation protein degeneration by targeting them for

ubiquitination [15–17]. JNK phosphorylation on Thr56 and

Ser44 released Bim L from the dynein motor complex and

increased its apoptotic activity [9]. The Ser44 in Bim L has

also been found to be phosphorylated by ERK1/2 [18]. Our

results suggested that the phosphorylation sites of DBD

domain are crucial for Grb10 anti-apoptotic activity.

Our study first revealed that Grb10 can interact with a

proapoptotic protein, Bim. It is notable that the region of

Bim L interacting with Grb10 is not the BH3 domain, but

rather the DBD domain. The anti-apoptotic activity of

Grb10 is depended on the phosphorylation of DBD of Bim.

Our research shed a light on the Bim proapoptotic activity

regulation by Grb10 and the phosphorylation. However, the

meaning of interaction between Bim and Grb10 need fur-

ther study.
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