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ABC50 is an ATP-binding cassette (ABC) protein, which,
unlike most ABC proteins, does not possess membrane-span-
ning domains. ABC50 interacts with eukaryotic initiation factor
2 (eIF2), which plays a key role in translation initiation and
its control. ABC50 binds to ribosomes, and this interaction
requires both the N-terminal domain and at least one ABC
domain. Knockdown of ABC50 by RNA interference impaired
translation of both cap-dependent and -independent reporters,
consistent with a positive role for ABC50 in the function of eIF2,
which is required for both types of translation initiation. Muta-
tion of the Walker box A or B motifs in both ABC regions of
ABC50 yielded a mutant protein that exerted a dominant-inter-
fering phenotype with respect to protein synthesis and transla-
tion initiation. Importantly, although dominant-interfering
mutants of ABC50 impaired cap-dependent translation, trans-
lation driven by certain internal ribosome entry segments was
not inhibited. ABC50 is located in the cytoplasm and nucleo-
plasm but not in the nucleolus. Thus, ABC50 is not likely to be
directly involved in early ribosomal biogenesis, unlike some
other ABC proteins. Taken together, the present data show that
ABC50 plays a key role in translation initiation and has func-
tions that are distinct from those of other non-membrane ABC
proteins.

ABC50 was first reported as a protein whose expression is
increased following treatment of synoviocytes with tumor
necrosis factor a (1). ABC50 was subsequently identified inde-
pendently as a protein that co-purified extensively with eukary-
otic initiation factor 2 (eIF2)? (2). In common with other mem-
bers of the ATP-binding cassette (ABC) family of proteins,
ABC50 contains two ATP-binding cassettes (also termed
nucleotide-binding domains (NBDs)) (1). Unlike most other

* This work was supported by a project grant from the UK Biotechnology and
Biological Sciences Research Council (to C. G. P.) and by funding from the
University of British Columbia.

"To whom correspondence should be addressed: MP 808, Duthie Bldg.,
Southampton General Hospital, Tremona Rd., Southampton SO16 6YD,
United Kingdom. E-mail: C.G.Proud@soton.ac.uk.

2 The abbreviations used are: elF2, eukaryotic initiation factor 2; ABC, ATP-
binding cassette; DMEM, Dulbecco’s modified Eagle’s medium; NBD,
nucleotide-binding domain; BES, N,N-bis(2-hydroxyethyl)-2-aminoeth-
anesulfonic acid; siRNA, small interfering RNA; PBS, phosphate-buffered
saline; GFP, green fluorescent protein; CAT, chloramphenicol acetyltrans-
ferase; IRES, internal ribosome entry segment; CrPV, cricket paralysis virus;
HCV, hepatitis C virus; EMCV, encephalomyocarditis virus; HA, hemagglu-
tinin; UTR, untranslated region; WT, wild type; ER, endoplasmic reticulum;
YFP, yellow fluorescent protein.

SEPTEMBER 4, 2009 +VOLUME 284+NUMBER 36

members of the group, however, it lacks recognizable trans-
membrane domains.

Sequence analysis revealed that ABC50 is a close relative
of the yeast protein Gen20p, which is required for the con-
trol by amino acids of the yeast eIF2 kinase, Gen2p, which is
activated by binding to uncharged tRNA molecules (3).
Gcn20p is thought to cooperate with Genlp to bring un-
charged tRNAs to Gen2p during the elongation process; this
couples the availability of amino acids for tRNA charging to
the control of Gen2p (4). However, Gen20p and ABC50 dif-
fer in important respects. For example, whereas Gcn20p
associates with ribosomes that are engaged in elongation,
ABC50 apparently binds ribosomes involved in initiation as
well as elongation (2). Its association with ribosomes is stim-
ulated by ATP. In addition, although Gen20p and ABC50 are
similar in their ABC domains, they differ markedly in their N
termini. Since it is only the N terminus of Gcn20p that is
required to support the function of Gen2p in yeast (4), it
seems likely that ABC50 and Gen20p play distinct roles.

Tyzack et al. (2) have provided initial data indicating that
ABCS50 stimulates the formation of complexes between elF2,
GTP, and the initiator methionyl-tRNA in vitro. It did so with-
out affecting the binding of guanine nucleotides to elF2, indi-
cating that the effect is likely to be on the association of initiator
methionyl-tRNA with elF2. The available data thus suggested
that ABC50 might play a positive role in the initiation of protein
synthesis. However, no data for this have previously been pre-
sented. Similarly, the manner in which ABC50 binds to ribo-
somes, the significance of its ABC domains, and other features
remained unclear.

The two NBDs of ABC proteins are involved in nucleotide
binding/hydrolysis and contain a number of conserved fea-
tures, including the Walker box A and B motifs and the “ABC
signature motif” (usually LSGGQ) (5, 6). The NBDs of eukary-
otic ABC proteins “dimerize” such that the two ATP-binding/
hydrolytic sites involve Walker box A of one NBD and the ABC
signature motif of the other.

Certain other non-membrane ABC proteins are known to be
involved in translation or its control (7). Indeed, three of the
eukaryotic ABCF classes contain proteins involved in the con-
trol of protein translation. Class I proteins are exemplified by
ABC50 (also termed ABCF1). Class III proteins (exemplified by
yeast Gen20p) can interact with the ribosome in an ATP-de-
pendent manner (4). The proteins of Class IVA (elongation
factor 3) mediate translation elongation in certain fungi. eEF3
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stimulates binding of the eEF1-GTP-aminoacyl-tRNA ternary
complex to the ribosomal A site by facilitating the release of the
deacylated tRNA from the E site, thus stimulating protein syn-
thesis (8, 9). On the other hand, Class IVB contains proteins
thought to be important for the export of mRNAs from the
nucleus in yeast (10).

The ABCEL gene product was originally identified for its
inhibition of ribonuclease L (11) and is hence also termed RLI1.
Yeast Rlilp associates with 40 S ribosomal subunits in vivo and
can interact with eIF3 and elF5 independently of ribosomes
(12). The available data indicate that ABCEL is involved in both
ribosome biogenesis and mRNA translation and shuttles be-
tween cytoplasm and nucleus, possibly as a nucleocytoplasmic
transporter (13-17).

Here, we report the first detailed investigation into the func-
tion and interactions of ABC50. The data described here iden-
tify features of ABC50 that are required for its interaction with
ribosomes. Most importantly, we provide the first evidence that
ABC50 is required for efficient translation initiation in living
cells and show that the requirement for ABC50 differs between
cap-dependent and internal ribosome entry segment (IRES)-
dependent translation. These and other data indicate that the
function of ABC50 is distinct from those of other ABC proteins.

EXPERIMENTAL PROCEDURES

Cell Culture and Transfection—Human embryonic kidney
293 cells were grown in 6- or 10-cm plates in Dulbecco’s mod-
ified Eagle’s medium (DMEM) (Invitrogen) supplemented with
10% (w/v) fetal bovine serum (Invitrogen). Transient transfec-
tions were carried out by calcium phosphate precipitation of 10
png of DNA in BES-buffered saline pH 6.96 with cells at a density
of ~6 X 10° to 8 X 10° cells/6-cm plate or 1.5 X 10°to 2 X 10°
cells/10-cm plate (18).

For siRNA transfections, we used a strain of easily transfect-
able HeLa cells, generously provided by Prof. J. Pouysségur
(CNRS, Nice, France). Lipid-mediated transfection was used to
introduce siRNAs into these cells. Cells (in 6-well plates) were
transfected when they reached 30-50% confluence in 1-ml
antibiotic-free DMEM. A preincubated mixture (containing
160 pmol of siRNA in 177 ul of DMEM plus 3 ul of Oligo-
fectamine® (Invitrogen) in 12 ul of DMEM) was added to the
cells. After 5 h, cells were washed twice with phosphate-buft-
ered saline (PBS), and 2 ml of fresh antibiotic-free DMEM with
serum was added. Cells were then grown for 96 h and then
harvested. Forty-eight hours after transfection and when
required, HeLa cells were transfected with 3 ug of a bicistronic
construct containing either the green fluorescent protein (GFP)
and chloramphenicol acetyltransferase (CAT) reporter genes
or the dsRED and GFP reporter genes. To do this, cells were
transfected with GenePORTER 2 (GTS) transfection reagent
according to the manufacturer’s instructions. For imaging of
RPL27, HeLa YFP-RPL27 cells were used (19).

Cell Harvesting—After treatment, cells were washed once
with PBS and harvested in 400 ul of harvesting buffer (20 mm
HEPES-KOH (pH 7.4), 50 mm KCl, 50 mm B-glycerophosphate,
0.2 mm EDTA, 10% glycerol, 1% (v/v) Triton X-100, 1 mm di-
thiothreitol, 1 mm phenylmethanesulfonyl fluoride, 1 mm ben-
zamidine, and 1 ug/ml each of leupeptin, antipain, and pepsta-
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tin). Cell debris and nuclei were spun down for 1 min at
12,000 X g, and the supernatant was transferred to a new tube.

Cell Fractionation—HeLa cells were separated into cytoplas-
mic and nuclear fractions, and the latter were further fraction-
ated into nucleoplasmic and nucleolar fractions as previously
described (20). Proteins from these fractions, normalized to
the same cell number, were applied to a 12% bisacrylamide
gel and Western blotting was performed following the stand-
ard methods.

Immunoprecipitation—For anti-GFP and anti-CAT immu-
noprecipitations, 2 ul of antibody (Roche Applied Science and
5'Prime-3'Prime, respectively) was added to cell extracts and
incubated for 1 h at 4 °C. Subsequently, protein G-Sepharose
beads (20 ul of packed beads per immunoprecipitation) in wash
buffer (harvesting buffer without Triton X-100) were added
and allowed to bind the antibody for 2 h at 4 °C. The beads were
then washed three times with 1 ml of this buffer and finally
resuspended in SDS-PAGE loading buffer.

Plasmids and Primers—Plasmids pET28c-ABC50 and
pCMV5-HA-ABC50 were created as shown in Ref. 21. The
mutations in pCMV5-HA-ABC50 were created using the
QuikChange® kit from Stratagene.

The bicistronic constructs containing the cricket paralysis
virus (CrPV) IRES, hepatitis C virus (HCV) IRES, and encepha-
lomyocarditis virus (EMCV) IRES were constructed within the
pcDNAS3 vector backbone. First, reporter pcDNA3 vectors that
contain the CrPV IRES-GFP, HCV IRES-GFP, EMCV IRES-
GEFP, or GFP alone within the EcoRI and Xbal sites were gen-
erated. Second, the dsRED reporter gene was PCR-amplified
using primers that contain 5" Kpnl and 3’ BamHI sites. The
PCR dsRED fragment was subsequently cloned within the Kpnl
and BamHTI sites of the pcDNA3 vector.

DNA sequencing was performed by the Sequencing Service
(School of Life Sciences, University of Dundee, Scotland) using
DYEnamic ET terminator chemistry (Amersham Biosciences)
on Applied Biosystems automated DNA sequencers.

Gel Electrophoresis and Immunoblotting—SDS-polyacryl-
amide gels containing 12.5% (w/v) acrylamide were used. The
proteins were transferred onto Immobilon-P polyvinylidene
difluoride membranes (Millipore) or nitrocellulose (for sam-
ples from the cellular fractionation) and detected by West-
ern blot analysis. Blots were visualized by ECL (Amersham
Biosciences).

Antibodies—Antibody for elF2a was obtained from New
England Biolabs. HA and GFP antibodies were purchased from
Roche Applied Science, actin 20-33 antibody from Sigma,
dsRED antibody from Clontech, CAT antibody from 5'Prime-
3'Prime, and antibodies for S6 and rpL28 from Cell Signaling
and Santa Cruz Biotechnology, Inc. (Santa Cruz, CA), respec-
tively. Rabbit anti-ABC50 antibodies were obtained as detailed
earlier (21). Mouse anti-fibrillarin antibody 72B9 (22) was a
kind gift from Prof. E. M. Tan (Scripps Research Institute).
Mouse anti-nucleoporin p62 antibody 414 was purchased from
Covance. Mouse anti-a-tubulin DM 1A was from Sigma. Rabbit
anti-fibrillarin for Western blotting was a kind gift from Dr. F.
Fuller-Pace (Department of Molecular and Cellular Pathology,
University of Dundee). Sheep anti-calregulin antibody was

VOLUME 284 -NUMBER 36+SEPTEMBER 4, 2009



Q329E E439Q QB57E E730Q

K304M | G416D H468L K626M G707D H759L

A

N-terminus

NBD1

NBD2

A
v

ATP-binding cassettes (ABCs)

B

ABC50 Promotes Translation Initiation

UV Cross-linking of [y->?PJATP
to ABC50—UV cross-linking of
[y-**P]ATP to recombinant His-
tagged ABC50 expressed and puri-
fied was performed as follows. Re-
actions (20 ul) in SDG,,, buffer
lacking the proteinase/phosphatase
inhibitors (50 mm HEPES/KOH, pH
7.6, 2 mm MgCl,, 100 mm KCl),
containing ~4 pg of His-ABC50,

MPKAPKQQPPEPEWIGDGESTSPSDKVVKKGKKDKKIKKTFFEELAVEDKQAGEEEKVLK 60 [y->*P]ATP (5 nCi/185 Bq), and 100
uM ATP (for the control), were
EKEQQQQQQQQQQKKKRDTRKGRRKKDVDDDGEEKELMERLKKLSVPTSDEEDEVPAPKP 120 incubated on ice for 5 min. The
reactions were then exposed for 30
RGGKKTKGGNVFAALIQDQSEEEEEEEKHPPKPAKPEKNRINKAVSEEQQPALKGKKGKE 180 . . L
Qb 0 min at 4°C to UV radiation (1.2
2\ .
EKSKGKAKPQNKFAALDNEEEDKEEEI I KEKEPPKQGKEKAKKAEQMEYERQVASLKAAN 240 J/em®) in a Spectronics Corp. Spec-
trolinker XL-1500 UV cross-linker.
AAENDFSVSQAEMS SRQAMLENASDIKLEKFSISAHGKELFVNADLYIVAGRRYGLVGPN 300 5X SDS-PAGE sample buffer was
added to each reaction, and the
-
GKGﬁTTLLKHIANRALSI PPNIDVLLCEgEVVADETPAVQAVLRADTKRLKLLEEERRLQ 360 % samples were boiled for 5 min and
GQLEQGDDTAAERLEKVYEELRATGAAAAEAKARRILAGLGFDPEMQNRPTOK Bl 420 |Z ‘resolved by SDS-PAGE. The gels
D were stained, dried, and subjected
RVSLARALFMEPTLLMLDEPTNHLDLNAVIWLNNYLQGWRKTLLIVSHDQGFLDDVCTDI 480 to autoradiography. As a “negative”
Q L control for potential phosphoryla-
THLDAQRLHYYRGNYMTFKKMYQOKOKELLKQYEKQEKKLKELKAGGKSTKQAEKQTKEA 540 tion by contaminating protein
kinases and/or autophosphoryla-
LTRKQQKCRRKNQDEESQEAPELLKRPKEYTVRFTFPDPPPLSPPVLGLHGVTFGYQGQK 600 ) o )
tion, additional reactions were per-
PLFKNLDFGIDMDSRICIVGPNGVGKSTLLLLLTGKLTPTHGEMRKNHRLKIGFENOOYA 660 | formed as above without exposure
M E m to UV irradiation.
EQLRMEETPTEYLQORGFNLPYQODARKCLGRFGLESHAHTIQICK . KARVVFAELAC 720 |Z Cellular Imaging Analysis—HelLa
cells (ATCC) were cultured in
REPDVLILDEPTNNLDIESIDALGEAINEYKGAVIVVSHDARLITETNCOWVVEEQSVSQ 780

Q L
IDGDFEDYKREVLEALGEVMVSRPRE

FIGURE 1.Features of the ABC50 polypeptide. A, schematic representation of ABC50 protein. ABC50 contains
an N-terminal region and two NBDs. The Walker A motif (a), signature motif (c), and Walker B motif (b) are
shown. B,amino acid sequence of the ABC50 protein. Nucleotide binding domains 1and 2 (NBD1 and NBD2) are
highlighted in gray. The five types of conserved motifs that have been mutated in this work are indicated as
follows: Walker A motif (boldface type, underlined), Walker B motif (underlined), signature motif (boldface type,
white lettering), GIn-loop (italic type, underlined), and His-loop (boldface type, underlined, italic type). Mutations
performed in this work (single or double targeting in the last case the same motif on both NBDs) are indicated

above the schematic representation (A) and the wild type sequence (B).

from Santa Cruz Biotechnology. The anti-ABC50 antibody has
been described previously (21).

Sucrose Cushion or Density Gradient Centrifugation—These
procedures were performed as described in Ref. 2.

Production of Recombinant Proteins in Escherichia coli—
Plasmid pET28c-ABC50 was introduced into E. coli strain BL21
(DE3) by transformation. One liter of culture was grown at 37 °C to
an optical density at 600 nm (A 4oq ) 0f 0.6 —0.8, and at this point,
isopropyl 1-thio-3-p-galactopyranoside was added to 1 mm. Incu-
bation was carried out for 4 h at room temperature. Cells were
pelleted by centrifugation and resuspended in 20 ml of buffer A (20
mm HEPES (pH 7.9), 10% (v/v) glycerol, 100 mm KCl, 5 mm MgCl,,
20 mm imidazole. The cells were lysed by sonication, and the lysed
extract was centrifuged at 4300 rpm for 30 min at 4 °C. The His-
tagged protein was purified by immobilized metal affinity chroma-
tography by using Ni>" -NTA technology (23) and eluted in buffer
A, 500 mMm imidazole.
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DMEM supplemented with 10%
fetal calf serum. For immunofluo-
rescence, cells were cultured on
borosilicate glass coverslips (thick-
ness number 1; VWR) to 80% con-
fluence. The coverslips were rinsed
with PBS (three times), fixed in
freshly prepared 4% (v/v) paraform-
aldehyde (Sigma; dissolved in PBS)
for 10 min at room temperature,
and then permeabilized in 0.5% Triton X-100 (Sigma) in PBS
for 5 min at room temperature. The cells were rinsed three
times in PBS and immunolabeled as previously described (24).
In some experiments, immunofluorescence analysis of ABC50
was performed using HeLa cells stably expressing ribosomal
protein L27 (19). Images presented here are maximal intensity
projections of Z-stacks. Cells were imaged on a Zeiss Axiovert
S100 Delta-Vision Restoration microscope (Applied Precision)
using a Zeiss Planachromat (60 X 1.40 nuclear aperture objec-
tive) and a CCD-1300-Y/HS camera (Roper Scientific). Fifty
optical sections separated by 0.2 wm were recorded for each
field, and the images were processed by constrained iterative
deconvolution using SoftWorx (Applied Precision). All of the
images shown in this paper are single optical sections.

siRNA Experiments—The siRNAs used here correspond to
sequences that target the 3'-untranslated region (UTR) of
ABC50 mRNA and were purchased from Dharmacon. The
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siRNAs used to knock down ABC50 were as follows: sense, 5'-
GGAAUGCUGCUGAACUUGAUU-3'; antisense, 3'-UUCC-
UUACGACGACUUGAACU-5". The nonspecific siRNA used
as a control was purchased from Dharmacon (Control IX; 47%
GC content).

Protein Synthesis Assays—Cells were treated as usual. When
indicated, cycloheximide (Sigma) was added to a final concen-
tration of 10 wg/ml or DMSO to untreated cells for 40 min. Two
hours before harvesting, 5 uCi of [**S]methionine/ml of
medium was added. Cell extracts were prepared as described
above, and 20 ul of the sample was spotted onto squares of
3MM paper, two for each treatment. Papers were boiled three
times for 1 min in 5% trichloroacetic acid. They were then
rinsed in 100% ethanol, dried, and put in scintillation vials with
3 ml of scintillation fluid. Incorporation of label was measured
in a scintillation counter, and the results were normalized to the
protein content of each sample measured with Bradford rea-
gent (Bio-Rad).

Northern Blot Analysis—For Northern blot analyses, one
dish of cells was collected for RNA isolation with RNeasy Mini-
Kit (Qiagen). 7.5 ug of the RNA isolated was loaded per lane in
a 3.6% formaldehyde-agarose gel. Northern blot hybridization
with probes for ABC50 and GFP was performed as described in
Ref. 25. The GFP probe was amplified by PCR using the follow-
ing primers: forward, 5'-GAGGGCGAGGGCGATGCCA-3';
reverse, 5'-AGTTCACCTTGATGCCGTTC-3'. The ABC50
probe was amplified by PCR using the following primers:
forward, 5'-TGAGCGCCAAGTGGCTTCAT-3’; reverse,
5'-AGCCCAGGCCAGCCAGGATC-3".

Cap- and IRES-dependent Translation Assays—HEK293 or
HeLa cells, as indicated, were transfected with a bicistronic
construct containing the GFP reporter gene downstream from
the B-globin gene 5'-UTR and CAT reporter gene downstream
from a picornaviral (encephalomyocarditis virus) IRES (pro-
vided by Dr. A. A. M. Thomas, University of Utrecht). Cells
were treated as usual, and 2 h before harvesting, 5 uCi of
[**S]Imethionine was added per ml of medium. Cell extracts
were prepared as described above. GFP and CAT proteins were
immunoprecipitated from the cell extracts (600 ug of protein)
by using anti-GFP (from Sigma) and anti-CAT (from 5'Prime-
3'Prime) as described above. The samples were resolved on an
SDS-polyacrylamide gel containing 12.5% acrylamide, which
was fixed, washed with Amplify (GE Healthcare), dried, and
then subjected to fluorography to detect the incorporation of
[>*S]methionine into GFP and CAT (26). To monitor CrPV and
HCV IRES-mediated translation, HEK293 cells were trans-
fected with bicistronic constructs containing the cDNAs
encoding dsRED reporter, followed by the GFP reporter.
Where indicated, the CrPV, EMCV, or HCV IRESs was cloned
within the intercistronic region of the bicistronic construct.
After transfection, cell lysates were prepared as described
above, and the expression of dsRED and GFP reporter genes
was analyzed by Western blot analysis.

RESULTS

Functional NBDs Are Not Required for the Association of
ABCS0 with Ribosomes—ABC50 has previously been shown to
interact with ribosomes (2), and its NBDs have been shown to
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FIGURE 2. Ability of point mutants of ABC50 to bind to ribosomes. HEK293
cells were transfected with pCMV5-HA-based vectors encoding full-length
ABC50, the single or double mutants G416D and G707D in the signature or
C-motif, H468L and H759L in the His-loop, Q329E and Q657E in the GIn-loop,
and E439Q and E730Q in Walker B motif. Cells were harvested in normal lysis
buffer, and the supernatants were layered onto a 0.8 M sucrose cushion and
centrifuged as described under “Experimental Procedures.” Immunoblotting
for HA-ABC50 and S6 was performed on the following samples: initial cell
lysate (L), upper layer (P1), second layer (P2), interface (/), cushion layer (C),
pellet (P).

be required for this (21). To determine the role of canonical
features of the NBDs in this interaction, we created a series of
point mutants of ABC50, based on mutations known to inter-
fere with functions of other ABC proteins. We generated the
single and double mutants for the “ABC signature motif” in
which a glycine was mutated to an aspartate in one or both
nucleotide binding domains (G416D and G707D in the motifs
FSGGW and LSGGQ), which conform to the standard ABC sig-
nature sequence; Fig. 1B). It has previously been shown, for
example, that mutating the corresponding residue in P-glyco-
protein to an aspartate still allows ATP binding but causes a loss
of measurable ATPase activity (27). A second approach was to
introduce the mutations H468L and H759L in the His-loop at
each NBD. Mutations in this residue in the HlyB transporter
abolish its ATPase activity yet preserve the ATP-binding capa-
bility of the protein (28). The data in Ref. 29 showed that mutat-
ing glutamine in the Gln-loop to either alanine or glutamate
reduced the ATPase activity of P-glycoprotein by 10-fold. For
this reason, we also generated mutations at these positions in
ABC50 (Q329E and Q657E), in each NBD alone or in both (see
also Fig. 1B). Finally, mutations in the Walker B motif of mouse
P-glycoprotein decrease its ATPase activity and thus impair
ATP hydrolysis (30). Neutralizing the charge on the conserved
glutamates seems to inhibit ATP hydrolysis but has little effect
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and K304M/K626M). These pro-
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FIGURE 3. The Walker A motifs in ABC50 are required for ATP binding to ABC50 but not for ribosome
binding. A, [y->>P]ATP was cross-linked by UV irradiation (+UV) to recombinant wild type His-ABC50 and the
K304M, K626M, or K304M/K626M variants (in the Walker A motifs of the two ATP-binding cassettes), which had
been expressed in E. coli and purified as described under “Experimental Procedures.” As negative controls,
samples were either not treated with UV (—UV) or irradiated in the presence of an excess of non-radiolabeled
ATP in addition to the [y->2PJATP (+UV/ATP). [y->?P]ATP labeling was visualized by autoradiography of the
dried gels. The lower panel shows the Coomassie Blue-stained SDS-polyacrylamide gel from which the autora-
diograph (upper panel) was obtained. B, HEK293 cells were transfected with the plasmid pCMV5-HA containing
full-length ABC50 or the single or double mutants K304M and K626M. Cells were harvested, and the superna-
tant was layered onto a 0.8 M sucrose cushion and centrifuged as described under “Experimental Procedures.”
Immunoblotting for ABC50 (HA) and the 40 S ribosomal protein S6 was performed on the following: L, initial cell

lysate; P1, upper layer; P2, second layer; I, interface; C, cushion layer; P, pellet.

on ATP binding, leading to the formation of a stable NBD dimer
with ATP bound between the Walker A and signature motifs
(31, 32). For this reason, glutamate-to-glutamine mutations in
Walker box B at this site were created (E439Q and E730Q).
Each of these mutated proteins was able to bind to ribo-
somes, as indicated by its presence in the ribosomal pellet, indi-
cated with a P in Fig. 2. Each appeared in this fraction to an
extent similar to that of the wild type protein, indicating that
the mutated features (and thus that ATP hydrolysis) are not
essential for binding of ABC50 to ribosomes. The distribution
of ectopically expressed HA-ABC50 is consistent with that we
have previously observed for the endogenous protein (2).
Binding of ABC50 to ATP—Since each ABC domain of
ABC50 seemed to function independently in ribosome binding
(21), we asked whether each could also bind ATP. To this end,
we mutated Lys-304 and Lys-626 to methionine, individually or
in combination. These residues were selected because the cor-
responding residues in the Walker A motifin eEF3 are essential
for binding to ATP and the ensuing generation of ribosome-
activated ATPase activity. Mutation of these residues in eEF3
abolishes its ribosome-dependent ATPase activity and ability to
support poly(U)-directed polyphenylalanine synthesis and also
impair cell growth (33). We expressed and purified recombi-
nant wild type His,-ABC50 or the single and double mutated
proteins in E. coli (pET28c-ABC50 WT, K304M, K626M,
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ATP independently of the other,
consonant with the properties of
other ABC proteins.

These mutant proteins were also
expressed in HEK293 cells, and
their abilities to bind ribosomes
were analyzed. Each mutant, includ-
ing the double mutant K304M/
K626M, could still bind ribosomes
(Fig. 3B), although their ability to
bind ATP was compromised to a
greater or lesser extent (Fig. 34).

ABCS50 Plays a Key Role in Translation Initiation—The abil-
ity of ABC50 to associate with elF2, a core translation factor,
and to stimulate its binding to Met-tRNA (2), suggested that
ABC50 might play an important role in the process of transla-
tion initiation. To study this, we first used siRNA-mediated
knockdown to reduce the cellular levels of ABC50. Extensive
pilot experiments revealed that siRNA was an inefficient way of
knocking down ABC50 levels in HEK293 cells, even when per-
formed over extended times (up to 96 h) and when multiple
treatments were carried out (data not shown). This may reflect
either high levels of ABC50 in HEK293 cells or a long half-life
for ABC50 in them. We therefore turned to an alternative cell
type, HeLa cells, in which siRNA-mediated knockdown of other
proteins works well (data not shown). As shown in Fig. 4A4,
siRNA against the ABC50 mRNA effectively decreased the
amounts of ABC50 protein and mRNA to almost undetectable
levels.

Measurements of overall protein synthesis (by [>*S]methi-
onine incorporation) showed that this resulted in a modest, but
still significant, inhibition of general protein synthesis (Fig. 4B).
However, the effect on total protein synthesis was relatively
small. Since the transfection efficiency of siRNAs is difficult to
evaluate, the small magnitude of the effect could mean we only
achieve efficient knockdown of ABC50 protein in those cells
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FIGURE 4. siRNA-mediated knockdown of ABC50 impairs both cap-dependent and IRES-driven transla-
tion. A, Hela cells were transfected with the indicated siRNAs as described under “Experimental Procedures.”
At 96 h after transfection, cells were harvested and lysed. Levels of ABC50 and actin (loading control) were
assessed by Western blot. In addition, after the same time period, total RNA was isolated from siRNA-trans-
fected cells, and a Northern blot was performed to determine the levels of the ABC50 mRNA. 28 and 18 SrRNAs
are shown as a loading control for the Northern blot. B, to assess the rate of protein synthesis, [**SImethionine
was added to Hela cells 96 h after transfection with the indicated siRNAs, and incubation was continued for a
further 2 h. Cells were then lysed, and samples were processed to measure incorporation of label into 5%
trichloroacetic acid-precipitable material. Incorporation was normalized to the total protein content of each
sample. The mean = S.D. of six independent experiments (each assayed in duplicate) is shown. C, a bicistronic
vector containing both a GFP reporter gene downstream of the B-globin 5’-UTR and a CAT reporter gene
downstream of the EMCV IRES was transfected into HelLa cells at 48 h after siRNA transfection. After a further
48 h, where indicated, cells were treated with cycloheximide (or DMSO as vehicle) for 40 min, and then [**S]me-
thionine was added to the cells, which were incubated for a further 2 h. Cells were harvested, and the crude
lysate was subjected to immunoprecipitation with GFP and CAT antibodies. The samples were resolved by
SDS-PAGE, and [**SImethionine-labeled GFP and CAT were visualized by autoradiography. The radiolabeling
of GFP and CAT was quantitated, and the results are shown below the relevant lane (n = 3; =S.E.). The amounts
of endogenous ABC50, actin, and total GFP were detected by Western blotting using the appropriate antibod-
ies. D, RNA was isolated from cells transfected with siRNA/bicistronic vector, and a Northern blot was per-
formed to assess the levels of GFP mRNA. 28 and 18 S rRNAs are shown as loading controls for the Northern blot.
Levels of endogenous ABC50 and L28 were detected by Western blot (bottom).

that are transfected optimally. We therefore tested the effect of
knocking down ABC50 on the expression of reporter proteins
encoded by a vector that we co-transfected with the siRNAs,
anticipating that this might more reliably report the impor-
tance of ABC50 for protein synthesis. Furthermore, since a role
of ABC50 in the function of elF2 should affect both cap-de-
pendent and -independent translation, we used a bicistronic
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vector which contains both a GFP
reporter downstream of the B-glo-
bin 5'-UTR, to monitor cap-
dependent mRNA translation, and a
CAT reporter downstream of a
picornaviral (EMCV) IRES. The
latter monitors cap-independent
mRNA translation. If ABC50 were
only required for cap-dependent
translation, for example, no effect
on this “downstream” (IRES-driven)
reporter would be observed.

The knockdown of ABC50 in
HeLa cells markedly inhibited the
synthesis of both the reporters (GFP
and CAT; assessed by labeling with
[®**S]methionine), consistent with a
role for ABC50 in general transla-
tion, rather than specifically in cap-
dependent or IRES-mediated trans-
lation (Fig. 4C). There was also a
drastic decrease in total GFP levels
(Fig. 4C), again consistent with its
impaired synthesis. These effects
were not due to any difference in the
levels of the reporter GFP-mRNA,
which was the same in ABC50
siRNA- and control siRNA-treated
cells (Fig. 4D). As expected, treat-
ment of cells with the protein syn-
thesis inhibitor cycloheximide com-
pletely blocked incorporation into
both reporter proteins (Fig. 4C, bot-
tom). Knocking down ABC50 levels
therefore impairs mRNA transla-
tion, revealing a key role for ABC50
in protein synthesis. Since no differ-
ence in the levels of ribosomal RNA
or ribosomal proteins (L28, Fig. 4D;
S6, not shown) was detected in
siRNA-ABC50 cells, loss of ABC50
does not appear to impair ribosome
biogenesis.

Functional ATP-binding Domains
Are Critical for the Role of ABC50
in mRNA Translation—By analogy
with other ABC proteins, it was
likely that the NBDs of ABC50 were
required for its function in transla-
tion (7). To test this, we studied
whether expressing several mutants

of ABC50 in which both ABC domains are disrupted affected
protein synthesis in HEK293 cells. Cells were transfected with
pCMV5-HA vector encoding WT ABC50, the E439Q/E730Q,
or the K304M/K626M mutants, and 24 h later, rates of protein
synthesis were measured by the incorporation of [**S]methi-
onine into total protein. Expression of WT ABC50 had little
effect on general protein synthesis (Fig. 5A4), whereas express-
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FIGURE 5. Effect of ABC50 and selected mutants on protein synthesis and polyribosome profiles. HEK293
cells were transfected with the plasmids pCMV5-HA (empty vector) or pPCMV5-HA-ABC50 WT, K304M/K626M,
or E439Q/E730Q without (A and C-F) or with a vector containing the GFP reporter cDNA downstream of the
B-globin 5’-UTR (B). A, samples processed to measure incorporation of [>*SImethionine into precipitated mate-
rial after 5% trichloroacetic acid treatment as under “Experimental Procedures.” Incorporation was normalized
to the total protein content of each sample. The mean = S.D. of four independent experiments (assayed in
duplicate) is shown. B, the crude lysate was subjected to immunoprecipitation with anti-GFP. Samples were
resolved on a 12.5% SDS-polyacrylamide gel and visualized by autoradiography. The amounts of endogenous
and ectopically expressed ABC50, actin, and total GFP were detected by Western blotting using appropriate
antibodies. RNA was isolated from siRNA/bicistronic transfected cells, and a Northern blot was performed to
assess the levels of GFP mRNA. 28 and 18 S are shown as a loading control for the Northern blot. C-F, sucrose
density gradient analysis was performed as described under “Experimental Procedures.” Polyribosome profile
analyses are shown for cells transfected with the empty vector pCMV5-HA (C), wild type HA-ABC50 (D), K304M/
K626M (E), or E439Q/E730Q (F). Note that the top of the 80 S ribosome peak was “off scale” at the sensitivity
used (which allows a clearer view of the polyribosome peaks). The sedimentation positions of 40, 60, and 80 S
particles and of the polysomes are shown, as is the direction of sedimentation.

ing mutants in which both Walker box A motifs or both Walker
box B motifs are disrupted caused modest inhibition, to similar
extents (Fig. 54: K304M/K626M and E439Q/E730Q mutants).
Similar effects were observed when cap-dependent protein syn-
thesis was monitored by following incorporation of [**S]methi-
onine into GFP (Fig. 5B). Expression of either the Walker box A
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or B mutant markedly inhibited
GFP expression without affecting
the levels of the reporter mRNA or
the levels of 28 or 18 S ribosomal
RNA (Fig. 5B). These data are
entirely consistent with ABC50
playing a positive role in translation
that is dependent upon the integrity
of its NBDs.

In order to assess in more detail the
role of ABC50 in translation, we per-
formed polyribosome profile analyses
using sucrose density gradient cen-
trifugation. In such analyses, the pro-
portion of ribosomes that are engaged
in active protein synthesis is indicated
by the quantity of polyribosomes rel-
ative to non-polysomal ribosomes. As
shown in Fig. 5C, a substantial pro-
portion of the total ribosomes is
found in polyribosomes in growing
HEK?293 cells. Expression of wild type
ABC50 slightly increased the size of
the peaks corresponding to polyribo-
somes of differing sizes (Fig. 5D). This
is consistent with a positive role of
ABC50 in translation initiation (the
process by which ribosomes are
recruited into polyribosomes).

Expressing the different Walker
box mutants had differing effects on
the ribosome distribution, although
they have similar effects on overall
protein synthesis (Fig. 5, A and B).
Expressing the ABC50 mutant with
K304M and K626M mutations (in
both Walker box A motifs) seemed
to modestly impair translation initi-
ation, as indicated by the larger pro-
portion of small polyribosomes in
Fig. 5E as compared with the profile
in Fig. 5, C and D. Mutation of both
Walker box B motifs gave rise to a
variant protein that exerted a more
strongly interfering phenotype, as
shown by the very substantial loss
of large polyribosomes, and the
marked increase in small polyribo-
somes (Fig. 5F) and in 80 S “mono-
somes” (which are “off scale” in the
image shown). This finding suggests
(i) that this mutant also interferes

with translation initiation, (ii) that the Walker box B motifs are
essential for the efficient function of ABC50, and (iii) that
ABC50 normally plays an important positive role in the initia-
tion of mRNA translation.

Given these findings, it was important to determine whether
(i) the ABC50 mutants associated with polyribosomes and (ii)
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FIGURE 6. Effects of expression of dominant-interfering mutants of ABC50 on the distribution of elF2
across polyribosome profiles. A, sucrose density gradient analysis was performed as described under “Exper-
imental Procedures.” The UV absorbance (A,s,) trace obtained for the gradient from cells expressing wild type
HA-ABC50 is shown. The locations of the 40 and 60 S ribosomal subunits, the 80 S ribosomes, and the polyri-
bosomes are indicated at the bottom. Fractions were collected (and the numbering is indicated). B, SDS-PAGE
(15%)/immunoblot analysis of the sucrose density gradients performed from HEK293 cells ectopically express-
ing HA-ABC50 WT, K304M/K626M, or E439Q/E730Q, as indicated. The top panel shows the distribution of
ectopically expressed ABC50 (anti-HA), and the bottom panel shows the distribution of endogenous elF2
(anti-elF2¢; no signal was seen beyond fraction 9, so this section is not shown). The blots for the HA signal had
to be performed using separate gels (indicated by the vertical line) run and analyzed in parallel. In each case, the
distribution of S6 (S6 antibody; corresponding to the distribution of 40 and 80 S particles) is also shown.

whether they affected the ability of eIF2 to do so. Fig. 64 shows
a representative profile (ABC50 WT) for the UV absorbance
and the small (S6) ribosomal subunit. Immunoblots were also
developed with anti-HA (to detect the ectopically expressed
ABCS50 protein) and anti-elF2« (for elF2).

The data (Fig. 6B) reveal that WT ABC50 is found in the
region of the gradient containing 40, 60, and 80 S subunits/
ribosomes and is also recovered, albeit to a lesser extent, in the
polysomal part of the gradient. Strikingly, the Walker box A
double mutant (K304M/K626M) showed a greatly enhanced
association with polyribosomes relative to WT ABC50 (the
quantity found in the upper part of the gradient was fairly sim-
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base for ATP hydrolysis (5). The
analysis for S6 shows an increase in
the signal for this protein in the frac-
tions from the upper part of the gra-
dient (Fig. 6B), consistent with an
increase in 40 and 80 S particles, due
to the decreased number of large
polysomes (cf. Fig. 5F).

Differential Effects of ABCS50
Mutants on IRES-driven Reporters—
Certain viral mRNAs contain IRES elements that permit effi-
cient translation of the downstream cistron without the full
complement of initiation factors that is normally required
for cap-dependent translation. An extreme example of this is
the CrPV IRES, which does not even require elF2 (34, 35),
since it initiates translation from a non-AUG codon and does
not require methionyl-tRNA. Other IRES elements tested
here are reported to show no requirement for eIF2 (HCV; at
least under certain conditions (36)) or a relatively low
requirement for this factor (EMCV (37)).

To further characterize the effects of the dominant interfer-
ing ABC50 mutants on IRES-driven translation, we made use of
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the vector lacking an IRES was used,
no GFP was detected (Fig. 7B), con-
firming that translation of this
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FIGURE 7. Effects of dominant-interfering mutants of ABC50 on cap- and IRES-driven translation. HEK293
cells were transfected with vectors containing the cistrons encoding dsRED and GFP plus, as indicated in A, IRES
elements (derived from the CrPV, HCV, or EMCV RNAs). B and C, cells were co-transfected with wild type or
mutant ABC50 or, as a control, the corresponding empty vector (EV). Forty hours later, cells were lysed, and
samples were analyzed for the indicated proteins by Western blot. All data are representative of at least three
replicate experiments in which essentially identical data were obtained. The expression levels of HA-ABC50
were similar across 12 replicate experiments. D and E, quantitation of the data, from three independent exper-

cistrons driven by these IRESs. In
the case of the vector containing the
EMCYV IRES, neither inhibition nor
stimulation was observed (Fig. 7, C
and E) when the ABC50 mutants
were co-expressed. This suggests
that the EMCV IRES does not dis-

EMCV HCV

iments = S.E. for the expression of dsRED or GFP. *, p < 0.05 versus WT control. In D and £, A~/ indicates

the double Walker box A mutant (K304M/K626M) and B~/ indicates the double Walker box B mutant

(E439Q/E730Q).

bicistronic vectors containing the coding region for dsRED,
translated in a cap-dependent way, and the coding region for
GFP, in some cases preceded by a viral IRES (depicted in Fig.
7A). Cells were transfected with vectors containing no IRES or
the IRES elements from CrPV, HCV, or EMCV, together with
vectors for HA-tagged ABC50, the two Walker box mutants, or,
as a control, the empty vector. Forty hours later, cells were
lysed, and samples of lysate were analyzed by Western blot for
HA-ABC50, dsRED, and GFP as well as for tubulin as a “loading
control.”

As shown in Fig. 7B, the three forms of ABC50 expressed at
very similar levels. The K304M/K626M mutants slightly inhib-
ited dsRED production, whereas the E439Q/E730Q exerted a
more pronounced inhibitory effect, consistent with other find-
ings in this study (Fig. 7, Band C; quantitation in Fig. 7D). When
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play a strong requirement for func-
tional NBDs in ABC50.

Importantly, these data reveal
that ABC50 exerts differing effects on the expression of differ-
ent cistrons, depending on their mode of translation initiation.
This supports the earlier conclusion that ABC50 plays a role in
the initiation of translation and indicates that ABC50 mutants
do not interfere with translation elongation, since, if this were
s0, the expression of all cistrons would be impaired.

ABCS50 Localizes Primarily to the Cytoplasm—The above
data indicate that the main function of ABC50 is in mRNA
translation rather than ribosome biogenesis (where ABCE1/
RLI1 plays a role). We would therefore anticipate that endoge-
nous ABC50 would mainly be located in the cytosol rather than
the nucleolus, where ribosome assembly occurs. To study the
subcellular localization of endogenous ABC50, HeLa cells were
fractionated into cytoplasmic and nuclear fractions (20). As
expected, a-tubulin and the nuclear pore protein nucleoporin
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p62 were detected in the cytoplas-
mic and nucleoplasmic fractions, S
respectively (Fig. 8A). Fibrillarin A

was detected in both the nucleo- P
plasmic and nucleolar fractions, o
also in agreement with the roles of a-tubulin — —
this protein in both of these nuclear
compartments (39). ABC50 was
predominantly located in the cyto-
plasmic fraction, whereas a smaller = _ =
amount of ABC50 was also found in Fibrillarin w— - . —
the nuclear fraction (Fig. 84, lanes 2 '
and 3). When the isolated nuclei
were further fractionated into
nucleoplasmic and nucleolar frac-
tions, ABC50 was detected only in
the nucleoplasm (Fig. 8A, lanes 4
and 5). This suggests that ABC50 is
unlikely to play a direct role in the
early steps of ribosome biogenesis
(as RLI1 does) (15) (which occur in
the nucleolus).

We considered it important to try
to confirm these observations by
immunofluorescence experiments. \¢
Anti-ABC50 predominantly labeled
the cytoplasm of the cells, with a
weak punctate nuclear staining (Fig.
8B). In a small percentage of the
cells (<5%), ABC50 was also found
in a single spot in the nucleus (Fig.
8B, arrows). Double immunofluo-
rescence with anti-nucleoporin p62
revealed that these nuclear spots
labeled by anti-ABC50 colocalized
with the nuclear envelope and are
likely to be invaginations of this
structure (40).

Since proteins on the endoplas-
mic reticulum (ER; an important
site of mRNA translation) are also
detected in these nuclear invagina-
tions, we asked if the ABC50 in
HeLa cells was located on the ER by
performing double immunofluores-
cence using anti-ABC50 and ER
marker anti-calregulin (Fig. 8C).
Anti-calregulin labeled a punctate
pattern in the cytoplasm, which
consistently overlapped with ABC50
in essentially all of the cells visual-
ized. In addition to this punctuate
staining, there was also a diffuse

component in the ABC50 staining
that was not labeled by anti-calregu-
lin, suggesting that although a
ABC50 is found on the ER, there is

also a diffuse, non-ER cytoplasmic

Nucleoporin 62 | e — —

ABC50 L
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population of ABC50. ABC50 is thus found in the two major
loci where active translation occurs.

We then asked how the distribution pattern of ABC50 was
compared with that of ribosomal subunits. To visualize riboso-
mal subunits without using antibodies against ribosomal pro-
teins, which are prone to fixation artifacts (41), we used a HeLa
cell line stably expressing ribosomal protein L27-YFP (19). The
YFP-tagged L27 was detected in isolated large ribosomal sub-
units and polyribosomes (data not shown). As shown in Fig. 8D,
L27-YFP was predominantly located in the nucleolus, with
additional weak cytoplasmic signals. Like ABC50, the cytoplas-
mic signal for L27-YFP was composed of a punctate pattern
with a diffuse background. Both the punctate and diffuse com-
ponents of the L27-YFP signal overlapped with ABC50 (Fig.
8D), although ABC50 was more concentrated in the punctate
regions.

ABC50 colocalized with L27 in the cytoplasm but not in the
nucleolus. This suggests that ABC50 binds to mature, func-
tional ribosomes but not the preribosomes that are found in the
nucleolus.

DISCUSSION

This study provides the first detailed information on ABC50,
a member of the ABCF family of ABC proteins that lack mem-
brane-spanning domains. Earlier work showed that Gen20p
and eEF3 (also ABCF family members) play key roles in trans-
lation and in its control (3, 4, 8, 42), whereas recent work has
revealed a role for ABCE1 (also called RLI1) in ribosome preini-
tiation complex assembly and in ribosome biogenesis (12, 15,
16). Recent work has shown that the related Drosophila protein
“pixie” associates with 40 S ribosomal subunits and is required
for translation initiation (17). Less was known about ABC50
than its relatives; the present investigation substantially
advances our understanding of this protein, its interactions,
and its role in mRNA translation.

Our previous work (2, 21) showed that ABC50 interacts with
elF2 and suggested that ABC50 promoted the association of
elF2 with initiator methionyl-tRNA in vitro. This implied that
ABC50 probably played a role in mRNA translation, probably at
the initiation stage. The present report provides the first direct
data supporting this; two types of experiments lead us to con-
clude that ABC50 does indeed play an essential role in transla-
tion initiation. First, the RNA interference experiments show
that knocking down the level of expression of ABC50 leads to a
severe inhibition of reporter proteins from the vector that was
co-transfected with the siRNAs. Indeed, both cap-dependent
and EMCV IRES-driven translation were impaired, demon-
strating that the role of ABC50 is not restricted to events
involved in cap-dependent translation, such as the function of
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the elF4F complex. This is consistent with the finding that
ABC50 promotes the activity of eIF2 (2), which is required for
both modes of translation initiation. Second, the expression of
specific point mutants of ABC50 in which both Walker box
motifs were disrupted led to a reduction in polyribosome levels.
This is again fully consistent with a role in initiation, the process
that leads to formation of polyribosomes. ABC50 does appar-
ently associate with elongating ribosomes; however, if ABC50
functioned primarily in elongation, the expression of interfer-
ing mutants with impaired function would be expected to result
in the build-up of polyribosomes, rather than their loss.

Our recent data showed that the N terminus of ABC50 was
sufficient for its interaction with eIF2 (21). In contrast, the N
terminus of ABC50 is not sufficient to mediate association with
ribosomes, either NBD1 or NBD2 also being required (21).
However, mutations within the NBDs (Fig. 2), in various ways,
individually or in combination, did not prevent this interaction.
Nonetheless, variants of ABC50 with mutations in both Walker
box A or B motifs exert a dominant-interfering phenotype with
respect to cap-dependent and impaired polyribosome assem-
bly. These data clearly show that the Walker box motifs play key
roles in the functions of ABC50 and that the roles of the A and
B boxes in terms of the function of ABC50 in translation are
quite distinct. The latter conclusion is exemplified by the data
(Fig. 6B) showing that the polysomal distribution of the Walker
box A and B mutants differs markedly. Our earlier data (2)
indicated that the binding of ABC50 to ribosomes was
enhanced by ATP. The observation that the K304M/K626M
mutant (which does not bind ATP) actually shows increased
association with polysomes is therefore puzzling. The present
findings suggest that ATP binding is not required for the basal
level of interaction of ABC50 with ribosomes, but it is possible
that ATP may somehow stimulate binding. Alternatively, it is
possible, in principle, that the effect of ATP on the binding of
endogenous ABC50 to ribosomes (2) is mediated through
another ATP-binding protein, not via ABC50 itself.

The data for IRES-driven translation provide important
information about the function of ABC50. First, a marked dif-
ference was observed between the effects of siRNA-mediated
knockdown of ABC50 and those of the Walker box mutants.
Although depleting cells of ABC50 strongly impaired EMCV
IRES-driven translation (Fig. 4C), neither Walker box mutants
expressed in cells exerted much effect on this (Fig. 7C). Indeed,
a reporter cistron driven by either the HCV (36) or CrPV (34)
IRES actually showed increased expression in cells expressing
these mutants (Fig. 7, B and C); this may reflect increased avail-
ability, under these conditions where general translation initi-
ation is inhibited, of ribosomes and translation factors for

FIGURE 8. ABC50 is found in the cytoplasmic and nuclear compartments of HEK293 cells. A, subcellular fractionation of Hela cells. Hela cells were
separated into cytoplasmic and nuclear fractions, and the latter was further fractionated into nucleoplasmic and nucleolar fractions. The fractions were probed
with antibodies against (from top to bottom) a-tubulin, nucleoporin p62, fibrillarin, and ABC50. B, immunofluorescence of ABC50 (green) confirms that the
majority of ABC50 was located in the cytoplasm, with a weak, finely punctate, nuclear staining. In some cells (fewer than 5%), ABC50 was also seen in one bright
spot in the nucleoplasm. These ABC50 spots were colocalized with nucleoporin p62 (red). C, ABC50 co-localizes with the ER. HeLa cells were immunostained
with anti-ABC50 (green) and anti-calregulin (red) (marker for endoplasmic reticulum). The right panel (yellow) shows co-localization sites for both proteins.
D, ABC50 colocalizes with ribosomal proteins in the cytoplasm but notin the nucleus. HeLa cells stably expressing YFP-tagged L27 (green) were immunostained
with anti-ABC50 (red). The right panel (yellow) shows co-localization sites for both proteins. Broken squares denote the areas shown enlarged on the extreme right

(B) or below (C and D).
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TABLE 1
Functions of ABC proteins involved in mRNA translation
Protein Known functions Reference(s)
eEF3 Required for binding of eEF1A/ Refs. 38 and 42

GTP/amino acyl-tRNA to the
ribosomal A-site in certain
fungi
Interacts with eIF2, eIF3, and eIF5 Refs. 12, 14, and 15
Role in translation initiation
Role in ribosome biogenesis
Interacts with Genl and
elongating ribosomes
N-terminal region required for
activation of the eIF2a kinase
Gcen2 in response to
accumulation of uncharged
tRNA
Interacts with eIF2 and initiating
but not elongating ribosomes
Required for translation initiation

RIil (ABCE1)

Gcen20 Refs. 3, 4, and 46

ABC50 (ABCF1) Refs. 2 and 21; this

work

translation of these IRESs that show decreased factor require-
ments (34, 43—45). These observations imply that these IRESs
have limited or no dependence on functional Walker boxes in
ABC50, consistent with their low requirement (HCV (36) and
EMCYV (37)) or lack of requirement (CrPV (34)) for the ABC50
partner protein, eIF2. Indeed, CrPV-driven translation is actu-
ally enhanced when elF2B activity is impaired (35). These find-
ings are all consistent with the idea, based on our earlier work
(2), that ABC50 normally acts to promote elF2 activity. Further,
the data for EMCV imply that feature(s) of ABC50 other than
functional Walker boxes are needed for the function of the
EMCYV IRES. Further work is needed to establish what these
features are; it is worth noting that the extreme N terminus of
Gcen20p is sufficient to complement disruption of the Gen20
gene in yeast (4), showing that Gen20p has a function(s) that
does not require the NBDs.

Although mutating the A or B Walker boxes in ABC50 cre-
ates mutants that interfere to similar extents with overall pro-
tein synthesis, the consequences of these mutations are quite
different. Expressing a variant in which the A boxes are mutated
(which prevents ATP binding) does not have a marked effect on
formation of polysomes (Fig. 5E), but the mutant ABC50 shows
a marked accumulation in polysomes (Fig. 6B). In contrast, the
Walker box B mutant, which, by analogy with other ABC pro-
teins, is expected to bind ATP but fail to hydrolyze it, causes
marked loss of polysomes and greater inhibition of cap-
dependent translation (Fig. 7B). However, this mutant does not
build up in polysomes. These data are consistent with our find-
ing that intact Walker boxes are not required for ABC50 to bind
to ribosomes (Fig. 2). They suggest that ATP binding may be
needed for release of ABC50 from ribosomes and that ATP
hydrolysis by ABC50 may be necessary for ribosomes to com-
plete initiation or enter elongation.

The present data distinguish ABC50 from the other ABC
family proteins that are known to play roles linked to mRNA
translation. Unlike Gen20p, ABC50 binds to elF2 and to both
initiating and elongating ribosomes. Our data also suggest that
ABC50 does not play a role in ribosome biogenesis, thus differ-
entiating it from RLI1/ABCEL. First, although some ABC50 is
found in the nucleus, it localizes to the nucleoplasm, not to the
nucleolus, where rDNA transcription and ribosome assembly
occur. Second, knocking down ABC50 had no apparent effect

24072 JOURNAL OF BIOLOGICAL CHEMISTRY

upon the levels of either ribosomal RNA (18 and 28 S) or ribo-
somal proteins.

Thus, ABC50 plays a positive role in translation initiation. It
represents a fourth distinct functionally defined class of the
non-membrane ABC proteins that play roles in the biogenesis,
function, or control of the translational machinery of eukary-
otic cells (Table 1).
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