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A} (factor) -4

A (translation)& FAx 2gd = xﬂg‘g AL zHsey 228 #A

uj 2] i}"éi'—}zé% A 7] (initiation), -6—7](elongat10n), 37] (termination)¥] H] ‘&ﬁ]i (R
Ll Ao 2HL& z7|GAA B3] dojyz vh. @A FAe 27|GA
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g g Vg 92 1 xFHo] dojue 4
AE 712AH 22 injitiator Methionyl-tRNA (Met-tRNAM)€ AUG
Aeld), o] #APolE B3 eukaryotic initiation factors(elF)=}3 3™
AAQAEC] BdFtt (Fig. 1). Initiator Met-tRNAS] &ubA|Ql elF2& GTPS &4
A3 ternary complexE& #A3sled 40S ribosomeel £} 43S preinitiation complex& #A
gk, odrjdle B IR T2 AAE elF3, elFl, elFIA7F X3Eol k. o] 43S
complex® AYAE
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=G+ @ o @& g 9 m7RNA°ﬂ EAe=
% e 5 m'G capZeo] ¥
%t" alF-2-GTP: Me:mm, el (RNA, A 5= o] o ol
i/'— ‘_ﬁ eIF4F, eF4B, eIF4A
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e o mpm] wr2n - o] complex¥t 7HAlZ
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o] dolus ez

80S Inttation Complax

FIG. 1. Flow scheme for formation of 80S intiation complexes.
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= virus ¥, heme 23, olul =2t A, heat shock, TF&xE, glucose 28 S 9
& Aatsislo] gl o) FEY. o g A<Q kinased PKR, HRI, GCN2 52 o
subunit® <143 AlA guanine nucleotide exchange factor?l elF2Boll ¢}3t elF2-GDPo
elF2-GTPE 9 o] & dojutxa] FAl Ho] FIFHE dia FAE AHeT6). F
WA 2 elF4AESt 4E-BP (4E binding protein)7} Utk @A FAEL growth factor,
hormone, mitogen 5ol 93] F7l==d o]g9 ATl 2o o8 signal transduction
pathwayol] 93] $19 F factorEo]| Eo]H oz QA7 doju}, 4AF e elF4FES

dde FAAZGG). AAARQ] oA gAY 2HLE A 2EH 2 9
o b AEFAE Y doduE dFoE FEE gtk o] el owE FAd9
ZHE EAH {FHR A4 wE dojuesd FZ mRNAS 5 UTR (untranslated

region)o] =4 sequence ¥ structural element’} £AE uf wA=}

AdAAFE Gz A2 [F29 AAA XA 2 IF2 homologue
AN ATt G gdid FAz7IDAC IF1, IF2, [F3vto] ¥}
Saccharomyces cerevisiae®] A& (genome)A ol Y5 WA [F29 homologue(ylF2)E =

Qe #

%l A

GBS DR . FUN127}

e yonz $AH

YoastiFZ | DD

DISIM

Human (F2 | 3% S % 1?” ‘«,:4,: X9 IF2&

24 143 805 213 A X 9

Archses 1F2 4% | swsn elF28t 2
E. coli IF2 il 23% 28% !]" me% O

initiator

tRNAE

FIG. 2. Structural conservation among the eukaryotic, archaeal, and prokaryotic IF2
proteins. Indicated on the cartoons of hIF2, alF2 (M. jannaschii) and E. coli IF2 protein
are the percentages of amino acid sequence identities to yIF2 in the N-terminal region,
the GTP-binding domain, and the C-terminal region of the proteins. Also indicated (at
the right) are the amino acid identity(ID) and similarity(SIM) of the full length proteins
compared with yIF2. The black box in the cartoons identifies the location of the
GTP-binding domain with the indicated consensus sequence motifs, and the numbers

above the cartoons refer to the amino acid residues in each protein.

ribosome & 2 2493tE 7)|E S 7HXln Yot FUNIZ2E 273 A] essential gene2Z &
A A A translation factor® ZR3TIH I 7)5o] WA FZPch g Y
AME 5L e factord ALZE AFHAGY.  yIF2Y FEFHI EA4E Fig. 2 oA
BE vie} Zo] FYel GTP binding-domaing 7FA3 Qo™ Ecoli IF29 HAHo =z
27%9] YA (identity)& Btk o] #AA FUNI2E disruption AZHS ol E5¢ A3
o] o =% th(severe slow grow phenotype). wWatA o] protein® mitochondriaoll A 2}-&

v ol
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3l factord o AT, © funl24A strain®] glycerol 59 nonfermentable carbon source
2 043 ¢ Y= A, immunofluorescence®A ol 23} cytoplasmell EA3tE Aoz #
Z9 v} mitochondria®i A 2H4-3l& factor®s oFH ATk o] @A o] translation factor] A
otz & &3] ¥ polysome profile ¥4& wild type strain® I isogenic funl2A
strain®| A EF Aol FEAEATE  funl2A straine A @iz FA]o] dojupE wiwH
£ polysome®] o] ZrAH I TZHE dissociation® 40S ¢+ 60S ribosomeo] ZA{ste W
2 9k R0SE FATES BFYET, olE funl2A strain©] translationel] ZAgre]l A7 A
& BoEt. ol#F in vivo ZIE yIF27F THHEAH OS2 translation factorel] FFS F9
ol s @AY £ JOoX B in vitro translation assayS AT funl2A straino) A
0hE0] 2l translation extract®E wild typeol Al THE A extractEU: @2 &4 & BJo
o o7lo] GST-yIF2& 4o FAE Wl 1 gobxl &4o] YolE o uldalA wild type
o] FA7A FEFHE Aol TAIUY. olE yIF27F thi¥-E9] endogenous cellular
mRNACl Zt43l= general translation factordS AJAFET. 3 yIF2E elF2E2 diAE
F g Aoer Hol o]5E isozymeol old WY 71%E A factorgbi AR ET}
funl2A strain® GCN4¢] T3 F %7} ¢t=l& ¥ & (gen phenotype)€ YEIN T GCN4+=
BAROA ofmx=Ate] AL ZH3IE global transcriptional regulator2A4 1 mRNA2
5 UTRel 4719 &< upstream ORF(xORF1-4)7} gloun vz A A A ddo] %
A HH6). olul x4t APAo] kinase?l GCN27F elF2e & <AAHSAAH HE 49
elF2-GTPE wE1 thgd A& %9 ternary complex® FA st o] complex’t g ORF
E A HA GCN49l #d & Eo]x oz FIAZY Ribosome GCN4 mRNA< ¢ ORF1
S A (translation)dt 2 thA] mRNAE wet JAeA H=dl pORF20A 471318 A H e
eIF2-GTP-Met-tRNAM9] <o o)Z3}A®th. Reinitiation®| %] £ xORFs2elA 47}x]
bypass¥ ribosomeTre] GCN4E AAEE $ gty W& funl2A straino] GCN4#dE &
st RS pORF1¥°l reinitiate® & 3tAY, £ ORFs2oA 48 bypass %3t7] WY A
oltt. funl2A strain & ©X pORF1TF X33 GCN49e 2@ o} F d¥o] gl Aoz
Hol translation reinitiation®] ZA#2 old 7 Zo} funl2A strain® gen phenotyped o}
A 1 71Fe) FE3] HHAAE LRAAT yIF27t Met-tRNAE ribosomee] A@stAY <
A7l o ZAEFE RS AAET FATHQA FARAME funl24 strain 9 slow
o

o

jal

o af

growth phenotypeo] tRNAM*g #LdAZo2X FEHJAoY elongator tRNAMS 1
27 ekgkrh o]} e AFEL yIF27} general translation factor2M Met-tRNAY"S
ribosomed] AEdte A& d&sHA FE& HAFTH3).

Human 2 Archaeal 4] ¢] IF2 homologue

LA E) guid A [F29 JAAEY elF2E FEH2Y 7|5H o2 Aol
gxe TEHOZ Met-tRNAM'S ribosomed] AG&Z= 7]5& zx o} 28,
Methanococcus jannaschii®] genome sequencing 2. E archaeca®™ XA EZ 2l vlI7IRZ A
7FA1 9] elF2 subunits® homologues?t &A1& 8 A IF2 homologue(alF2)x= A3 o] ¥ A
th(Fig. 2). ©|= archaeca’} YA X9} A FEAo]Y F7+H<QU Hel9 translation
apparatus® Zi 2L BAFE Aotk alF27F yIF29 o] gula FgAAAAAE &
olR 7] A alF27} yeast funl24 strain® slow growth phenotyped 3| EA|FIE=XE #
E35t¥ =1 galactose-inducible GAL promoterdtell A alF2E& ZAANRALS o AL YERY
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Atk =& yeastollA] ©E0]RA jn vitro translation syestemol A alF2ut IF27F &A1& 2t
I JAeAE GolR S u Fig. 394
B ule} go] IF2E A4S Holx

100000 “gkevt alF2e #A4E <A HAth
i‘(\“sl FUN12* + GST-yIF2 (a) °] archaea ¢ ©WAEFA machinery

7t AW E 77 & UdEHUFE Ao
o, [F27F 84 & ZA e dde] 29
Z+8-3t+= ribosomal subunit®] £ 7He
50000 1 fum24+GSTyIF2(g Aol AWEAAE ¥ele Aol FrEe
del A ZY}d.  Archaeal IF2E Fig. 29

A HAzRo] N-Zoxdo] gled,

fun124 +alF2 (o) yIF2¢] o] R9le g 2ResgAw
nn2assT(y P29 ©) ¥AE AT 43 Bav
L A Aoz RuHAT yIFY N-2@AY
om o s e e WHE FHAR CF2 elF3
Added protein ng) 9 elF59 AEAE (ribosomed] 753
q dojd Fx glF)o] dojue FHol

FIG. 3. Addition of alF2 partially restores translation activity in extracts from a funlZA

75000

Luminescence

25000

rlo

strain. In vitro translation extracts were prepared from the funlZ2A and wild type
strains. Extracts were incubated with 200 ng of luciferase mRNA and the indicated
amounts of recombinant GST, GST-yIF2, and alFZ2 proteins. Translation activity was

determined by measuring luminescence after 15-min incubation at 26°C.

o 3 archaead] s SRS Fejo] elF3 homologuest elF5 homologueZt Sl ZACE H
ol, N-ZuAgoe] 15% HEA deAxe th2 A zstd A2 At5dT. Humane
expressed sequence tag (EST) databaseclAl o2 EST DNAs7} yIF$t §A18 A& 247
atg o™, o]8 3 sequence’} skeletal muscled testisol Al Bo] WA F-L multiple tissue
Northern blotel Al 218 4 Utk  hIF2 cDNAE 224sd g71Nge 249843,
yIF29tE 44%9] FAdAAS BHPoen N-2dxdo] o4 2 (Fig. 2), HeLa cell extractol
Al immunoblot 244 & A3} ¢ 175 kDa9 72 LAFHAT. G e ofm it HE
A A" =Z7lE 139 kDao| YA gt N—‘ﬂ":}x]‘f’@] highly charged®o] lo]A
SDS-PAGEA A dHAZHCoZE =gA olFsle A2 Ale =Y. o]8$ human [F27}
g4e #F=AE 4] A8 yeastlld TECI Y systemES o83t hIFS
galactose-inducible GAL promoterdtoll Al ZHAIHE Wl funl2A strain®] slow growth
phenotypeS 3 &3 R o, 3§ GST-hIF2 9A] in vitro translation assayolA 2 4L
GST-yIF} 2ol A9l fAHA EoFAud. 24 2 F/F9Y GTP-binding domain
mutation oA E I Ao FAHANT).

Ribosomal subunits joiningol %83+ elF5B

AAALA A Suid Ade] 7fAlE= 40S¢ 60S ribosomal subunit?t Aoz Al=teth
elF37} elF2-GTP-initiator Met-tRNAM® 7} 3 &oll 40S subunitel Z2¥H 1, o] 2 A A
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¥ complex”t mRNAo| A EH ol o duwad s§A]2x} elF1, elF1A, elF4A, elF4B
¢} elFAF7F B a3ttt elF5€ elF20 &€ GTPY 7t-EaE £33t AAH 2 elF2
E MAZEC] PAE 48S complexol Al BoiAuU7HAl 3 t}gol 60S ribosomeo] ZA¥E o]
840l 3= 80S ribosomes FAFTE  Pestova laboll Al 48S complex®t 60S subunitsE
A E APS 3t F elF5Tr o2 subunit 2Fo] dojux] ks AL LA H
AL E OE GWA AAZHN elFoBE Krebs-2 ascites®] ribosome salt wash(RSW)ell A
sFE A TH9). elF5BE IF29 mouse homologue2A yeastell 419 in vitro translation
assayll M 4% Bon, £ hIFE 94 mouse? in vitro systemlM subunit joining
of e #HE HAT Reconstituted  mammalian  translation  assay$l
methionylpuromycin synthesis(first peptide bond #4-& F W3 assay)E Ed& elF59
elF5Be A4S ZHENEYE W elF1A ¢ elF27} ¥ ¥ minimal system< elF5
elFSB7} Z+zt &Ado] gloy, 9 factors®t ©lE0] elF1% elF3°] 1& WE(FAF setd
factorsE A Al) elF5¢} elF5B7F 459 &4& YelWt  elF5BE GTP-binding protein
o] EAAQA motifE z31 Yxdl, ribosome EA ] BARle]l GTP AT 4+ Ut
elF5BE 1 AA| el GTPase 848 27|17t o #H YA 60S ribosome €A 3stollA A4S
}E Tt Ribosome joining reactiono]4] GTPY nonhyrolyzable GTP$) GMPPNP &)
St A 2z &4 € 71A oY methionylpuromycin synthesis assayol A= GTPEA] s}l A
B EAE BT olydd AAE GTPY 7t#3 7t ribosome joiningoll EFAo]A] &
$ 34&Et. GMPPNP7l €418 W& stoichiometricd %9 elF5B7F &7 H Atk whebA
elF5B= GTPo| Zgsiof o] &A%E FHE uiAAY, F2d GTPY rtsEsle
subunit®] Aol WgHolx doh, 2 GTP 7teEdls o Ao BFad A2
olg{d &AL A3y Y 48S complexE A WHEDL thgel GTP ¥ GMPPNPE
Abg3le] 80S complex® WHEAD. ©gol 80S complex® #3239 metpuromycin
synthesis assay® 3t =4 GMPPNPE A}43le =E 80S complext GTPE Al&3l4
= complex®t ThEA FAH L BolA ¢gton o] complexdl elFSB7F F&Eo] = A
o] HAHUT wEtA] GTP 7t = elF5BE 80S complexEHE WEAIAF7) Y3
AYE & F Ut o9 #2 AFde dUAEY [FoAAME TF HojA AHYMNEY [F2
homologue?! elF5B9} Z}-§-7]2to] IF2¢} 4338 FAES AT Jo. vpAG ez 37}
A N2g AF}es 7)2d initiation FAH Fo F JHe] GTP/F 2R3 Roez LAY
AAE T M9 GTP/E Basttes Aotk 3tue elF27F  termary complexE A&
H Haste & 3= elF5B9 recyclingol © &3 GTPolt}.

Gz A Z71dA A elF5BS} elF1A9l 2 3 molecular mimicry

elF5B2} Z&7]&e & o d787] Hs) 7Sl A&7 %e] vlxz 7 74 E initiation
factorE 3 two-hybrid 24l & in vivo interaction®dFE EA3ldct HEH elF2,
elF5, eiFlAQ}, elF3 subunits & elF1AT0] elFSBe C-2aA g3 AEs gt elF1A0)
A3 Q&3 elFoBY A€ C-ZYA Y (amino acid #3850 - 1002)22 FI F UAUTH
olgidt AdE & wuld elF1A% elF5BALC] 9] in vitro binding assayol A= #ZH Y
t}. Hemagglutin tagged elF1AUt flag tagged elF5BE ©] €3 coimmunoprecipitation 4
Hol M= A F factorEZHY AEHEZES FFAT. o)A ribosomeE A 3tell cross
linking agentell <} IF1 3 IF27tel 43 Fo] dojdtt HusEdet. a2y, A 2
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Fol A= ribosomee] F factorExte] 43S FHF BAA FS5& EAEH elFIAY #E
9] slow growth phenotypeg © <
A A ALE Hol elF1AY elF5B9 A3 Fo] dld A4 T8¢ A 2o4). ¢
3l A 3 2] [F1& 30S  ribosomal subunitell B-2F3l elongation factor
EF-Tu-GTP-aminoacyl-tRNA complex®t %2 ribosomal region (A site)& X & 3T},
IF19] eukaryotic homologue?! eIF1A: ribosome subunit®] dissociation®]t}, Met-tRNAE
40S subunite] Z¥ste A& FAAIIAY AN ASE HuEJoh £ e[FIA
+ 48S preinitiation complex?] Aol TR 3 mRNAE @} AZEA AUGE &3
ribosome®] ZP3t=dl ZL3= Zo] ribosomal toe-printing assayel <& 8 F ol
elF5B= ribosome dependent GTPase 84& zom GTP 7toE3le elF5BE 80S
complexol Al W&sted Bastag, ojed HHo] elF5B 435 HF e elFIAQ W&
A% BAF 7t5Ael Ut BHE FAHJAEY Fxo A dFNAN TEHoE #F
HE= #d48 tRNA®S mimicrye]th. Elongation factor EF-Tu-GTP-Phe-tRNA ternary
complex®} translocase EF-G-GDP binary complex®] crystal +Z7} ZA =1, vlwdF+
o 93] EF-G9 domain III¢} IV7F tRNA2] anticodon stem® loopE < Zo] THINA
ko olEd F FxY EAL olFo] @l FAHAA Fol ribosomal A siteol] A EFh
£ Aotk FHIo Brock%°el ©]#3d molecular mimicry hypothesisE translation
initiation2. 2 43t {H(1). EF-GY C-2aAHF [Fl, [F29] o9 =g IMEd A
Aol gASA, [F13 [F2 complex’t F+Z2H 22 EF-GE& EW3dY ribosomal A sitedll
e Aolt). o]Egt Rrdo] 2]3A IF1-IF2 complexs] 93 A site 2¢L A Ho
2 o] site® EH3T Met-tRNAM'S P sited Z#stA f=d Aotk wA [F1
IF29] orthologs?l elF1A$}t elF5BS complex’} T+% 3 o2 7]|5A 02 olzjdl rdo) AHg
3 o2 BoRg. a3y 9 Brocke]l AAIG Ede] 93tH IF1S [F29] domain III
of & Ao=Z FAA2, elFIAE elF5BY
C-terminus & IF2¢ domain IVel] &3+ +#
AAA A<t FFsle 298 BAgFAY. a8y [Fl1e
ribosomal A siteoll bindingd}il IF2¢} complex &
BAste AF Zo], o] E9 orthologs?] elF1A%}
elF5B7F Adste @A E elF1A-elF5B complex
7} A siteoll %5 o] Met-tRNAM7} ribosomal
P siteel A&3A HAst=d 98 & AoF A}

elF1A(?), »

elF5B + GDP =R )=

7
maG AUG

elF2+GDP,
elF3

r/” elF5

AAA 4=
N2 gz FAAAJRR]D elF5Be &
g ERAAM IF29 homologue’} RZHHOE

FIG. 4. Hypothetical model for elF5B mediated ribosomal subunit joining, and stable or
Met

m7G

correct positioning of Met-tRNAi ~ to ribosomal A site.

W 73ttt Genetic systemo]l & BYgE ZRE o &b, 18 A3FHA B
o] 434 archaea, human, mouseS ol E 2L factor’t WAE AT elF5BS) ©Ha 3t

ox o
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FA o] vrEz 2872 48S initiation complexol|A eukaryotic elF27} 7RAIZEQ
AUGYl HE8iF initiator Met-tRNAME ribosome joining ¥l elF5B7F kA #AA F&
Rog FHHAT Fig. 4olA HojF%o] Met-tRNAM"0] 98] factorEd #7 A ZEQ
AUG®l 48S initiation complexE A3t elF20] 2" GTP7} elFbe) &) 7t-EaE
& FEHUA ol factorge] EolAd uztth ool elF5B7F £0] WAl 60S ribosome
3 AgsA 2 o elF1A9 HFo] o]Fo)A WA ribosomal P sited] & Met-tRNAY"E
(AL Roez AT ANEZE elF5BY 7|5l disia g3 o] HZ BHus g
tt.  Drosophila melanogaster®] elF5BE vasagts A Abe] 23] Q== DEAD box
RNA helicase VASSH M2 45240 Rugdri2). VAS 9 elF5Bete) A8 4
SALE olg g Aol V|THLE HEYE BHAFAY 1 JFo] dATY F
o o H&& =X ofF W Ant gltk HIV-1 matrix®} interactiond proteing
yeast two-hybrid #4o 93] ZAI3 & ul elF5B7F =AY, elFSBE HIV-1 matrix
o} Gag$t in vitrodlME A&, £ o]lfq g HEFL in vivodlAd dHAFJAEE A sE
Aoz BIHAD(0). ol Zo] MEFA FHE elF5BE FHz L3 Had o9 3
Hor B factor2 BZHW, o] factore] @¥lld FPz7)GA MY 7%
organismsol A= FAIE Ao 2 Al

uk
w0

o & rl
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