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SUPPLEMENTARY TABLE AND FIGURES LEGENDS 
 
Table S1. Saccharomyces cerevisiae strains used in this study 
 
Supplementary Figure 1. Functional analysis of Qri7 and Sua5. 
a) Analysis of Qri7 subcellular localization. C-terminal Flag tagged wild type Qri7 
resides within the mitochondria (center panel). A C-terminal Flag tagged variant of 
Qri7 lacking its mitochondria targeting sequence (MTS) resides within the cytoplasm. 
Placement of a Flag tag adjacent to the MTS of wild type Qri7 also results in protein 
localization to the cytoplasm, as does further deletion of the MTS (right panel). WCE, 
C and M denote whole cell extract, cytoplasmic fraction and mitochondrial fraction 
respectively.  PGK and Porin represent positive controls for cytoplasmic and 
mitochondrial localization (left panel). (b) Complementation analysis of a sua5Δ yeast 
strain by Qri7ΔMTS. 
 
Supplementary Figure 2. Multiple sequence alignments of Sua5 and Qri7.  
(a) Multiple sequence alignments of Sua5 generated by T-coffee. Organisms 
represented on alignment are Escherichia coli (ec), Sulfolobus tokodaii (st), Danio 
rerio (dr), Thermoplasma acidophilum (ta), Caenorhabditis elegans (ce), 
Methanococcus jannaschii (mj), Homo sapiens (hs), Saccharomyces cerevisiae (sc), 
and Drosophila melanogaster (dm). Identical residues are highlighted in dark orange 
and similar residues are highlighted by light orange. An asterisk denotes residues 
involved in ATP or threonine binding. Secondary structure elements shown at top of 
aligned sequences correspond to structure of Sulfolobus tokodaii Sua5; PDB 3AJE. 
(b) Multiple sequence alignment of Qri7 generated by T-coffee. Organisms 
represented on alignments are Ashbya gossypii (ag), Bos Taurus (bt), Drosophila 
melanogaster (dm), Homo sapiens (hs), Kluyveromyces lactis (kl), and 
Saccharomyces cerevisiae (sc). Identical residues are highlighted in dark blue and 
similar residues are highlighted in light blue. Residues that are universally conserved 
in the Kae1/Qri7/YgjD family are highlighted in green. An asterisk denotes residues 
involved in Qri7 dimerization.  
 
Supplementary Figure 3. Validation of t6A formation by mass spectrometry  
(a) Mass spectra of t6A standard. (b) Mass spectra of in vitro generated t6A product, 
which shows a prominent m/z product of 411. (c) Mass spectra of in vitro generated 
t6A product in the presence of 13C bicarbonate, which increased the abundance of t6A 
product with m/z value of 412 (+1). (d) Mass spectra of in vitro generated t6A 
product in the presence of 13C threonine, which shifts the prominent t6A product to a 
m/z value of 415 (+4). (e) Mass spectra of in vitro generated t6A product with both 
13C bicarbonate and 13C threonine, which shifts the prominent t6A product to a m/z 
value of 416 (+5). (f) Schematic of the atomic contribution of threonine and 
bicarbonate to t6A 
 
Supplementary Figure 4. Refolded Sua5 has the same specific activity as a non-
denatured preparation of Sua5 
(a) SDS-PAGE analysis of his-Sua5 before and after refolding and re-purification (left 
panel). The additional low molecular weight bands in the his-Sua5 sample are results 
of Sua5 degradation during the denaturating and refolding process. Work flow chart 
of generating refolded his-Sua5 (right panel). (b) Refolded his-Sua5 retains the same 



specific activity in t6A biosynthesis. (c) Refolded his-Sua5 retains the same specific 
activity in threonylcarbamoyl-adenylate production. 
 
Supplementary Figure 5. Analytical ultracentrifugation analysis of Qri7 Mutants 
(a) Velocity analytical ultracentrifugation analysis of Qri7 proteins harboring catalytic 
cleft mutations. Mutations within the catalytic cleft do not disrupt the dimerization 
ability of Qri7. (b) The dimerization dissociation constant of R104A and K130A Qri7 
dimer interface mutants. A protein concentration series for each mutant was analyzed 
by sedimentation velocity analytical ultracentrifugation. The peak size corresponding 
to the dimer species was normalized to the total peak size of both monomer-dimer 
species and plotted as a function of protein concentration. 
 



                  Supplementary Table 1. Saccharomyces cerevisiae strains used in this study 
 

 
Strain 

 
Alias 

Strain 
Background 

 
Genotype 

 
Source 

DD2067 bud32Δ W303 MATa ade2-1 trp1-1 can1-100 leu2-3,112 his3-11,15 
ura3-1 GAL+ psi+ ssd1-d2 RAD5+ bud32::NATMX 

Reference 11 

DD2068 kae1Δ W303 MATα ade2-1 trp1-1 can1-100 leu2-3,112 his3-11,15 
ura3-1 GAL+ psi+ ssd1-d2 RAD5+ kae1::KANMX 

Reference 11 

DD572 cgi121Δ W303 MATa ade2-1 trp1-1 can1-100 leu2-3,112 his3-11,15 
ura3-1 GAL+ psi+ ssd1-d2 RAD5+ cgi121::KANMX 

Reference 11 

DD1239 gon7Δ S288c MATa his3-1 leu2-0 met15-0 ura3-0 gon7::KANMX 
 

Reference 11 

DD1872 pcc1-4 W303 MATa ade2-1 trp1-1 can1-100 leu2-3,112 his3-11,15 
ura3-1 GAL+ psi+ ssd1-d2  pcc1-4::HIS3, ade8D 

Reference 12 

 sua5Δ S288c 
 

MATα his3-1 leu2-0 ura3-0 sua5::KANMX See 
Acknowledgement 
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 = identical among Sua5 orthologues * conserved ATP or Threonine Binding Residue
 = similar character **numbering relative to scSua5

1** 50 55 60 65 70* 75 80 85 90 * 95* 100 105

ecSua5 M (4) Q R D A I A A A I D V L - N E E R V I A Y P T E A V F G V G C D P D S E T A V M R L L E L K Q R P V D K G L I L I A
stSua5 M (11) E I D K I K I A A D V I - R N G G T V A F P T E T V Y G L G A N A F D G N A C L K I F Q A K N R P V D N P L I V H I
drSua5 M (25) W T E I L S C T V N A L - K A G Q V V A V P T D T I Y G L A C V A Q N S E A I R R V Y D I K G R N G D K P L A I C V
taSua5 M (11) R R D Q I V D A V D A L - R S G G T V V F P T E T V Y G L G A L A S N P E A C K K I F I A K G R P S D N P L I V H I
ceSua5 M (13) I E E A I D A A V C V F - L R G G I V A L P T D T L Y G I S T L L Q Y S - - - D R L Y A L K Q R P Y E K P L G I F L
mjSua5 M (16) R K K V L E F L K K E I - L N G K I V I C G T D T L Y G I S A N A L N E K A V R K V Y N I K R R E F N K P L S I C V
hsSua5 M (64) W T E A L R A A V A E L - R A G A V V A V P T D T L Y G L A C A A S C S A A L R A V Y R L K G R S E A K P L A V C L
scSua5 M (46) T E A A L V E A A R I I R D T D E T V A F P T E T V Y G L G G S A L N D N S V L S I Y R A K N R P S D N P L I T H V
dmSua5 M (35) D E A A L Q L A R Q C L - L G G Q V I A L P T D T V Y G L A C D A N N E T A I Q Q L Y E I K G R D E H K P V A I C V

110 115 120 125 130 135 140 145 150 155 160

ecSua5 A N Y E Q L K P Y I D D T - - - - - - - - - - M L T D V Q R E T I F S R W P G P V T F V F P A P A T - - - - T P R R W L
stSua5 A D F N Q L F E V A K D - - - - - - - - - - - - I P D K V L E I A Q I V W P G P L T F V L K K T E R - - - - V P K - E V
drSua5 G E I H D I Y K Y C K - - - - - - - - - - - - - V - S V K D R L L R D L L P G P V T L V L E R S A T - - - - L N G - D L
taSua5 S S M E Q F F S Y S D P - - - - - - - - - - - - D D S Y P I E G L N K A W P G P L T V V V R K A Q G - - - - I S D - V V
ceSua5 P S P T A M K L V S R - - - - - - - - - - - - - Q - T I S D E L A N C L L P G P V T L M F E R L P C - - - - L P A - E F
mjSua5 R D K N E I E K Y A Y - - - - - - - - - - - - - V N D L A K K I I D K F L P G P L T I I L K K K P G - - - - I P D - I V
hsSua5 G R V A D V Y R Y C R - - - - - - - - - - - - - V - R V P E G L L K D L L P G P V T L V M E R S E E - - - - L N K - D L
scSua5 S S I D Q L N R K V F N Q P H L S G T S L F D N I P S I Y R P L I S S L W P G P L T I L L P V P S S E H S A L S K - L T
dmSua5 H N I D A L R R F G Q - - - - - - - - - - - - - A A H L S D E L L T R L L P G P L T I V I E R T S Q - - - - L S N - F L

165 170 * 175 180 185 190 195 * * 200 205 210 215 220

ecSua5 T G R F D S L A V R V T D H P L V V A L C Q A - Y G K P L V S T S A N L S G L P - P C R T V D E - V R A Q F G A A F P V
stSua5 T A G L D T V A V R M P A H P I A L Q L I R E - S G V P I A A P S A N L A T R P - S P T K A E D V I V D L N G R V D V I
drSua5 N P F T K L I G V R I P D H P F M R R L C Q M - C D T P L A L T S A N V S T Q S - S T V A A N E F - E D L W P R L A V V
taSua5 T A G L P T V A I R M P D D P I A H D L I E M - A - G P I A A P S A N I S T R P - S I T D S R D A I R F L D G R V D V I
ceSua5 N P G V V N V A C R V P D C P I V S T I C K K - L G Q P L A Q T S A N V S G S S L N P T S I D H F - R D L H P N I D L I
mjSua5 A - - K D Y I G I R I P D E P I I R E L S I - - - - V P L T T T S A N I S G K E - S P T T V D E I D K E V L K K V D Y V
hsSua5 N P F T P L V G I R I P D H A F M Q D L A Q M - F E G P L A L T S A N L S S Q A - S S L N V E E F - Q D L W P Q L S L V
scSua5 T A D Q P T F A V R I P A N P V A R A L I A L - S D T P I A A P S A N A S T R P - S P T L A S H V Y H D L K D K I P I I
dmSua5 N P S T S K I G I R I P D F N F M R D L C A V W Q E K P L A L T S A N R S S A P - S S L Q V S E F - R S L W P Q L G A V

225 230 * 235 240 426

ecSua5 V P G E - T G G R - - - - - - L N P S E I R D A L T G E (2) R
stSua5 I D G G H T F F G - - - - - - V - E S T I I N V T V E P (141) I
drSua5 V D G G P I E D - - - - K S R L - G S T V V D L S V C G (28) R
taSua5 I D A G P T R F G - - - - - - I - E S T I I D I T K R P (159) N
ceSua5 L D A G S I I S - - - - - S G E - G S T I V D L T V E S (53) C
mjSua5 I D I G K C K Y S - - - - - - K - P S T I I K I E D D K (14) C
hsSua5 I D G G Q I G D G Q S P E C R L - G S T V V D L S V P G (29) L
scSua5 L D G G A C K V G - - - - - - V - E S T V V D G L C N P (181) F
dmSua5 F D A G R I G L T E - - E R R L - A S T V I D L A T P G (26) M

 = identical among Qri7 orthologues * residue is buried at Qri7 homodimer interface
 = similar character ** numbering relative to scQri7
= identical among Kae1/Qri7/YgjD family

1** 5 10 16 17 19 20 24 25 30 35 40 45 50 55

agQri7 M L A L P G A L W - - - - - - - - - - - R - - - - - - - - - - R L G R S Y R V L S I E T S C D D T C V A I L D R S S R Y
btQri7 M L I L N K T A G V F F K P S R R K I Y A F L G S F H F H P G K L F L H K L V L G I E T S C D D T A A A V V D E A G N V
dmQri7 M H A L R N F A G N G I A N - - - - - - - - - - V F G - - C G I R R R L S Y V L G I E T S C D D T G I A I V D T T G R V
hsQri7 M L I L T K T A G V F F K P S K R K V Y E F L R S F N F H P G T L F L H K I V L G I E T S C D D T A A A V V D E T G N V
klQri7 M F N C Y K S L P - - - - - - - - - - - R - - - - - - - - S L V F R R A Y R V L A I E T S C D D T C V A I L D R G T K D
scQri7 M I S I K G T G R - F L L D N Y R - I W Q - R R A F N - R P I Q L R K G Y K V L A I E T S C D D T C V S V L D R F S K S

60 65 70 75 80 * * 85 * * 90* * * * 95* * * * 100 103 104* 110 115

agQri7 R A P A V V C H Y R E T L D S A S D G G V V P T K A H E H H Q R R I G G L V G R A L E S G - - - - - P V D L I C A T R G
btQri7 L G E A I H S Q T E V - - - H L K T G G I I P P V A Q Q L H R E N I Q R I V Q E A L S A S E V S P S E L S A V A T T I K
dmQri7 I A N V L E S Q Q E F - - - H T R Y G G I I P P R A Q D L H R A R I E S A Y Q R C M E A A Q L K P D Q L T A I A V T T R
hsQri7 L G E A I H S Q T E V - - - H L K T G G I V P P A A Q Q L H R E N I Q R I V Q E A L S A S G V S P S D L S A I A T T I K
klQri7 R P A D V L C H L K S T L D S V E Y G G V I P T R A H E H H Q K N I A S V V K S A L K T T K S - Q N K I D L V C A T R G
scQri7 A A P N V L A N L K D T L D S I D E G G I I P T K A H I H H Q A R I G P L T E R A L I E S N A - R E G I D L I C V T R G

* 120 * * 125 * * 130* * * * 135* * * * 140 145 150 155 160 165 170 175

agQri7 P G M P G S L S A G L T F G K A L S V G L R R P L V G V H H M V G H L L V P R L A S N G R E P Q F P F L S L L V S G G H
btQri7 P G L A L S L G V G L S F S L Q L V D Q F K K P F I P I H H M E A H A L T I R L T N - - - K V E F P F L V L L I S G G H
dmQri7 P G L P L S L L V G V R F A R H L A R R L Q K P L L P V H H M E A H A L Q A R M E H P - E Q I G Y P F L C L L A S G G H
hsQri7 P G L A L S L G V G L S F S L Q L V G Q L K K P F I P I H H M E A H A L T I R L T N - - - K V E F P F L V L L I S G G H
klQri7 P G M P G S L S V G L D V G K A L S V A W D K P F I G V H H M L G H L L I P R L E T D G L K P Q Y P F I T L L V S G G H
scQri7 P G M P G S L S G G L D F A K G L A V A W N K P L I G V H H M L G H L L I P R M G T N G K V P Q F P F V S L L V S G G H

180 185 190 195 200 205 210 215 220 222 223 227 228 229 230

agQri7 T M L V L S R S A V D H E V L C N T I D V A V G D A L D K C A R V L G L R G N M I A R E M E R F I D E - - D - P P G A R
btQri7 C L L A L V R G V S D F L L L G K S L D I A P G D M L D K V A R R L S L I K H P E C S T M S G G K A I E - - H L A - - K
dmQri7 C Q L V V A N G P G R L T L L G Q T L D D A P G E A F D K I G R R L R L H I L P E Y R L W N G G R A I E - - H A A - Q L
hsQri7 C L L A L V Q G V S D F L L L G K S L D I A P G D M L D K V A R R L S L I K H P E C S T M S G G K A I E - - H L A - - K
klQri7 T M L V L S T D V D K H E I L C D T I D I A I G D S L D K T A R E L G I K G N M I A K E M E S F I N E - - E D I N V V R
scQri7 T T F V L S R A I D D H E I L C D T I D I A V G D S L D K C G R E L G F K G T M I A R E M E K F I N Q - - D - I N - - D

231 232 235 240 245 250 255 260 261 270 275 280 281 285

agQri7 R - - R E L L P L V L P T P L A N K A K R R D V Q A F S F C P F I T A V N R G L E G H - - - - A A P L S - - E A E R R V
btQri7 Q - - G N R L H F D F Q P P M Q R A - - - - K N C D F S F S G L Q H V I D K M I M Q K E K E E G I E Q G Q V L S S A A D
dmQri7 A - - S D P L A Y E F P L P L A Q Q - - - - R N C N F S F A G I K N N S F R A I R A R E R A E R T P P D G V I S N Y G D
hsQri7 Q - - G N R F H F D I K P P L H H A - - - - K N C D F S F T G L Q H V T D K I I M K K E K E E G I E K G Q I L S S A A D
klQri7 A G I T S V K P M R L P T P L K N Q N G R M N M Q A F S F S P F L T A V R Q H L S Q P - - - - I G E Y T - - A E E R R Y
scQri7 Q - - D F A L K L E M P S P L K N S A S K R N M L S F S F S A F I T A L R T N L T K L G K T E I Q E L P - - E R E I R S

290 295 300 305 310 311 313 314 320 325 330 335 340

agQri7 A A F Q I Q E A I F D H L I T K I N L V L R L N - - A D K - - - V A D V A Q F V C S G G V C A N R R L R A R L E T E L F
btQri7 I A A A V Q H T V A C H I A K R T H R A L L F C - - K Q R G F L H Q S N A V L V V S G G V A S N L Y I R K A L E I V T N
dmQri7 F C A G L L R S V S R H L M H R T Q R A I E Y C L L P H R Q L F G D T P P T L V M S G G V A N N D A I Y A N I E H L A A
hsQri7 I A A T V Q H T M A C H L V K R T H R A I L F C - - K Q R D L L P Q N N A V L V A S G G V A S N F Y I R R A L E I L T N
klQri7 M A Y Q V Q E S I F N H I I T K L N L V L K L N - - S K R - - - L S N V K H F V C S G G V G A N M R L R H R L E T D L I
scQri7 I A Y Q V Q E S V F D H I I N K L K H V L K S Q - - P E K - - - F K N V R E F V C S G G V S S N Q R L R T K L E T E L G

345 350 355 360 365 370 373 374 378 379 * * 385 * * 388 389 394 395

agQri7 R - - - - P F D S F H Y P A P D L C T D N A V M I G W A G I E L Y E G H - G - - L T T D V A A L T I - A K W P I D - E -
btQri7 A - - - - T Q C T L L C P P P R L C T D N G V M I A W N G V E R L R A G L G - - I L H N T E G I R Y E P K C P L G V D I
dmQri7 Q - - - - Y G C R S F R P S K R Y C S D N G V M I A W H G V E Q L L Q D K E A S T R Y D Y D S I D I Q G S A G F A E S H
hsQri7 A - - - - T Q C T L L C P P P R L C T D N G I M I A W N G I E R L R A G - G - - I L H D I E G I R Y E P K C P L G V D I
klQri7 R - - - - N F D S F H Y P K L E Y C T D N A V M I G W A G I E L Y E S L - G - - L T S D L S V T P I - R K W P L T - D -
scQri7 T L N S T S F F N F Y Y P P M D L C S D N S I M I G W A G I E I W E S L - R - - L V S D L D I C P I - R Q W P L N - D -

396 400 403 404 407

agQri7 - - - - - - - L L A V P G W V S A R P A G D T
btQri7 S K E V G E A A I K V P - - - - - R L K M K I
dmQri7 E E A V A A A A I K C K - - - - - W I Q P L V
hsQri7 S K E V G E A S I K V P - - - - - Q L K M E I
klQri7 - - - - - - - I L N V P G W I - - - M K T Q Y
scQri7 - - - - - - - L L S V D G W R - - - - T D Q L

Supplementary Figure 2
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Sua5 Multiple Sequence Alignment 

Qri7 Multiple Sequence Alignment 

disordered loop
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Supplementary Figure 5
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