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Abstract

The initiation of eukaryotic translation is a highly-regulated process, which is controlled
mainly by eukaryotic translation initiation factors (elFs). Among them, eIF2 and eIF2B are the key
molecules for translational control of gene expression. GTP-bound elF2 forms a ternary complex
(TC) with aminoacylated initiator methionyl-tRNA (Met-tRNA;M*), and TC is loaded onto the 40S
ribosomal subunit. After the start codon recognition, elF2 is released from the 40S ribosome as an
inactive GDP-bound form. elF2B is the guanine nucleotide exchange factor (GEF) specific for elF2,
and converts inactive GDP-bound elF2 into active GTP-bound elF2. The phosphorylation of the
elF2 o subunit at Ser51 inhibits this nucleotide exchange reaction, leading to the repression of
general protein synthesis. Various stressors are known to induce the phosphorylation of elF2q, and
this control contributes significantly to a rapid response of cells to stressful environments.

elF2B is a multi-subunit factor comprising five subunits, elF2Ba to elF2Be. The
regulatory subunits (the o, B, and & subunits) are considered to form a complex called “regulatory
subcomplex”, which is responsible for the discrimination of the phosphorylation status of elF2a,
whereas the catalytic subunits (the y and € subunits) are considered to form a complex called
“catalytic subcomplex”, which is responsible for nucleotide exchange reactions. To date, genetic
analyses have identified many residues in elF2B subunits which are important in the nucleotide
exchange reaction and its inhibition by the phosphorylation of elF2a. However, the exact roles of
these residues are still undefined due to the lack of the overall three-dimensional structure of eIF2B.
Thus, I aimed for the establishment of an expression and purification method of eIF2B suitable for
an X-ray crystallographic analysis.

Since it seems difficult to prepare endogenous elF2B from eukaryotic cells due to low

expression levels in various cell types, I constructed a recombinant expression system with E. coli. T
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succeeded in a large scale preparation of recombinant eIF2B by the co-expression of all five subunits.
The purified elF2B eluted as a decamer on size-exclusion chromatography, judging from molecular
weight markers. This elF2B readily crystallized and the X-ray diffraction data from native and
selenomethionine(SeMet)-substituted elF2B crystals were collected. The initial phases were
obtained by SeMet single wavelength anomalous dispersion (SAD), and the final molecular model of
elF2B was refined with the dataset from a native crystal at a 3.14 A resolution. Almost all regions of
elF2B except the HEAT domain in the € subunit are assigned, and the structure forms a decamer
containing two molecules of each subunit. In this structure, the regulatory subcomplex resides at the
center of the structure, and two bodies of the catalytic subcomplex lie aside of it. This arrangement
of subunits suggests this decameric structure, rather than a pentamer, is a functional unit for e[F2B.

For the identification of the interface for elF2a, I performed photo-cross-linking
experiments by the site-specific replacement of residues by a photo-reactive non-natural amino acid,
p-benzoyl- -phenylalanine (pBpa). These experiments revealed that the N-terminal domain of elF2a.,
which bears Ser51, is recognized at the cavity which is formed by o, 3, and & subunits. The position
of cross-link-positive replacements was little changed by the phosphorylation of elF2a Ser51 or the
phosphomimetic Ser51Asp mutation. This suggests that el[F2a is recognized in the similar manner
regardless of its phosphorylation status, and the phosphorylation status of elF2a may be
discriminated by the local change of interaction around Ser51.

Many mutations in the regulatory subcomplex lead to the abrogated translational control in
budding yeast. The equivalent residues in this structure are clustered at the cavity or the interfaces
among a, B, and & subunits. These suggest that these mutations abrogate the elF2B-elF2a
interaction at this cavity directly (for the mutations at the cavity) or indirectly (for the mutations at
the a-B-6 interfaces). Mutations of human eIF2B genes are related to the neurodegenerative disease

called leukoencephalopathy with vanishing white matter (VWM) or childhood ataxia with central



nervous system hypomyelination (CACH). Many of the equivalent residues to the VWM mutation
residues are found at the periphery of the interface between the regulatory subcomplex and the
catalytic subcomplex. This raises the possibility that one cause of this disease is the partial loss of
the interplay of subcomplexes due to unstable inter-subcomplex interactions. Based on the
photo-cross-linking experiments and the mapping of mutation residues, I proposed a model of the

interaction between elF2B and elF2, and discussed the validity of this model.
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ROHLER FThd D elF2B OEENEFTINIIEA WA 251 & 2T 00y, £ 0 ERE) 7k

FEIZBH BN S TuZen



1-5elF2B A LT-BEREIMIZ S [+ 5K BERDRE

elF2B |3 FHRR B T OBAR FIBLHIEIC I 1T 2 HEMIEFTH Y, elF2B 24T L7
FIFRBIEIC X - T, MBS A b L ABEE~OREICHEIET D Z ENAREL o TS, %
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F RSO IRIKRNE E SN D5 DITZer 7= RO HEAT KA A L THV, ZD KR

A UM elF2 OBB LUy Y 7=y b EBEBEMAIERT S 2 EAREN TS PP HEAT
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RAA T elF2yh 7= F® GTP/GDP %##E8T% G FAA » L EHEHAIERL *,
HEAT KA A >0 N RIS SIS HEETH S 2V, Z LT, el 72=v b &
DOHAAEMCE L TIX HEAT R A A O C RIGIAFET 2 5 E R L ORI E Lo
1 (AA-box) 23 elF2BH 7= b N Kt K-box & B AIEMT 5 Z LML T
52 L LG, MaoBRmRkimbn T o, £7, o elF2B OfEEN &
DE BT BLTZORINZEHE LTV ENITONTHIB ST,

F72, BEROSEERRBLE DI, elF2B 2RI L 2ot s L2 >0
B HHRENEE SN TS (K 1-6)7%72 —oOBIT e R TH Y, elF2B IX
elF2 |2k A L7- GDP OB EiET 2 L W HIET A THD ¥ b 9 — T OBMITZ KM
HTHY, ZOMHETIESOGTREAE LT elF2-GDP/eIF2B/GTP A RN EAL S, X7 L
FF KRB END LT HETNTH S V7 JATHIZE D DIXE OIS ET 5 Rk 035
LNTEY, RIS THRY. £, BREEOEBIZIX elF2B LI GTP
FEGEALAMIEE SIDH, elF2B @ GTP fE/IEX 7 LA T REAEF — 7 DRONH 72
VBH T =y Mk Db DTHY *, ZOMAPHISICHHA SR TWDDMNE M

DWVWTHAHTH S.

3.elFRaYTaz=y rDY VBILFEDKSICRY LATF FRBRIEZHEET 20H

U UER{L STz elF200d elF2B ~REICHEATH 2 & %, T LTX 7 LAT R
FORZET 2 Z & IR ENTWD, 202 008ENED L S IZBERL TV DD
THTHS.

elF2 DV VIR LIC X AHEOE L L iX 2@y nExonsd (K1-7). —iF,
elF2B & elF2 OFEAIZIE, 7 a7 Ly 7 Ak > TEE SN D X7 LATF RASH
FOSZARET DGR (e X7 T 4 ThfEe) &, JAfit7ar 7Ly 7 22k TE

XN DRSS AW Y 72k O (T e T 4 TREER) BMEEL, elRat T



2=y OV VBMUIZT T a X 0T 4 Tk A RIS 5 2 LI Ko TREE & BE
T5, 05D THDL (K1-7A). b9 —FHiE, UV rBES TR elF2 (124 L T elF2B
XX 7 VAT RIS ERET 27 0 &0 7 4 TREEEITO N, elRaY 7=y h®
U UBbIC k> TR 7 2o 7L v 7 2L OMBEAMERNZEN L, HRSICRE S 72T

YIRE T TG E D, LI D THD (KM 1-7B).

4.elF2B DERLE VWM [FED K S ICEARL TS D

VWM DEZICB W TUIRMAE O RFE R IE L THERSILD OO, Z DM
RRRIEDHEITORE IS TH D, £72, VWM 25 & 24881, —fRAYIZ elF2B I
LD VAT REHIEE AR TS LD, ZORELSIEIETHVIHEBORAS LD
BRI LT L b AN S22, £z, VWM & 5| E i 2 3488 1T elF2B O R ToH 7 =
=y PEEZFAESNTVDD, THUHDOERNNVINIL TR LATF FEBRIEEOIRT 6
L<IFR PV RIGEDORFIZEL LT DO0H L TIERW. W ONDERIZHONT
%, 7 2=y NHOMAEERORZELE b-bT 2 EMMLNTND L0 > =i

NI DERIZONTHERY T LD TH L E I NIAHTH 5.

1-6 KARDHME

elF2-elF2B O AAERIIEAEMIEE O R L7 > TEY, F{LFN, BIRFIfENT
WX > TEL DEANERBEIN TS, L LARD, elF2 3L elF2B O AR S E
DORINE, WHEOHBEEAZRENCEMT S Z L2 RN DI L TEY, WEE LR

DE DL ORHENERSNTND.



F 2T, ABFZETIL elF2B OEAREE O, elF2 & OAH HAER O A H i L

L7-. £, elF2B O#H#ax FHLZ DL AR T, X MRS ST IC X > T elF2B DO
EHOMNMILE., LT, TOHBEERERNTIR VAN T 2= VT T =V

(p-benzoyl-; -phenylalanine; pBpa) & HW72 7 v 2V o7 FElk, % L CHRATHIZEIZ K DA A

HlABDED LT, elF2-elF2B MO AERERICOWTOET LVAIRE LT



E2E elF2B RERDEE - &1t

2-1 Bk

2-1-1 HBRY 2 —DEE L RBKROKE

4y 4% R Schizosaccharomyces pombe @ elF2B 4535 11% cDNA T4 75 U vk 7
n—= 7 %47\, pET-22b (C % His & 7' f@l& # > 7327 &, Novagen), pET-28¢c (N ¥ His ¥
TG X o378, Novagen), pGEX-6P-1 (N ¥ GST Fh& % > /X7, GE Helathcare),
PMAL-c2X (N ¥ MBP @ % > 732 &, New England BioLabs) D47 & —|ZHHAIAATZ.
B-8Y 7 = FMLRIR, 0-B-0% 7 2= v MIFEBLROWEFLUZIL pETDuet-1 (Novagen) %,
y-eh 7 = MMOETROHESIZIE pCOLADuet-1 (Novagen) % ZALEILHW V=, FELOKR
FHZIX Rosetta2(DE3) £ (Novagen) % U /=. LB B##thH, 37 °C THZEE L, ODgg 25 0.5 12
BELIRERT I8 °C ETHHIL, 03 mM IPTG X X 512 18 R E AT o 72, Wik%
EODEEC X - THED, 2Ny 7 7 A (20 mM HEPES-KOH (pH 7.5), 150 mM KCl, 10% glycerol,
1 mM DTT) (ZW&#H U CEE BB ATV, OB &0 i A Bru 7. His % ZRlG &
VX7 OREBLZIE Ni Sepharose 6 Fast Flow (GE Healthcare) %, GST @le ¥ o /N7 B O
21X Glutathione Sepharose 4 Fast Flow (GE Healthcare) %, MBP @& & v /X7 B OREHIC

!X Amylose resin (New England BioLabs) % H\ 7.

2-1-2 elF2B DK EFH
FERL OB L D72, PrimeSTAR Max Mutagenensis Basal Kit (Takara) % T,
a-B-3Y 7 2=y NERBIRT F— yeh T o=y MBI X — O T w7 T — B

Bls A9~ T HRV 3C 7' 7 7 —BIZ X H58akALSI~ & 2 L 7=, Rosetta2(DE3)#K %, o-B-8
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HT o=y MBS ¥ — Ly T o=y MEEERT X —D 2 DOXT X —CRElx
#a 1, 0.2% glucose % RN L 7= LB K51 37 °C TH53E L72. ODgoo 3 0.5 125 L7245 C 18 °C
ETHAIL, 03 mM IPTG ZNNZ & 51T 18 B R 21T 7o, WA= L HEC X - THE
®, PBS THFD%-80 °C TRAF L7z, =E CRlfiE D%, Complete Protease Inhibitor Cocktail
(Roche) #/Nx 7=/ 7 7 B (20 mM HEPES-KOH (pH 7.5), 150 mM KCl, 5% glycerol, 1 mM
DTT) |2 U CREE IR 21T > 7. 13 05 BEC & 0 IR 2 BRV N 727%, Amylose resin (22
— RKL7. Ny 77 B THT7L%ZWEL, 10 mM maltose Z 12 7-/3> 7 7 B TIAEH L7=.
Z LT, N7y B CTY¥{t L7z HiTrap Heparin HP (GE Helathcare) (2 — RL, /Ny 77
B TOWEHF D%, 150 mM 725 1M O KCl OIREARLTHE L7z, elF2B & Lol sy 4 /3y
7 7 BIZx L TENT L7235, HRV 3C 77 7 —RIZ L2 %BIH % 7 O8Il % 4 °C T—
BeiT -7, I HIZ, w77 B CHb L7= 7 Vg 77 Z 2 (Superose 6 % L < 1% Sephacryl
S-300, GE Healthcare) THERL L, BRAFAiE{E (Amicon Ultra, Millipore) T 5-6 mg/ml (Z&
MEL72#%, 4°C TIRIF LT,
YL AF A= U EBRIROERIZIT MO BiHiZ 72, 37 °C THEE L, ODgo 23
0.5 125 L7 CROIREE 60 mg/L D& L ) AF A=, IR 100 mg/L DA LA =,
U, T2 AT 5= RBESOmg/L DaA o, AV aAfu, N vaEMz ¥ 18°C
ETWHL, 30 3% 0.5 mMIPTG ZMA TS HIZ 24 KGR Z T o7, L/ ATF A=
EHROREENI R A T 4 TR E FRRICAT 27228, /3y 7 7 1D DTT OREIX 10 mM 124

HL/.

2-1-3 elF2B &1L
fm bSO A 7 ) —= 723G b » b Crystal Screen, Crystal Screen I,
Natrix, MembFac, Index, SaltRX (Hampton Research), Wizard I, Wizard II (Emerald BioSystems),

JCSG+ Suite, Protein Complex Suite (Qiagen) # M\ 7=, #Eida bz v 7 4 7 Ra v 7&K
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L E W T 20°C TiTo70. FIIAZ U —=027ClX, o7 ul & bF—s3—1ul
ZIREA L, 60 ul DLW — S—ZxF UCEE AT > 7. fEd bSO R b OERIZ

I 2ul E LY== 2l HRAL, 240 ul O LY —_— % L O LA T o 72

2-1-4 elF2B DFERD X REHRERS L VEIHFT—45 OLE

elF2B D ik O T 72 X #Rlal4r 38/ 1% Spring-8 ™ BL32XU, BL41XU TIT-o7z.
AT 4 TEMRB LR LV AT F = CEUKHR S OREE R T — 2y OISR
BL41XU TITo7=. A4 7 4 TIREER 2 AW =HIEE, %K 1.0000 A, B —A YA X 50 um
X 50 pm, A A TR 320mm, 7 T F—HF 750 um 7V = A, KENH 0.5°, FGHEER 1
BOZMETIT, B 300 OEHT G AZIE L. 'L 7 A T4 = @RS 2 A7
E, R 09792 A, B — LA X 50 um x 50 um, H A 7 & 320 mm, 7 > 7 F—# 1200 pm
T =0 L, RENMA 0.5°, FEOLRH 2 BOSRMETITY, B 720 ol e NE L. &
L AT F = EEERE S ORER RIS SO XAFS ZHIE L CRE L7z, BT —# 0
JLERIZ1E XDS™ 35 L O SCALAY % IV /2. SAD ¥EIC & A AR EICIE autoSHARP™ %,
T 7L ORESEIZIE Buccaneer’ %, #EE 77 /L OFEBLIZ1Z PHENIX® & Coot® % Vv 7=

W YE D2 PEDOMIFEIZ 1Z RAMPAGE® 35 & Tf MolProbity® % Fu 7=

2-2 KiGEMBAEBRICK D elF2B DA

FEHLR DRI D elF2B OEMFE L LT, 4324k Schizosaccharomyce pombe
IR L7, RIERED elF2B |35 F BN IR/ S <, RS 7 2= v & N K DRERE
RIADRAFNEDIRNGEI AN N Z & 25, e L DERICARNZIZE 6 L DN ZTH
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KGEFHBLRZ AW elF2B OffEL LT, T 7 2=y P EICHKRAY
170, RBRENTEAREZFHERT 2 L0 FlEzR-BR. £V 7 2=y b C R His
BT MM Tca A N7 7 NTRELZ{ToT2E ZA, yBL e 7=y MIRIFIEHL
ERTEDR A B, alB XU T 2=y MIOWTHRBUIMER Sz (X 2-1). LaL,
37 =y MTOWTIEIA T LD OERHEME TRRICEELHG L CW\We., £, p7
2=y MIEB - R EAHEGE CE otz B, 87 =y MIOWT, BEB L OH
WHEDm LD N Rl # 7 Z2f@he L CRBLSE L 2 A, BT 2=y MIOWTIEN
Kl MBP 2101925 Z LI K-> TEEENR A LN (K 2-24). LL, pH7==> hiC
IRIBENEEO Yy Re = SN D 2 VB LGN A b, SHiL, a7
T —RBICL DX T OUIBR TR L. £72, s 7 2=y MIOWTIEZ 7 OfHn
WX DUET RN h o7,

IR B W TRY 7=y FORIMHNIZ L > T8 7 2= hOEIH L~
LIETTHE VI8 Bbolziow, B, V7 2=v MNIBEAKREKICL > TLRELT
LHOTERVWNEEZZT. YT =y h&, MBP ZftINL7BY 7 2=y NEILREE L7z
LA, MEBOEEWIZBL I L A LR AL, vy e =0fE b ALt
ofc. EbllarTa=y FEDIEB AT A, o, B, T 2=y MDD
Gk, SEVREIY T 2TV s REH/LHZENTER (K 2-2B). LL, ZoHTa
YUy 7 ApblTar 7=y RAREELLT K, SR RIIREECH 7.

v, e 7=y MZOWTHLIEREHRIC L > THEEY 7 a7 L v 7 ZOFRERZR
Bl Z A, y, e 7=y MIZEICHAFEHA L TV R TH 72 (K 2-20). £
2T, oo, B, 3Ty FERIL TV DHEEKLy, e 7=y FEFHBLL TV D EIKE
IR TR Z ATV, BT T elF2B Z ik 2 FliEaida . 2HHOE Kz F /T

BAELEBBAEL, 7In—RAL P THREEZITo MR, FRUT TIEH 20—

13



aL Ly ARFHEY T a T Ly 7 ZTHAA LT (X 2-2D).

SHEOV 7 2=y M RTOIFEBIZL > T, MFOMALIZI blctdEI Nk
(¥ 2-2E). 2D X 5L THEHER SN elF2B 1%, #Afi 7 a7 Ly 7 ZAHM TR
LIFRRY, ~NV AT L Tuav N T T 4 —RRIC L D EEIRE ORI TICB TS
BT o=y h O S PERETH T, MBP 72 E ORI Y 7 DU, Sephacryl
S300 I kD NVEE s v~ b7 T T 4 —&AT, BERY—I PR SN.. £LT,
— 7 #8570 SDS-PAGE (2L > TH P T a=y FaBEE&TOGDEHAKREZER L TNDZ L
DR S NT(X 2-3). ZOE—T a0 FEOHEEDTD, FIVERs v~ NI 7 ¢
— 717 I Superose6 (2 K DM &{T - 7=, elF2B OIEHALE X, 1/ e/ a7 U v (669 kDa)
DEHNIE L 7 = U F 2 (440 kDa) ISHAIEORM TH Y (X 2-4), elF2B 1% = Ok Tl
HEAR (259 kDa) Tid/e<, V7= b& T OG0 +HEME (518 kDa) #TA L
TW5D EHEE SN2, £72, Sephacryl S-300 (2 & AR5 1%, K0 FERICHE Y 7 =2
Ty AOEDEHESNDI YT V=7 PEE LD, HERERICHY T 5 — 7 3R
TE o7 (K2-3A).

LB 5l 1 L OGNS, T DORFNERIEEFED elF2B % 2 mg F2fE5 5 Z LN T
Te. £, BV AF A= EBKS FEEROGIETHEAETHY, ZHHIIMI 1L

H20 1 mg BEOINENE SN, 2o Ok,

2-3 elF2B D& R1E

FEHRL X 72 elF2B % 5-6 mg/ml &£ TEAME L, 20 °C TREgMLD AT U —= 0 7 %47

STERER, WL ONDOFRME TR E DT, MR DORBEILORER, XA T 4 71K,
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U AF A= BRI, Z T EERE VY —3—TE#K (200 mM NaCl, 50.4 mM
NaH,PO,, 49.6 mM K,HPO,, 11-12% PEGMME 2000) % 1:1 TiEA L CEEbE1TH> 2 & T
LELTREFREEMEOND L Doz, HidhiE, HEAIC— 8 TR T 250 pm X

100 pm x 50 pm DK E I F TR L7z (K 2-5).

2-4 elF2B #£ @0 X R EHTRER

elF2B #bih D TR 72 X MRIEHT BRI KBS e sk SPring8 OB — AT A
BL32XU 3 LU B4IXU TiTo7e. 774470774 b LTLHF——FIKIZ 30%
glycerol Z NN 2 7= ¥RHE 2 W TIRIAZEHZ T TORH T IG5, e T4 A REDMR
WHRNBER SN 7 9447 0T 7 %2 b OFEE - IBE OGS Z21TV, 15% glycerol & 10%
DMSO % LW —N—IERICINA T K% 7 7 A AT 0T 7 20 eT52 8T, bmomr
FREEDEHTMAEOND Z & 2R L. LnL, ZOWRICKE YA X0k EET
EOUBADRLTNE N KSR BT, /pE7eklfh LB ERICHT 52 LT
T, BERRT—FEy NER-ORENOEGT 22 LBREETH-T2. 22T, 77
AFTuT 7 varDHETOWVTHRF 21TV, —Hifid % 180 mM NaCl, 504 mM
NaH,PO,, 49.6 mM K,HPO,, 12% PEGMME 2000, 5% glycerol DIE#~E% L, glycerol &
DMSO DIRENENEIL 2% T DEWIEIR~E B T EICB L TNE, 15% glyceol, 10%
DMSO DIREEIZE LR R CIRIRE R PICRT, Lo HTEEZMWS 2 & TR EIN S
AR TFTIELZENTET.

BRI 72T — 2 & > b OIEIL BLAIXU TITV, 1A 7« 7 IREEm 51 3.14 A

DoyfERE (X 2-5A), B L ATF A= EEREEEP OBV URFOE— 7 OJR T 3.38

15



A DRRE (X 2-5B) DF — Xt v b &aHZ. 25O EEOZERBNT & HIC P2,12.2, I8
L, #FEITIRAT 4 7KL Ta=1445A, b=2092A, c=223.5A, BL /) AFF=
VBRI Ta=144.6 A, b=2098 A, c=2238A Tho7-. TNEFNDEHFTT —Z DH#E

RHEAZ K 2 1R

2-5 IAREESFETILOFEE

FAT 4T REE L ) AF A= BIKOEYTT— 4 % b L 12, autoSHARP™ %
WA DREEIT o T2, DEEERE elF2B OK Y 7 2= MIIA F A=V ERENAFT
46 fET(o: 8, B: 11, 1:9, 8:7, e IDFET HH, NEKGOEL J AFA=27r8n< O
DIEILIT 4 AA—H =L T0D LREL, B L URFOBIT40 & AT L.

LT OFE¥1T autoSHARP (2 K - T{Thoi 72, Matthews fRIDFHR OFER, FExiFr
BALH72 0 KV T 2=y MR 3 0 F T OfFET 5 & TRIS i, 120 EiTo® L o JRF DAL E
DYREDTHIT. SIRAS HEIZ & - T 46 fEifT, SAD JEIZ K- T 59 iDL 23
DOmolz. FLT, LOVEWRaTRELNT, SAD {EIZX > TRE INIE L UJRFL
EA2 b & ITRE(L AR, BEOER M Tz, 2 2 F TOMEEEIT autoSHARP (2 &
STt BEIZiE 69 FEFTDE L VT OMLED DAAHFE BT, T ORE,
HIEREFEE~ v 7SO N7 (X 2-6A,B). & L CIHEGFREATIZIEF{EY T2=y k2
DTTOET D 2 LSRR S L.

4T T L ORESIT E T Buccaneer™ (2 & - TIThiLiz. BEIEIOY A 7 L OFER,
elF2B D 4674 58550 5 © 3162 FREEN IE L KA I Tz (X 2-7 A). BT LBHEI L

RIno REEIC OV TIE, B LU TFOMEBEEZBEZICLARRS Coot ZHWTFHTES
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IS E AT 5 7. PHENIX®IC X 5T, ZOHNTFETIVEIA T 4 7RO 3.14 A HfiEHED ]
7 — 2Tk U THELZ ATV, BoRBCIEBIAN Y Z —ICHkT 28051 12 R AL A2 5 Te 3652
PRI XN, Ryon = 21.1%, Rpee = 26.5%F THELM TN (¥ 2-6 C, 2-7 B). Fi

L OFEEHE % 2 12, Ramachandran plot % [X] 2-8 (2787
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% 3E elF2B DiEEDEH

3-1 Ak

X D YERLIZIE Pymol (http://www.pymol.org/) & i L 7=. JF- O EAERIC W T
1, R, BROEER 3.5 A DINOERECHEx L, BEUREmE & 5 L S KRER-EE
FERL TS &R LTz, £ LT, M3 2570 5.0 A INOEBEHTAAEL, 2o+
IO FAER D KFERE A & B2 S04, van der Waals FHE/EF & B L T 5 &l
L7,

elF2B DR EFEFEDIAFMEDFHHIT ConSurf™ |2 & » TITb 7z, RIFEDFEIC
I%, UniRef0 7 —HF X—2/p b, af 7=y MIIZ 131 fE, 7 == ML 53, v
P a=y ML T0fE, SY7 2= MIIT 150, eV 7 = ML 150 FEOLEHFAS

NENTHHNGNT.

3-2 elF2B DL ikigE

3-2-1 elF2B D&kl

AR elF2B il DIERFRHALF TIE, FY T 2=y F 2 57T ORF10 577
1 DOREEERETERL L Tz, MED ISR IC3a, B, V7 2=y F 25 F T O0RMEE
L, NEROREY 7 ar T vy 7 Z2BE LT, 2L T, ZOMGIZy-e~Tr A

NN RLMES T A Ty I APGFHET DLV I Y T 2=y FORETH -T2 (K

18



3-1,3-2). &V 7=y rD2 3 FIRIEIEE—OIERE ST 2 BlEER#NC X - TRIRS T
HILTEY, 2K L L TIE dimer-of-pentamer B DOEEZE LT 5 (X 3-1B). L)L b,
g R ORI 7 = > NE OB AEER 5B 2T, elF2B O fi/NEALIT H &K

TlE<, TEEEETHLLTLOBRETHDS.

3-22 Y Tar Ty ADEE

o B, BT T2=w hD RAL U HEETIETH Y, BV T 2=y ORI
&L b elF2B Dot 7=y hOWE Y LR L Tho7e. ZhbDOY 7=y ML, N
I BUKENAREAER T2 5 RDa~ v 7 ANBR 5~V IV RAA v, ChiRta~ v
I ANZEeENTZ 6 ROWATBA T RITIA T 3 ROWEITBA T > Kb b
Rossmann-fold £ K A A N2 K> THERR SN TV D (K 3-3). o, B, 8T 2=v F& 2551
IE, a7 =y PG FARRE RIS, ZLTB, STy ME2 ODBI~T I
TEAEEERL, 5121 ODa-okET BIKHEE L 2 SDOB-5~T v T ERREE N 3
EIRESSFRZ TS 2 K O I =B AEZ TR T 2, LW O THE Y7 =27y s
AEMEEL TS, 20T 7Y OFER, it ar 7Ly 7 2120, 2 BDo-p-6=
BERFENERESND Z & L7225 (K 3-1 B).

a-o R E D ERAEIER L UB-ST v DRAEEOMIE, o, B, 3T =y MH#
TORIFPEREY, C A Rossmann-fold £k K A A N2 Ko THDOILTWD . C K K A
A VAR E D LOMEERORERIE, b b elF2Bat 7=y h OGRS * 3 L O s
RE B alF2Ba” Oft iEE T THLNE b DO LR UK TH Y (K 3-4A-C), 2 FfHD
BARECTRLELL TWD (K34 D, E). SRIOMETIE, Z0 C AR KA A ARIKRE O
HAERTZT T2 <, CHKbi R A A NAFET D amm 8k & FRIENL D RVWL—THEE S, &
FRHEEDIRRICEH G LTV D Z ERHA LN -7 (K 3-5). 20 arm fEIITIS Y 7 2=

MZRH O#EEZ LTEBY, a-ohT _EREEIZBWL T, arm f@kIZE WIS oY 7
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2=y FOC K RAA L EZONTITE, CRIi FAA & N K R AA & OMICAT
FETHEDOF AL AVIAALTWDS (X 3-5 A). T L, B-o~T o _BAEFEEICB T
%, B, YT = D arm ST AWM G DY T =y F D C Kl KA A & EfeHY
By — MEELZIERT 5 2 & T, B-d~T B _EEEEDREICELS LTS (X 3-5B,
Q).

3OO0 EREIEIX, FNENC RGN v 7 ARG ANANC LT, #E=Ekt
MERKT 2 L oI =8 T 5 (X3-6, 3-1B; v B %) ZO=&fEEDOEKD I
C Kifi RAA NZE > THDNULTEY, $lla, B, 3V 7T2=v Fd C K~V v 7 X,
ZHF TR AR Yy hU—27 2B LTS (X 3-6).

ER L7k o, #Agi7ar 7Ly s AR TAHALND " EREGER IO ER
OGO, W h C Riim B A A U FEHREEZ R L TWDHA, N Kbin FAA
b7 ar Iy 7 AR LY T 2=y MR EEMICEE L TWD. &
Ta=y FONKIEOFEEIY, SESERMMEMAEFEM LN 7=y F a2 T
N L, ZREEERRHCBRET 23 7 2= v b & THOTCHIBIIN Ao A] BL1EH 2 TRk
LTW5 (K3-7A). F£7=, B 7=y b N Kl K A A VHICHFEIET D AGEIE, B
THathr 7=y FONREKGE FAAL CHIZZELAENTANY v 7 ABELZTERL, ath7 2
=v b EBUKMRMEERZE LTS (K 3-7B,C). Z O ASEIRIZAWFEIC L > TR
SHESNE S ESETHHN, ar 7=y MIURIFFA I T 5 BMetl40, BLeuld3,
BLeul4d OALEIZBKMRIL CRESINTE Y (¥ 3-2), ZOMHAERITAEYRER CRAS

NTNHLEBEZLND.

3-2-3 S TaA Ty ROMEE
7 a7y 7 Ad, vy 7 amy hee Ta=y hOANTr RBETH .

M7= F® PLD & LBH RAA »OEEIFAWIZEISEITEY, PLD I — Fhia
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U w7 ZATERENTMERE, LBH R A A 3= ARHO 6 @D a4 Wb b B EZ AN
v 7 AMEETHD (X 3-8A, B). LBH KA A > O =AM EO—iH X PLD & OBUKAIZHH
HAERICHA S TWD . BEFOMEE L DI TIE, & RAA U OfE, £ LT 2 DOF
A A OALERIRILY v 7 A L3 H 3k D ADP-glucose 1-pyrophosphorylase (AGP) ## i
EFEPIL T2 (X 3-8C). AGP @ PLD X ATP 255/ 95Ky hEBELTWDHA, Zh
Xy 7=y heehTa=y MIIRAFIN TV,

yH7a=y hleh7a=y FEOHAEMRIZ, #%72=v F® PLD H#fEH
B — MEEATET 5 Z & TRELINTND (K39 A). Z OFE ARSI O
L AGP LITRES AR ->TEY (¥3-8D), WKMEDOIHIL, AGP AU I ~—0Dk
HEITRR D, T a7 Ly 7 RTHAEDOER TThATW5 (1K 3-9 B).

SEIORETIE, X7 VAT NG EZH et 7= b HEAT R A A “IZH
YT LEFEEITBE SN o7, #EdhO SDS-PAGE IZ X 2072 Eld Tk o727
W, fEa LR ORI EOBERZHERT 22 LIXTERVE DD, LBH KA A &
HEAT R A A O U R RIS T 50006 60 7 XV BREOR S DT L
T NRESINFEELTEY, ffTh CREDME LI > TWRWT L3 EFHE D8
BENLhoHEBTHSL EEbS. LBH R AA > ® C Rugld+HEIRREE D SMAl -~k 7>
STHOTEY, ZOEIZHD HEAT RAA L, MoSEEICHR Sy~ 27

Ly 7 ZDEMEOITINZE LB HD (K 3-1).

3-2-4 A Tarv T Ly s RS Tar Ly ADHBEER

i 7 a7y 7 AU,

i 7 ar 7Ly s ANBI~NT v BIREE A
LTHRA LTS (F3-10A). eV 7=y MNIEIBF Ta=y Mo ko, yH7a=y
MIFIZSH T 2=y MZEoTRBEEINTWS, e 7=y by T a2=v FDOHEE,

BHr7 o=y F P Ta=y FOMETEWVICESBE TN D DD, e 7=y F-pH T
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2=y MNEOHEERE, yWT7 2=y F3 7=y MNEAOHAEERIIRES RS (X
3-10 B, C).

Y7 =v F®D NKEDO~Y v 7 A& arm KL, e 7 =2=> D PLD RAA
YELBH RAA U EDOMABEREZBEET DL IR TRHALTEY, e 7=y MIX
BiZah7a=y bR§Y 7=y F LA LI THABNTWS., —J, yH7 =
=v ME, PLD RAA D8 T a=y FEFHAELTNDLDHTHY, LBH FAA IZEL

TV 7 2=y b ERFHAEEH L TR0,

3-3 elF2B ZEEEDHFEFMH

elF2B D4y FFREIZFEH L TV D IRIEEDORAFIEIZ AR & L TRV (K 3-11). LvL
IRIND, @WERIEORFEZ R T 2 SOREBA MR SNz, —DiFeh 72 => | PLD
DEMOERE THDH. e 7=y MIXZ LATF R IGEH ST 2=y FTH Y,
Z DN AP OSICEE TH D 2 EWNRBEIND . RSN FARRMEE & S 2 sk
MHEAT RAAL LV THDHI L EBEZ2DHE, ZOFEBITIEE THD elF2 % HEAT KA A D
PHICEET 2572 L2 S TWD D0 h LR,

REEDOE WY 5 — D ORMFEKIL, elF2B OFRICHFHET L IFALHEK TH 5.
2oL FADEHRIZa, B, VT 2=y FD C RKIGALFNZ K > TERL S, HEEIA Y7 =
=y FONEH RAAL LS TEREN TS, ZORIFEDOE < IE A% central cavity
LA T YT ATy 7 AR TREICER M LT ARAFPED @ VEEBIT Z D central
cavity DA TH Y, L7z -> T, ZOMEEN elRaY 7=y NOFEEZME I DTIER2WVO

MEHEHIS LD,

22



3-4 HFEM Ged/IGenERDBELE~ADTYE VY

TATHFFEIC BT DBIRFRFNTIC E 5T, %< D Ged B LV Gen B HEFR I H
FRERE Do, B, T 2=y b LICEESHTWD B2 HEFRERE elF2B & 4y ZEE Rk elF2B
X, —RESIOFLMENS ZKIBE LR TH L LEZXOND. £ I TAHEOREE L,
HEFERETO Ged B LN GenZERIRIKLITHY T oKD~y v 72 {To 72 (¥ 3-12, &
3-1).

Ged ZRIEFFB L Gen BRI OMF 1T HH8 L C, Ko OEEIIREICHEH
LWL AEE LT (M 3-12,3-13 A). £ D—J7 T, —#B0D Ged 3 L U Gen 28 By Ik
IFREICTEBE L TEY, £ 51T central cavity 3 X OF O JFRFEICALE LTz (K 3-12,
3-14). 2D Z LiX, BIEIZE VTR &7z central cavity 28 elF2a ) 7= F OfEA %4
IEVIEMEXFFTHHLOTHY, ZHEDOERIZLD el 7 2=y b & DOFEEOE
PR RS, Gedd LT Gen DFRBMDFK L 7> TVWDH EEZXBND.

—77, REITEEE L TWRWERLILD 5 b, KT GenZBRFEIEICE L T,

it 7 a7y 7 AOHREIZEIFEL, o, B, 3T 2=y MNEOHAEIEME L HE
%D KIS HOERFLILN /340 L CTvie (K 3-13). DA, o-odE B REEOEEIZ
BHLTWDHER, B-0~T v ZEEEEOY 7 a7 Ly 7 ARMEAEFEHICHW G TH
HHENZIE, 1FEAEERLILINA L TR o7z o, B, SV 7=y MNEOFMAIER
~O GenZE RO RTEX, Wi 7T a7 Ly 7 ANTHALNDRE R T 2= v i
FHEAEROREIZE ST, elRRath72=y bO U UERIZE D elF2B IEHEORENE Z H
DT EERLTND., ZIUHDOERIIRNEZE central cavity DIk A H7-H L, U
BR1L elF2 & DE LIZIWT 7 4 =T L TOFREANTE R RoT0nDH LD LEEZLND.
F72, Gen BRIV 7 2=y F N Kt RAA L DOFFANY v 7 A (X 3-7B) OFELIZH A

5 (Leull7Ser, Ile118Thr, Serl19Pro; 4yZ4l%RETIE Metl36, Tyrl37, Serl38 IZHHY), =
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NoOER b, BF7 2=y F®O N Kl FAA VR EOHAEERAEZRLENL, 8NT 7
{4 =T 4 TOREERHTF D EEZLND.

—77, REZTEML L THRVY GedZBRILEICHOWTIE, SBITHIETH LN S
TWHEY %, ath 7=y D N Kl KA A > OBUKED 27 Ratr 7 2= ~ N Kiii B
AA & CHRbi RAA OBEMFEICE Abillc. 2O OZEHEN GedDREZ 472
BFAN=ALL LT, %< D GedBERKDRIIU elF2a% 7 == v MAID Gen DZEFK
EOIBHTIESNDZ L P E2EZ DL, TNEOERIKT elF2B O AR A KT &
FL0TIHRL, VUBEEN TRV elF2 123 LTH U Uk elF2 & [REROMAIEM %
THZEICEST GedDRBAAZ TR LTS EHEI SN D, BEMZ2 ML LT, Ged®
Gen DWDORBITHDLZ LMD, elF2 L DT 7 4 =7 4 NERIZ L - Tk S5 aThEME:

MBEZBNDN, EDAHN=ALILTLEHLNTHD LITF R R0,

3-5 VWM ORRZEDEE E~DTYEL Y

ZNETIZ VWM 25| EREITERL LT, arbeDTRXTOYT2=y k EIZ
ARF 100 EATLL_ EOZEREFARE S LTS (F3-2)°. BIffi& FERIC, b b elF2B &4y
DR eIF2B O = A1 OFERINE 2 (E L, VWM Z8 B IEICH Y+ 5 B ofdE E~D~
Y B T Tol. — kM EAY T =y MCEIEL TV VWM ZRERIT, TR
& EIZBWT Y elF2B ORI FEIRICHTE LT (K 3-15). — A2 VWM AR L -
TX 7 UAF RRBIEVEITIR T T 5672, ZOREIZISEIETHLZENGEZXDL L, B
BRRERICE > TEMEIKR TR EE SN TWD IS D, LTI, VWM £ BRI

DALE & Z ZNBRESNDTEMEE T DA I = X LIZHONTRT.
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1. S Jar Ly ) AOBREE

VWM ZREID 55, ST REICEH L TWAEEIMES 72 7Ly 7 A0
WALOmE (K 3-16), FficeV 7 = FDOERIEEFEIROEFIZZ AIEL Tz, eh 7
= FOERFHEBEIEOIHFC VWM ZRNZFETH 2 1L, ZofERE LT 7
VAT RIS NEITE N D LD 33 HiCORGEEZFFT 25D THD (X 3-16 B).
X7 VAT RESE A D O HEAT RAA VTHHZ L u2BExLHE, ZOMHEEIL elF2
DEZELLyP T 2=y M, HEAT R AA T X5 MEISE DRI Z 5 X 5 Al
WCEETL2HERH L EF2 NS, £ LT, FAFO VWM ZRZZOMEFEHEZTT 2

LR TEEEETSE WD EZEXOND. £, yHT7 2=y FOREMOKEIZ
Arg263, 11e267 (& + ® Arg225GIn, Tle229Met 28 F\ZZ N Z AU ) & Vo 7228 B FL M
LTEY, X7 LAF FEHRBISHEO elF2 & O E/ERIIy Y 7 2= b b5 5, filt

YT Ty I AERMEERICED LD THD Z ERHERISND.

2. Y Ja Ty R-RREiY Ta v Ly ABOHEEERAE

SFREICEL L TWWEK T, 7=y NEOHEEHRIZ VWM 44
FR SN, YT a T Ly 7 ALY T a T Ly 7 RO AR, 2F D,
ep 7= MAAMERE &y-0Y 7 2=y MEAEEAHEOIEEIZIZZ < O VWM A E A 7.
53 (K 3-17A,B), ZROLOERITHFEG T a7 Ly s R LfiliEy7 a7 1Ly 7 A
OHAERCEREELZ G2 TWDH LB LND. HAFFEERD elF2B |37 a7y
7 RI21F T elF2B & [AIEDRZBIEME 2R3, 7 v § elF2B Offiiity 7= 7 Ly 7 2T
L DIEME elF2B &R L il L TRV Z EBIRE SN TN 7. 2o Z &b, B MaBW
T elF2B N+ RGN Z T D12 OIITHEY 72 7Ly 7 2 L o AN
MHETHY, TNHOERIIZOVTar 7Ly 7 AMOEH#ERBRREYIFDZ Licky

EHEOERTZ 726 LTS EEZLND.
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3. P INTOZERBENDHEEERAE

O EERT T, 7 2=y &8 7Ta=y hO~T v EKLOMALE
FHE O H VWM ZRIIALE LTV Z(K 3-18). T ONMEIZH D VWM BHEIKE, B-S
~T n CEREEORREARLENL, T T Ly s AL D 2 SOMANEHED
MEBMRICE A 525 2 & T, 20EBREKLRRICY 7T a7 Ly 7 AMOBREEL S

T elF2B DIEHAIK FSETWH EEZLILD.

4. ¢ Ta=w F PLD-LBH KX A U OB EEHT
INETHIEOERE, VY= y MEMAEEME S A TEER, HY 7=y b
DORNEBIZH VWM EEIIME LTS, e 7=y FORNEFHIZEL < O VWM ER B A5
575, PLD & LBH R A A > OBEFRENIITIEF I2E < O VWM ERNFEL TWD (X3-19 A).
INODOERITW N A A CHOKE ZRNLERT D LEEONLR, ZhbDERPEEC
Bz 588 L2V EZOND. 1 DIFERICE > TLBH FAA »OEAEAZE(LL,
HEAT R A A VPRSI LB EZ DI <752 L, £ 92D LBH FAA ¥~
DNLEDORLEFEARN Y 7T a7 vy 7 ABOMBERZY 22 L Thd. LBH FA A~
& HEAT RAA LS50 7 X VBRBREORENWY U A —TORBINTWD I L EBE XD LRiH
DOAREVEIZE 212K K, T LA, Wl RAAL LV OBEREICHEST S pFr7T2=y F L OMHA
ER (X 3-10 B) REEEZZ T2 LICE o TEHEDOIK TR L7256 IR TWn D EHERI S

2.

5B, 8 Ta1=v FDFAL VER
B, 37 z2=v FONKIs KA A & CERlig AL L OHERICH, HIb2nd
DD VWM ZEEBPMELTWD., U OERITGHE 7 2=y bD N AL UERO, Y

B RICHET D &b EFEEICE D> THBEAMB RN TWS (X 3-19 B). ZDET
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BEOHKIIAHATH LN, ZOBFEEEZN LT, T 7T2=y FOME KA A OMLE
BUYRIZEE SN TEY, FEEOER I R AL L OMBERBBROARZENLSE, WY M

HEMZB T TWLEEZBND.

ZOEIIE, VWM ABRIZE > TS EIERIMOY T o=y NHELIZRAAL
MOMEEANEL L TOD ZERHALNIENTZ. —FH T elF2B OffiEE AT\ 5721F
TIEHEBRNEDO LS ITIEEICEELZ B2 T DOIPRE T WERE S D, y 7=y bD
LBH RAA e 7= h®D LBH R A A AMAIEICALE T D BRI ERZDOFITH
% (1% 3-20). ZALD OFRIEMBALE T D EIIE elF2 & OF A/ERIZIB W CHiBIAY 2248 AAEH
ZLTWDD, b LT elF2B DX 7 LA TF AR LS OMERIC HE R TH 5 D
b LAV, elF2B 21T elF2 LHEA L TW\5 elF5 %l S HHktE ©, elf2 ~o
Met-tRNAM" DA BT HHEEE @ AR E M SN TEY, Zh b OB~ MRS

VWM OFRJEMEDIRINIITNE L Shd L bhs.
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BEAE XVRBRYUYIZ&BelF2B-elF2o0ff B
{EREDORE

4-1 Ak

4-1-1elF2B & U elF2atT1=y FRERDEE

T N7 E LD OTD, o7 2=y FD N Kl myc % 7 E3
(EQKLISEEDL) #, B#~7 ==y h® N KiulZ HA ¥ 7 &% (YPYDVPDYA) %, §%7 =
= F® C KIilZ strep Z 7" 11 fic%] (WSHPQFEK) # ZNZIEAL, X7 ¥ — LDkl =2
R 24T TAA ICEH# L7, Boy 0k Z8121% PrimeSTAR Max Mutagenensis Basal Kit %
Wiz,

YR elF200B 15113 cDNA 74 77 U b 7 m—= 2 7 %47\, N K2 GST
F 721X MBP %, C K¥lZ His &% 7 & FLAG # 7 Hl%| (DYKDDDDK) {4/l L 7= #BL% %

LT

4-1-2 elF2B & W elF2a T =y FOTAS
TV h—TH 7P E elF2B ORI LOWERIE, elF2B & [ARRIZIT - 7.
elFR2ah 7' == FOFFRITIL, GST Z {10 L 7= FEL% % v 7=, Rosetta2(DE3) #£
ZIEE RS L, LB Bl 37 °C THEZE L72. ODgoo 23 0.5 |Z7E L 72T 18 °C £ THAIL,
0.3 mM IPTG Z N % & HIZ 18 B 21T o 7. Bk A= LOBEC K> THED, PBS Tk
W D1%-80 °C TERAT L7=. =i TRl D%, Complete Protease Inhibitor Cocktail (Roche) %l
% 1-73» 7 7 B (20 mM HEPES-KOH (pH 7.5), 150 mM KCI, 5% glycerol, 1 mM DTT) |2}

WL OS2 1T o 72, mOSBEIC L0 WE A BR\ N7, Ni Sepharose 6 Fast Flow [Z &2
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— FL7z. 30 mM imidazole Z Mz 727Ny 7 7 B TA 7 L%ZWeif L, 400 mM imidazole % /i
RIeNy 77 BTl L, 2L T, Ny 77 B T¥Hi{lk L7z HiTrap Heparin HP (22— F
L, Ny 77 B TOWHFDE, 150mM 725 1M D KCl DiEARTHEL L. elFR2az &
Loy 2Ny 7 7 BATx LCENT LZRAYS, HRV 3C 7’0 7 7 —BIZ L 2B & 7 Dbl
Z 4 °C T—BfTo72. 61T, Ny 77 B TH{k L7z HiLoad16/60 Superdex200 pg (GE

Healthcare) CTHHR L7z,

4-1-3 PKR DA%

PKR ®Ofli%, L7 7 —< protein phosphatase (A\PP) & D HLFEIRIC L 2 R5HE 0 %
H LW EE1T>7-. & b PKRE/E 11X Human Pancreas Marathon-Ready cDNA (Clontech) 7>
5, APP &A1 IXADNA (Takara) 2°HZ LN B—=2 7 %{T->7-. N Kl His ¥ 7 %
M L7= PKR EAPP & OILFBLRAZ/ER L, Rosetta2(DE3) #R CHILZIT 72, LB K
37°C THi#E L, ODgoo 23 0.8 [T L7RFRT20°C £ TWAHIL, 0.5mMIPTG Mz S 51
24 BEMIEE R 24T o 7o, HWIRZ R LHEC L - THED, PBS THEHD#-80 °C THRIF LT,
IR TREED, /3> 7 7 R (20 mM HEPES-NaOH (pH 7.5), 50 mM NaCl, 5% glycerol, 1 mM
DTT) (ZRfE U CRE A 21T o 72, 1@ 050 B & 0 TR 2 BR\721%, Heparin Sepharose 6
Fast Flow (GE Healthcare) (22— R L72. /3> 77 R CH 7 L%Z¥EHEH L, 7Ny 7 7 RH (20 mM
HEPES-NaOH (pH 7.5), 1M NaCl, 5% glycerol, 1 mM DTT) TiEH L7=. ZL T, Ny 7 7
RH Gk L 7= Ni Sepharose 6 Fast Flow (22— K L, 30 mM imidazole # Nz 7=/3> 7 7
RH TOHEF D%, 400 mM imidazole Z M X 72/ 7 7 RH T L7z, /3~ 7 7 RK (20 mM
HEPES-KOH (pH 7.5), 50 mM KCl, 5% glycerol, 1 mM DTT) (2%} L C—BriEHT 217> 7214,
X 7 7 RK CFHi{k L7= HiTrap SP HP (GE Healthcare) (22— KL, /3> 7 7 RK TO¥E
FO%, 50mM 725 500 mM D KCl DIRFEARTHEH L7z, S 512, Ny 77 B TFk

L 7= HiLoad16/60 Superdex200 pg Cr5HL L 7=.
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4-1-4PKRIC& B elF2o¥Ta=y FD Y VB

PKR DIEME(LIZ A RNA FERFHIZ 51 7 CiTo 72, BERLENZ PKR BL O
elF2a% 7=+ k% /3y 7 7 P (20 mM HEPES-KOH (pH 7.5), 50 mM KCI, 5 mM MgCl,,
0.1 mM EDTA, 1 mM DTT) (2%} L C—B@iT 217\, [RAFAIEIET PKR % 2 mg/ml UL I,
elF20 7' 2= F % | mg/ml FEEEIZIMEL 72, PKR ICHKIZES 1 mM @ ATP 0%, 30 °C T2
Refl A ¥ aX— 95 2 & TIEMILEIT 572, £ LT, PKR & elRat 7 2= k&K
19 TRA L, $BE 1mM O ATP 212 C25°C TI1SBA v FaX—hL7iz U UER
{EIRFEIX Phos-tag  Acrylamide (Wako) % /Il 272 SDS-PAGE |Z X » CHERZ{T->72. £ L T,

N 7 7 B T b L 7= HiLoad16/60 Superdex200 pg TS HITHER AT 72,

4-1-5 pBpa RS VNV HEOHRH

pBpa MDE A D 7=, PrimeSTAR Max Mutagenensis Basal Kit % VT~ % — LD
HIFER D2 K% TAG IZE# L7=. X7 Z—I%, elF2B (2B L CIFIEIE elF2B Dff L
ERICH D%, elFRaV 7 2=y MIB L TIT N Kl MBP Z A1 L7-RBLR % H iz,
pBpa ik S 7= & R B DA FRIZIEL TAG = K73 pBpa (ZFEFE 17, BL21(DE3) H
Sk RFzero #% V7= 7. 1 mM pBpa & 0.2% glucose & %Sl L 7= LB £z #fith 37 °C TH:
L, ODgoo?8 0.8 ICEELTZRFRT20°C ETHMAIL, 0.5mMIPTG Z M2 & H 1T 24 ReflE:
BE{ToT-. WREEODBEEC K - THED, -80°C TRIE L. ER CEMO%, Ny 77
B (ZW LRI 1T o 7. 1050 X 0 JRR & BRV 72 1%, Amylose resin & i IC
Mz Tz, RNy 757 BTHT L%EWHEL, 10mM maltose Z Mz 72Ny 77 B THEH LK. £
LT, Ny 77 BIZKLTENLA2RAE, HRV3C a7 77— IC L2 %BH % 7 Oyl %

4°C C—MITo 7=,
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4-1-6 o2 BR) VY

pBpa 1Zi#% elF2B & elFR2ah 7' 2=y h®O 7 1 AV > 7 FEERIZIE, 50 mL 5581105
FEHL S 77 eIF2B 100 puL (2% LT 20 pM @ elF2a % 7= 10 pL # M2 7=kt %, pBpa
T3 elF2ah 7= b & elF2B @7 v A Y > 7 FEERIZIE, 25 mL H5&#iEH) SR Sz
elF2o 7' == b 100 pL (Z%f L C 10 uM @ eIF2B 10 uL & 1z 7=5kkb 2 ok b CHEfE L,
25 °C T 1 WA ¥ a_— kL%, R 365 nm O%5RIMRZ K BT 2 R 2 &
WZEkoTruRY v &iTotc. 7aRAY 7 OKRMIE, VAKX T a7 47 & ECL

prime (GE Healthcare) (2L > T, lHD 71 ka2 /L TITo7c.

4-2 pBpa iR elF2B & elF2aY 7=y rDXI DR VY

a, B, SV T a=y "L RIAE T T 2T Ly I AN elRat 7 2= v &
ET 5 L0 EATHRORERN D, AREIOME ETEmICEH LT\ da, B, §F7T2=y
N DFEE A 80 AR (£ 4-1), TAG = R 7% pBpa [ZFEEFE S 4072 K RFzero 16 7 %
TN pBpa 28 A S 7o RAK A Z 1 EHAERL L 7= pBpa 136U D IERIRAY
T BETHY, 365nm OWEDOKIZ I - Tk sS4, T 25 C-HER 2R o mFEIR T
LI L CHAREA AT T 2 E 2 H > (X 4-1 A). 80 FEDZERAKIZ SN T elF2at 7
2=y heDKIT R T BTSSR, af 72 =y FOEBL S FE (0GIn63, aGIng7,
aArg92, aHis95, aVal97), pH~7 == FNOEHAK 3 FE (BArg84, BGIn9l, PLys9s), 84~
L=y FOBEBK 3 TE (5Arg247, SAsp248, 8Val256) DFF 11 EHMATZ v X ) o 7 I3 HER
Stz (K4-1B). KIZ, 207 vRY 725325 elF2a V7= b OFEBOFFED

728, elR2o 7=y F®O N Kl KA A > (1-179) DA EANTREREOEREZIT-72. =
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DEBRTYH 11 OEHHESTRTTr R ) 7 3RS (K4-10).

JaRY RPN LEHRL 3 2OV T =y F RICEER o TWER,
TN Kt RAA LV OREOBEBBILCTH 7=, 70 R U7 PERSN-ERELOMNE %
g LI~y B 7B Tol e 24, ZNHOEIEITT T elF2B OED P II/FET
% central cavity ~* FEHT 25 ETH Y (42 A, B), central cavity DFRAENED &\ GEIEL O
SMFERICALIE L (X 4-2 C), = LT central cavity DE AIZFE T2 Ged/GenZEF DUt < ()L
&L Tz (K4-2D). 2 b D2 &, elFR20 7= kDN K K A A 13, central cavity
JEE OB RIFIEDOEIKIZB W Ca, B, YT 2=y FON KM RAL L > ToONEND &

ICFRR SN TWA Z L AR LTEY, £7-, central cavity TD elF2oY 7' == b DEHEH72
ks U A K D FRGHEIICEE THH Z L AR LTV D.

VT, elRatr 7=y hO U VBLICK DI 7 a7 Ly 7 A~OfEE R
KON EHZ LT, VUL LIz elR2ah 7 2=y hEHWHZ LTI/ rRAY VT DIRH
— BB ET D0 EFRT. elRaY 7 2=y O U VR, elF2 ¥ —EThdE
N PKR Z W CiTo 7. 1&PEE L7Z PKR & elF2a 7 == k% ATP f7(£ F TA »F 2
— ;25 Z2& T, CBBREAETHRT DR BRI Y VLA SNz elR20t 7=y b &
S Z N TER (M43 A). 2DV Ul elFR2aY 7 2= b & HU T 80 D E LR
LRy EBREITSTN, U UL elF2ok BANCIEG SN D EHRA LSS Z L1XT
Elehotz. Fiz, IV UL elFR2aY 7=y MBI NHEBRIEDL L TH Y UL
elRRoV 7=y heDr7v R 7 PRSI (¥ 43 B). — 5T, phr7=2=v r®D
Arg84, GIn91 FR LD EHIRTD I, 7 1 A Y > 7 B8EE O KM 72 T3 A H itz (X4-3 B, €).
SRR ECHENTAATEICHFE L TWD L OERETIZ a2 ) 7 OBLR A Lo
Ty Z X, ZOEBRRIZEDRY, elFRaY7=2=v F®O U UERLIZHE D central cavity
SOFEERER O KRB O TR TE RN L 2R LTS, L Lans, B

T a=y h® central cavity TERIBIZALET DRI TIEZ v 2 Y 7 REEICEER A B TH
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HZ L, elRRar7 2=y bV U, D7 EBRETENCIE, M EOMEER O

ElEHTHLTWNDHEWNWZ S,

4-3 pBpaiB# elF2a 71—y b L elF2BDXIYDR) VY

AIEICBWT, elR2atr7 2=y F®D N Kifi KA A 2 elF2Ba, B, 87 2=
N DB S 405 central cavity IR T D 2 LRSS NTZ. £ T, elRRath 7 2= F®D
N K RAA R ED L D A2BLHT, IO central cavity IZFiAT 2N EHLNCT 5720,
BEAIOD elF2a D8RS 70 % 4 L1T, S ZUER: elF2a0 N Kl B A A > CREICEHL TV D
EHETE S5 R 30 fEFT A 88 AT, AT & [FEkD 7k % AV T pBpa Ak S 417 elF20% 7
B 7= (3 3-2). £LT, BifiLFERIC elF2B LIRAG L CEAMRERE L, o, B, 897 =
=y hepruRr) s, ZLTelRa 7=y hO U UVEELIZE D7 B R Y 7 OEAL
DEEERND Z L2l Alz (44 A). LU 5, pBpalEik S 7z elF2a% PKR |2
Lo T~V Vb a2y Z LIXREECH -7, U UBIREEEZE L T D LB X
HAVD, SerS1 FEIED Asp BRAKZERL, UV UL R0 ETHZ 2B 2. =
DI=HIZET, FifilcBNTORENTZ Y VBRKIZE D7 v R ) 7 RF —2 DEALD Asp
ERICE>THAIND Z L 2R LT, Asp BRIROBY 7 2= D Arg84, GIn9l %Ik
@ pBpa E#E L D7 a2 7135, Asp BEN Y VBLIREEZBHTE TS EE X
SN (9 4-5).

Fl&E RN T, elR2at 7 = NIFARIEHA & Asp 28 SR E H{K %2 HV T, elF2Ba,
B,dY 7=y heDruRY 7L AspBERICL D7 v R ) 7 OEALOF AT~

FTOFRER, elF2BoV 7=y h& 7AYo 745 elRaV 7=y FOBEBIKN 3 Fll
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(Glu28, Arg74, Arg88), eIF2BBH 7= h & 7 1 AU 7+ L EHILI 4FE (Gluld, Aspl6,
Arg88, Ser90) 547z (X14-4B,C). Arg88 LD EHK T 7T 2=y hERY T 2=y
FNOWHIZZv A 7 Eiz. £ LT, ZhbOEEETXTITONT, Ser5S1 D Asp &
BARTHRERICZ B R Y V7 BRERESNTZ. YT 2=y b aRx ] v o3 D ERIEE A
DFDHZ LT TE o7,

elF2B |Z pBpa %3 A L 7= EEk & [FFEIZ, elF2ath 7= MZ pBpa Z¥E A L7-%E
BRIZE->TH, U U BRIREEDZE(RIZ L - THI & Z & D central cavity ~DfE AR DK
B2 ZARITBIR S e hr o 72, 2 DD R D EFRO VT I TS KB AAEH]
HROBDNHER SN oo Z e 0D, elRRat 7=y MIZ DY UERLIRIEIZED 5
9%, central cavity IZB W TFIER— DX THRALTWH EEZHND.

b b elRal 7=y FOfE RIZ, 26 OEBERKIIHET 2K ED~ v v
THAToTIE A, elP2Bar 7 2=v &7 a R 7T HEBERIRE L elF2BRY 7 ==
v hEra R T HEMIRIRT, ThEEE LD L F o BEEICAEL, R
LAY T D Arg88 FRILIIE OFRIMIALEBICFET H 2 LAVRE T (M 4-6). &
LT, ZNENOEHIRIEN 7 0 2 ) 7 HFOY 7 2=y FOEFICREIND L DI,
4RO elF2B DE E~E |k elFR2at 7=y FOWIEZ, FEITRy XU 7 2iTo72. £
DFER, pHr7 2=y b5 T 2=> FOMMND elFR2aP 7 == 3 central cavity ~A ¥
AL LD WICEET 52 LT, < ORI BRI/ rEBRICERET 2 Z EnTE (X
4-7). ZORyFUTETNLIE, U UBREIRIETH D SerS1 N ED L S IZFRFEH I LT
NI B TIEARNAS, SerS1 1E Z OBEATORE A REIZIT central cavity O JEFICALE LT
BY, ZOV AR PEREICRERSNTT 7 4 =7 0 Db EH L TN D

LEZBND.
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ES5E elF2B & elF2 OHEERICOLNTOE
=

5-1 filJar Iy s R E elF2 DEEER

e 7=y NI, 7=y MEHEERICEE L Thw, TRAFMED @O REIR
PEETDHZE, ZLTCZORAMIZEL O VWM 25 & Z§ERBEMMIEL TNDZ
EIE, ZOMEEMLOR T E OMEERICB O TEEREHEZ RS EE2RBLTND.
FEERS, ZOEBPOEICIFEET D Asn-Phe B (NF £ F — 7, SREER TIX
Asn237-Phe238 (ZFHY9°2) 1%, RIFT RTCOEZAEMMEICBWTRESNLTEY, b
DFEIEOERL, VT 2=y MNAOHAEERITEELY 5252 L7k, XILFF R
BIEEZ RESETSEL 286N TS (1K 5-1)7%. Z0O NF ®F—71 2D L)
R CRISIEANTE- L TWDDIEA 9

elF2B 1L DB X7 LATF RRHBIRIE, e 7 2=y MZXoTHbATWD O
D, YT =y FEMTIT elF2B 2K &l L TR L~V OIER LA LTE LT, fio
VT a=y FOFENRARTHD. DRERIZBWTIL, y 7 2=y FEORE, OF
b7 2 T Ly 7 ADTERIC L - T elF2B 2xfk & [FIFLE O SHEE s R s h s .
NF £F—7OERIL, elF2B £IEDOX 7 L AT RZHIEEE KRE K TEE5 5T, ¢
Y7 a=y FREMTHET R L~V ORBIERIC R X A BE 5 2 700 7. 2oz 1T,
NF & F— 7|2 & 5 5SS ONEERERE L, vy T =y FZ2II LD LT AoV T 2=y
NEDEAEERDIERP NI L SDHZ LERLTND. 2O NF EF—7 OIEERRE DO RHH
DAN=ZAALE LT, il 7 a7 Ly 7 AOBHRIZE > TULIL O TNFEF— 7 25T

RPRAFERIR ORISR S D, & LMY 7 a7 Ly 7 ZDBRRIC L > T T
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DT NF TF— 7 PHEEEZ HIECEX DT elF2 BFEAT DX 910D, Lol Z &R
Exod. ERAAEERIZeY 7 2= b PLD OHLINZRAIEIZH Y (X 5-1), Z Ok
DREEDTER MDY 7 2=y FOFREEGIC L DHBEZITHLIFEZIC NI L, ZLT,
yI7 o=y M TH IR A LIDZE ®NSEZLT, BEOBEN Lo L5 LL
Bohd y7a=y O EDOTHEED IF2 DFFEIZFI STV D T 52 TIEZRWAR,
YT a=y hOBEMEOFREIZE, e 7=y MIEBEETIERWL 00, AR
SN FE L (K4 5-1 B), Z OfEEKICIE VWM 2R HAE LTV D (X 3-16B). =

i L eV 7 = b OEPRAFIETEI & ARSI 5V T elF2 LY AR 217
5T ET, e T 2=y RO HEAT KA A T X DNEN X7 LA T RGP T S
NHEITRDEZEZBND.

e 7 2=y h®OHEAT A A @ RENERIIT elF2 (26 LT, BARRICED K
IIRMEREAT > TWDDIEA S, elfRyh 7=y s LfEED S D EF-Tu &, % GEF
T % EF-Ts DL KRERS 7 Ti&, EF-Ts |3 EF-Tu ® GTP #5480 OMIE IZF5 A L, EF-Tu
DEIEEE LS ED Z LI L > TGDP i Z2{To T o, —0, B F&GZ 7

EIZxd 5 GEF 1%, G # > /X27'E? GDP #EGELICEZEIIC/EMN L GDP 2t L T\ %
V. ZHhBDRS TR G X VNV EICKT D GEF I, SAVE v T 4 =R
DIEVEIC IR 7 V2 I VBRI EE U CTHEET 523, e 7=y RO HEAT RA A~
IZh, RMRUSICEER NS I VBEEPRIESRT0D Y. 2hboZ EhbHERIT 5
&, HEAT R AA 03, & F8E G Z /37 BTk 2D GEF &Rk D A 1 = X L TAH
JISEATH EBEZBID. — T, alf2 OME T alF2y 7 2= @ GDP fE&HALOH
AL, alf2pP 7 2= ML o> TEHOHNZELN TS (K 1-5A). NFEF—7 2G5
PRAFIEREIR T eIF2 & DOFERIZ L - T, elF2pH 7 == F % GDP #EE AL DL HEFRT 2 &
D IREEDEALE bTe b T 2 EIZ Ko TRBASIRIZHF LG LT D00 b Lt Zo X

5 2RSS VIZ L > C HEAT RAALURT V7 BRATED L D100, SIS MTFhhT
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WDDTIZZ2 W EHERI S LD, £ 2 OERFIEERIC L D2 EEEIE, elF2B DX 7 L
FF RATHLISRORERE, GTP X° Met-tRNAM DA I L THIEHET 20 R a2 > T 5
DTN ERDLND. ZOFEMIZ OV TRETT 572901213, elF2B-elF2 &R DO iEfE

Wl TR 60255,

5-2 Ay Jarv Ly s RE elF2 DEEBEER

AR 7 w2 ) o7 FRIZ L > THEY 7 a7y 7 28 elRath 7 2=y
N O EAER ORI S0 Eh, elF2Ba, B, 8V 7=y h®D N Kl KA A 1Tk -
THES< HiL5 central cavity 12, elF2ath 7=y FD N K RAA VBT 2= K &5
7 a=y FORMENOAVIAL EWIRXTH D Z RSN, ZOMAEEHTIE, o
B,8H 7 2= NTRTHREHENIC elR2atr 7= h®D N Kl KA A > ORI 5L T
Wiz, 72, ARIOERZATHE, a7 2=y hDO VU ULV VE LA LT Asp &
F\Z XD, central cavity (251 DI AAEARER D KB B D FEEEZBETH Z LT T
ol ZOI EMND, central cavity [Z351T D elFR2ar 7=y FOZEIL, FOV SR
{LIRBBIZB D 57, IREFAEORATITON TS LEX HND.

AR 6 202 SHUTALANC elFR2ath 7 = k78 central cavity IZF5 A L T\ 5 & &,
Z Z~HHIE AT R S alF2 OfE X 2 ERAbE 5 L, GTP/GDP AV 72=v hTh 5
elF2ytr 7 = MI elF2B LR FRI~NEBE L TS 2 L &7 (K52A). LaL,
BEFN O H A alF20 7 2= > h OFEEIZE O T, N K KA A & C R R A A T EWN
IS ESERMETHELTEY 7™ afelRal 7=y FOM KA A > ORICIZIFE A

EHEERBGFIE LRV, elF2 IZBWTH ZOFRMEEZEET L, FAA oY h
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—I O CTHEEEZ RS E S 2 LK o elfy 7 2=y hEeh 7= v FOIFHICALE
THZEIFAETHD (X 52B). ZORETIE, e 7=y b OERIEIEREER LI E S
D EHEESINDDIT elFR2BH 7 2= R THY (¥ 5-2C), fEAITHED elF2B X° elF2 O
FAEDE Z H720RY, NF B F— 7 RERAFIED elF2yY 7 2=y M EHEHT S &

1Z#EZ z 1z v,

5-3 elF2B & elF2 OEE{ER

ATE TR SV HEIL T elF2B & elF2 & OMAERRN ThLT\nb T 5 L, 2
DD central cavity, 2 DO 7 27 Ly 7 ZEFIH LT, elF2B IZ[RIKFIZ 2 531D elF2
PAEGT DT ENARETH D, 2D LT, elF2B L elR2 3V 7 2= v MR T 1:1 OFE
TREAET DLW AT & P JE Lign ®

T, ZOMAMFAKRRT, X7 VAT RREBOSICHE Lo T m & 7 T 1 7 7kl
BRFIZI T D central cavity TOMHASEHOIRIEZ R L TWHDIEA I, ETILE X7 LA
F RWSERR Z BT T a s T 4 TREARICB T 2REEZRLTNDLDIEA
R/

ZOMAENEAN T 0w X T 4 TR GIREEZR L TND L3258, Urigibah
72 elR2 IZX L TH, elf2B IXFAERO T 0w X7 7 4 TR ER LD L LD, DT
D, U U elF2 IZ X % elF2B DX 7 LA F RIS OAEIL, elF2 2358 [E I elF2B T
METDHIEICE-T, BREOREH AR TIEL I EICE>TUTbRA TS LER
s, —Ji, ZOMEERRT > TaZ s 7 0 TRfEEREZRL VWD LT DL, X

I VAT RSO AT O 12Ol T a 7 7 4 TIEAIREE~OBI TR NE L SN 5.
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ZOWE, U VERL elF2 IZ X 5 T elF2B DX 7 LA T RZHARIEBE ST D D, v
T 7 4 =T 4 TD central cavity ~DFERIC LT, 2OT T s T 4 TieiEEREE R
L, a0 T 4 TREERERHT 6N TWDDTh L LHElaND.

FATHRE 818, 455D F A LA — BT, Uil elR2 Ik DX 7 LAF R
RSOGO FE O FIL RS2 b DO TH D Z L, £z, U Rk elF2 72 51X elF2B Ofil:
BEZ K% GDP DM BR S NN L2 ME LTS, 207 — X3S R & (K
FTEHD LI Lo THEAITOAMEDOET L LI KT, Tr¥ 771 7hfEERE
~OBATEIET D, LWOREDET N EIFFTDH. ZOET/MHED &, elF2 & elF2B
L OFAEAERICIT 2 FEORESFEL, 2 FEOMAERERDRHET 22 L1k-T
elF2B O X7 U AT RHIEMENHIH SN T\ D B2 b5, E£7-, elRaY 7=y k
DEEINE, X7 VAT RZHSED Km iz ERSHED 2 LICX 5 TelR2BOX 7 LAF R
IR AR TS 2L ¥ 2EB2 0L, 7o 70X rT 0 TREAREED elF2-elF2B ]
DT 74 =T 4 Z@bT 52 & TR HTE L TWD EHEMIES N D.

02 EOMAFERIZED LS IZBERL TWDLD7EA 9 . RifEi O AN E
THTIL, elf2B, yh 7=y Freh 7 a=y MEFICIEIE L Z LIEARETH -7 (K
5-2C). ZIb, elR2a 7 ==y bk & central cavity D EAERHICE > CT 7 n &7 7 ¢
TIFEAIREEIC B D elF2 13X, elFR2a% 7 2= b KA A U TOREMRIC K- T elF2B, y¥ 7
2=y FeY T =y MITEEICE L7ZERIC, eIF2B0D K-box & HEAT R A1 M OHEAE
MIZE o TR SN, TuZ 7T 4 TREG~EBITT D, L OBEREZLND (M
5-3). ZOBITIZHE, elFR2aP 7= L ® central cavity 2> 5 OfE#fE, & L <X elF2B O
& DEAIZ L D central cavity DJZIRCBH A GO L/ ENEE Z 2 LSS, £ D%,
il 7 a7 Ly 7 ZAENLAICB W CNFEF—7 E HEAT KA A N2 L->TX T LA
RS BAT SN D DIEA S .

—7J7, elRRatr 7= "YU VLI TWDEE, central cavity & OFHAEH
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NERE & 72 B 726, K-box & HEAT KA A NC kBT 0 X 0T 4 TIRFESIRIE~DBITI
FohsEEz6ND (K54 B). elRRaV 7=y hD U U EALIC L D ERRFAS A EZ 5
720N, Gen DRBVU AL U 8RR, R 7=y M5 LOMAIEMES, central
cavity HHIFEIEDOERIZEFR LT\, F£72, elF2B o Dah 7 2=y hORKFIZE-T
B[RRI Gen ODRBM L 72 5. 2 H OEFARTIE, central cavity TOAE A/EHA N R L E/L
BRbOTHY, VI elF2 Tho TRERESN TETITT v ¥ T T 4 Tfkse
WEEABITLTCLEI D, ZORBBPELTL WL EEZLND (K54 C). —J, ol
Ta=y MIZLAFET D GedZERIE, T central cavity TOFHAANEH Z5REIC LT
L0t Ltz (¥ 5-4 D). 7o wa[gEME L LT, central cavity ~® elF2 ah 7 ==
~ OFEEEL A &2 2L S, 2 FEOM A IRBOMOEEIMEICEEL H X TS EHEXH

nos.

5-4 VWM BIED A Hh=X L

35 HICFER SN TVD L DT, VWM Z5| & 23 ZRRILD 5 5 elF2B D431
KHEICHDHbDOIE, e 7 2=y FOBEMENAFET D E RO I % < (7@ LT
BY, ZOMATO elF2 & OMAESERIZEEL 52X THEEOKTZ 6L TS EE X
D, —Ji, elF2B DN H 2 A RIL, SEIERYT7a=y FHBIO AL MO
MAEERAEIZAEL Tz, T OERE, elF2B OFE2E TEAR, b LIITEATR
HLOILTHEBEZ LD, AIEICFRB SN TND L D1, elF2B & elF2 LTI, 22/
(ZHEALT- L CHEBOMEERAR RSN TIN5 B2 6579, elF2B OfENRETZ &

\ZX VY, central cavity |Z elFR2a 7 == FDBFEA LTIREEN Gl 72 7Ly 7 2T
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DT LT T 4 TIFEGIREB~DOBAT, Lo TeBEN A L—XTHEE L7 <720, eIF2B
DIFHEDFERPRIE TR LI b SN TS ISR 5.

F72, VWM ZRIZ XKD elF2B OIEPEDFERC MK T2y, KIMAEIZHB W TOHRIE
B ELT DT AD =L LTUE, ROXHI R ENBZOLND. VWM ITRECTTN
DEEEIHEL L TRIET 2PN BMESNTND LD, A b L RIREBENRIE
WCHABELTWD LRSS, I COFBERERKTITIAT7 4TI U THY,
A7 4AITY DL BT I ROGRIT/MKTITOND. Z0H, S0
KEARBZAT 5 KM AE IO L 0 b/NEIRIZ X D 0LIERE ) ORB D72 <, FNA
ML RIZ KD DTINRENES R BOERIC L THAB L2220, Mgk b
VAREOREPMIEEINTLE I EFXbND. 2D & & PERK DIFHEA(KIZ X - T elF2
DU VBN ST 6 SDHD, elF2B 2Nl OIEMEEZ A L COiud—Ri7e TCIREDIKT
D%, HGEIZ TCREIIFEIET 2. LM LR S, VWM ZRIZE 5T elF2B OIEMHENE T
LTW55E, TC IEZHHICHEESES Z LN TEY, TC BEMET LIRENEL
fix, TA M=V ARBESIEE LSRN FES L TLE Y LB 2 LND5. BIEMIC
1%, elF2 DU UER{IC K- T ATF4 B3B8 S50, 8GR Th 5 ATF4 DNRE A TEMEAL
TOHBIRTDO—DIZT R b=V AR ATEHET D 2 LM 5N TS CHOP 28H 5.
CHOP ™ mRNA % ATF4 & [AIERIZ uORF % & D728, TC IREEDME T L7 RBEDS & < fitl iz
EEDOHBT R = ARBOEMAN LD EEZLNRD M. ok ) EIc k- T,

KIMEE TORFTREEN BT INLO TRV LS.
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5-5 elF2B-elF2 A E/E A D #E L BOFSIR

ZZET, elF2B & elF2 L ORI TR ENDHEMEH ORI ONTELRZIT-> T
Xl LI LR D, X7 LATF RHIGMEE ZOFE, &) Ml Bl 2 gRe 1okt L
T elf2B DL I REL DY Ta=y ORI DEMRRFRLEL INLHDIEE D
WO eHBITHA I M. Fiz, elF2 [T HMERER 7 alF2 FIET D DI L, elF2B
VXA 22 I AR T 1 Z I3 FE LTV, alF2 [d elF2 L5720, GDP & GTP 12k L
TRBEDT 74 =T 4 ZH LTS 72, elF2B DX H 72 X 7 LA F AR A% 3
LLTWRWnWEEZLNDD, T, HHED O BN ~OHELDOBEFET, elF2B (T &0
IO LTHAELEDEAI D el2B DEV T a7 Ly 7 A3R5BEEZH L TEY,
F7z, AEEPNIAEEICL ST, YT ar Ly ADOX T VAT RHRICE
Bt L, EiY T 2Ty 7 AOZROS OFENT EE AR L 23, ZERICEEN
TABICHFAEL TS Z EBRHL M SN, £ LT, AL fIrT, 2 FEOM A
BRI EHE LB R S IS ARV E 2R LTV P b Lnb,
elF2B OFKH 7 a7 Ly 7 AOMPIIM G OBIE L (TR D EEZ TN ENA L TR
D, ZNOHMREE L TEIED elF2B & 72 o 72D Tl gy, LHERIS .

FPIEFFGH T2 v ZAOBKIZTHONWTTH LD, HHEIZIZEE Ol
L7z alF2B & MHEN DEERERMINFF(E L, alF2 Dot 7 2= b EfEAT 5D 2 L A
ERTng . F2, Y7 2=y bOfsIE L UL 5-methylthioribose 1-phosphate
isomerase (M1Pi) < ribose-1,5-bisphosphate isomerase (R15Pi) Ok & HHLL L T\ 5. MIPi
OFEETITRREY 7 2= v~ RO O & T ZBEHEEN Y, £72 R15Pi OHE TI3H
Y7 a7 Ly s 2RO REASABRBEEDERENTHS (K5-5A,B) Z&
BB ZTY, HJER a/elF2B HRAML L7z, FHREHCBET 2RI A LTz & Bbh

%. F£72, MIPi=°RI5Pi TlE, N Kiig KA A & C R R AA L DONERBROZEALEZE D
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BER LY A 7 ADRBEITEINDZ ERMLNTND (K5-5C). ZOEE % elF2B (24 Tl
O 5L, central cavity DNAN ST VRS o7 VT H XS BRENETTHSD. ZOZ &b,
a/elF2B & [RIER OREIE L A 1 O BERSUG 21T 2 TH Y, alelF2B 126 5 alelF2 OfE &I,
Z OBERSUSICPE O EEEZI5IT 5 2 LI X 5 TalelF2B OBEE G ZFE T2 LW ) EHE
FoTWEDTIEARWLEHNEND. ZOMEOEZRIILTLHHL L TIZARWV, %
FEIROMER LI L > TRNADT I/ T UL LULAME T LT Met-tRNAM &2 f5A L T
VRN a/elF2 DNERET 5 &, Met-tRNAM 2554 LTV 20 alelF2 12 K 5 alelF2B ~DfEA
DRIV, ZORKRMIAN OMRBHRRIEATFEH S D & D L9 ZRIREHERENFE L T\
DOTEHBRODEEBEIND. T LT, alR2 DY VLN A ML AT e LTHASN
5L 91275 &, (alF2-Met-tRNAM B 128V CTath 7= v b @ Serd8 7% 1D J&37 13 tRNA
CHEBHAEIEMAL D BAEICHD P, VR Y —LA BBV T elRaY 7= bZ
EVA FOWBHNET L YRl a2B2 5L, aklf2 DU VRIS OEENT RNA
RN R Y — A~DFEB T T HHE R F > T2 b DO TIX AW EHEI SN DY), U U
fEE 7z elF2 ~DOWFESREZ B Lo TldhnwwheExond. —JF, fillfty7 =2
Ty 7 ZAOHRITOWTIE, FAA UEROEEILT, BEY VB~DX 7 VAT Nk
BEENOEL LI B 5N . NTP#EAHE, 8% 5 <1 GTP EAREEZA L TV gk
& HEAT KA A U ERAT D Z LI, alelF2 IZx4 5 X7 AT RZHIZE > THAITH
ST lBEZOND. TO LI, aelF2 |23 L TR DEEEZ AT 5 2 DORFHEDHES L
T elF2B ~E AL L, elF5 DOfFEES Met-tRNAM DFE A OEtE & W~ 72, elF2 DA

TOMT e SR LR DBE~E - T D L SN D.

43



5-6 #ERPLUEE

ARFFETIL, RIGEHLR 2 BRI K D 02 R: elF2B O E 22 KR RL 4 fe
L, O X BEREEARE L. ZOREEIEIC X > T, elF2B O+ RGN 5 A
Lilgolz. £ LT, elF2B OIHFMHIEICEEE R elF2at 7=y F®O N K K A A > OfE G
I%, elF2B OFRIIMET D, o, B, ST 2=y PO N K KA T E->TES b
% central cavity |Z X > THbLITEY, —7F, X7 LA TF RSN KR E PR % F5o
HEAT R A A <2 NF &5 — 7L elF2B OO EIINLE LTV D Z EBNRE T,

Flo, v R Y 7 ERIZK DN T, elFR2ah 7= I & central cavity D
BIOMEIEICHOWT, elR2aY 7=y h® U UEMKIC X 5 KB REA RO Z(LDE
TEIFHER SN2 ol 2D Enn, U UBEKIC X D central cavity ~DfE AR DO Z AL K
Db, T LAY VERKIC X D central cavity ~DT 7 o =F 4 DEAKIT & - T elF2B DATHAT
JEDIEVEDRHIH STV D EHEI SN D, F72, U rBkic LD elf2B Ol Tx 72 <
72 % GenZE B3 central cavity D E o, B, 8V 7 = MNEOMHAEMEREHIZREL TS
ZLtb, central cavity TOZE L2V VERML elFR2a W 7 2= v | & O AR D EMERENC
HETHLILETRELTEY, ZOFEMEIFLTND. ZORHD S b2 D MEEICIE
AT 2 FECOMABAEH OT A NE & S5 D%, A EIFISE Sz elF2B OFffE%x
R, &SEOERENTGEICHR AR THD. £, ZOMRBIEIIRGERIEE
FIR LIS DTH L7280, elF2B DIFMHEZIET S5 X972, BEFEMIZL > THERER
BThHoTHRMTHILENTED. ZDZ LiE, ARIOHEENGIILT LHH LN TIE
720 Ged REIELID A 7 = X AR, VWM ZEBARIZ DWW T O AR 72 RHT 21T 5 BRICIER I
FHTHDEEBZOND.

E72, elF2 OEHIEAE R 7 alF2 O EAZFH L7z elF2B & elF2 D Ky ¥ 7

TANHIE, K7 v RERIZE > THLMZENTZHERXT elR2aY 7 2= F2% central

44



cavity IZFEA LTS & &, GDP #4587 2% ey 7= M, X7 LAF FAHG
ICHER NF EF—7IZBET LI ENTERNWI ER TSN, 2O EMnb, elF2B
& elF2 O OFEAIZIE, central cavity & elF2at 7= ML - CEHEINLT 7L
T 4 TIRER L, T a T Ly 7 AL elF2B, YT 2=y ML TEEIND
TaB I T 4 TIFEGO 2 EMIET D E WO ETAEN T, elRaM 7 2=y FDY
VERIERC, central cavity TOFHAAEH DEALIZ L - T 2 FEHDOKE SO M Ol A 2 b3
5 Z & T, elF2B ORZBIEEN BT 2 Z LN ZOFTANOIFHER S NG, ZOFET LD
RREEDT-DIZIE, elF2B & elF2 OO T a X 7T 4 TIRFEENED LI b D TH D,

F7z, elRah 7=y bOY VLR ED L HIZRMENTT 7 4 =7 4 ZE{LSHE T
DD, EWVoTeZ EIZOWTHOEMNTT 2HERH Y, elF2B-elF2 A IR ORERT 235

BOREL D LS.
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Eif5E

AR EATONTHIZY, FLEZEEIT#EY e T8 L3130 LWIFREREE %
Bx W& E L, LobE#EW e LET. BHEEZ eI I BAL T T &
THELERE L QO E R, EEEIO L E T SOAREESE A B 13 RFzero DML
EFERIRT XV BEDO TR NI OWTHZ TWeE & F Uic. BRI OB ERIZIX 38R
AL EFRICBI T Datimie s, REBMEHIZRVELTZ. SPring-8 (Z31F 2 X #REIHTFEER TIZ,
E—ALTALVDAE  TDHXZZWEEEE Lz, EOKRERE FSA, FILAAT
SAEIZLY, 2L OHAICHFBE TR £ Lz, IREHEFLAELL TRBHIED

ERICISESERE TREEEZR > QW e EE LT, REF L ET.

BRI, FADREZEBEAETE 2 3 1 36 LORE PRI SC A TS S T FRICTRS I O Te L E T

R 2512 0 MKk —%

46



51 A TR

10.

11.

Jackson, R. J., Hellen, C. U. T. & Pestova, T. V. The mechanism of eukaryotic translation
initiation and principles of its regulation. Nat. Rev. Mol. Cell Biol. 11, 113-27 (2010).

Hinnebusch, A. G. Molecular mechanism of scanning and start codon selection in eukaryotes.

Microbiol. Mol. Biol. Rev. 75, 434-67 (2011).

Laursen, B. S., Sagrensen, H. P., Mortensen, K. K. & Sperling-petersen, H. U. Initiation of protein
synthesis in bacteria. Microbiol. Mol. Biol. Rev. 69, 101-123 (2005).

Wang, X. & Proud, C. G. A novel mechanism for the control of translation initiation by amino
acids, mediated by phosphorylation of eukaryotic initiation factor 2B. Mol. Cell. Biol. 28, 1429—
42 (2008).

Proud, C. G. elF2 and the control of cell physiology. Semin. Cell Dev. Biol. 16, 3—12 (2005).

Baird, T. D. & Wek, R. C. Eukaryotic initiation factor 2 phosphorylation and translational control
in metabolism. Adv. Nutr. 3, 307-321 (2012).

Donnelly, N., Gorman, A. M., Gupta, S. & Samali, A. The e[F2a kinases: their structures and
functions. Cell. Mol. Life Sci. 70, 3493-511 (2013).

Rowlands, A. G., Panniers, R. & Henshaw, E. C. The catalytic mechanism of guanine nucleotide
exchange factor action and competitive inhibition by phosphorylated eukaryotic initiation factor 2.

J. Biol. Chem. 263, 5526-33 (1988).

Krishnamoorthy, T. et al. Tight binding of the phsophprylated o subunit of initiation factor 2
(eIF20) to the regulatory subunits of guanine nucleotide exchange facrtor elF2B is required for

inhibition of translation initiation. Mol. Cell. Biol. 21, 5018-30 (2001).

Wang, X. et al. Eukaryotic initiation factor 2B: identification of multiple phosphorylation sites in
the g-subunit and their functions in vivo. EMBO J. 20, 4349-4359 (2001).

Ashe, M. P., Slaven, J. W., De Long, S. K., Ibrahimo, S. & Sachs, A. B. A novel
elF2B-dependent mechanism of translational control in yeast as a response to fusel alcohols.

EMBO J. 20, 646474 (2001).

47



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Hinnebusch, A. G. Translational regulation of GCN4 and the general amino acid control of yeast.

Annu. Rev. Microbiol. 59, 407-50 (2005).

Hinnebusch, A. G. A hierarchy of trans-acting factors modulates translation of an activator of

amino acid biosynthetic genes in Saccharomyces cerevisiae. Mol. Cell. Biol. 5, 2349-60 (1985).

Harding, H. P. et al. Regulated translation initiation controls stress-induced gene expression in

mammalian cells. Mol. Cell 6, 1099-1108 (2000).

Pavitt, G. D. elF2B, a mediator of general and gene-specific translational control. Biochem. Soc.
Trans. 33, 1487-92 (2005).

Yang, W. & Hinnebusch, A. G. Identification of a regulatory subcomplex in the guanine
nucleotide exchange factor e[F2B that mediates inhibition by phosphorylated eIF2. Mol. Cell.
Biol. 16, 6603—16 (1996).

Pavitt, G. D., Ramaiah, K. V, Kimball, S. R. & Hinnebusch, A. G. elF2 independently binds two
distinct eIF2B subcomplexes that catalyze and regulate guanine-nucleotide exchange. Genes Dev.

12, 514-26 (1998).

Hannig, E. M., Williams, N. P., Wek, R. C. & Hinnebusch, A. G. The translational activator
GCN3 functions downstream from GCNI and GCN2 in the regulatory pathway that couples
GCN4 expression to amino acid availability in Saccharomyces cerevisiae. Genetics 562, 549-562
(1990).

Vazquez de Aldana, C. R. & Hinnebusch, A. G. Mutations in the GCD7 subunit of yeast guanine
nucleotide exchange factor elF-2B overcome the inhibitory effects of phosphorylated eIF-2 on

translation initiation. Mol. Cell. Biol. 14, 3208-22 (1994).

Pavitt, G. D., Yang, W. & Hinnebusch, A. G. Homologous segments in three subunits of the
guanine nucleotide exchange factor e[F2B mediate translational regulation by phosphorylation of

eIF2. Mol. Cell. Biol. 17, 1298-313 (1997).

Dev, K. et al. The beta/Ged7 subunit of eukaryotic translation initiation factor 2B (eIF2B), a
guanine nucleotide exchange factor, is crucial for binding eIF2 in vivo. Mol. Cell. Biol. 30, 5218—
33 (2010).

48



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Fabian, J. R., Kimball, S. R., Heinzinger, N. K. & Jefferson, L. S. Subunit assembly and guanine
nucleotide exchange activity of eukaryotic initiation factor-2B expressed in Sf9 cells. J. Biol.

Chem. 272, 1235912365 (1997).

Gomez, E., Mohammad, S. S. & Pavitt, G. D. Characterization of the minimal catalytic domain
within elF2B: the guanine-nucleotide exchange factor for translation initiation. EMBO J. 21,

5292-301 (2002).

Williams, D. D., Price, N. T., Loughlin, A. J. & Proud, C. G. Characterization of the mammalian
initiation factor eIF2B complex as a GDP dissociation stimulator protein. J. Biol. Chem. 276,
24697-703 (2001).

Asano, K., Krishnamoorthy, T., Phan, L., Pavitt, G. D. & Hinnebusch, A. G. Conserved bipartite
motifs in yeast elF5 and elF2Bg, GTPase-activating and GDP-GTP exchange factors in
translation initiation, mediate binding to their common substrate eIF2. EMBO J. 18, 167388
(1999).

Yatime, L., Mechulam, Y., Blanquet, S. & Schmitt, E. Structure of an archaeal heterotrimeric
initiation factor 2 reveals a nucleotide state between the GTP and the GDP states. Proc. Natl.
Acad. Sci. U. S. A. 104, 18445-50 (2007).

Stolboushkina, E. et al. Crystal structure of the intact archaeal translation initiation factor 2

demonstrates very high conformational flexibility in the - and B-subunits. J. Mol. Biol. 382,
680-91 (2008).

Schmitt, E. et al. Structure of the ternary initiation complex alF2-GDPNP-methionylated initiator
tRNA. Nat. Struct. Mol. Biol. 19, 450-4 (2012).

Stolboushkina, E. et al. Crystal structure of the archaeal translation initiation factor 2 in complex

with a GTP analogue and Met-tRNAf(Met.). J. Mol. Biol. 425, 989-98 (2013).

Pedulla, N. et al. The archaeal eIF2 homologue: functional properties of an ancient translation

initiation factor. Nucleic Acids Res. 33, 1804-12 (2005).

Flynn, A., Oldfield, S. & Proud, C. G. The role of the 3-subunit of initiation factor elF-2 in
initiation complex formation. Biochim. Biophys. Acta 1174, 117-21 (1993).

49



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Naveau, M., Lazennec-Schurdevin, C., Panvert, M., Mechulam, Y. & Schmitt, E. tRNA binding
properties of eukaryotic translation initiation factor 2 from Encephalitozoon cuniculi.
Biochemistry 49, 8680—8 (2010).

Schiffmann, R. et al. Childhood ataxia with diffuse central nervous system hypomyelination. Ann.

Neurol. 35, 331-340 (1994).

Scheper, G. C., Proud, C. G. & van der Knaap, M. S. Defective translation initiation causes

vanishing of cerebral white matter. Trends Mol. Med. 12, 15966 (2006).

Pavitt, G. D. & Proud, C. G. Protein synthesis and its control in neuronal cells with a focus on

vanishing white matter disease. Biochem. Soc. Trans. 37, 1298-310 (2009).

Fogli, A. & Boespflug-Tanguy, O. The large spectrum of e[F2B-related diseases. Biochem. Soc.
Trans. 34, 22-9 (2006).

Dietrich, J. et al. EIF2B5 mutations compromise GFAP" astrocyte generation in vanishing white

matter leukodystrophy. Nat. Med. 11, 277-83 (2005).

Wong, K. et al. Foamy cells with oligodendroglial phenotype in childhood ataxia with diffuse
central nervous system hypomyelination syndrome. Acta Neuropathol. 100, 63546 (2000).

Rodriguez, D. et al. Increased density of oligodendrocytes in childhood ataxia with diffuse central
hypomyelination (CACH) syndrome: neuropathological and biochemical study of two cases. Acta
Neuropathol. 97, 469-80 (1999).

Fogli, A. et al. Decreased guanine nucleotide exchange factor activity in eIlF2B-mutated patients.

Eur. J. Hum. Genet. 12, 561-6 (2004).

Horzinski, L. et al. Eukaryotic initiation factor 2B (eIF2B) GEF activity as a diagnostic tool for
EIF2B-related disorders. PL0S One 4, 8318 (2009).

Kantor, L. et al. Heightened stress response in primary fibroblasts expressing mutant eI[F2B genes

from CACH/VWM leukodystrophy patients. Hum. Genet. 118, 99-106 (2005).

Hao, S. et al. Uncharged tRNA and sensing of amino acid deficiency in mammalian piriform

cortex. Science 307, 1776-8 (2005).

50



44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Costa-Mattioli, M. et al. eIF2a phosphorylation bidirectionally regulates the switch from short- to

long-term synaptic plasticity and memory. Cell 129, 195-206 (2007).

Scheuner, D. et al. Translational control is required for the unfolded protein response and in vivo

glucose homeostasis. Mol. Cell 7, 1165-76 (2001).

Hiyama, T. B., Ito, T., Imataka, H. & Yokoyama, S. Crystal structure of the o subunit of human
translation initiation factor 2B. J. Mol. Biol. 392, 937-51 (2009).

Boesen, T., Mohammad, S. S., Pavitt, G. D. & Andersen, G. R. Structure of the catalytic fragment
of translation initiation factor 2B and identification of a critically important catalytic residue. J.

Biol. Chem. 279, 10584-92 (2004).

Wei, J. et al. Crystal structure of the C-terminal domain of the & subunit of human translation

initiation factor eIF2B. Protein Cell 1, 595-603 (2010).

Mohammad-Qureshi, S. S., Haddad, R., Hemingway, E. J., Richardson, J. P. & Pavitt, G. D.
Critical contacts between the eukaryotic initiation factor 2B (elF2B) catalytic domain and both

elF2p and -2y mediate guanine nucleotide exchange. Mol. Cell. Biol. 27, 5225-34 (2007).

Alone, P. V & Dever, T. E. Direct binding of translation initiation factor eIF2y-G domain to its
GTPase-activating and GDP-GTP exchange factors eIF5 and elF2Be. J. Biol. Chem. 281, 12636—
44 (2006).

Nika, J., Yang, W., Pavitt, G. D., Hinnebusch, A. G. & Hannig, E. M. Purification and kinetic
analysis of e[F2B from Saccharomyces cerevisiae. J. Biol. Chem. 275, 26011-7 (2000).

Manchester, K. L. Catalysis of guanine nucleotide exchange on elF-2 by eIF-2B: is it a sequential

or substituted enzyme mechanism? Biochem. Biophys. Res. Commun. 239, 223-7 (1997).

Richardson, J. P., Mohammad, S. S. & Pavitt, G. D. Mutations causing childhood ataxia with
central nervous system hypomyelination reduce eukaryotic initiation factor 2B complex

formation and activity. Mol. Cell. Biol. 24, 2352-2363 (2004).

Li, W., Wang, X., Knaap, M. S. Van Der & Proud, C. G. Mutations linked to
leukoencephalopathy with vanishing white matter impair the function of the eukaryotic initiation

factor 2B complex in diverse ways. Mol. Cell. Biol. 24, 3295-3306 (2004).

51



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Van Duyne, G. D., Standaert, R. F., Karplus, P. A., Schreiber, S. L. & Clardy, J. Atomic
structures of the human immunophilin FKBP-12 complexes with FK506 and rapamycin. J. Mol.
Biol. 229, 105-124 (1993).

Kabsch, W. Xds. Acta Crystallogr. D. Biol. Crystallogr. 66, 125-32 (2010).

Evans, P. Scaling and assessment of data quality. Acta Crystallogr. D. Biol. Crystallogr. 62, 72—
82 (2006).

Vonrhein, C., Blanc, E., Roversi, P. & Bricogne, G. Automated structure solution with

autoSHARP. Methods Mol. Biol. 364, 215-30 (2007).

Cowtan, K. The Buccaneer software for automated model building. 1. Tracing protein chains.

Acta Crystallogr. D. Biol. Crystallogr. 62, 1002—11 (2006).

Adams, P. D. et al. PHENIX : a comprehensive Python-based system for macromolecular

structure solution. Acta Crystallogr. D. Biol. Crystallogr. 66, 213-221 (2010).

Emsley, P. & Cowtan, K. Coot : model-building tools for molecular graphics. Acta Crystallogr. D.
Biol. Crystallogr. 60, 2126-2132 (2004). doi:10.1107/S0907444904019158

Lovell, S. C. et al. Structure validation by Ca geometry : @,y and Cf deviation. Proteins 50,
437450 (2003).

Davis, I. W., Murray, L. W., Richardson, J. S. & Richardson, D. C. MOLPROBITY: structure
validation and all-atom contact analysis for nucleic acids and their complexes. Nucleic Acids Res.

32, W615-9 (2004).

Ashkenazy, H., Erez, E., Martz, E., Pupko, T. & Ben-tal, N. ConSurf 2010 : calculating
evolutionary conservation in sequence and structure of proteins and nucleic acids. Nucleic Acids

Res. 38, 529-533 (2010).

Kakuta, Y. et al. Crystal structure of the regulatory subunit of archaeal initiation factor 2B
(alF2B) from hyperthermophilic archacon Pyrococcus horikoshii OT3: a proposed structure of
the regulatory subcomplex of eukaryotic IF2B. Biochem. Biophys. Res. Commun. 319, 725-32
(2004).

Jin, X., Ballicora, M. A., Preiss, J. & Geiger, J. H. Crystal structure of potato tuber ADP-glucose
pyrophosphorylase. EMBO J. 24, 694—704 (2005).

52



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Fabian, J. R., Kimball, S. R. & Jefferson, L. S. Reconstitution and purification of eukaryotic
initiation factor 2B (eIF2B) expressed in Sf21 insect cells. Protein Expr. Purif. 13, 16-22 (1998).

Jennings, M. D., Zhou, Y., Mohammad-Qureshi, S. S., Bennett, D. & Pavitt, G. D. ¢e[F2B
promotes elF5 dissociation from elF2*GDP to facilitate guanine nucleotide exchange for

translation initiation. Genes Dev. 27, 2696—707 (2013).

Salimans, M., Goumans, H., Amesz, H., Benne, R. & Voorma, H. O. Regulation of protein
synthesis in eukaryotes. Mode of action of eRF, an elF-2-recycling factor from rabbit

reticulocytes involved in GDP/GTP exchange. Eur. J. Biochem. 145, 91-8 (1984).

Matsui, T., Tanihara, K. & Date, T. Expression of unphosphorylated form of human
double-stranded RN A-activated protein kinase in Escherichia coli. Biochem. Biophys. Res.
Commun. 284, 798-807 (2001).

Lemaire, P. a, Lary, J. & Cole, J. L. Mechanism of PKR activation: dimerization and kinase

activation in the absence of double-stranded RNA. J. Mol. Biol. 345, 81-90 (2005).

Mukai, T. et al. Codon reassignment in the Escherichia coli genetic code. Nucleic Acids Res. 38,
8188-95 (2010).

Chin, J. W., Martin, A. B., King, D. S., Wang, L. & Schultz, P. G. Addition of a
photocrosslinking amino acid to the genetic code of Escherichia coli. Proc. Natl. Acad. Sci. U. S.
A. 99, 110204 (2002).

Ito, T., Marintchev, A. & Wagner, G. Solution structure of human initiation factor eIF2alpha

reveals homology to the elongation factor eEF1B. Structure 12, 1693—704 (2004).

Dhaliwal, S. & Hoffman, D. W. The crystal structure of the N-terminal region of the alpha
subunit of translation initiation factor 2 (eIF2a) from Saccharomyces cerevisiae provides a view
of the loop containing serine 51, the target of the elF2a-specific kinases. J. Mol. Biol. 334, 187—
195 (2003).

Nonato, M. C., Widom, J. & Clardy, J. Crystal structure of the N-terminal segment of human
eukaryotic translation initiation factor 2a. J. Biol. Chem. 277, 17057-61 (2002).

Gomez, E. & Pavitt, G. D. Identification of domains and residues within the € subunit of

eukaryotic translation initiation factor 2B (eIF2B¢) required for guanine nucleotide exchange

53



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

reveals a novel activation function promoted by eIF2B complex formation. Mol. Cell Biol. 20,

3965-76 (2000).

Wang, X., Wortham, N. C., Liu, R. & Proud, C. G. Identification of residues that underpin
interactions within the eukaryotic initiation factor (eIF2) 2B complex. J. Biol. Chem. 287, 8263—
74 (2012).

Kawashima, T., Berthet-Colominas, C., Wulff, M., Cusack, S. & Leberman, R. The structure of
the Escherichia coli EF-Tu- EF-Ts complex at 2.5 A resolution. Nature 379, 511-518 (1996).

Cherfils J. & Chardin, P. GEFs: structural basis for their activation of small GTP-binding proteins.
Trends Biol. Sci. 24, 306-311 (1999).

Yatime, L., Schmitt, E., Blanquet, S. & Mechulam, Y. Structure-function relationships of the
intact alF20 Subunit from the archaeon Pyrococcus abyssi. Biochemistry 44, 8749-8756 (2005).

Konieczny, A. & Safer, B. Purification of the eukaryotic initiation factor 2-eukaryotic initiation
factor 2B complex and characterization of its guanine nucleotide exchange activity during protein

synthesis initiation. J. Biol. Chem. 258, 3402-3408 (1983).

Nika, J., Rippel, S. & Hannig, E. M. Biochemical analysis of the eIF2y complex reveals a
structural function for eIF2a in catalyzed nucleotide exchange. J. Biol. Chem. 276, 1051-6
(2001).

Rutkowski, D. T. & Kaufman, R. J. A trip to the ER: coping with stress. Trends Cell Biol. 14, 20—
28 (2004).

Palam, L. R., Baird, T. D. & Wek R. C. Phosphorylation of eIF2 facilitates ribosomal bypass of
an inhibitory upstream ORF to enhance CHOP translation. J. Biol. Chem. 286, 1093949 (2011).

Dev, K. et al. Archaeal alF2B interacts with eukaryotic translation initiation factors e[F2a and

elF2Bau: Implications for alF2B function and eIF2B regulation. J. Mol. Biol. 392, 701-22 (2009).

Tamura, H. et al. Crystal structure of 5-methylthioribose 1-phosphate isomerase product complex

from Bacillus subtilis : implications for catalytic mechanism. Protein Sci. 17, 126135 (2008).

Nakamura, A. et al. Dynamic, ligand-dependent conformational change triggers reaction of
ribose-1,5-bisphosphate isomerase from Thermococcus kodakarensis KODL1. J. Biol. Chem. 287,
20784-96 (2012).

54



89.

90.

Hashem, Y. et al. Structure of the mammalian ribosomal 43S preinitiation complex bound to the

scanning factor DHX29. Cell 153, 1108-19 (2013).

Koonin, E. V. Multidomain organization of eukaryotic guanine nucleotide exchange translation
initiation factor eIF-2B subunits revealed by analysis of conserved sequence motifs. Protein Sci. 4,

160817 (1995).

55



B



Met-tRNAM!

I\ URY— L
G’él—j &\s HJ1=w hk

@ elF4F MmRNA
elF2-GTP ( )
GDP
(0]
FsRE
elF2B HA19)
()
GTP
elF2-GDP /
AUG— --.
|||~_ X
AFv=20
Bﬁylﬂ:’ I\/o)ubugk - elF2 @ﬁg%_ﬁ
80S URY — /A
FERBRIBIEN

DARY — A
60SHTJ1=w b~

1-1. EREYORERRIDEZEDOEIE |



Met-tRNAMe!

ﬂ TC\L

> A

o 2NTEER
elF2-GTP |,
— AMLA—
GCN2 «—<«+ 77 =_/EEHNEH
elF2B PKR 4— et D1JLARRE

/ PERK +— <« /NMEAEX ML X

@\ E2E
LR R =l = RVEY

> B elF2-GDP T EsERRLR
NIRZ
N Y,

1-2. elF2 DY EALIC KDY > )\ OBEERHIE .



3 aa 59 aa 351 aa
87 nt |
O
|
UORF1 185 nt UORF2 ATF4
B
(ﬂMet-tRNAiMet
olFo GTP s @” @I]G%] =SREDTC

&
em@ @J@@J 8 S

elF2- GDP ' ‘ TLERLR TC DEALE L\\
% — <_> @_}2

UORF1 OFNER—ENER B RIMA UORF2 F%E O KT GJ*HDRI%ﬁtﬁ
— ATF4 OFRERINSI

C
T
T4
— & TCEEDET
iR €©)
DEE @I]
®© O . .
o O % TC OBMHADIER
®© @ ""’ "’~A

D B @

elF2-GDP o ® 43\ i
s @O @ O

S )
UORF1 OFER—->EWERBRIIG uORF2 I R> DB U
— ATF4 Ba 3 R > TOEIEREA

1-3. UORF (C K2 &PEREAISDHI1E .
(A) UORF %593 mMRNA DFlE LT, £~ ATF4 mRNA ZERI (RS
(B) 3EX L R T TD ATF4 mRNA OEIR .
UORF1 (IEWERBRISERIREIC T BT FILEZIF > THD
UORF1 MEERIZFEZR B URY — A 40S T 1w bME mRNA D SEZEE LR .
ZTUTES(IC TC iAEHFEEN , uORF2 TEIERAFIASNS .
UORF2 DEJSRISHEL(TURY — ADVEEE T B 128 , ATF4 OEIRR(SNEI 2N TS |
(C) R RL-REMTTD mMRNA OFIR .
elF2 DY > EEE(IC KD T elF2B MPEE SN, fHRERND TCEEMET L TULD .
T DTz uORF1 DOENERIZFEZ D TC DEFENEN , UORF2 DRI R ZFHAHBE U TUES .
ZD#% , ATF4 OBIIAT ROADBIEET(C TCHEHAESN , ATFA B EIERENS .



o
| Helical | Rossmann-like | B
| [ Helical [ Rossmann-like ] 0
SFETD T 1w
(PLD)
| PPase-like | LBH | Y
[] PPase-like [T LBH | [ HEAT | ¢

ARSI "w b

1-4. eIF2B &Y T 1w b RAA 48R & BIRDITAAAEIS .

(A) elF2B &H T 1w bdD RAA Rk

(B-D) BEAID eIF2B DEPSIMEE . &~ o BT 1= w k (PDBID: 3ECS) (B),
HEFEE ¢ B 12w N HEAT R4 > (PDBID: 1PAQ) (C),
et T Zw kHEAT RX-r> (PDBID: 31UI) (D).



A DR/ B
elF2B, y B E1EA

REH T TLwoOX eSO LW IR
elF2a DR, elF2B XL AF RITH S

1-5. eIlF2B & elF2 OEEER .

(A) elF2 OEMEREDY alF2 Ol .
Sulfolobus solfataricus alF2 Mi&i& . PDBID: 2QMU, 3CW2 NS4ER .
alF2a Ser48 h' elF2a Ser51 (CHHXT S .

(B) eIF2B & elF2 DAEERDETIL .



elF2-GDP B GTP elF2B elF2-GDP

/ elF2B / K’
GDP /\ , GTP/elF2B elF2B/elF2/GDP
elF2/elF2B GTP
/ - elF2-GDP x /
/ GTP/elF2B/elF2/GDP
elF2B €\
olF2-GTP elF2-GTP GDP

elF2B/GDP elF2B/elF2/GTP

7 "\
N

GDP elF2B elF2-GTP

1-6. IRIESNTVD XTI L AF RHRIGHEAED 2 DDETIL .
(A) EZR>HAE .
GDP &5, elF2 (d elF2B ADIEE(C K> T GDP Zf##Rk L ,
GTP DFEE(CLD T GTP #EEEL elF2 &73 D C elF2B N Sf#EE T S .
(B) ZIRHEAE .
elF2B (& GDP f&& %, elF2 & GTP ZH(CHEE LU CIUBEEWZZA LT ,
XL AF REHRIGZ R L GTP #5528 elF2 & GDP ZiH 95 .



JosoOF«J >

7>JOS 0747

1-7. eIF2 DY 2 FEEIC KD elF2B HIfHHEIE(C DUV TDIRER

(A) eIF2B & eIF2 DHEEFRIC(E 2 DOBERAMFEL ,
IEYU BEE elF2 (S U TIER T L AF REIRG(SE U AR TORBEN L ELN,
elF2 D 2 EALIC Ko TS (CHE S IRV RN TOREN T ELE=ND .

(B) FEU 2 BAL eIF2 (MG (SE U AR TOREEZITON,
elF2 D 2V EALIC Ko TG ([CE S IRV RN CTORENFHE=ND .



o B 0

kbayM 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
- T e —— -

M: BFEX—H—

1: #8E 5y

2: FiEEy

3 RBEDED

4: + 20 mM imidazole

5: + 400 mM imidazole

2-1. elF2B &Y T 1w hOFEIEDIRET .
YT 1w NEMOFIEE . Ni-Sepharose (CKDFEHE .
GroEL EHESND/\> ROEfIE * T, DnakK EHESND/\> ROE(IZE ** TRUE.



< MBP-B < His-¢

4 GroEL?

< MBP-B

45
do

B I
D S E
g
' < MBP-B, ¢
< MBP-p, ¢ ]
4o
16
y
da

2-2. F74300 - HFIRIC KD elF2B BHEREDIRET .
(A) MBP Z0%(INLTE p YT I1=w & . Amylose resin ([CKDFEH .
B)aBTJ1Zwvh,pHYI1Zv b, § T 1w bOHEFEIR . Amylose resin ([CKDFEHR .
O yPYIJ1Zwv b, e 71w bOHFEIR . Ni-Sepharose (C K DFEHE .
(D)oY TJI1Zwvbh,pBIJI1Zwv b, s 8712w MEHRHERUZEIRE

yHI1Zw b, e 5712w hEREIE UZEADES . Amylose resin (CKDFEHE .
(E) 5571w hIARTOHFEIE . Amylose resin (CLDFEE .



| Amylose resin |

[
| HiTrap Heparin |

| Sephacryl S-300 |

2-3. elF2B DASAHE .
(A) eIF2B KEREDFN &

Sephacryl S-300 (C & BHERIFDION NI S L, SDS-PAGE. 10-20% ZEARSIL .
(B) #5&L(CALVZEtRI D SDS-PAGE. 10% 4L .



[N
n
o

12.55 — elF2B

standards

=
o
]

Thyroglobulin (669 kDa) 12.39

®
o

}3.73 Ferritin (440 kDa)

N
o

280 nm IRFEE (mAU)

n
o

0 5 10 20 25

A (mL)

2-4. Superose 6 (C&D elF2B DD FEDIHT .
elF2B RO OO M S LAZKET , RES )\ OERNZIRKEBETRY .
elF2B (& 12.55 mL TBaHULEDICH U,

007U (312.39mL, JTUF>(E13.73 mL TENZNBLUIZ.



100 um
—

2-5. elF2B {&E & D X RO .
(A) RA T« THEREEHRE . KU D TRENZERSN 3.14 A DIREE(CHIET S .
(B) SeMet BIaAiER EEHFE . KU D TRENZEHRSN 3.38 A HREECHTET S .



P [> '\. =
S
. AR NN
X ‘q“_\.;\ —IE‘{.":}" tl‘b‘ 7
Sragipiict

,

B (LA

e

258

[ >

Fi- L . z
1’. b
PR,

iy,
<
L2

s

m
Vi

lh
\/
D
o
X%

V23

i)
i
L

al

N

L]

\“ 4§
)
o8

v )
X

N
N

)
VAR

AR
‘ g’ 0

. '*’1"!):

/3
o

= A
8 S

A
WA
Se.E

<

LA ST

(=

2-6. elF2B DEBFEEN .

(A) BL I AF A B ERDOE—URRICBITDIEREDEET - VI YT (5.06 LNIL).
Do(=|Fo(+)| - |Fo(-)]) & SAD (CKBDAMBFTEDERESNIZ 9o ZAHWTCETELUE .

(B) BEEBBOABZAWTHESINZEL ) AFAZ D BERAROEFEEYY T (1.06 LANIL) .

(C) BEREARRETIVICHEIITDRAT 1 THD 2|Fo| - |Fc| XvT (1.06 LNIL) .
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General Favoured
Glycine Favoured

Pre-Pro Favoured

m 1432 ASN

Proline Favoured

Glycine

w3432 ASN -

x&(#‘

X x

Proline

180 -180

Number of residues in favoured region (~98.0% expected)
Number of residues in allowed region (~2.0% expected)
Number of residues in outlier region

XX
R
X

x
x X

0

¢

General Allowed
Glycine Allowed
Pre-Pro Allowed

Proline Allowed

: 3415 (94.5%)
: 183 (5.1%)
: 14 (0.4%)

2-8. elF2B #&1&d Ramachandran plot.
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