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Protein 4.1R binding to elF3-p44 suggests an interaction between the cytoskeletal
network and the translation apparatus

Chia-Lung Hou, Chieh-ju C. Tang, Steve R. Roffler, and Tang K. Tang

Erythroid protein 4.1 (4.1R) is an 80-kd
cytoskeletal protein that stabilizes the
membrane-skeletal network structure un-
derlying the lipid bilayer. Using the car-
boxyl terminal domain (22/24 kd) of 4.1R
as bait in a yeast 2-hybrid screen, we
isolated cDNA clones encoding a polypep-
tide of elF3-p44, which represents a
subunit of a eukaryotic translation initia-
tion factor 3 (elF3) complex. The elF3
complex consists of at least 10 subunits
that play an essential role in the pathway
of protein translation initiation. Northern

blot analysis revealed that
proximately 1.35 kb) is constitutively
expressed in many tissues. The essential
sequence for this interaction was mapped
to the carboxyl-terminus of 4.1R (resi-
dues 525-622) and a region (residues
54-321) of elF3-p44. The direct associa-
tion between 4.1R and elF3-p44 was
further confirmed by in vitro binding
assays and coimmunoprecipitation stud-
ies. To characterize the functions of
elF3-p44, we depleted elF3-p44 from rab-
bit reticulocyte lysates either by anti-elF3-

elF3-p44 (ap-

p44 antibody or by GST/4.1R-80 fusion
protein. Our results show that the elF3-
p44 depleted cell-free translation system

was unable to synthesize proteins effi-

ciently. The direct association between

4.1R and elF3-p44 suggests that 4.1R may
act as an anchor protein that links the

cytoskeleton network to the translation

apparatus. (Blood. 2000;96:747-753)
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Introduction

Erythroid protein 4.1 (4.1R) was originally identified as an 80-kavith the 30-, 10-, and 22/24-kd domains of 4.1R. These include 2
cytoskeletal protein (4.1R-80) in red blood cells. It is believed thomologues that are highly expressed in the brain and neurons
maintain red cell morphology and mechanical strength by linkin@.1B, 4.1N) and another that is generally expressed throughout the
membrane integral proteins such as glycophorin C and band 3bmdy (4.1G)!415 These 4.1-like genes appear to map to distinct
the spectrin—actin-based cytoskeletal network. Deficiency of 4.JRromosomes in humans and miée.

in red blood cells leads to assembly of an unstable cytoskeleton Limited chymotryptic digestion of erythroid 4.1R-80 (80 kd)
structure that manifests as hereditary elliptocytosis, a diseagmerates 4 structural domains (30, 16, 10, and 22/24 kd). The
characterized by the loss of normal discoid morphology and tl3®-kd domain mediates the attachment of 4.1R to the plasma
presence of oval or elliptical red cells with unstable membranesnembrane by binding to the cytoplasmic domains of the transmem-
Furthermore, erythrocytes from 4.1R-null mice exhibit erythroibrane proteins, glycophorin €;*and band 3%211t also interacts
membrane skeleton abnormalities, which further suggests that thigh p551819 calmodulin?? and pICIn, a protein involved in
loss of 4.1R compromises membrane skeleton assembly in ecgllular volume regulatio®® The 16-kd domain has phosphoryla-
throid cells? tion sites for protein kinase C and protein kinase A (PR,

The protein 4.1 family encompasses a group of structure-relatetiereas the 10-kd domain contains an exon 16-encoded pep-
proteins. The prototypical erythroid membrane skeletal protein 4title that is important for interaction with spectrin and actin
(4.1R) is encoded by a complexly spliced gene located on humesmplexeg5-28
chromosome 1p33-p3432.Heterogeneity of 4.1R isoforms in size  The physiological function of the 22/24-kd domain is less well
and subcellular localization has been noted. These isoforms aharacterized. Recent reports showed that the carboxyl terminal
generated by complex alternative splicingdofRpre-mRNA and domain (22/24 kd) of the 135-kd 4.1R (4.1R-135) isoform interacts
by posttranslational modification of 4.1R protefsWestern blot with the nuclear mitotic apparatus protein (NUMA), suggesting that
analysis revealed 4.1R isoforms ranging in size from 30 to 175 kdme 4.1R isoforms may play roles in organizing the nuclear
among various mammalian nonerythroid céllhe erythroid 4.1R architecture and the mitotic spindi&.To further elucidate the
is located mainly beneath the peripheral membrane of mature igaksible functions of the 22/24-kd domain in nonerythroid cells, we
cells. However, the immunoreactive epitopes of 4.1R in nonergearched for proteins that bind to this particular domain. We
throid cells have been identified in the cytoplasm, stress ffberperformed a yeast 2-hybrid screen using the 22/24-kd domain as
nucleust®centrosomed? and cell-cell contact regiorig. bait. Several positive clones including NuMA, elF3-p44, Sec

In addition to the prototypical erythroid 4.1R, 3 new 4.1-likel4-like protein, and 26S proteasome subunit p55 were isolated.
genes have been identified that reveal high sequence homol@yye of these clones, encoding elF3-p44, a subunit of eukaryotic
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translation initiation factor 3 (elF3f;3'was further analyzed. elF3 A _
is a large translation initiation complex that contains at least 10 0kd l6kd 10kd 2224 kd a‘;s‘fy
subunits. It plays a central role in the binding of the initiator Emthroid e iRy J

B-Gal liquid assay

methionyl-tRNA and mRNA to the 40S ribosomal subunit to form */**@* 1% ¢ Do ]
. . . 4.1R-30 (a.a. 1-283) CEm—=d -~ 41R-30 i

the 40S initiation comple®? In this study, we show that 4.1R ties e |
associates with elF3-p44 both in vitro and in vivo, which suggests = " o ’
possible interactions between the cytoskeleton network and the"™™ ®* “**0 e e
translation apparatus. L A0 = o

4.1R-2 (aa. 525-622) — 4 4IR-2

4.1R-3 (a.a. 608-641) [0 —~ 41R3 ’
Materials and methods e i) - S T A A

3.Gal activity

Yeast 2-hybrid screen B
Yeast 2-hybrid screening was conducted using the yeast strain Y190, which o Lit B-Gal liquid assay
contains theHIS3 andlacZ reporter genes required for GAL4-dependent IF3-p44 — b s
transcriptional activation. The carboxyl 22/24-kd domain (residues 462-p# (a 1-321) = —
641) of 4.1R (4.1R-22) was subcloned in frame to the GAL4 DNA binding paa-1 @a. sa-321) e ——

domain (GAL4-BD) in the pAS2-1 vector (Clontech, Palo Alto, CA). This

construct was used as bait to screen human lymphocyte and testis CDNR'? @519 - +
libraries (Clontech) fused to a GAL4 activation domain (GAL4-AD) in the e#4-3 @aa. 185-321) — -
pACT?2 vector. The 2 plasmids were then cotransformed into Y190 yeast.

The transformants were selected on SD minimal medium containing 25 =" - -

mmol/L 3-amino-1,2,4-triazole, but without the addition of leuciré.eu), PACT2 (vector) - pactz

tryptophan ¢ Trp), and histidine { His), as described by the manufacturer T
(Clontech). Positive colonies (ie, Ley Trp+, His+) were further tested P-Gal aciivity

for B-galactosidase activity using colony-lift and liquid assays, as describegure 1. Interaction between regions of 4.1R and elF3-p44 in the yeast 2-hybrid

by the manufacturer (Clontech). system. The elF3-p44 clone (p44-1) was first isolated by a yeast 2-hybrid screen

To identify the minimum regions of 4.1R and elF3-p44 that bind to eadfpm a human lymphocyte cDNA library using the 22/24-kd domain of 4.1R (4.1R-22)

other, constructs containing various portions of 4.1R were subcloned irﬂﬁgban' (A) Schematic diagram of the various portions of 4.1R that interact with
elF3-p44 in a yeast 2-hybrid screen. The constructs containing various portions of

the pAS2-1 vector (Figure 1A), and different elF3-p44 constructs (FiguﬁR fused to the DNA binding domain of Gal4 (Gal4-BD) were cotransformed with an

1B) were inserted into the pACT2 vector. Yeast cells (Y187) WergIF3-pad/pACT2 clone (p44-1) that expressed elF3-p44 (residues 54-321) fused to

simultaneously transformed with the 2 constructs and assaygddatac- the activation domain of Gal4 (Gal4-AD). (B) Schematic diagram of various portions

tosidase activity. of elF3-p44 that interact with 4.1R. A series of elF3-p44 deletion mutants, fused to

Gal-AD in the pACT2 vector, were cotransformed with 4.1R-22/pAS2-1 in Y187

cells. +, expression of the lacZ reporter gene using the colony-lift assay; —,

nonexpression of the reporter gene. Right-hand column represents results of the

Ablot filter containing 2 pg poly (A) RNA derived from multiple human liquid assay for B-galactosidase activity.

tissues was purchased from Clontech. The blot was hybridized to a cDNA

probe derived from the 0.9-kb fragment efF3-p44 corresponding to

amino acid residues 54-321 (elF3-p44-1) under previously describéf@sidues 55-198) of the 135-kd 4.1R and the C-terminal 22/24-kd domain

conditions® The same blot was stripped and reprobed with hugwactin ~ (residues 462-641) of the 80-kd 4.1R isoform were individually subcloned

cDNA to quantify RNA loading. into the pGEX-2T vector. The recombinant proteins were expressed in
To obtain the full-lengtelF3-p44cDNA, the same probe was used toE- coliand purified on glutathione-agarose beads as previously deséfibed.

screen a human testis cDNA library (Clontech). The conditions forhe immunization and generation of hybridomas (anti-N-4.1R antibody)

Northern blot analysis and cDNA library screening

screening and isolation were previously described. against the N-terminal headpiece of the 135-kd 4.1R isoform were
performed as previously describ&dPolyclonal anti-C-4.1R antibodies
Plasmids and antibodies against the C-terminal 22/24-kd domain were raised in rabbits and mice as

) B ) - described above. Anti-FLAG monoclonal antibody (mAb) was purchased
elF3-p44-1 (residues 54-321), originally identified from a yeast 2-hybrigly, Sigma, and anf-actin mAb was purchased from Boehringer
screen (Figure 1B), and elF3-p44 (residues 1-321), a full-length EIFS'pﬂﬁdianapolis IN).

cDNA isolated from a cDNA library, were used as templates to generate
GST/elF3-p44-1 .and GST/e]FS-p4f1 constructs, respectively. The CDNﬁ‘vitro binding assay
fragments spanning the coding regions of elF3-p44-1 and elF3-p44 were
polymerase chain reaction-amplified and fused in frame to GST in tfiéne cDNA encoding an 80-kd 4.1R isoform was constructed in the pSG5
pGEX-2T expression vector (Pharmacia, Uppsala, Sweden). GST/elr@ctor (Stratagene, La Jolla, CA). Synthetic sense-capped mRNA was
p44-1 and GST/elF3-p44 fusion proteins were generated and purified generated from the T7 promoter within the vector. Sense mRNA was
glutathione—agarose beads (Sigma, St. Louis, MO) as previously deanslated in a coupled in vitro transcription/translation system (TNT rabbit
scribed?® GST/elF3-p44-1 fusion protein was used to produce polyclonatticulocyte lysate; Promega, Madison, WI) in the presence’*6t
antibodies, and GST/elF3-p44 fusion protein was used for the in vitroethionine to radiolabel newly synthesized proteins.
binding assay. Polyclonal antibodies against elF3-p44 were raised in rabbitsEqual amounts of the labeled 80-kd 4.1R protein were incubated with
and in mice, as previously describ&Briefly, elF3-p44-1 fusion protein affinity-purified GST or GST/elF3-p44 fusion proteins previously immobi-
was mixed with complete Freund’s adjuvant (Sigma) and injected subcutized on glutathione—agarose beads as descAbédter incubation, the
neously into New Zealand White rabbits or ICR mice. After 4 weeks, thienmobilized complexes were washed 3 times with bead binding buffer (50
animals were boosted with GST/elF3-p44-1 antigen mixed with incompletemol/L potassium phosphate, pH 7.5, 150 mmol/L KCI, 1 mmol/L MgClI
Freund’s adjuvant (Sigma). Two weeks later, sera were collected ah@d% glycerol, 1% Triton X-100, 1 mmol/L phenylmethylsulfonyl fluoride).
precipitated with ammonium sulfate. The precipitated IgG fractions weiound protein complexes were analyzed on 10% sodium dodecyl sulfate—
dialyzed against 0.1 mol/L phosphate-buffered saline (PBS), pH 8.0. polyacrylamide gel electrophoresis (SDS-PAGE) and visualized by
The cDNA fragments encoding the N-terminal headpiece domaautoradiograph$?



BLOOD, 15 JULY 2000 « VOLUME 96, NUMBER 2 PROTEIN 4.1 ASSOCIATES WITH elF3-p44 749

Cell culture, transfection, and Western blot analysis The cDNA encoding the 22/24-kd domain, fused in frame to the

Molt-4 cells (a human lymphoid cell line) were maintained in RPMI-164(9a|4 DNA-binding domain (Qal4-BD), yvas ysed as bait to screen
medium, as previously describétiSiHa cells (a human cervical carcinomahur.nan. Iymphogyte and testis CDNA libraries fusgd to the Gal4
cell line) were maintained in Dulbecco’s modified Eagle’s medium witictivation domain (Gal4-AD). We screened approximately B0°
10% fetal bovine serum. The cDNA encoding human elF3-p44-1 (residugansformants, and 63 positive clones were obtained.
54-321) was inserted in frame into a cytomegalovirus promoter-driven A search of the GenBank database revealed that at least 4
FLAG epitope-tagged expression vector (Kodak, New Haven, CT), desighown genes (NuMA, elF3-p44, Sec 14-like protein, and 26S
natedFLAG-elF3-p44-1SiHa cells (1x 10P) were transiently transfected proteasome subunit p55) were found from the screen. Among these
with or without 10 igFLAG-eIF3-p44-1cDNA, as previously describéd.  known proteins, we further examined NuMA and elF3-p44. NUMA
Iys;"";”?":gtri:;’igdag‘gctrzzzzc?gg'n‘:i'{;/r’?r‘?s"l"_'flhe&'% ';szg'i'@ a nuclear mitotic apparatus protein that had previously been
o ND. e T - jsolated in a yeast 2-hybrid assay using the full-length 135-kd 4.1R
mmol/L NaCl, 0.5% NP-40, 1 ug aprotinin, 1 g leupeptin, and 2 mmol/l bait?® This clone was also independently isolated 17 times in our

phenylmethylsulfonyl fluoride) for 30 minutes on ice, and the lysate wédS : . .
cleared by centrifugation. Solubilized proteins (10 g) were separated oR@€eN- The other known gene that interacts with the 22/24-kd domain of

10% SDS-PAGE, blotted onto a polyvinylidene difluoride membrane, afi1R (residues 462-641; Figure 1A)@$=3-p44. Theinteraction of
probed with anti-elF3-p44 rabbit polyclonal antibody, anti-FLAG mAb, o#.1R and elF3-p44 in the yeast 2-hybrid assay appears to be specific:
antif3-actin mAb. Secondary antibodies were goat antirabbit or go@lF3-p44-1/pACT2 did not bind to thempty vector pAS2-1 contain-
antimouse 1gG conjugated with horseradish peroxidase (Promegajg only unfused Gal4-BD (Figure 1A). The 4.1R-22/pAS2-1 also
Immunoreactive polypeptides were then detected by the Westedil not interact with the unfused Gal4-AD vector, pACT2 (Figure
Equsure Chem_iluminescent Detection System (Pierce, Rockford, IL) #B). It has been suggested that MRNA and the translation apparatus
previously described: are associated with the cytoskelef8¢ Our finding raises the
interesting possibility that 4.1R may act as a linker between the

translation apparatus and the cytoskeleton.
Coimmunoprecipitation of 4.1R and elF3-p44 was performed using Molt-4
cell extracts. Cells were lysed in EBC buffer, and the lysate was centrifug€tbning and Northern blot analysis of elF3-p44

at 10 00@ for 10 minutes at 4°C. The supernatant (approximately 5 mqg), _. ) . . . .
was precleared with protein A-Sepharose beads (Sigma), immunoprecglJSIng yeast 2-hybrid screening, we isolated a cDNA clone (p44-1;

tated with preimmune serum (approximately 40 pg) or anti_eng_pﬁlgure‘ 1B) encoding a eukaryotic translation initiation facto.r 3
antibody (approximately 40 pg) overnight at 4°C, and incubated wilounit (eIF3-p44j2-3t Clone p44-1 represents part of the coding

protein A-Sepharose beads for another 2 hours. Immunoprecipitates we@gluence and the’-Bntranslated region (UTR) of elF3-p44,
collected by centrifugation at 50§Gor 5 minutes at 4°C and washed 3including the stop codon TAA followed by the polyadenylation
times with EBC buffer. Samples were resuspended in 20 pL SDS sampignal AATAAA. Northern blot analysis revealed that @ié3-p44

buffer (62.5 mmol/L Tris-HCI, pH 6.8, 2% SDS, 5@mercaptoethanol, transcript (1.35 kb) was detectable in all tissues examined and was
and 10 ug/mL bromophenol blue) and were boiled at 95°C for 5 minutesredominantly expressed in testis, heart, pancreas, and skeletal
The samples were then centrifuged at 1029 10 minutes at 4°C, and scle (Figure 2). To obtain the cDNA that covers the emtirding

the supernatants were separated on 7.5% SDS-PAGE. After transfer tﬁeaion of elF3-p44, we screened a human testis cDNA library using
polyvinylidene difluoride membrane, the immunoreactive proteins wer '

detected by anti-N-4.1R or anti-C-4.1R antibodies, as described above. Eelo'?l3_pg4_l ED:]\‘A as a probe. Severafl_ fuII-(;eng:)h ﬁlones dwere
reverse immunoprecipitation, the cell lysates were immunoprecipitaté%f) ated, and their sequences were confirmed on both strands.
sz er:::bidztelsR antibodies and analyzed by immunoblotting with am"elF?hteraction between 4.1R and elF3-p44 occurs through the

P ' 22/24-kd domain of 4.1R and amino acids 54-321 of elF3-p44

In vitro depletion assay To determine the region of 4.1R that interacts with elF3-p44,
To deplete elF3-p44, rabbit reticulocyte lysates (12.5 pL) were preincGONstructs containing Qiﬁerent regions of 4.1R in the pAS2-1
bated for 2 hours at 4°C with preimmune serum (2 ug), anti-elF3-paiector and elF3-p44-1 in the pACT2 vector were cotransformed
antibody (2 pg) previously coupled to protein A-Sepharose beads, immobi-
lized GST (10 pg), or GST/4.1R-80 fusion proteins (10 pg) previously

Coimmunoprecipitation assay

o
conjugated to glutathione—agarose beads. Samples were centrifuged g
500Q for 5 minutes at 4°C to remove the bound complexes, and the - & e o E «
. . . . . @ - -
supernatant was then assayed for in vitro translation activity using the §E 5 bé g § tchw 5 § ?? 5
. ~ FMine_ : 228w 8L S s & & S¢T £
luciferase gene as the template. THES-methionine—labeled luciferase SEE88508: R2EfEEEcCE

proteins were analyzed on 10% SDS-PAGE and visualized by autoradiogre ¥
phy. To test translation efficiency in the presence of GST/4.1R-80 fusior
protein, the indicated amounts (0.25 to approximately 2 pg) of soluble,
GST/4.1R-80 fusion protein or GST protein (2 pg) were mixed with rabbit s
reticulocyte lysate for 2 hours at 4°C. Samples were examined for in vitrc
translation activity as described above. 24-
135-

h e
——
1.35 kb

1.7 kb

4.1R and elF3-p44 interact in a yeast 2-hybrid assay

Figure 2. Northern blot analysis of elF3-p44 in various human tissues. Blot filters
We previously showed that pICln (a protein involved in cellulasontaining 2 ug poly (A)*RNA were hybridized with a 32P-labeled cDNA fragment (0.9

volume regulation) binds to the 30-kd domain of 4.1R in a yea@ encoding amino acid residues 54-321 of human elF3-p44. The same blot was
) stripped and reprobed with B-actin to quantify RNA loading. elF3-p44 mRNA is

2'hyb_rid systgn’?? USing_ a similar approaCh’ W_e setout to id(:"ntifyabundantly expressed in human tissues including testis, skeletal muscle, pancreas,
proteins that interact with the 22/24-kd domain of 4.1R (4.1R-223nd heart.
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into the yeast Y187 strain and plated on SD medium lackingA B

tryptophan and leucine. After incubation for 2 days, the colonies® 1 2 3 ko123

were subjected to a liquid assay figalactosidase activity. Figure o

1, panel A shows that elF3-p44-1 interacted with 4.1R-80 (80 kd) ss- 45- == == — —m— Endogenous elF3-p4d

4.1R-32 (10 kd+ 22/24 kd), 4.1R-22 (22/24 kd), and 4.1R2 T TLAGKIRp = FAckmepu

(residues 525-622), but not with 4.1R-30 (30 kd), 4.1R-1 (residue:

462-531), 4.1R-3 (residues 608-641), or the pAS2-1 vector alone

Similar results were obtained using the colony-lift assay (data no.

shown) to examine for positive interactions. Thus, the 98 amilf@L:;et“-Igaszliefijza‘i‘?ifljog?:ff"vle'?r'ipf“' irgjtirio?r{.d T;‘; P’Odl:m:iv‘”r‘ ifra:“ibfr::y

acids of 4.1R derived from the 22/24-kd domain (4.1R-2) arta zsfz'c?ed w'?th aSFLQ:é-taegged elij—pzz-i plas?'ni;. (St.ell Iysitcees ?loep‘z]) Sresp‘;rez

required and sufficient for interaction with elF3-p44. from transfected cells (lane 1), untransfected cells (lane 2), and Molt-4 cells (lane 3)
To map the region of elF3-p44 that binds to 4.1R, we expressegte separated by SDS-PAGE, transferred to a membrane, and immunoblotted with

different domains of elF3-p44/pACT2 clones and cotransformdf-"-AC antibody () or anti-elF3-pa4 antibody (B). The same blot was reprobed

K i N R with an antibody against B-actin as a control. Positions of the molecular weight

them into Y187 with 4.1R-22/pAS2-1. As shown in Figure 1B, onlynarkers are shown on the left.

p44 (encoding the entire coding region of elF3-p44) and p44-1

(residues 54-321) showed substantial blndl_ng to 4'.1R'22’ Wheresasecificity of this antibody, we transiently transfecteldAG-elF3-

p4a4-2 (residues 54-185) revealed a weak interaction. In contra '4-1into SiHa cells. The cell extract was prepared 24 hours after

peptide segments of elF3-p44 encompassing amino acids 185-?r 1 )

. ; _.._Yransfection and analyzed by anti-FLAG mAb or anti-elF3-p44
(p44-3) or 231-321 (p44-4), which contain the RNA recogmt'o’%;lyclonal antibodies. Figure 4 shows that FLAG-elF3-p44-1

28-

- e - factin - W -a— factin

motif, did not interact with 4.1R-22. Therefore, we believe that th fesidues 54-321) protein wescognized by both anti-FLAG (Figure

en.tire structure of elF3-p44, particglarlythe region span.ning ami lane 1) and anti-elF3-p44 (Figure 4B, lane 1) antibodies
acids 54-321, are necessary and 'mpo”a’." fqr the malntenanc%v%reas’ the endogenous elF3-p44 in both transfected (Figure 4B,
the correct conformation for elF3-p44 binding to 4.1R. Take% e 1) and untransfected (Figure 4B, lane 2) SiHa and Molt-4
together, these results indicate that the interacting regions of thesfﬁ :

proteins are restricted to the amino acids residues 525-622 of 4. égure 48, Iane.3¢ells was only detected by aml-.elFS_MlbOdy'.
and 54-321 of elF3-pa4 ecause the SiHa cells were transfected with an N-terminal—

truncated cloneFLAG-elF3-p44-1(residues 54 to 321), a low

4.1R interacts with elF3-p44 in vitro molecular weight band was detected in transfected cells (Figure
. . . 4B, lane 1).

The direct interaction between 4.1R and elF3-p44 was further To examine whether endogenous 4.1R is associated with

analyzed using an in vitro binding assay. The full-lengtR3-p44 o ; o
. : elF3-p44 in vivo, we performed a co-immunoprecipitation assay.
cDNA was constructed in frame into the pGEX2T vector. Th s s
. . ” Cell lysates prepared from Molt-4 cells were first immunoprecipi-
GST/elF3-p44 fusion protein was expressed and purified wi . : . - Lo
) . - ed with either preimmune serum or anti-elF3-p44 antibodies.
glutathione—agarose beads (Figure 3A, lane 3). Immobilized GS o . . -
- - . . oprecipitated proteins were then detected by anti-N-4.1R (against
elF3-p44 protein was incubated wiS-methione-labeled 4.1R . . . . )
. . he headpiece 209 amino acids of the 135-kd isoform) (Figure 5A)
(80-kd isoform), and retention on the beads was analyzed

SDS-PAGE. As shown in Figure 38, GST/elF3-p44 fusion proteioy anti-C-4.1R (against the C-terminal 22/24-kd domain) (Figure

interacted with the labeled 80-kd 4.1R (Figure 3B, lane 3). 2B) antibodies. As shown in Figure 5, panels A and B (lane 2), no
. o . endogenous 135-kd or 80-kd 4.1R was detected when preimmune
contrast, the control GST fusion protein failed to bind to labeled . S -
rum was used for the immunoprecipitation experiment. In

. . ; S

4IR (l_:lgure 3B, lane 2). Consistent with qurresults from the yea(:sgntrast, the 135-kd isoform of 4.1R was coprecipitated with

2-hybrid assays, these results further confirm that elF3-p44 speciil-.. S . :

cally interacts with 4.1R in vitro anti-elF3-p44 antibodies and was detected by anti-N-4.1R antibody
y ' ' (Figure 5A, lane 3). Similarly, both 135-kd and 80-kd 4.1R

4.1R interacts with elF3-p44 in vivo isoforms were coprecipitated with anti-elF3-p44 and immunore-

Polyclonal antibodies against elF3-p44 were raised to furthg?ted with anti-C-4.1R antibody (Figure 5B, lane 3). The in vivo

characterize the interaction between 4.1R and elF3-p44. To test ﬂ?esomatlon qf .4'1.R and_ elF3-p44 was further conﬂrm_ed i_oy reverse
immunoprecipitation (Figure 5C). Cell lysates were first immuno-

precipitated with either preimmune serum (Figure 5C, lane 2) or
A B anti-C-4.1R antibody (Figure 5C, lane 3), and this was followed by

ki 23 k123 immunoblotting of co-precipitated proteins with anti-elF3-p44
97- 7 antibody. Because the heavy chains of the immunoglobulins
66- G -a— GST/elf3pia o == 541850 comigrate with elF3-p44 under reducing conditions on SDS-
5. PAGE, immunoprecipitates were dissolved in sample buffer lack-
45- L ing B-mercaptoethanol to maintain the disulfide bonds between the

28- ~a— GST light and heavy chains of the immunoglobulins. As shown in Figure
. 5, panel C, elF3-p44 was pulled down by anti-C-4.1R antibody

Coomassie blue Autoradiography

(lane 3) but not by pre-immune serum (lane 2). Taken together,

Figure 3. In vitro binding assay indicates that elF3-p44 binds to 4.1R. The these results indicate that e”:3_p44 interacts with 4.1R in vivo.
elF3-p44 cDNA was subcloned into the pGEX-2T vector and expressed as a GST/elF3-

p44 fusion protein in Escherichia coli. (A) Purified GST (lane 2) and GST/elF3-p44  Cell-free translation system deficient in elF3-p44 was unable to
fusion protein (lane 3) were visualized by Coomassie blue staining. (B) Binding of . . -

GST/elF3-paa to 4.1R-80 (80-kd isoform) in vitro. S-methionine—iabeled 4.1R-80 (lane  SYNthesize proteins efficiently
1) was incubated with affinity-purified GST (lane 2) or GST/elF3-p44 fusion protein To verify that e||:3_p44 plays arolein protein biosynthé’@%,we
(lane 3) previously coupled to glutathione-agarose beads. After incubation, the Lo . .
bound complexes were analyzed by SDS-PAGE and autoradiography. Radiolabeled attemptEd to deplete eIF3-p44 aCtIVIIy n retlculocyte Iysates using
4.1R-80 bound to GST/elF3-p44 fusion protein (lane 3) but not GST alone (lane 2). anti-elF3-p44 antibodies (Figure 6) or GST/4.1R-80 fusion protein
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Figure 5. 4.1R interacts with elF3-p44 in vivo.  Cell lysates prepared from Molt-4
cells were immunoprecipitated with preimmune serum (lane 2) or anti-elF3-p44
antibody (lane 3). Bound protein complexes were analyzed by immunoblotting with
antibodies against the N-terminal portion of 135-kd 4.1R (A, anti-N-4.1R) or against
the C-terminal 22/24-kd domain of 4.1R (B, anti-C-4.1R antibody). Lane 1 was loaded
with Molt-4 cell lysates (10 pg) and immunoblotted with anti-N-4.1R (A), anti-C-4.1R
(B), or anti-elF3-p44 antibody (C). The 135-kd 4.1R isoform was specifically detected
by anti-N-4.1R antibody (A, lane 3), whereas 2 alternative splicing isoforms of 4.1R
(135-kd and 80-kd) were recognized by anti-C-4.1R antibody (B, lane 3). (C) Reverse
immunoprecipitation. Cell lysates prepared from Molt-4 cells were immunoprecipi-
tated with preimmune serum (lane 2) or anti-C-4.1R antibody (lane 3) and analyzed
by immunoblotting with anti-elF3-p44 antibody. Lane 1 represents a positive control
in which Molt-4 cell extracts were immunoblotted with anti-elF3-p44 antibody.
Samples were dissolved in SDS sample buffer containing B-mercaptoethanol (A, B)
or lacking B-mercaptoethanol (C, lanes 2 and 3).
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Figure 7. Depletion of elF3-p44 using immobilized GST/4.1R-80 fusion protein.

(A) Purified, bacterially produced GST (lane 2) and GST/4.1R-80 fusion protein
(lane 3) were visualized by Coomassie blue staining. (B) Rabbit reticulocyte lysates
were incubated without GST (lane 1), with GST (lane 2), or with GST/4.1R-80 fusion
protein (lane 3) coupled to glutathione—agarose beads as described in “Materials and
methods.” After centrifugation, the supernatants were subjected to SDS-PAGE, and
blots were probed with anti-elF3-p44 or anti-B-actin antibodies. (C) Lysates without
treatment (lane 1) or pretreated with affinity-purified GST (lane 2) or GST/4.1R-80
(lane 3) beads were tested for in vitro translation activity as described in Figure 6B.

removed by the addition of 10 pg GST/4.1R-80 fusion protein
(Figure 7B, lane 3) immobilized on glutathione—agarose beads, and
the elF3-p44-depleted lysate produced substantially decreased
luciferase MRNA translation (Figure 7C, lane 3). In contrast,
immobilized GST alone did not significantly remove elF3-p44
(Figure 7B, lane 2), and the GST-treated lysate was not defective in
mRNA translation (Figure 7C, lane 2). Furthermore, the addition of
increasing amounts (0.25 to approximately 2 pg) of soluble
GST/4.1R-80 fusion protein (Figure 8A), but not GST protein (2
pg; Figure 8C, lane 2), resulted in increasing loss of the protein
translation efficiency ofluciferase mRNA (Figure 8B). Taken
together, these results suggest that elF3-p44 can be depleted by
either anti-elF3-p44 antibodies or its interaction protein (4.1R) and
that elF3-p44-depleted or GST/4.1R-80 treated lysates do not
efficiently synthesize proteins.

Discussion

(Figure 7). As seen in Figure 6, elF3-p44 was completely removgge and othefs34have shown that 4.1R is composed of multiple
from the reticulocyte lysates using immobilized antibodies againgbforms that are heterogeneous in size and subcellular localiza-
elF3-p44 (Figure 6A, lane 4), and immunodepletion of elF3-p4don 10-12Many of these isoforms are present in nonerythroid 2lls
from reticulocyte lysates resulted in the loss of template mMRNgy in erythroid cells at different developmental stafeBheir
(luciferasg translation (Figure 6B, lane 4). The preimmune serunpjo|ogic significance, however, has not yet been well characterized.
though it partially depleted elF3-p44 from the reticulocyte lysatgg the current study we identified elF3-p44, a subunit of the
(Figure 6A, lane 3), did not significantly inhibit mMRNA translationeykaryotic initiation factor 3 (elF3) complex, as a binding target of

(Figure 6B, lane 3).

4.1R. The interaction between the carboxyl terminal domain (22/24

Similar effects were also observed when immobilized GST) of 4.1R and elF3-pd4 was first discovered using the yeast
4.1R-80 fusion protein was used to deplete elF3-p44. As seenjmybrid system and then confirmed by in vitro binding, in vitro
Figure 7, the 6|F3-p44 in reticulocyte Iysate was significantluep|eti0n, and Coimmunoprecipita{ion studies.

A B
kd 1 2 3 4 kd 1 2 3 4
66- 97.

15— -t~ IF3-psa 66-

28- 45- e - ‘

- aEper - [acn

Figure 6. Immunodepletion of elF3-p44 by anti-elF3-p44 antibody results in the

loss of mRNA translation.  Rabbit reticulocyte lysates were incubated without
(lane 1) or with protein A—Sepharose beads that had been preincubated with PBS
buffer (lane 2), preimmune serum (lane 3), or anti-elF3-p44 antibody (lane 4) as
described in “Materials and methods.” (A) After centrifugation, the proteins in
supernatants were separated by SDS-PAGE and immunoblotted with anti-elF3-p44
or anti-B-actin antibody. B-Actin was used as an internal control. (B) Treated lysates
were tested for in vitro translation activity using the luciferase gene as a template.
35S-methionine—labeled luciferase was analyzed by SDS-PAGE and auto-
radiography.

«— Luciferase

The finding that elF3-p44 directly interacts with a cytoskeletal
protein (4.1R) was informative. The interaction between eukaryotic
translation components during the early phase of protein synthesis

A B C

kd 025 05 10 20 pg ki 025 05 10 20 pg kd 1 2

197+
66- 66-

—— ~— Luciferase — e - Luciferase

- . -4 GST/41R-80
97- 5- 15-

Figure 8. GST/4.1R-80-treated lysates exhibit reduced in vitro translation
activity in a dose-dependent manner.  (A) Affinity-purified GST/4.1R-80 fusion
protein (0.25 to approximately 2.0 pg) was visualized by Coomassie blue staining. (B)
Rabbit reticulocyte lysates were incubated with the indicated amounts of soluble
GST/4.1R-80 fusion protein for 2 hours at 4°C and tested for in vitro translation
activity, as described in Figure 6B. (C) Rabbit reticulocyte lysates were incubated with
(lane 2) or without (lane 1) affinity-purified GST protein (2 pg) and tested for in vitro
translation activity. In vitro translation activity was not inhibited by GST (C, lane 2) but
was inhibited by the addition of GST/4.1R-80 fusion protein in a dose-dependent
manner (B).
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has been well characterizétl Eukaryotic translation initiation spectrin—actin—4.1R compléXWe observed a significant inhibi-
begins with the assembly of a preinitiation complex, including #ion of the protein translation activity when the reticulocyte lysates
small ribosome subunit (40S), elF1A, elF3, and elF2-GTP-tRNAvere incubated with 4.1R previously phosphorylated by PKA
Next this complex binds to mRNA in a reaction requiringunpublished data). This observation raises the possibility that the
adenosine triphosphate and the mRNAG¥cap binding protein involvement of 4.1R in the cytoskeleton and translational apparatus
complex (elF4A, elF4B, elF4E, and elF4G) and then scans towagthy be regulated by phosphorylation. The PKA-phosphorylated
the 3 end until it forms a stable complex at the first AUG initiationamino acids of 4.1R have recently been identified as Ser-331 in the
codon. elF4G serves as a scaffold protein for the assembly of eIFfi§kd domain and Ser-467 in the 10-kd spectrin—actin-binding
and elF4A and recruits Mnk1 to phosphorylate elF2E. domain?® Awareness of such interaction may in turn lead to understand-
elF3 is a large, multi-subunit complex (approximately 600 kdhg the moleculamechanism of how phosphorylation regulates the
that plays a central role in the initiation of translation. It wag, 1R jinked cytoskeleton to the translational apparatus.
originally isolated from rabbit reticulocyte lysates, and it contains Depletion of elF3-p44 from rabbit reticulocyte lysates using
at least 10 different protein su_bunits ranging f_rom 35to _1_762kd'anti-eIF3-p44 antibodies (Figure 6) or immobilized GST/4.1R-80
Among these protein subunits, elF3-p44 binds specifically {sjon protein (Figure 7) resulted in a reduction of the lysates’

glFS-pl?O and co_ntains a consensus RNA r_ecognition mOtif_n%ility to synthesize proteins efficiently. This is because elF3-p44—
its carboxyl terminug® elF3 binds to 40S ribosomal subunits

in MRNA binding through its interaction with elF4%.Interest- otein without removing elF3-p44 from the lysates caused a

ingly, 4.1R was reported to be an actin-associated protein that birPs ) - . . i
to the spectrin-actin complex through its 10-kd dor?&a¥. cé)se dependent inhibition of mMRNA translation (Figure 8). elF3

Purified 4.1R also interacts with tubuand myosirfo In the p44 contains an RNA recognition motif near its C-terminus that can
: . ) bénd to both 18S rRNA an@-globin mRNA and that appears to be
current study, we show that elF3-pd4 binds to both 80-kd and - i RNA binding protefin the current study, we found
135-kd 4.1R isoforms (Figure 5) and that this interaction is throu% P gp ) Y.
1

the carboxyl terminal 22/24-kd (residues 525-622) domain of 4. at the 22/24-kd domain (residues 525-622) of 4.1R directly binds

and amino acids residues 54-321 of elF3-p44 (Figure 1). The§e€IF3-p44 (residues 54-321; Figure 1B). This finding suggests

findings suggest that 4.1R may serve as a bridging molecule th ?(tj thehdlge.c;.mter?ctllgg 0;{44'1F;’\\'1V:h1_i”:3}p44 rl:ay j;e,r,'ca”%
attaches the translational apparatus to the cytoskeletal scaffold. . inder the binding of elF3-p44 to - Therefore, the addition o

Recent studies have shown that mRNA and polysomes épgreasing amounts of soluble GST/4.1R-80 fusion protein to

associated with the cytoskeleton and that this association mi¥yateS may result in a reduction of mRNA translation activity
influence the transport, anchoring, and translation of mRRg, (Figure 8). _ , _

For example, the elongation factor 1 alpha (E5-i abundantly Although the functional interactions of the 30-kd and 10-kd
expressed and constitutes 1% to 2% of the total proteins in nornd@mains of 4.1R have been well documented, the roles of the
growing cells. It catalyzes the GTP-dependent binding of aminoacyi¢/24-kd domain and the headpiece (209 amino acids) of the
tRNA to ribosomes, and it regulates the faithfulness and rate > kd 4.1R isoform remain unclear. Recently, several 4.1R- or
polypeptide elongation during translati®hEF-1x is an actin- 4-1G-associated proteins, including pICHNUMA,? P4.1-CAP
binding proteirf and the involvement of EFelin translation is (CPAP)!®and FKBP13? have been isolated using yeast 2-hybrid
possibly regulated by its ability to dissociate from actin in respon$&reens. The different subcellular locations and uncommon features
to local environmental changes in pH. The release of EFram  Of these 4.1R-associated proteins implies the functional diversity

actin filaments would then facilitate polypeptide elongation by th@nd complexity of 4.1R. For example, the 30-kd domain of 4.1R
F-actin—associated translational apparatus. mediates its binding to pICin, a protein involved in cellular volume

Unlike EF-1a, whose involvement in translation is regulated irfegulations® whereas the 22/24-kd domain and the headpiece (209
a pH-dependent manner, the association of 4.1R to the cytoskeledsino acids) of the 135-kd isoform interact with a nuclear mitotic
and translational apparatus may be regulated by phosphorylatiordpparatus protein (NuMA) and a centrosome protein (CPAP),
has been reported that 4.1R promotes a high-affinity associatigspectively. In the current study, we also show that the 22/24-kd
between spectrin and F-actin and that this association appears told@ain of 4.1R interacts with elF3-p44, a subunit of mammalian
regulated by phosphorylation. 4.1R can be phosphorylated translation initiation factor 3. Further study of the physiologic
various kinases, including protein kinase C and PKAThe implications of the interaction between 4.1R and associated
phosphorylation of 4.1R by these kinases decreases the abilitypodteins will eventually provide a more complete understanding of
4.1R to bind to spectrin and inhibits the formation of thehe various functional roles of 4.1R in nonerythroid cells.
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