Supplementary Figure 1

bl b2 aA aB aC
- 200 TT TT o000
1 1Q 20 309 a9 50
. MS|DRFMIflAPSMENE PAAKS HGNKGGNMDQLbALDSWAHRYMNKMDVVKLLNC,{1
. . MV|LDK[L|L .TGYNVSTEGG4®KSG . .
MERFLMQSSLB\TSS I .PHGSYDSS[® DAGEDKKGR
ATE1_ARATH MSLKNDASSSHDGGSN[R\ESV D) .DHGRRKST(® LRSS....
......... M. .S IS .YG.SQQOSK(® GA. .NCS. ...
.MASWSAP. E}P LE .FEGQTSFQEG\®KNK. ..LGS. ...
. MAFWAGG . . SPSJvVMD .FPSEDFYR[GG)®KNE . ..SGS. ...
1
aF
ATEL_YEAST =» 00000000000000 TT
20 129 130
ATEL_YEAST XVDP . . LR KCISRFATRITSEDYCP. .. .. . .aM
ATEL_SCHPO SPNG. . KT KATKKWVKNVNGKPLKP . .T .. e
ATEL1_DI CDI NP NNSDKK| STIKKFNN ILNNIIKEKDSS . IIK IIEI|
ATEL_ ARATH NHEM. . DK RVSRRLERF[LDGK . LDVQPREQRGASSSGD SDTRRKTLGAAKSEENKKVEAVMD SKN voLcl|
ATE1_DROME NLRN. .QE RILRRINRF[LRDGKRES. . ... KPEAGDGD|. . GEADADYAIV. .EVTASEPOPQ sppvl
ATE1_Muse NPVM. .DQ KVLKKMLKF[LAKGETSKGNCEDEPMDSTVE|. . DAVDGDFALT - . . .NK..LDIKCPL.KT .KGS|l
ATE1_hunan NPVM. .NQ KVLKKMLKFLAKGEVPKGSCEDEPMDSTMD|. . DAVAGDFALI....NK..LDIOQC KT IKES[L|
aG
ATEL_YEAST 000000, . e
140
ATEL_YEAST ASSDFVGKIV T
ATEL_SCHO FQ..ovvnen K.. .YSVTME P
ATELDICDI  LNNEFINKFNEQDKKILKENLKIKI .  NSNKMIKETGSYSLSFGIFNKYR. CSITIDQIINFTILEFNKTINNSDYQFNL
ATEL_ARATH RSGEFPSNMQ. ... . IPKASVKKVFCARRKKLAEGTEQILYTS NIAFPIAAAIKRIQTSEKEG EGNRLSPETISEMLLSAMHKVGETPDVSIKV
ATEL_DROME NVEQVASLA. .TAQRK. . .PTKQATAA. K. .SLLSSSAAAPISNKP
ATEL_Mpuse ESEEKEKEKS..... IKKEG. .SKE.FIHP.. E. VHIGPKPGKGADLSKP P
ATEl_human ESEGKN......... SKKEE CPQELTQSOQ. . E. PSHSVKVHTVPKPGKGADLSKPP

aH
2000000000

170,
LEVKM
. e VFKK M
ATEL DICDI EKGONNHINFEKMINSSQILNDS CTKTKTLNIQN.NSNKNSTTTATTATTTTTTTNEPKHKFEISIHKPK........ CcTD LYCK M
ATEL_ARATH C...KGHINFLSSA  KDSFSDRDVVPNGNISR.GANSLDGSETLHAKKDSENHQARKRKLEIHLKRSS........ DP LYKR 4
ATEL_DROME C KKAKQMRLDRRLAKLGDSASYST ., . v v vvrnnnnno . KSLTQEKTLRDFLN.TDSE...TNKHRLKLRLIH..VYDDEFRRTLP LYKK M
ATE1l_Mbuse C RKAREMRKERQRLKRMQQASAAAS . . .EAQGQP . VCLLPKAKSNQPKSLEDLIFQSLPE . . NASHKLEVRVVRSSPPSPQFRATFQ VYKR N
ATEL_humen C...RKAKEIRKERKRLKLMQONPAGELEGFQAQGHPPSLFPPKAKSNQPKSLEDLIFESLPE...NASHKLEVRVVRSSPPSSQFKATLL VYKR M

80
QDYNNSP. .KS
LEKEEEITKK
K[EDD . EKTKSG
NDKPGHVVESS
N .DA
KDPPDKPTVSQ
KNPPDTPTESQ
b9 aN
TT
249 280
EGKLT AT T LSALRDLRIIQRT. .N
"QGRLVAVG ISACREI WLALEC. .G
DGKLVG VG SALNEI EWvQKVSQSTPO
DGRLI AVG) SAIQEI NWVIENQARCPS
DDKLI AVG) GSLREI ELVQSLAEKVPS
DGKI 1 AVG SALREI AFTRQLHEKTSQ
DGKIl AVG SALREI AFTRQLHEKTSQ
b13 apP b4 aQ bl5 aR as
ATE1_YEAST 20, 00 - > TT -
320 330Q 350 360 370, 380, 390,
ATEL_YEAST 1| KETPILKPIQD.MI .YLVDSETGRGEGFPTDNVVKYKNIAEEIYGVGGCAFKSANES A
ATEL_SCHPO K| KW PIENFTSLW .VDYD..SSE
ATEL_DICDI K| KMVE[FKKATS . FLOPDKKY|SREYEDENENNNNEK « + 4 oo v vv v et et e it ae e e ittt e it ettt i e ee e s
ATE1_ARATH R} FOWVPIFEVARP . ML|. QGETNDNFMGCSDEDEDEDE
ATEL_| R| EMLPILTDVIRAKL|.
ATEL_Muse R VMVP|TEQCLP . SL|. EDE
ATEl_human X YVMVPITEQCLP . SL. VDE
aT au av b16 b17 aw ax
ATEL_YEAST TT — —_— Q
40Q 419 42q 430Q 449 450 460 470, 480, 490,
ATEL_YEAST LELKELYGIPYEEEDLDTIYHL EHNGHAPNGIPNVVPGLLPLWELLDIMOSGKITDLEGRLFLFEIETEGIRPLINFYSEPPNVKKR T
.LPGILSVNVAE..... SLVSENFANIGNSTFPTRHVLSY...... FPQVKHW
..... FRQKNFTFHFED. VSV.RFQNLLKDQ L
..ILIGLYGSQYR ITP.VGRKQLEPM L
..LLGGR..TRTDYKHFRQL....RGTVSDDDI c
. .VFHRR..SAMPYGVYKNH....QEDPSEEAG c
. .VFHKR..AIMPYGVYKKQ....QKDPSEEAA lc

b18

ATEL_YEAST 0 =———>

500Q
ATEL_YEAST CMKA[|ILYSEQM
ATE1_SCHPO .SYTLVLSS.
ATEL_DI CDI .EUIFYFK. .
ATE1_ARATH CRMVYEIN. .
ATEL_DROME CRMLYVK. . .
ATEL_Mbuse RMLLFRH. .
ATE1_human LFRN. .

Supplementary Figure 1. Multiple sequence alignment of ATE1 sequences in Uniprot from
model organisms (yeast, SCHPO, DICDI, ARATH, DROME, mouse, and human) using Clustal
Omega and displayed using ESPript3. Arrows and spirals indicate g-strands and a-helices,
respectively. Red and yellow backgrounds indicate identical and similar residue.
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Supplementary Figure 2. CryoEM image processing. (a) A representative micrograph of
SCATEL1 cryo-grids. The scale bar is 500 A. (b) Representative 2D class averages. Apo scATE1
particles are highlighted in purple box and scCATE1-tRNA particles are in orange box. The scale
baris 50 A. (c) FSC curve for 3D reconstruction maps of apo scATE1. The grey dash line indicates
the 0.143 FSC cutoff. (d) Angular distribution of apo ScATE1l particle set. (e) Q-scores,
representation the resolvability of the structure model from the cryoEM map, of individual residues
colored on scATE1 structure. Majority of residues, except these in the loop and on the protein
surface, have a high Q-score. (f) Angular distribution of sSCATE1-tRNA particle set.




Supplementary Figure 3

a b . : |
<
|
7]
= i
x with Zinc
w/o Zinc
0+ T T T T T 0 T T T T T L
0 100 200 300 0 100 200 300
Time (ns) Time (ns)
c 05 4 . . . . . d . ! . !
<
[@)]
@
T T T T T T T T T T T
0 100 200 300 0 100 200 300
Time (ns) Time (ns)
e 1 100 292 336 450 503
[ | I
6

RMSF (A)

0 100 200 300 400 500
Residue index

Supplementary Figure 3. MD simulation of scCATE1 with and without Zinc. (a) Time evolution
of root-mean-square-deviation (RMSD) for scATE1 with (black line) and without (red line) zinc
with reference to the cryoEM structure. (b) Time evolution of RMSD for four cysteines (Cys 20,
23, 94 and 95) with (black line) and without (red line) zinc with reference to the cryoEM structure.
(c) Radius of gyration of the whole scATE1 protein. (d) Radius of gyration of the four-cysteine
cluster. (e) Root-mean-square-fluctuation (RMSF) of scATE1 with (black line) and without (red
line) Zinc. Domain organization of SCATE1 was plot on the top of the panel.
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Supplementary Figure 4. ATE1-ZnF is critical for RNA binding. (a) Binding curves used to
determine the Kq value of ATE1-DNA interaction in a direct binding assay by MST. Error bar
represents s.d. in duplicate measurements. (b) EMSA visualization of ATE1l binding to
synthesized RNA in the presence of 10 mM EDTA. ATE1 concentrations were shown below the
gel. Two independent experiments were performed with similar results. (c) Representative EMSA
assay of ATE1 binding to in vitro transcribed tRNAYS. Three independent experiments were
performed with similar results.



Supplementary Table 1. Data collection and refinement statics for the scATEL.

SCATE1 SCATE1 + tRNAAY
Microscope Titan Krios
Voltage (keV) 300
Image filter BioQuantum
Slit width (eV)
Super-resolution Pixel size (A) 0.4363
Symmetry
Dofocus range (micron) -0.5t0-2.5
Electron dose (e/A2)
Micrographs 13,455
Number of particles 523,915 208,051
Map resolution at 0.143 FSC (A) 3.1 3.6
B-factor 152.7 156
Model Refinement
Atom 4,072 5711

Protein: 503, Nucleotides:

Residues Protein: 503, Nucleotides: 0 77
Ligands ZN: 1 ZN: 1
CCmask 0.79 0.51
Resolution (FSC map vs. model at 0.5)
A 3.8 4.1
r.m.s. deviations
Bond lengths (A) 0.003 0.002
Bond angles (°) 0.594 0.450
Clash score 8.81 10.73
MolProbity score 1.76 2.49
PDB ID 8E3S 8FZR
EMDB ID 27871 29638




