a) Aminoacylation conformation
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Supplementary Figure 1. Contacts with E. coli tRNAZ-®'(UAA) in LeuRSEC-tRNA functional
complexes. (a) Nucleotides that interact with LeuRS in the aminoacylation state and (b) in the
editing state are indicated by boxes using the domain color code introduced in Figure 1.



c) Electron density of the 3" end tRNA-LeuAMS
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Supplementary Figure 1(c) Stereo diagram showing unbiased m(Fo-Fc) difference electron
density (contoured at 30) for bases Cyt75 and Ade76 of the tRNA and LeuAMS in the E. coli
aminoacylation complex. The density was obtained by rebuilding and refinement of the molecular
replacement model without inclusion of 75-Cyt-Ade-76 and LeuAMS. (d) The tRNA 3' end
conformation in the aminoacylation states of LeuRSEC (left, this work) and LeuRSPH (right, PDB
1WZ?2) after superposition of the bodies of the enzymes.



Supplementary Figure 2 Phylogenetic analysis of bacterial LeuRS.
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b-e) Sequence alignment of bacterial LeuRS
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Supplementary Figure 2. Phylogenetic analysis of bacterial LeuRS
tree showing the main bacterial clades (in bold letters) and subclades in the prokaryotic kingdom.
Representative members for each bacterial subclade (in regular letters) were used for the
seqguence alignments in b-e). Sequences for each species are ordered from top to down according
to the identity to E. coli LeuRS, and the corresponding secondary structure elements in E. coli
LeuRS are coloured as in Figure 1. Some of the key residues for aminoacylation/proof-reading and
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c) Sequence alignment of bacterial LeuRS
Editing

E.coli -

100 0 a1o * 420 440 as0
E.coli FNATADKLTAMGV[E. . . . . EREVNYRLERWG TLED . .. ... G TVMP[T|P DD QAFV T 1}
Salmonella.E FNATADK[LAE[KGV[G. . . . . ERKVNYJ G TLED. ..... GTV|LP|T|P ED QpAV T 1
H.influenzae FNGTADK[LEK/LGV|E . . . . . i XSRANAY R M R D |life! TLEN. .. ... GDV|VIP|alP MEDMRIT T 1
Xanthomonas.C FEALAER[FEREGOG. . . .. o] I8:R78NRY R B R D e YCAK. ..... CGAVIP|V|P ED QpBZ v v 1
Neisseria.M FDAVAAK[LON[QGA|G. . . . . E[P K T QYLiW]u(G HCEQ. ..... CGD|V|P|V|P AD QpRdV v 1|
P.aeruginosa FDAIGAD[LERAKGL|E. . . . . o] :NzBeRal R M R D |iife! HCDA . ..... CGD[V|P[V|P AE OpAIV v 1
Buchnera.A TEKTIKKIL Y[KKKIL..... K[E K I N YL OBw(c KEKN . .. ... GKM|I|P|T|P EN QIR V v I
Desulfovibrio.V KgKTIADS[LET|S|GK|G. . . . . RRT v NYRILER]wWN ycpa. .. ... CGV|VAE[KDE NIV 1, 1
Clostridium.T 1GK|T|TDY|T E[QKIGY/[. - . . . A IEENAY R i R D i ycplp. ..... CGAVIP[V|P EEDpAZV T 1
Agrobacterium.T.C58 FEAVVQEK|LSAQSLGNAP QAERKVNT WG| HCEV . .. ... CGVVIP[V|P KK DIV K 1
P.gingivalis TAQTKEY|TREKHLG. - - - - ClVKVNY 2|1 YREG. .« - ... MPHATLDED RIBAT R
T.thermophilus KRKV|IAWLEEKGL|E. . . . . Klc R v T v e8] ul, HCERA. .. ... cGVVP[V|[P EEEMRTV 11
T.maritima IEKV|INWLEEKGIG. . . . . K[R SV QYA LWL YCEK. ..... CGV|V|P|V|P EEDIBZV R 1|

°\° R.palustris KEDVAKR|LE[TATLCNARP VGERK VN FIILEIWG] HCEV . ..... cGV|VP|V|P DKDpAZV v 1
P.marinus KLKI|SEE[CVNNGHWA. . ... ENE T QY08 NCKIK . .. ... cGsvplLN oS EpRIV A T
Bacillus.S IEKV|IAWLEETKNG. . . . . ERKK VT Y108 u[L(F HWED . . . ... GTS|T|AV[P EEEMSIT T 1
C.jejuni RLKTI|TSQF EAKNI|G. . . . . b IERTAVANES 1< Bl R D |life! KClgs . .. ... CGIVP|OK LENDAIT T 1
Streptococcus.N IAK[IVACLEEKGC[G. . » . « QE K v T v Lgesv|L| HWED...... GTS|T|A|VIPETEML VI,
H.pylori REKIIAY[FEKENLS. ... . KRV INYRILOBWG HCKH...... CGIVP[E|T . .pRgV TL
Wolbachia.Sp KEV|ITKK[LKE[KGI|G. . . . . KK T TNYRILEWW(G YCKD . ..... CGT|VP|V|P EKDIRZV T 1
C.pneumoniae KDY[V[INY[LEMRSL|S. . . . . REKTMY) WL HFED...... GTHRP|EDDEMFL 1P
S.aureus ITKRAT QLLE[QKIGAG. - . . . E[KK VN YA 08w, HWED . . . ... GTMT|T|V[P EEEMSIT 1.1
L.casei IDRMIKWLEDKGIG. - - - . slak TN YR wv HWED . . . . .. GET|T|L{V|[P EDEMRI L T 1
Borrelia.B KDKV|I KWL T|KNEKXK[S . . . . . KEKVAY)S W[z FDKL. ..... GNA|I|P|LIEENDIBIL K I|
R.baltica KAA[L|TAE[LAK[QGLE. . . . . ClE 2V N Y Ll w[L HE|IDSEGNATGVR[RLV|P DD QM T L
M.mycoides LQV|IHDY[VEKNNL|G . . . . . KR K T WY R0, YDKD . .. ... NNTIWV|LI|EDNNRBIT T 1)

40 u M.pneumoniae NTQIT QML VERIQKA. . . . . KK T T vy ps¥elw|T|[F ERXeYly wlerpd mid T 1FDE. . .. ... NN|Q/PHL VK EpBZV T 1)

d) Anticodon binding

E.coli 000 0000000000000 0000

690 700 71¢ *720 730 740
E.coli NVDA..LTENQKA[RRD VHK]T 1| o BRotFETAT AAIMELMY. . . . KLAKAP
Salmonella.E NVDA..LSEDQKA[RRDVHEK|T T IO TFRTATAATME[LMY. . . . KLAKAP
H.influenzae DLTA..LSAEQKV|[LRREVHK|T T MO TFRNITA T AAVME[LMY. . . . KLTKAP
Xanthomonas .C DVAA..LSAEQKAV[RRKTHE|T T .. pRHSFNTA T AAVME[LSH]. . . . ALAKFD
Neisseria.M AGSQDGLSKELKD[LRHKLHS|T T B0 0FNITA T AAVME[LILE]. . . . QYDKTD
P.aeruginosa DGAS..LSDAQKQVRRAIHL[AT .. .QHHK[FNTAIAAVMT[LMY. ... VLEKAP
Buchnera.A NFDF..LNHQOSELRYQLHK|T I .. EROTFRTATSEIMELVE. . . . QLSKAP
Desulfovibrio.V ATAADAATP QGKD|LJRNKE HA|T V| LEFQFRITATAAVME[LVE]. . . . ALYLAK
Clostridium.T NIDTSTFTKADKE[LWYMLNN|T I TR TSQ. . FNFNT AVME[LVE]. . . . SLYYYK
Agrobacterium.T.C58 ATEG..... EGLARSKAAHK|T I ... BLAFNKATARI|YELVRJALAGPLADVA
P.gingivalis DTAP...... TKE[ELKSLHK|LI .. ..SFSFNT AFMIlcVy. . . .ELTAAK
T.thermophilus VFQAEALEGKDRE|LY GKLHE|T I TELEA. . . . LRFQT \A|LME[FLE]. . . .ALYEYR
T.maritima TENLVLKNSTEKE[L[RRKLHS|I I TEIEGG. . . FKENT GILME[LVE]. . . .HLSQYL
R.palustris DAFGP....EALAV[RKAAHG[I . Bual HI[RE[F|SElSLGEALARPG
P.marinus  ...... YPNKEKT|L{IKSMNIAT] .. .NNQF LMEK[F[YR]. . . . SLSNNI
Bacillus.S VEGA...... GET|LLERVYHE|T V] . .GLR|F LIMVIFIIR]. . . .EAYKAT
C.jejuni QENL. . .NKEEKYARLKVYE|A L . .HQSFAF CMEA[LWM. . . .ALALC.
Streptococcus .N LAEN. ..... NGA|[T|DKA Y NE|T V| .. .SLKF LMV[F[VR]. . . . AANKED
H.pylori EVGL...NEAQKLARKKVYE|A L HIAIFNKAESAYAF CMEA[LW]. . . .ALNAQ.
WolbachiaASp SVTIG.. ... GLLE[Y\RKKIHK|L LIH|G . . . .NCRI|L FREMTW. .. .LIAEID
C.pnelmoniae QDIE...... DRD|GLVLAHK|LV ‘e .MSL FMEIFLW. .. .DFSKLP
S.aureus VITN...... NK S|I|DKV Y NQ|T V] ....TLGF LMV[F|TR]. . . . ECYKVD
L.casei TTIN...... DGRITDKV Y NE|T V| ....ALHF MMUF[TR]. . . . SARKDD
Borrelia.B KENP...... PRE|I|ISELHKV T .. By MM I[F[TR]. . . .ELLKYE
R.baltica DTAC...... DEEQLRVLHQ|T T .. ..AMSF MME[F[TR]. . . . HFTRCE
M.mycoides SNTN...... NHEK|T|D YV Y ND|V V| TQMIQ....ELK[F LMV|LVE]. . . . ATYKER
M.pneumoniae KETV...... DQE[MVYGYNLE 1) rEELE. . . .HoEL MM TF[LR]. . . . LLYKTK

e) C-terminal
E.coli o]
319 820 53? 35? *559

E.coli VvV oV N[EK V] T[V]P VD[R|T E E[Q VIRE RA|G[; y[Ap G[K LVVIG
Salmonella.E TL[vivIv Qv N[dK v T|V|AV D|A|T E E|Q VIRE R|2|G|Q) Y[V[p G G
H.influenzae k|| T[] T|V|AAD|AD ED[T VKT T|2F|A Y[V G K
Xanthomonas.C 1|T|La) D|VAAD|AIT RE[Q I|EALAQ|A I[V[P G[K G
Neisseria.M T|E[VIM[T T|V|AAD|A|S KAD L{EAAA|L|A v[vip G 1.
P.aeruginosa Llo|Liv]v D[V|AA S|AlS RE[D VIEAARR|A V[VIP G AN
Buchnera.A S|T|z[v]2 K|I|SD S|LTKEE I|F LY|T|oN Y|I[P KK .
Desulfovibrio.V B[T|Z[v[v s[VIPAGADAKA IEAAR[L[S \yiige G
Clostridium.T T[E|T[v]V V[V|P S D|L|T K E|Q V|EE R|A|LN| s[vlp G 1
Agrobacterium.T.C58 [v[v[MP T|1|ARD|AD QDA VIR T AL|E V[ViP 0
P.gingivalis V[R|v|P[v E|L|P A D|M|S KK[D VIE Q A[A|L|T| v[vip G .
T.thermophilus V|E V2 H|T|PKD|A[P LEV ARAE[A|LIK Y[V[P G R
T.maritima VIE|T|2 'V[v|P VD|I|S EE[D LJKR I[V|L|E Y[VIK G .
R.palustris 1|T|LP T|V/ARD|ANNPE I|EAA[V|L|A v[VP O gl.
P.marinus V||V N|T|NN E[MN ED[Q T|KE L|T|L|K I[VIK G[K v].
Bacillus.S v|E|z V] O[V|P AD|AT KE|Q LIE Q LIAIQ|A AP GlK N
C.jejuni T {N[L|A[v E|1|SS S|ASKE[E I|LAF|AK[E Y|VIE G K
Streptococcus.N T[E[T[v]v M[VIAK D|L|S RE[F 1/QE I|A[L[Al S[vIP N K
H.pylori MT|LG K[V|NIN|AS KE[E I|T 1 LAK|K Y[V[P N I
Wolbachia.Sp v|T|z|alv EVIAIN|LP QE[E LK . . [K|I|A AP N
C.pneumoniae VT |F[V E[VAKE|AP KE[E VLS LIS|R|S| . Y[V[P N .
S.aureus VBTV K|T|AKD|T|S KE[E MQE T |A|L|S| AV[P QK K
L.casei Y[DMiM] T[ADVN|E|S DD[E T[KQAA|L|A V[P R A[K
Borrelia.B K|E| TV L|LNK E[T|G EK[E LK E T|AM|F) V[T|K N K
R.baltica 1|E|z[p S|L|sP DK P N|E MGE AA[L|A| AP G K
M.mycoides viv|z|a EV|IEKG|T|D KE|T LI NLAE[K AT D E
M.pneumoniae [vlx|T ElFAK GlVID B QT VLK A[FK|T] FlvP N 1K




Supplementary Figure 3. Comparison of LeuRSEC and LeuRSTT.
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Supplementary Figure 3. Comparison between (a) E. coli and (b) T. thermophilus
LeuRS:tRNALe! editing complexes. For each complex, two orientations with a rotation about the
vertical axis by 90° clockwise are shown. Domains are colour coded as in Figure 1. The main
differences between the two complexes are highlighted on the T. thermophilus editing complex.
The inset panels show tRNA" shape recognition by the two LeuRSs. tRNAe! (grey surface) is
grasped between the anticodon-binding (red) and the C-terminal (orange) domains. The loop 595-
600 in the leucine-specific domain (pink) and specific bases of the variable arm of the tRNA (blue
surface) participate in the interactions in the E. coli complex, but not in the T. thermophilus
complex.



c)T. thermophilus LeuRS:tRNALeY editing complex e)
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Supplementary Figure 3c-e. Comparison between the ZN1 domain orientation and interface
with the editing domain in the (c) T. thermophilus LeuRS:tRNAe" editing complex and (d) E.
coli LeuRS:tRNAe" aminoacylation complex. Different interactions with the editing domain loop
277-303 stabilise the ZN1 domain in the closed/down position (c) in the LeuRSTT editing complex
or in the open/up position (d) in the LeuRSEC aminoacylation state. Both figures are drawn with
the same view after superposition of the enzyme bodies The last acceptor stem base-pair and 3'
end of the tRNA is shown. In the closed position (d), the ZN1 domain stabilises the stacking of
Tyr43 over the leucine substrate. With the ZN1 domain in this position, binding of the 3' end of the
tRNA in the functional aminoacylation configuration is impossible. The closed configuration has not
so far been observed in the E. coli system where the ZN1 domain is disordered, presumably due to
flexibility in the LeuRSEC editing complex and there is no LeuRSEC structure in the absence of
tRNA. (e). Schematic view of the rotation of the flexibly linked ZN1 domain between the editing
(red) and aminoacylation states (blue), after superposition of the enzyme bodies (E .coli LeuRS is
represented in grey). The rotation to the open position allows 3" end binding for aminoacylation.



Supplementary Figure 4. Mutational analysis of LeuRSEC.
a)

b)
Anticodon-binding mutations 0 . IRNALU (UAA) mutations
K tRNA Kcat Kcat/K,, Relative J /’E,"i* tRNA(UAA)
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Supplementary Figure 4a,b. Ural6 is a new tRNA identity element in E. coli. (a) Specific
recognition of Ural6é by LeuRSEC as observed in both the editing and aminoacylation
LeuRS:tRNAU complexes. The residues of the anticodon-binding domain (red) involved in the
recognition of Ural6 are shown as sticks. (b) Effects of anticodon-binding domain mutations (left)
on the kinetic parameters of LeuRSEC and effects of Ural6é mutations (right) on the

aminoacylation of tRNAU. Error bars represent standard deviations for three independent
reactions.



C) Arrhenius plots
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d) Schematic free energy diagrams
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Supplementary Figure 4c,d. Glu532 is involved in ATP-activation. (c) Arrhenius plots showing
the leucine-dependent PPI-ATP exchange activity (left) and overall aminoacylation (right)
measured at 20, 25, 30, 35 and 40 °C for the wild-type (diamonds) and the E532Q mutant
(squares). (d) Free energy diagrams representing the ATP-activation energies (left) and overall
aminoacylation energies (right) for the wild type (continuous line) and the mutant E532Q (dashed

line) EcLeuRS.



Supplementary Table 1 Buried surface area due to tRNA binding

Buried surface (A?)2

E. coli E. coli T. thermophilus
aminoacylation editing editing

Total 5759 4 830 4144
Catalytic 1867 559 610
ZN1 456 - 110

Editing 416 1065 1210

Leucine-specific
(including KMSKS) 433 368 0

Anticodon-binding 1716 1760 1390

C-terminal 1171 1151 894

aSurfaces were calculated using NACCESS (http://www.bioinf.manchester.ac.uk/naccess/). Accessible surface
area buried upon complex formation (S) was obtained using the formula: S = S + Sirya = Scomplex-

Buried surface normalized

E. coli E. coli T. thermophilus
aminoacylation editing editing
Total 1 1 1
Catalytic 0.3 0.114 0.144
ZN1 0.075 - 0.026
Editing 0.068 0.217 0.287
Leucine-specific
. . 071 .07
(including KMSKYS) 0.0 0075 0
Anticodon-binding 0.283 0.359 0.33
C-terminal 0.193 0.234 0.212
Domains limits
E. coli T. thermophilus
1-148 1-148
Catalytic 194-224 195-223
416-568 148-576
ZN1 149-193 149-194
Editing 225-415 224-417
Leucine-specific (including 569-629 577-646
KMSKS)
Anticodon-binding 630-795 647-812

C-terminal 796-860 813-878




