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Abstract It is known that both FHC and Bim is involved in the regulation of intracellular iron metabolism, and plays a role in cellular
apoptosis caused by ROS. However, the molecular mechanisms of FHC regulating apoptosis are remaining unknown. Using
pLexA-Bim L as bait, a pB42AD based cDNA library was screened and FHC was identified as a Bim interacting protein. The
interaction domain on Bim was located to BH3 domain. The interaction between FHC and Bim was further verified by
co-immunoprecipitation. The subcellular location assay revealed that both Bim and FHC are located to cytoplasm and partially overlap.
Over expression of FHC in HEK293 protects the cells from cytotoxity caused by over expressing Bim L. Both over-expression and
knock-down analysis of FHC suggest that FHC protects HEK293 cells from hydrogen peroxide treatment. A novel Bim interacting
protein, FHC was identified and it was suggested that FHC play a role in Bim mediated apoptosis and oxidative stress.
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Bcl-2 family proteins play a pivotal role in the
regulation of mitochondrial integrity and in the
mitochondrial apoptosis pathway [1]. There are two
types of Bcl-2 proteins: anti-apoptotic Bcl-2 family
proteins and pro-apoptotic members [2]. Since Bim S,
Bim L and Bim EL were first identified in 1998, at
least fifteen isoforms of Bim have been reported. The
BH3 contained Bim isoforms present proapoptotic
activity, while the isoforms without BH3 domain act as
the decoys and present the anti-apoptotic activity.
Abundant isoforms provide the possibility for Bim to
play a role both as sensor and trigger in apoptotic
cascade [3-7]. Bim L and Bim EL are the predominant
isoforms and they have been shown to interact with all
the survival members of Bcl-2 family. Bim was also
reported to act as a direct activator of Bax and Bak，
thus loss of Bim could confer protection from
apoptosis. Vice versa, Bim cannot trigger apoptosis in
mice lacking both Bax and Bak [8-11]. Bim is normally
sequestered in cytosol by its association with the
dynein light chain and is regulated at the
transcriptional or post-transcriptional level by
cytokines. The dynein light chain binding domain of
Bim seems play a role in the regulation of Bim. Several

signals such as TGF-beta, ROS and serum deprive
result in Bim translocation from cytoskeleton to
mitochondria [12-14]. Either the proapoptotic members of
BCL2 protein family or the prosurvival members
interacting with the BH3-only protein Bim results
in initiating apoptosis [15]. Up to now, a role for
Bim in regulating apoptosis is established, but it
is incompletely understood [16]. To identify and
characterize the Bim interacting proteins might enrich
our knowledge of Bim mediated apoptosis.

It was reported that ROS regulate quiescent T-cell
apoptosis via Bim[10, 17]. On the other hand, there seems
another signaling pathway from ROS, FHC to
apoptosis[18-19]. Accumulation of data suggested that the
intracellular iron regulate both Bim and FHC, which
might play a role in the cell survival or apoptosis [20].
These data raise an interesting question: Does the two
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pathways cross-talk each other or they just work
independently? Our experiments identified that FHC
was a Bim interacting protein and FHC protected cells
from apoptosis induced by over expressing Bim or
oxidative stress.

1 Materials and methods
1.1 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[5, 7].

FHC cDNA was obtained from a pre-made
human cDNA library of fetal brain (Clontech) by
amplification with the following primers: 5忆 GAGGAA-
TTCCCATGACGACCGCGTCCACCTCGCAGG 3忆 ;
5忆GAGCTCGAGGCTTTCATTATCACTGTCTCCC-
AGGGTGTG 3忆 . The cDNA was inserted into
pCMV-Myc (Clontech) between EcoR玉 and Xho玉 to
produce pCMV-Myc-FHC for over expressing FHC
in cells. FHC cDNA was also amplified with primers
(5忆 GAGGAATTCACCATGACGACCGCGTCCAC-
CTCGCAGG 3忆; 5忆 GAGGGATCCGCGCTTTCATT-
ATCACTGTCTCCCAGGGTGTG 3忆 ) and inserted
into pDsRed2-N1 between Hind 芋 and EcoR 玉 to
generate pDsRed-FHC for subcellular location assay.
1.2 Cell culture

HEK293 cells (ATCC) are propagated in DMEM
medium supplemented with 10% FBS in a humidified
incubator under an atmosphere of 5% CO2 at 37℃ .
1.3 Yeast two鄄hybrid screening

The MATCHMAKER pLexA two-hybrid system
was purchased from Clontech. The yeast two-
hybridization was conducted with a standard two steps
protocol (Clontech). Using pLexA-Bim L as bait, we
screened the pre-made pB42AD-fetal brain cDNA
library. All isolated positive clones were amplified
with the uniform pB42AD sequence primers (5忆 CCA-
GCCTCTTGCTGAGTGGAGATG 3忆; 5忆 GGAGACT-
TGACCAAACCTCTGGCG 3忆) and the PCR products
were sequenced with the same primers. Yeast mating
test was used to determine on the interaction between
FHC and Bim isoforms (Bims). pLexA-Bims were
used to transfect YM4271 correspondingly, then mated
with pB42AD-FHC contained EGY48[p8opLacZ].
1.4 Subcellular co鄄location assay

FHC-RFP and GFP-Bim L were co-expressed in
the HEK293 cells through transiently co-transfection
with pEGFP-Bim L and pDsRed-FHC using

Lipofectamine(Invitrogen). 24 h after transfected, cells
were fixed in 4% paraformaldehyde followed by
staining with 4忆 , 6-diamidino-2-phenylindole (DAPI).
The fluorescence of GFP, RFP and DAPI were
observed under the fluorescent microscope (Olimpus).
1.5 Co鄄immunoprecipitation assay

HEK293 cells were growth in 6-well plates and
were co-transfected with pCMV-Myc-FHC and
pEGFP-Bims using Lipofectamine agent (Invitrogen).
Cells co-transfected with pCMV-Myc-FHC and
pEGFP-C1 were used as control. 24 h after transfected,
the cells were harvested and lysed in 0.5 ml RIPA
buffer (50 mmol/L Tris-HCl, pH 7.4, 1% NP-40,
0.25% Na-deoxycholate, 150 mmol/L NaCl, 1 mmol/L
EDTA, 1 mmol/L PMSF, Aprotinin, leupeptin,
pepstatin: 1 mg/L each, 1 mmol/L Na3VO4, 1 mmol/L
NaF) for 15 min at 4 ℃ . The lysates were
centrifuged at 14 000 r/min for 5 min at 4℃ to
remove cell debris for the further assay of
co-immunoprecipitation. Mouse-anti-myc antibody
(Santa Cruz) conjugated to protein A/G PLUS agarose
beads (Santa Cruz) according to standard protocol
recommended. After incubation with cells lysate for
overnight at 4℃ with rotation, the protein A/G beads
were collected by centrifugation at 500 g for 5 min and
then washed 4 times with 1.0 ml RIPA buffer. The
precipitates were resolved on 12% sodium dodecyl
sulfate-containing polyacrylamide gels, and transferred
to nitrocellulose membranes (Amersham). The blot
was detected using rabbit anti-EGFP antibody (Santa
Cruz) followed by horseradish-peroxidase conjugated
anti rabbit IgG antibody (Sigma) and the bands were
visualized using DAB substrates.
1.6 Knock down assay

Three FHC specific siRNA duplexes [FTH1-
HSS177644：CUCUGAGUCCUGGUGGUAGUUC-
UGG, CCAGAACUACCACCAGGACUCAGAG
(NM_002032, 265-289); FTH1-HSS177645: AUC-
GCGGUCAAAGUAGUAAGACAUG, CAUGUCUU-
ACUACUUUGACCGCGAU (NM_002032, 346-370);
FTH1-HSS177646: AGUUUGUGCAGUUCCAGUA-
GUGACU, AGUCACUACUGGAACUGCACAAACU
(NM_002032, 573-597)] were purchased from Invitrogen
and used to knockdown the expression of FHC. Also
the expression of Bim was knocked down by three
duplexes [BCL2L11-HSS145413: UUGUCUACCUU -
CUCGGUCACACUCA, UGAGUGUGACCGAGAA-
GGUAGACAA (NM_138621, 317-342); BCL2L11-
HSS173328: UUGUGUUGAUUUGUCACAACUCA-
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pCMV-Myc-FHC and pEGFP-Bim L/pEGFP-Bim S
co-transfected HEK293 cells were used for
co-immunoprecipitation assay, pEGFP and pCMV-
Myc-FHC co-transfected HEK293 cells were
used as control. A mouse anti-myc epitope antibody

precipitated GFP-Bims but not GFP from the cell
lysates (Figure 2). The results of co-immunoprecipitation
assay were consisted to the results of yeast-two-
hybridization.

Fig. 1 The yeast鄄two鄄hybridization assay of FHC and Bim
pLexA- Bims plasmids contained YM4271 strains were mated with B42AD-FHC contained EGY48[p8opLacZ]. -: Present no interaction clones growth
on the induce plate, + : Present the interacting blue clones growth on the induce plate. The Lam-FHC group is negative control. The positive control
group is P53-large T interaction. BH3 refer to Bcl-2 homology domain 3; DBD refer to dynein binding domain; TM refer to transmembrane
hydrophobic region.
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UG, CAUGAGUUGUGACAAAUCAACACAA(NM_
138621, 609-633); BCL2L11-HSS173329: AACA-
GUCGUAAGAUAACCAUUCGUG, CACGAAUG -
GUUAUCUUACGACUGUU(NM_138621, 824-848)]
synthesized by Invitrogen. Cause the complexity of
Bim isoforms, the GFP-Bim L expression plasmid and
siRNA were co-transfected into the HEK273 cells, the
expression of GFP-Bim L was assayed using Western
blot with GFP specific antibody. As a negative control
non-siRNA (UUCUCCGAACGUGUCACGU; ACG-
UGACACGUUCGGAGA) were used. The sample
was detected by a GAPDH specific antibody as
control.
1.7 Apoptosis assay

Apoptotic cells were quantified by flow
cytometric analysis with APO-BRDUTM Apoptosis
Assay Kit (Becton Dickinson) according to the
manufacturer's recommendations. Each group repeated
for three times.

To evaluate the protection of FHC to Bim
induced apoptosis, the DBD contained isoforms of
Bim L and the isofroms without DBD (Bim S)
pEGFP-Bims plasmids were used to co-transfected

HEK 293 with pCMV-myc-FHC. The pEGFP and
pCMV-myc used as the mock. To evaluate the
function of Bim and FHC on ROS stress, the FHC
specific and a Bim specific duplex siRNA were used
to knockdown the cellular FHC and Bims. 24 h after
transfected, 20 滋mol/L H2O2 was used as a ROS
stimulating agent shield to the cell. The treatment
maintained for 2 h, then replaced by fresh medium.
The apoptosis was detected 24 h after H2O2 treatment.

2 Results
2.1 Isolation of FHC as a novel BimL鄄interacting
protein

pLexA-Bim L bait plasmid was used to screen the
pre-made pB42AD-human fetal brain cDNA library.
127 positive clones were isolated from 106 cDNA
clones. Sequence analysis revealed that 23 clones of
them encoded FHC. The interactions between FHC
and Bim isoforms were revealed by yeast mating test.
All detected isoforms interacted with FHC and
suggested that BH3 domain was the interacting
fragment (Figure 1).
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FHC-RFP and GFP-Bim L were co-expressed in
HEK293 cell. EGFP-Bim L distributed evenly in the
cytoplasm, and Ferritin-RFP distributed in the
cytoplasm as some particles around the nucleoli. These
suggested that FHC and Bim L were spatially
accessible (Figure 3).

2.2 Verified the effect of FHC specific siRNA
and Bim specific siRNA

Three FHC specific siRNA and three Bim

specific siRNA were used to knock down the
expression of FHC and Bim. Three siRNA targeting to
FHC present down-regulate expression and the
FTH1-HSS177645 targeting to fragment (NM_002032;
346-370) encoding the N terminus of FHC was the
best, which down regulated 80% FHC expression
(Figure 4).

As to the Bim specific siRNA, two siRNAs
(BCL2L11-HSS173328 and BCL2L11-HSS173329)
down regulated the GFP-Bim L expression about 70%,
while the control scramble siRNA and the
BCL2L11-HSS145413 presented no effect on the
expression of GFP-Bim L (Figure 5).

2.3 FHC protecting cells from apoptosis induced
by Bim over expression

HEK293 cells transfected with pEGFP C3,
pCMV-Myc-FHC and FHC specific siRNA (FTH1-
HSS177645) presented no apoptosis. The HEK293
cells transfected with pEGFP-Bim L/pEGFP-Bim S,
pCMV-Myc and control siRNA resulted in more than
half cell apoptosis (EGFP-Bim L (60.777 依0.710)% ;
EGFP-Bim S (61.570 依 2.010)% ). Co-transfected
HEK293 cells with pCMV-Myc-FHC, pEGFP-Bim
L/pEGFP- Bim S and control siRNA protected cells

Fig. 5 Verifying the Bim specific siRNA in HEK 293 cells
Three Bim specific siRNA and a scramble siRNA in 6 滋mol/L
concentration used to knock down the expression of EGFP-Bim L. These
siRNA were also used to EGFP expressed cells as control. 1: siRNA
control; 2: HSS145413; 3: HSS173328; 4: HSS173329; 5: siRNA
control; 6: HSS145413; 7: HSS173328; 8: HSS173329.

1 2 3 4 5 6 7 8

EGFP
EGFP-Bim L

Fig. 3 The subcellular localization of EGFP鄄Bim L
and dsRFP鄄FHC in HEK293 cells

(a) Subcellular localization of EGFP-Bim L. (b) Subcellular location of
DsRed-FHC. (c) Cells co-expressed dsRFP-FHC and EGFP-Bim L
stained by DAPI. (d) The merge of (a), (b) and (c).

(a) (b)

(c) (d)

Fig. 2 Co鄄immunoprecipitation analysis of FHC
and Bim in HEK293 cells

Samples were analyzed by Western blotting with a mouse anti-GFP
antibody. Co-IP group: Cell lysates of pEGFP-C1/-Bims transfected
HEK293 cells were incubated with a rabbit anti-FHC binding protein
A/G agarose beads. INPUT group: Cell lysate of pEGFP-C1/-Bims
transfected HEK293 cells. 1: EGFP; 2: EGFP-Bim L; 3: EGFP-Bim S; 4:
EGFP-Bim琢2; 5: EGFP-Bim琢3 ; 6: EGFP; 7: EGFP-BimL; 8:
EGFP-Bim S; 9: EGFP-Bim 琢2; 10: EGFP-Bim 琢3.

Fig. 4 Verifying the FHC specific siRNA in HEK cells
Three Bim specific siRNA and a scramble siRNA in 6 滋mol/L
concentration used to knock down the expression of FHC. The blots
were detected by a Rabbit anti-FHC antibody.

siRNA Control HSS177644 HSS177645 HSS177646

GAPDH

FHC

1 2 3 4 5 6 7 8 9 10
co-IP INPUT

IgG HC

IgG LC
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2.4 FHC and Bim play a role in apoptosis caused
by hydrogen peroxide treated

We tested the effect of FHC and Bim on hydrogen
peroxide treated HEK293 cells. Knock down the
expression of Bims presented no effect on hydrogen
peroxide induced apoptosis (BCL2L11-HSS173328
(38.12 依 3.35)% , control siRNA (38.12 依 2.45)% ,

P > 0.05, while the cells over-expression of Bim
presented more serious apoptosis (76.16 依1.41)% . In
contrast, over-expression of FHC reduced the rate
to (26.61 依 1.98)% (P < 0.01). Knock down the
expression of FHC resulted in increased apoptosis
((55.28 依 2.67)%, P < 0.01)(Figure 7).

Fig. 7 FHC protects cells from H2O2 treatment
Bim siRNA refer to Bim specific siRNA BCL11 HSS173328, FHC siRNA refer to FHC specific siRNA FTH1-HSS177645.
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Fig. 6 FHC protects cells from apoptosis induced by overexpressing Bims
siC refer to Control siRNA, siF refer to FHC specific siRNA FTH1-HSS177645, Bim L/S refer to pEGFP-Bim L/S, FHC refer to pCMV-FHC, myc refer
to pCMV-Myc.
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from the apoptosis caused by over expressing EGFP-
BimL/EGFP-Bim S fusion proteins (EGFP-BimL/FHC
(50.623 依 0.710)% , P < 0.01; EGFP-BimS/FHC
(46.147 依 1.271)%, P < 0.01). In the group transfected
with pEGFP-Bim L/pEGFP-Bim S, pCMV- Myc and

FHC specific siRNA, more than 70% cells (EGFP-
BimL/FTH1-HSS177645(73.157 依 3.073)%, P < 0.01;
EGFP-Bim S/FTH1-HSS177645 (74.137 依 3.181)% ,
P < 0.01) underwent apoptosis (Figure 6).
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3 Discussion
We isolated FHC as a novel Bim interacting

protein by yeast-two-hybridization assay. The
interacting fragment on Bim was located to BH3
domain by yeast mating assay. The interaction was
verified by co-immunoprecipitation. The subcellular
location of Bim L and FHC was partially over-lapped
that suggested these two proteins are spatially
accessible. The results from both over expression and
knock down FHC tests that suggest FHC partially
protected cells from apoptosis induced by over
expression Bim or ROS.

Ferritins, the major intracellular storage proteins
of iron, play a critical role for iron metabolism [21-22].
Altered iron homeostasis is associated with
neurodegenerative, retinal degenerative and
cardiovascular diseases[23-25]. Deletion of ferritin gene in
mice is lethal[23-24]. However, FHC's role in cells should
be far more than iron storage cage proteins. It is more
likely a part of the surviving mechanism of cells [26-27].
NF-资B protected cells from TNF琢 also involving tight
regulation of FHC expression [28]. Sade [29] reported that
ROS regulated quiescent T-cell apoptosis via Bim. A
recent research suggests that the cyto-protective
activity of FHC was closely related to ROS [30]. The
question left is that ROS, FHC, Bim involved in
apoptosis and where will they converge? It was not
surprised us that FHC could protect cells from
over-expressing Bims, also, FHC showed protection
against apoptosis induced by hydrogen apoptosis. The
interaction between Bim and FHC showed us an
interesting clue, which might be a good start point to
pursue.
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摘要 FHC和 Bim参与细胞铁代谢和由 ROS引起的细胞凋亡过程．但是其具体的分子机制还未阐明．用 pLexA-Bim L作为
诱饵，筛选了一个基于 pBD42AD的胎脑 cDNA文库，发现 FHC是一个新的 Bim相互作用蛋白．酵母杂交实验发现 Bim的
相互作用片段为 BH3功能域．上述相互作用进一步用免疫共沉淀和荧光共定位得以证实．在 HEK293细胞过表达 FHC可以
减轻由 Bim过表达或 ROS所引起的细胞凋亡，而用 FHC特异性 siRNA调低 FHC表达，则增加 Bim过表达或 ROS引起的
细胞凋亡．研究首次报道了 Bim和 FHC的相互作用以及对细胞凋亡和氧化应激的影响，为进一步阐明 FHC和 Bim参与凋
亡和 ROS反应提供了新的线索．
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