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Supplementary Figure 1. Schematic representation of synthetic nif genes with codon
optimization for S. cerevisiae. (a) Mitochondrial versions of sod2-flag-nifM, sod2-
Txhis-nifH, Su9-flag-nifS, and Su9-10xhis-nifU genes. (b) Mitochondrial versions of
sod2-nifM-mKO, sod2-yEGFP-nifH, sod2-yEGFP-nifS, and sod2-mKO-nifU genes fused
to fluorescent protein encoding genes. Fusion proteins include short amino acid
sequences that serve as flexible linkers (shown in red) and tetracysteine motifs (shown in
blue) that could be used as alternative to fluorescent proteins in intracellular location
experiments. (¢) Cytoplasmic versions of flag-nifM, 10xhis-nifH, flag-nifS, and 10xhis-

nifU. Genes and tags are not shown to scale.
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Supplementary Figure 2. Typical batch fermentation process of S. cerevisiae W303-
1a GF2 strain expressing yNifHmit and yNifMmit. Culture turbidity (red), pH (brown),
and pO; (blue) were continuously followed during the process by using immersed probes.
Arrow indicates addition time of trace-metal and 2% galactose solutions. During the
fermentation pH was automatically controlled by alkali addition. However, the pH set
point was increased manually to 5.5 at 20 h. The increase in O, tension after 16 h
coincides with exhaustion of glucose. Galactose was present at the culture medium at the

time of cell harvesting.
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Supplementary Figure 3. Titration of MoFe protein with purified yNifHmit from S.
cerevisiae GF2 and GF8 cells. Strain GF2 co-expresses mitochondria-targeted NifH and
NifM proteins; strain GF8 co-expresses mitochondria-targeted NifH, NifM, NifU, and
NifS proteins. Activities were determined by the acetylene reduction assay. Titration of
A. vinelandii MoFe protein with the A. vinelandii Fe protein (AvNifH) was carried out as

control.



a.MITOCHONDRIAL VERSIONS
GAL10p::mlsSOD2-flag-nifM in pESC-His

atcgatatgttcgctaagaccgctgccgctaacttgactaagaaaggtggtttatcattyg

M F A K T' A A A N L T K K G G L S L
ttgtccatgttcgctaagaccgccgeccgctaatttaaccaaaaagggtggtttgtecttyg
L §S M F A K T A A A N L T K K G G L S L
ttgagtgattacaaggatgacgatgacaagattgcatccgaaagattagccgatggtgac
L § D ¥ K D D D D K I A S E R L A D G D
agtagatattacttgttaaaagttgcccatgaacaatttggttgcgctcctggtgaatta
S R Y ¥y L L K V A H E Q F G C A P G E L
tccgaagaacaattgcaacaagctgatagaattataggtagacaaagacacatagaagat
S EE QL 0 0A DRI MG GU RO QI RUHMMED
gcagttttaagatctccagacgccataggtgttgtcatcccaccttcacaattggaagaa
AV L R S P DA M G V V I P P S Q L E E
gcatgggcccatattgcatctagatacgaatcacctgaagctttgcaacaagcattagat
AW A H I A S R Y E S P E A L Q ©Q A L D
gctcaagcattggacgctgctggtatgagagccatgttggctagagaattaagagtcgaa
A Q AL D A A GMI R AMIULA AWZRE L R V E
gctgtattagattgtgtctgcgcaggtttgccagaaatatccgatactgacgttagtttg
A VL DCVCAGUL P EMSDTD V S L
tactacttcaaccatgctgaacaattcaaagtaccagcccaacataaggctagacacatt
Y ¥ F N H A E Q F K VvV P A Q H K A R H I
ttggttaccataaatgaagactttcctgaaaacactagagaagccgctagaactagaatc
L v T M N E D F P E N T R E A A R T R I
gaaacaatcttgaagagattgagaggtaaaccagaaagattcgcagaacaagccatgaaa
E T I L K R L R G K P E R F A E Q A M K
cactctgaatgtcctacagctatgcaaggtggtttgttaggtgaagtagttccaggtacc
H s E ¢C p T A MO G G L L G E V V P G T
ttgtatcctgaattagatgcttgcttgtttcaaatggcacgtggtgaattatctccagtt
L vy p E L D A CL F Q M A R G E L s P V
ttggaatcacctatcggtttccatgttttatactgtgaatctgtctcaccageccagacaa
L E S p I G F H VvV L Y C E S V S P A R Q
ttgacattggaagaaatcttgcctagattgagagatagattgcaattgagacaaagaaag
L T L E E I L P R L R D R L Q L R Q R K
gcatatcaaagaaaatggttagaatccttattacaacaaaacgccaccttagaaaactta
A 'Y 0 R K WL E S L L Q Q NA T L E N L

gcacacggttaagagctc
A H G *



GALlp::mlsSOD2-his,—~nifH in pESC-His

gtcgacatgtttgctaagaccgccgccgctaacttgactaagaagggtggtttgagttta

M F A K T A A A N L T K K G G L S L
ttatctatgtttgctaagacagccgccgctaacttaaccaaaaagggtggtttgtecttyg
L §S M F A K T A A A N L T K K G G L S L
ttaagtcatcaccatcaccatcaccatgctatgagacaatgtgcaatctatggtaaaggt
L S H H H H HHHAMU RO CA ATI Y G K G
ggtatcggtaaatctactacaacccaaaatttggttgctgcattagctgaaatgggtaaa
G I G K s T T T Q N L VvV A A L A E M G K
aaggttatgattgtcggttgcgatccaaaagctgactctactagattgatcttacactca
K vM I VvV G ¢C b P K A D S T R L I L H S
aaggcacaaaacactattatggaaatggccgctgaagccggtacagtagaagatttggaa
K A Q N TI M E M AAE A G T V E D L E
ttagaagacgttttgaaagcaggttacggtggtgtaaagtgtgttgaatcaggtggtcca
L E b Vv L K A G Y G GV K CV E S G G P
gaacctggtgttggttgcgccggtagaggtgtcataacagctattaatttcttggaagaa
E P G V. 6 C A GR GV M T A I N F L E E
gaaggtgcttacgaagatgacttagatttcgtcttctacgatgtattgggtgacgttgtce
E G A Y EDDULL D VF V F Y D VL G D V V
tgtggtggtttcgcaatgcctattagagaaaataaggcccaagaaatctatatagtttge
c G G F A M P I R E NI KW AW OQOQOE I Y M V C
tccggtgaaatgatggcaatgtacgcagccaacaacattagtaagggtatcgtcaagtac
s G E M M A MY A A NNTI S K G I V K Y
gctaactctggttcagttagattgggtggtttgatctgtaattctagaaacaccgataga
A N S G S V R L G G L I C N S R N T D R
gaagacgaattgatcatcgctttggcaaataagttgggtactcaaatgatccatttcgtt
E D E L I I A L A N K L G T Q M I H F V
ccaagagataacgtagttcaaagagctgaaataagaagaatgacagttatagaatacgat
P R D NV V. Q R A EMU RIRMTV M E Y D
cctaaagcaaagcaagccgacgaatacagagccttagctagaaaggtcgtagataataag
P K A K O A D E Y R A L A R K V V D N K
ttgttagttatcccaaaccctattaccatggatgaattggaagaattgttaatggaattt
L L v I P N P I T™TM D E L E E L L M E F
ggtattatggaagtagaagatgaatcaatcgtcggtaaaactgctgaagaagtctgactc
G I M E v E D E S I VvV G K T A E E Vv *

gag



GAL10p::mlsSu9-flag-nifS in pESC-Ura

gaattcatggcctccactecgtgtcctecgectectecgectggectecccagatggetgettee
M A S T R V T A S R T A S Q M A A S
gccaaggttgcccgcectgectgtececgegttgectcaggtcagcaagecgecaccatccagact
A K V A R P AV R V A Q V S K R T I 0O T
ggctcccccctccagaccctcaagecgecacccagatgaccteccatcgtcaacgeccaccacce
G S p T O T T K R T Q M T S I V N A T T
cgccaggctttccagaagcgecgcecctactcttccagecggecgcgattataaagatgacgat
R Q0 A F Q0 K R A Y §S §S S G R D Y K D D D
gacaagattgtcgacgccgacgtttacttggataataacgctactacaagagtcgatgac
D K I v D A DV Y L D NNOA AT TR V D D
gaaatagtacaagctatgttgccatttttcacagaacaattcggtaacccttccagtttg
E M v Q A ML P F F T E Q F G N P S S L
cattccttcggtaaccaagttggtatggccttgaagaaagctagacaatctgtccaaaaa
H S F G N Q V.G M A L K K A R Q S V 0O K
ttgttaggtgcagaacacgattccgaaatcgtttttaccagttgtggtactgaatctgac
L L G A E H D S E I VvV F T s C G T E S D
tcaaccgccattttgtctgecttaaaagctcaaccagaaagaaagactgtcataaccact
s T A I L S A L K A Q P E R K TV M T T
gttgtcgaacatcctgcagtattgtctttatgcgattatttggecctcagaaggttacact
v vV EH P A VL S L C D Y L. AS E G Y T
gttcataagttaccagtcgataaaaagggtagattggacttagaacactatgcttccttg
vV H K L P V D K K G R L DL E H Y A S L
ttaacagatgacgtagctgtagttagtgttatgtgggcaaataacgaaactggtacattg
L T b DV AV VYV SV MW ANNETG T L
tttccaattgaagaaatggcaagattagccgatgacgctggtataatgttccatactgat
F p I E E M A R L A DDA AGMMMU F H T D
gcagtacaagccgttggtaaagtccctatagacttgaagaactcgtcaatccacatgttg
AV . Q AV G KV P M DL K N S S I H M L
tccttaagtggtcataaattgcacgctccaaagggtgttggtgtcttgtacttaagaaga
s L S G H K L H A P K GV GV L ¥ L R R
ggtacaagattcagacctttgttaagaggtggtcatcaagaaagaggtagaagagccggt
G T R F R P L L R G G H O E R G R R A G
actgaaaatgctgcatctattataggtttgggtgttgccgctgaaagagctttacaattce
T E N A A S I M G L GV A A E R A L Q F
atggaacatgaaaacactgaagttaagagattgcgtgataagttagaagcaggtattttg
M E H E N T E V K R L R D K L E A G I L
gccgtcgtaccacacgcatttgttactggtgacccagacaatagattacctaacacaget
AV VvV P H A F VvV T GG D P D N R L P N T A
aacatcgcattcgaatacatcgaaggtgaagctatcttgttgttgttgaacaaagttggt
N I A F E Y I E G E A I L L L L N K V G
atagcagcctccagtggttctgcttgtacatctggttcattggaaccatcacatgttatg
M A A S S G S A C T SsS G s L E P S H V M
agagcaatggatattccttatacagctgcacacggtactgttagattttctttgagtaga
R A M DI P Y T A A H G T V R F S L S R
tacacaaccgaagaagaaattgatagagtcattagagaagtaccacctattgttgctcaa
Yy T T E E E I D R VvV I R E VvV P P I V A Q
ttgagaaaattgtctccttactggtcaggtaatggtcctgttgaagaccctggtaaagcec
L R K L S P Y W S G N G P V E D P G K A
tttgctcctgtctatggttgaagatct
F A P V Y G *




GALlp::mlsSu9-his,,-nifU in pESC-Ura

ggatccatggcctccactecgtgtcctecgectectecgectggectecccagatggetgettee
M A S T R V T A S R T A S Q M A A S
gccaaggttgcccgcectgectgtececgegttgectcaggtcagcaagecgecaccatccagact
A K V A R P AV R V A Q V S K R T I 0O T
ggctcccccctccagaccctcaagecgecacccagatgaccteccatcgtcaacgeccaccacce
G S p T O T T K R T Q M T S I V N A T T
cgccaggctttccagaagecgecgecctactcttccactagtcatcaccaccatcatcaccat
R Q0 A F Q0 K R A Y §S §S T S H H H H H H H
caccatcacatcgattgggactactctgaaaaggttaaggaacatttctacaatccaaag
H H H I D W D Y S E K VvV K E H F Y N P K
aacgccggtgctgtagaaggtgcaaacgccattggtgacgttggttcattatcctgtggt
N A G AV E GADNATIGDV G S L s C G
gacgctttgagattaacattgaaagttgaccctgaaaccgatgtcatcttggacgcaggt
D AL R L TL K V D P E T D V I L D A G
tttcaaactttcggttgcggttctgectattgcatcttcateccgetttgactgaaatggtt
F o T F G ¢ G S A I A S S S A L T E M V
aagggtttgacattggatgaagcattgaaaatctcaaaccaagatatcgctgactatttg
K G L T L D E A L K I S N QO D I A D Y L
gatggtttgccacctgaaaagatgcattgttccgtcatgggtagagaagccttacaagct
b 6 L P P E K M H C s VvV M G R E A L Q A
gcagtagctaactacagaggtgaaaccattgaagatgaccacgaagaaggtgcattgata
AV A N Y R G E T I E D D H E E G A L M
tgtaaatgctttgccgttgatgaagttatggtcagagataccataagagcaaataagtta
c K ¢ F AV D E VM V R DT MU R A N K L
agtactgtagaagatgttactaactacacaaaagctggtggtggttgttctgcttgccat
s T v E DV T N Y T K A G G G C s A C H
gaagcaatagaaagagttttgacagaagaattggccgctagaggtgaagtattcgttgca
E A M E R V L T E E L A A R G E V F V A
gccccaattaaagccaaaaagaaagtcaaggtattggctccagaacctgecccagetect
A P I K A K K K v K vL.L A P E P A P A P
gttgcagaagccccagctgcagcccctaagttgtcaaatttgcaaagaattagaagaatc
vV A E A P A A A P K L S N L Q R I R R I
gaaacagtcttggctgcaataagacctaccttgcaaagagacaaaggtgacgtcgaatta
E T v L A A M R P T L Q R D K G D V E L
attgatgtagacggtaaaaatgtttacgtcaaattgaccggtgcttgtactggttgccaa
I bv b G KN VYV KL T GA AT CTG C 0
atggcatccatgacattaggtggtatacaacaaagattgatcgaagaattgggtgagttc
M A S M T L G G M Q0 Q0 R L I E E L G E F
gtcaaagttatcccagtctcecgectgeccgcacacgecccaaatggaagtctgaaagett
vV K v I P V S A A A H A Q M E V *




b. FLUORESCENT VERSIONS
GAL10p: :mlsSOD2-cys,~nifM-mKO in pESC-His

gaattcatgttcgctaagactgccgccgctaacttgacaaagaaaggtggtttatcatta
M F A K T A A A N L T K K G G L S L
ttgagtatgttcgctaagacagccgccgctaacttaactaaaaagggtggtttgagtttyg
L §S M F A K T A A A N L T K K G G L S L
ttatctggttcttcaggttgttgecccaggttgttgegectcagaaagattagctgatggt
L §$ G s s G ¢ cC p G C C A S E R L A D G
gactccagatattacttgttaaaagttgcccatgaacaatttggttgtgectecctggtgaa
D S R Y Yy L L K V A H E Q F G C A P G E
ttatcagaagaacaattgcaacaagcagatagaattataggtagacaaagacacatagaa
L S E E 0 L Q0 0A DU RTIMG G R QU RUHME
gatgcagttttaagatcaccagacgccataggtgttgtcatcccaccttecccaattggaa
b AV L R S P DAMG V V I P P S Q L E
gaagcttgggcacatattgcttcaagatatgaatcccctgaagccttgcaacaagettta
E A W A H I A S R Y E S P E A L Q Q A L
gatgcccaagctttggacgctgctggtatgagagcaatgttggccagagaattaagagtt
D A Q A L D AAGMUPERWAMTLA AR RETL R V
gaagctgtcttagattgtgtctgcgcaggtttgccagaaattagtgatacagacgtatct
E A VL bDCV CAGUL P E I S DT D V S
ttgtactacttcaaccatgctgaacaattcaaggtaccagcacaacataaagccagacac
L Y ¥ F N H A E Q F K VvV P A Q H K A R H
atattggttactataaatgaagattttcctgaaaacacaagagaagccgctagaaccaga
M L VvV T™M N E D F P E N T R E A A R T R
atcgaaactatcttgaagagattgagaggtaaaccagaaagattcgctgaacaagcaatg
I E T I L K R L R G K P E R F A E Q A M
aaacactctgaatgtcctacagctatgcaaggtggtttgttaggtgaagtagttccaggt
K H S E ¢C p T A M QQ G G L L G E V V P G
accttgtatcctgaattagatgcatgcttgtttcaaatggccagaggtgaattatcacca
T L Yy P E L D A C L F OQ M A R G E L s P
gttttggaatcccctattggtttccatgttttatactgtgaatccgtcagtccagcaaga
v L E S p I G F H VvV L Y C E S VvV S P A R
caattgaccttggaagaaatcttgcctagattgagagatagattgcaattgagacaaaga
Q0 L T L E E I L P R L R DU RTUIL QUL R Q R
aaggcttaccaaagaaagtggttggaatctttgttgcaacaaaatgctaccttggaaaac
K A Y 0 R K W IL E S L L. Q0 0 N A T L E N
ttagcacatggtgcagccgcggggactatggtctctgtaatcaaaccagaaatgaagatg
L A H GA A A G T MV S V I K P E M K M
agatactacatggatggttcagttaacggtcatgagtttactattgaaggtgaaggtact
R vy vy M D G S V N G H E F T I E G E G T
ggtagaccttatgaaggtcaccaagaaatgacattaagagttaccatggccaagggtggt
G R P Y E G H Q EM T L R V T M A K G G
ccaatgccttttgctttcgacttggtatctcatgttttectgttacggtcacagaccattce
Pp M P F A F DL V S H V F C Y G H R P F
acaaagtacccagaagaaatccctgattacttcaagcaagctttccctgaaggtttaagt
T K Yy p E E I P D Y F K Q A F P E G L S
tgggaaagatctttggaatttgaagacggtggttctgcttcagtttccgcacatataagt
W E R §$s L E F E D G G &S A S V. s A H M S
ttgcgtggtaacacattctaccacaagtctaagtttaccggtgttaatttcccagcagat
L R G N T F Y H K S K F T G V N F P A D
ggtcctataatgcaaaaccaaagtgtcgactgggaaccatctactgaaaagattacagcect
G P M M 0 N Q s v D W E P S T E K I T A
tctgatggtgtcttgaagggtgacgtaactatgtacttgaaattagaaggtggtggtaac
s b G v L K G bV TM Y L K L E G G G N
cataagtgtcaattcaaaactacatacaaggcagccaaaaagatcttgaagatgccaggt
H K ¢C Q F K T T Y K A A K K I L K M P G
tcacattacatttcccacagattggttagaaaaacagaaggtaatatcactgaattggtt
S H Y I S H R L V R K T E G N I T E L V
gaagatgctgtcgctcactactctatgttgccttectaaatcgat
E D AV A H Y s M L P S *



GALlp::mlsSOD2-gfp-nifH-cys, in pESC-Leu
ggatccatgttcgctaagacagccgeccgctaacttgacaaagaagggtggtttgtcattg
M F A K T' A A A N L T K K G G L S L
ctctctatgttcgcaaagactgccgcagctaacttaactaagaaaggtggtttgtcattg
T S M F A K T A A A N L T K K G G L S L
ctcagtatgtcaaagggtgaagaattgtttactggtgttgtaccaatcttggtagaatta
T s M § K G E E L F T G VvV v P I L V E L
gatggtgacgtcaatggtcataaattctccgttagtggtgaaggtgaaggtgacgcaaca
b G b v NGHIKF S V S G E G E G D A T
tacggtaaattgaccttgaagtttatatgtactactggtaaattgccagttccttggcecca
Yy ¢6 K L T L K FM CT TG XK L P V P W P
acattggtaaccacttttggttatggtgttcaatgcttcgccagataccctgatcatatg
T L v T T F G Y G V Q C F A R Y P D H M
aaacaacacgactttttcaagtccgctatgccagaaggttacgttcaagaaagaactatt
K 0 H D F F K s A M P E G Y V Q E R T I
ttctttaaggatgacggtaactacaagaccagagctgaagtaaagttcgaaggtgacact
F F K D D G N Y K T R A E V K F E G D T
ttggtcaacagaatcgaattgaagggtatcgatttcaaggaagacggtaacatattgggt
L v N R I E L K G I D F K E D G N M L G
cataagttggaatacaattacaactcacacaacgtatacatcatggctgataagcaaaag
H K L E Y N ¥ N S H N V Y I M A D K Q K
aatggtattaaagtcaacttcaagatcagacataacatcgaagatggttccgttcaatta
N 6 I K vV N F K I R H N I E D G S V Q L
gcagaccactatcaacaaaatacccctattggtgacggtcctgttttgttaccagacaac
A D H' Y Q N TP I G D G P V L L P D N
cattacttatccactcaaagtgctttgtctaaagatccaaatgaaaagagagaccatatg
H vy L §s T Q 8§ A L S K D P N E K R D H M
gtcttgttagaatttgttactgctgcaggtattacacacggtatggatgaattgtataaa
v L L E F Vv T™ A A G I T H G M D E L Y K
gccgccgcggggacaatggccatgagacaatgtgctatctacggtaaaggtggtattggt
A A A G T M AMU®ROC A I ¥ G K G G I G
aaaagtacaaccactcaaaacttggttgccgctttagcagaaatgggtaaaaaggtcatg
K s T T T Q N L VvV A A L A E M G K K V M
attgttggttgcgatcctaaggccgactcaactagattgatattacactccaaagctcaa
I v G ¢ b P K A DS TR L M L H S K A 0
aatacaatcatggaaatggcagccgaagcaggtaccgttgaagatttggaattggaagac
N T I M E M A A E A G T V E D L E L E D
gtattgaaggccggttatggtggtgtaaaatgtgtcgaatctggtggtcctgaaccaggt
v L K A G Y G GV K C V E S G G P E P G
gtcggttgcgcaggtagaggtgttataactgccatcaatttcttggaagaagaaggtgca
v G ¢ A GR GV M T ATINUF L E E E G A
tacgaagatgacttagatttcgttttctacgatgtattgggtgacgtcgtttgtggtggt
Yy E b DL DF V F Y D VL G D V V C G G
tttgctatgccaattagagaaaacaaggcacaagaaatctatatagtttgcagtggtgaa
F A M P I R E N K A Q E I Y M V C S G E
atgatggctatgtacgctgcaaacaacatctctaagggtatagtcaagtacgccaattct
M M A MY A A NNTI S K G M V K Y A N S
ggttcagttagattgggtggtttgatctgtaactcaagaaacactgatagagaagacgaa
G S v R L. G G L I €C N S R N T D R E D E
ttgattatagccttagctaacaaattgggtacacaaatgatccatttcgtacctagagat
L T M A L A N K L G T QO M I H F V P R D
aatgtagtccaaagagctgaaatcagaagaatgacagttatcgaatatgatccaaaagct
N vv Q R A E I R R M TV I E Y D P K A
aagcaagcagacgaatacagagcattggccagaaaggttgtagataataagttgttagtt
K 0 A D E Y R A L. AR K V V DN K L L V
atacctaacccaatcactatggatgaattggaagaattgttgatggaattcggtatcatg
M P N P I TM D E L E E L L M E F G I M
gaagttgaagatgaatctatagtcggtaaaactgctgaagaagtaggtagtagtggttgt
E v E D E S M VvV G K T A EE V G S S G C
tgcccaggttgttgtgtcgac
cC P G C C



GAL10p: :mlsSOD2-gfp-nifS in pESC-Ura

gaattcatgttcgctaagaccgctgctgctaacttaactaaaaagggtggtttgtcattg

M F A K T A A A N L T K K G G L S L
ttgagtatgttcgccaagaccgccgeccgcaaatttgaccaaaaagggtggtttatecattyg
L §S M F A K T A A A N L T K K G G L S L
ttatctagcggccgcatgtcaaagggtgaagaattgtttactggtgttgtaccaatcttg
L §$ s G R M s K G E E L FF T G V V P I L
gtagaattagatggtgacgtcaatggtcataaattctccgttagtggtgaaggtgaaggt
vV E L b G bV N G HZ K F S V S G E G E G
gacgcaacatacggtaaattgaccttgaagtttatatgtactactggtaaattgccagtt
b AT Y G K L T L K FM C T TG K L P V
ccttggccaacattggtaaccacttttggttatggtgttcaatgcttcgccagatacccet
Pp w p T L V T T F G Y G V Q C F A R Y P
gatcatatgaaacaacacgactttttcaagtccgctatgccagaaggttacgttcaagaa
D H M K Q H D F F K s A M P E G Y V Q E
agaactattttctttaaggatgacggtaactacaagaccagagctgaagtaaagttcgaa
R T I F F K D D G N Y K T R A E V K F E
ggtgacactttggtcaacagaatcgaattgaagggtatcgatttcaaggaagacggtaac
G b T L VvV N R I E L K G I D F K E D G N
atattgggtcataagttggaatacaattacaactcacacaacgtatacatcatggctgat
M L G H K L E Y N Y N S H N V Y I M A D
aagcaaaagaatggtattaaagtcaacttcaagatcagacataacatcgaagatggttcc
K 0 K N G I K VvV N F K I R H N I E D G s
gttcaattagcagaccactatcaacaaaatacccctattggtgacggtcctgttttgtta
vV 0 L. A D H Y Q 0 N T P I G D G P V L L
ccagacaaccattacttatccactcaaagtgctttgtctaaagatccaaatgaaaagaga
P D NH Y L &S T QQ S A L s K D P N E K R
gaccatatggtcttgttagaatttgttactgctgcaggtattacacacggtatggatgaa
D H M VL L E F V T A ASGI T H G M D E
ttgtataaagtcgacgccgacgtttacttggataataacgctactacaagagtcgatgac
L Y K v D A DV Y L DNNA AT TR V D D
gaaatagtacaagctatgttgccatttttcacagaacaattcggtaacccttccagtttg
E M V. Q A M L P F F T E Q F G N P S S L
cattccttcggtaaccaagttggtatggccttgaagaaagctagacaatctgtccaaaaa
H S F G N Q V.G M A L K K A R Q S V 0O K
ttgttaggtgcagaacacgattccgaaatcgtttttaccagttgtggtactgaatctgac
L L G A E H D S E I VvV F T s C G T E S D
tcaaccgccattttgtctgecttaaaagctcaaccagaaagaaagactgtcataaccact
s T A I L S A L K A Q P E R K TV M T T
gttgtcgaacatcctgcagtattgtctttatgcgattatttggecctcagaaggttacact
v vV EH P A VL S L C D Y L. AS E G Y T
gttcataagttaccagtcgataaaaagggtagattggacttagaacactatgcttccttg
vV H K L P V D K K G R L DL E H Y A S L
ttaacagatgacgtagctgtagttagtgttatgtgggcaaataacgaaactggtacattg
L T b DV AV YV SV MW ANNETG T L
tttccaattgaagaaatggcaagattagccgatgacgctggtataatgttccatactgat
F p I E E M A R L A DDA AGMMMU F H T D
gcagtacaagccgttggtaaagtccctatagacttgaagaactcgtcaatccacatgttg
AV Qg AV G KV P M DL K N S S I H M L
tccttaagtggtcataaattgcacgctccaaagggtgttggtgtcttgtacttaagaaga
s L S G H K L H A P K GV GV L ¥ L R R
ggtacaagattcagacctttgttaagaggtggtcatcaagaaagaggtagaagagccggt
G T R F R P L L R G G H O E R G R R A G
actgaaaatgctgcatctattataggtttgggtgttgccgctgaaagagctttacaattce
T E N A A S I M G L GV A A E R AL Q F
atggaacatgaaaacactgaagttaagagattgcgtgataagttagaagcaggtattttg
M E H E N T E V K R L R D K L E A G I L
gccgtcgtaccacacgcatttgttactggtgacccagacaatagattacctaacacaget
AV VvV P H A F VvV T GG D P DN R L P N T A
aacatcgcattcgaatacatcgaaggtgaagctatcttgttgttgttgaacaaagttggt

1n



N I A F E Y I E G E A I L L L L N K V G
atagcagcctccagtggttctgcttgtacatctggttcattggaaccatcacatgttatg
M A A S S G S A CT S G s L E P S H V M
agagcaatggatattccttatacagctgcacacggtactgttagattttctttgagtaga
R A M DI P Y T A A H G T V R F S L S R
tacacaaccgaagaagaaattgatagagtcattagagaagtaccacctattgttgctcaa
Yy T T E E E I D R VvV I R E VvV P P I V A Q
ttgagaaaattgtctccttactggtcaggtaatggtcctgttgaagaccctggtaaagcec
L R K L S P ¥ W S G N G P V E D P G K A
tttgctcctgtctatggttgaagatct

F A P V Y G *
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GALlp:: mlsSOD2-mKO-his,,-nifU in pESC-Ura
ggatccatgttcgcaaagaccgccgeccgctaacttgactaagaagggtggtttatcatta
M F A K T A A A N L T K K G G L S L
ttatctatgttcgcaaagaccgccgctgctaatttgactaaaaagggtggtttgagtttg
L §S M F A K T A A A N L T K K G G L S L
ttaagtactagtatggtctctgtaatcaaaccagaaatgaagatgagatactacatggat
L § T s M v s v I K P E M K M R Y Y M D
ggttcagttaacggtcatgagtttactattgaaggtgaaggtactggtagaccttatgaa
G S v N G H E F T I E G E G T G R P Y E
ggtcaccaagaaatgacattaagagttaccatggccaagggtggtccaatgccttttgcet
G H Q E M T L R V TM A K G G P M P F A
ttcgacttggtatctcatgttttctgttacggtcacagaccattcacaaagtacccagaa
F D L VvV S H V F C Y G H R P F T K Y P E
gaaatccctgattacttcaagcaagctttccctgaaggtttaagttgggaaagatectttg
E I P DY F K Q A F P E G L S W E R S L
gaatttgaagacggtggttctgcttcagtttccgcacatataagtttgcgtggtaacaca
E F E D G G S A s VvV S A H M 5§ L R G N T
ttctaccacaagtctaagtttaccggtgttaatttcccagcagatggtcctataatgcaa
F Y H K § K F T G V N F P A D G P M M Q
aaccaaagtgtcgactgggaaccatctactgaaaagattacagcttctgatggtgtcttg
N 0 §S v D W E P S T E K I T A S D G V L
aagggtgacgtaactatgtacttgaaattagaaggtggtggtaaccataagtgtcaattc
K 6 b v TM Y L K L E G G G N H K C Q F
aaaactacatacaaggcagccaaaaagatcttgaagatgccaggttcacattacatttcc
K T T ¥ K A A K K I L K M P G S H Y I s
cacagattggttagaaaaacagaaggtaatatcactgaattggttgaagatgctgtcgcect
H R L vV R K T E G N I T E L V E D A V A
cactactctatgttgccttccactagtcatcaccaccatcatcaccatcaccatcacatc
H v s M L P § T S H H H H H H H H H H I
gattgggactactctgaaaaggttaaggaacatttctacaatccaaagaacgccggtgct
D w DY S E K VvV K E H F ¥ N P K N A G A
gtagaaggtgcaaacgccattggtgacgttggttcattatcctgtggtgacgctttgaga
vV E G A NATI G DV G S L S C G D A L R
ttaacattgaaagttgaccctgaaaccgatgtcatcttggacgcaggttttcaaactttce
L T L. K v D P E T D V I L DA G VF Q T F
ggttgcggttctgctattgcatcttcatcecgetttgactgaaatggttaagggtttgaca
G ¢ G s A I A S S S A L T E MV K G L T
ttggatgaagcattgaaaatctcaaaccaagatatcgctgactatttggatggtttgcca
L b E AL K I S N O D I A DY L D G L P
cctgaaaagatgcattgttccgtcatgggtagagaagccttacaagctgcagtagctaac
P E K M H ¢C s v M G R E A L Q A A V A N
tacagaggtgaaaccattgaagatgaccacgaagaaggtgcattgatatgtaaatgcttt
Y R G E T I E D D H E E G A L M C K C F
gccgttgatgaagttatggtcagagataccataagagcaaataagttaagtactgtagaa
AV D E V M VRDTMU R AN KL S T V E
gatgttactaactacacaaaagctggtggtggttgttctgcttgccatgaagcaatagaa
b v TN Y T K A G G G C S A CHE A M E
agagttttgacagaagaattggccgctagaggtgaagtattcgttgcagccccaattaaa
R vL.L T EE L A A R G E V F V A A P I K
gccaaaaagaaagtcaaggtattggctccagaacctgccccagectecctgttgcagaagec
A K K K v K v L A P E P A P A P V A E A
ccagctgcagcccctaagttgtcaaatttgcaaagaattagaagaatcgaaacagtcttg
P A A AP K L 8 N L Q R I R R I E T V L
gctgcaataagacctaccttgcaaagagacaaaggtgacgtcgaattaattgatgtagac
A A MR P TUL Q R D K G D V E L I D V D
ggtaaaaatgtttacgtcaaattgaccggtgcttgtactggttgccaaatggcatccatg
G K N VY v K L T G A CT G C Q M A S M
acattaggtggtatacaacaaagattgatcgaagaattgggtgagttcgtcaaagttatc
T L G G M Q0 9 R L I E E L G E F V K V I
ccagtctccgctgeccgcacacgcccaaatggaagtctgaaagett
P v S A A A H A Q M E VvV *
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c. CYTOPLASMIC VERSIONS
GAL10p::flag-nifM in pESC-Leu

ggccgcatggattacaaggatgacgatgacaagattgcatccgaaagattagccgatggt
M D ¥ K D bD D D K I A S E R L A D G
gacagtagatattacttgttaaaagttgcccatgaacaatttggttgecgctcctggtgaa
D S R Y Yy L L K VvV A H E Q F G C A P G E
ttatccgaagaacaattgcaacaagctgatagaattataggtagacaaagacacatagaa
L S E E 0 L Q0 0A DU RTIMGU R QI RUHME
gatgcagttttaagatctccagacgccataggtgttgtcatcccaccttcacaattggaa
b AV L R S P DAM GV V I P P S Q L E
gaagcatgggcccatattgcatctagatacgaatcacctgaagctttgcaacaagcatta
E A W A H I A S R Y E S P E A L Q Q A L
gatgctcaagcattggacgctgctggtatgagagccatgttggctagagaattaagagtc
D A Q A L D AAGMUPERWAMTLA AR RETL R V
gaagctgtattagattgtgtctgcgcaggtttgccagaaatatccgatactgacgttagt
E A VL DCV CAGUL P EM S D T D V S
ttgtactacttcaaccatgctgaacaattcaaagtaccagcccaacataaggctagacac
L Y Y F N H A E Q F K VvV P A Q H K A R H
attttggttaccataaatgaagactttcctgaaaacactagagaagccgctagaactaga
I L v T M N E D F P E N T R E A A R T R
atcgaaacaatcttgaagagattgagaggtaaaccagaaagattcgcagaacaagccatg
I E T I L K R L R G K P E R F A E Q A M
aaacactctgaatgtcctacagctatgcaaggtggtttgttaggtgaagtagttccaggt
K H S E ¢C p T A M QQ G G L L G E V V P G
accttgtatcctgaattagatgcttgcttgtttcaaatggcacgtggtgaattatctcca
T L Yy P E L D A C L F Q M A R G E L s P
gttttggaatcacctatcggtttccatgttttatactgtgaatctgtctcaccagccaga
v L E S p I G F H VvV L ¥ C E S VvV S P A R
caattgacattggaagaaatcttgcctagattgagagatagattgcaattgagacaaaga
Q0 L T L E E I L P R L R DU RTUILOQOTIL R Q R
aaggcatatcaaagaaaatggttagaatccttattacaacaaaacgccaccttagaaaac
K A Y 0 R K WIL E S L L 0 0 N A T L E N
ttagcacacggttaagagctc
L A H G *
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GALlp::his,;,-nifH in pESC-Leu

gtcgacatgcatcatcaccatcaccatcaccatcaccatatggccatgagacaatgtget
M H H H H H H HHHMHMM AMMIU R Q C A
atctacggtaaaggtggtattggtaaaagtacaaccactcaaaacttggttgccgecttta
I Y G K G G T 6 K s T T T Q N L V A A L
gcagaaatgggtaaaaaggtcatgattgttggttgcgatcctaaggccgactcaactaga
A E M G K K VvM IT V G C D P K A D S T R
ttgatattacactccaaagctcaaaatacaatcatggaaatggcagccgaagcaggtacc
L M L H $S K A Q N T I M E M A A E A G T
gttgaagatttggaattggaagacgtattgaaggccggttatggtggtgtaaaatgtgtc
vV E b L E L E D V L K A G Y G G V K C vV
gaatctggtggtcctgaaccaggtgtcggttgcgcaggtagaggtgttataactgeccatce
E s G G P E P GV GGCAGIRGUV M T A I
aatttcttggaagaagaaggtgcatacgaagatgacttagatttcgttttctacgatgta
N F L E E E G A Y E D D L D F V F Y D V
ttgggtgacgtcgtttgtggtggttttgctatgccaattagagaaaacaaggcacaagaa
L G b vwv CGSGU F A M P I R E N K A Q E
atctatatagtttgcagtggtgaaatgatggctatgtacgctgcaaacaacatctctaag
I vy Mm Vv C S G E M M A MY A A N N I Ss K
ggtatagtcaagtacgccaattctggttcagttagattgggtggtttgatctgtaactca
G MV X Y A NS G SV RULGGUL I C N S
agaaacactgatagagaagacgaattgattatagccttagctaacaaattgggtacacaa
R N T D R E D E L I M A L A N K L G T Q
atgatccatttcgtacctagagataatgtagtccaaagagctgaaatcagaagaatgaca
M I H F v P R D NV V Q R A E I R R M T
gttatcgaatatgatccaaaagctaagcaagcagacgaatacagagcattggccagaaag
v I E Y D P K A K Q A D E Y R A L A R K
gttgtagataataagttgttagttatacctaacccaatcactatggatgaattggaagaa
v v D N K L. L VvVvM P N P I T M D E L E E
ttgttgatggaattcggtatcatggaagttgaagatgaatctatagtcggtaaaactgcect
L L. M E F 6 I M E V E D E 8§ M VvV G K T A
gaagaagtatgactcgag
E E VvV ~*
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GAL10p::flag-nifS in pESC-Ura

gaattcatggattataaagatgacgatgacaagattgtcgacgccgacgtttacttggat
M D ¥ K D D D D K I VvV D A D V Y L D
aataacgctactacaagagtcgatgacgaaatagtacaagctatgttgccatttttcaca
N N A T TR V DD E M V Q A ML P F F T
gaacaattcggtaacccttccagtttgcatteccttecggtaaccaagttggtatggecttg
E Q F G N P s S L H S F G N O V G M A L
aagaaagctagacaatctgtccaaaaattgttaggtgcagaacacgattccgaaatcgtt
K K A R Q s V. K L L G A E H D S E I V
tttaccagttgtggtactgaatctgactcaaccgccattttgtctgecttaaaagctcaa
F T s C G T E s D s T A I L S A L K A Q
ccagaaagaaagactgtcataaccactgttgtcgaacatcctgcagtattgtctttatge
P E R K T v M T T V V E H P A V L S L C
gattatttggcctcagaaggttacactgttcataagttaccagtcgataaaaagggtaga
D Yy L. A S E G Y T™V H K L P V D K K G R
ttggacttagaacactatgcttccttgttaacagatgacgtagctgtagttagtgttatg
L b L E H Y A S 9L L T DD V A V V S V M
tgggcaaataacgaaactggtacattgtttccaattgaagaaatggcaagattagccgat
W A N N E T G T L F P I E E M A R L A D
gacgctggtataatgttccatactgatgcagtacaagccgttggtaaagtccctatagac
b AGMMUVF HT D AV Q A V G K V P M D
ttgaagaactcgtcaatccacatgttgtccttaagtggtcataaattgcacgctccaaag
L K N §s §s I H M L S L S G H K L H A P K
ggtgttggtgtcttgtacttaagaagaggtacaagattcagacctttgttaagaggtggt
G v G v L ¥ L R R G T R F R P L L R G G
catcaagaaagaggtagaagagccggtactgaaaatgctgcatctattataggtttgggt
H 0 E R G R R A G T ENAA S I M G L G
gttgccgctgaaagagctttacaattcatggaacatgaaaacactgaagttaagagattg
vV A A E R A L Q FM E H E N T E V K R L
cgtgataagttagaagcaggtattttggccgtcgtaccacacgcatttgttactggtgac
R D K L E A G I L. AV V P H A F V T G D
ccagacaatagattacctaacacagctaacatcgcattcgaatacatcgaaggtgaagcect
P D N R L P N T AN I A F E Y I E G E A
atcttgttgttgttgaacaaagttggtatagcagcctccagtggttctgecttgtacatct
I L.L L. L N K v G M A A S S G s A Cc T S
ggttcattggaaccatcacatgttatgagagcaatggatattccttatacagctgcacac
G S L E P S H VM R A M D I P Y T A A H
ggtactgttagattttctttgagtagatacacaaccgaagaagaaattgatagagtcatt
G T v R F s L s R Y T T E E E I D R V I
agagaagtaccacctattgttgctcaattgagaaaattgtctccttactggtcaggtaat
R E v P P I V A Q L R K L S P Y W S G N
ggtcctgttgaagaccctggtaaagecctttgectecctgtctatggttgaagatct
G P V E D P G K A F A P V Y G *
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GALlp::his,;,—~nifU in pESC-Ura

ggatccatgcatcaccaccatcatcaccatcaccatcacatcgattgggactactctgaa
M H H H H H H H H H H I D W D Y S E
aaggttaaggaacatttctacaatccaaagaacgccggtgctgtagaaggtgcaaacgcc
K v XK E H F Y N P K N A G A V E G A N A
attggtgacgttggttcattatcctgtggtgacgctttgagattaacattgaaagttgac
I 6 b v G S L s ¢ GG DAL RUL TUL K V D
cctgaaaccgatgtcatcttggacgcaggttttcaaactttcggttgecggttectgctatt
P E T b Vv I L. D A G F Q T F G C G s A I
gcatcttcatccgctttgactgaaatggttaagggtttgacattggatgaagcattgaaa
A S s s A L T E M V K G L T L D E A L K
atctcaaaccaagatatcgctgactatttggatggtttgccacctgaaaagatgcattgt
I s N o D I A DY L D G L P P E K M H C
tccgtcatgggtagagaagccttacaagctgcagtagctaactacagaggtgaaaccatt
s v M G R E A L Q A AV A N Y R G E T I
gaagatgaccacgaagaaggtgcattgatatgtaaatgctttgccgttgatgaagttatg
E b D H E E G A L M C K CVF A V D E V M
gtcagagataccataagagcaaataagttaagtactgtagaagatgttactaactacaca
vV R DT MU R ANIKLL S T™V E D V TN Y T
aaagctggtggtggttgttctgcttgccatgaagcaatagaaagagttttgacagaagaa
K A G G G C s A C H E A M E R V L T E E
ttggccgctagaggtgaagtattcgttgcagccccaattaaagccaaaaagaaagtcaag
L A AR G E V F V A A P I K A K K K V K
gtattggctccagaacctgccccagectecctgttgcagaagccccagctgcagececcctaag
v L A P E P A P A P V A E A P A A A P K
ttgtcaaatttgcaaagaattagaagaatcgaaacagtcttggctgcaataagacctacc
L s N L 9 R I R R I E TV L A A M R P T
ttgcaaagagacaaaggtgacgtcgaattaattgatgtagacggtaaaaatgtttacgtc
L. O R DK G DV E L I DV DG KN V Y V
aaattgaccggtgcttgtactggttgccaaatggcatccatgacattaggtggtatacaa
K L.T G A C TG C OO M A S M TTL G G M Q
caaagattgatcgaagaattgggtgagttcgtcaaagttatcccagtctcecgetgececgea
Q R L T E E L G E F VvV K v I P V S A A A
cacgcccaaatggaagtctgaaagctt
H A Q M E V *

Supplementary Figure 4. Synthetic constructs for the expression of codon-optimized A.
vinelandii nifH, nifM, nifU, and nifS genes in S. cerevisiae. Nucleotides and the
corresponding amino acid sequences are aligned. Restriction site sequences used to clone
these constructs into pESC expression vectors are double underlined; mitochondrial
leader sequences (MLS) are shown in italics; the proposed sites for MLS cleavage are
underlined (when the exact cleavage site is known, this is indicated by bold underlined
characters within the MLS); FLAG or his-tag amino acid sequences are represented in
bold. The mKO and yEGFP amino acid sequences are represented in orange and green,
respectively. The flexible linker and tetracysteine motif are shown in red in blue,
respectively. Nif amino acid sequences are represented in black.
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Supplementary Figure S. Immunoblot analysis of isolated mitochondria. Full blots of
those shown in Figure 1b developed with antibodies against NifH, NifU, NifS, Yahl, or
FLAG (to detect NifS and NifM at the same time). EV, cell-free extracts from
recombinant yeast carrying pESC-His and pESC-Ura plasmids. CE, cell-free extracts
from recombinant yeast carrying NifH, NifM, NifU, and NifS cloned into pESC-His and
pESC-Ura plasmids (strain GF8). C, Control lanes with purified Nif proteins from A.
vinelandii. Isolated Mitochondria were treated with Proteinase K either in absence of
detergent (for the removal of outer membrane proteins), or in presence of Triton X-100

(to permeabilize the organelle).
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Supplementary Table 1. List of strains used in this work.

Strain Genotype and origin Source

A. vinelandii

DJ Wild type >

DJ33 AnifDK ¥

E. coli

DH5a F-¢80AlacZM15 A(lacZYA-argF)U169 deoP recAl endAl hsdR17 (rx~ mg”) !

BL21 F~ (ompT r5"mg) Novagene

BL21 pRHB60Y  F- (ompT r5~mg"), T71,.::his-tev-nifUnifS This work

S. cerevisiae

W303-1a MATa {leu2-3, 112 trpl-1 canl-100 ura3-1 ade2-1 his3-11,15} ATCC

GF1 W303-1a GAL10p::mlsSOD2-flag-nifM in pESC-His This work

GF2 W303-1a GAL1p::mlsSOD2-his;-nifH and GAL10p::mlsSOD2-flag-nifM in  This work
pESC-His

GF3 W303-1a GAL1p::mlsSOD2-gfp-nifH-cys, in pESC-Leu This work

GF4 W303-1a GAL10p::misSOD2-cys,~nifM-mKO in pESC-His This work

GF5 W303-1a GAL1p::mlsSOD2-gfp-nifH-cys, in pESC-Leu and This work
GAL10p::mlsSOD2-cys nifM-mKQO in pESC-His

GF6 W303-1a GAL1p::mlsSu9-his;o-nifU and GAL10p::mlsSu9-flag-nifS in This work
pESC-Ura

GF7 W303-1a GAL1p::mlsSOD2-gfp-nifS-cys, and GAL10p::misSOD2-cys - This work
nifU-mKO in pESC-Ura

GF8 W303-1a GAL1p::mlsSOD2-his;-nifH and GAL10p::mlsSOD2-flag-nifM in  This work
pESC-His, and GAL1p::mlsSu9-his;o-nifU and GAL10p::mlsSu9-flag-nifS
in pESC-Ura

GF9 W303-1a GAL1p::his;p-nifH and GAL10p:: flag-nifM in pESC-Leu This work

GF11 W303-1a GAL1p::mlsSOD2-his;-nifH and GAL10p::mlsSOD2-flag-nifM in  This work
pESC-His, and GAL1p::mlsSu9-nifU and GAL10p::mlsSu9-nifS in pESC-
Ura

GF12 W303-1a GAL1p::mlsSOD2-hiso-nifH in pESC-Leu This work

GF13 W303-1a GAL1p::his;p-nifH and GAL10p:: flag-nifM in pESC-Leu, and This work

GALIlp::his;p-nifU and GAL10p::flag-nifS in pESC-Ura
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Supplementary Methods

Strain growth and culture media. Saccharomyces cerevisiae W303-1a (MATa {leu2-
3,112 trpl-1 canl-100 ura3-1 ade2-1 his3-11,15}) and derivative strains constructed
herein were grown at 30°C and 200 rpm in YPD medium (1% yeast extract, 2%
bactopeptone, 2% glucose) or in minimal SD medium (7.7% yeast-nitrogen base and 2%
glucose) supplemented with auxotrophic requirements'. Escherichia coli DH5a was used
for storage and amplification of yeast expression vectors. E. coli strains were grown at
37°C in Luria-Bertani medium supplemented with 150 ug/ml ampicillin. Azotobacter
vinelandii D] and DJ33 strains were cultivated in Burk’s modified medium supplemented
with 29 mM ammonium acetate at 30°C with shaking (200 rpm). Nitrogenase

. . : 2
derepression was carried out as described”.

DNA constructs and generation of S. cerevisiae strains. A. vinelandii nifH, nifM, nifU
and nifS genes were synthesized with codon optimization for S. cerevisiae (GenScript,
USA). The N-terminal end of nifH carries DNA sequences encoding a duplicated
superoxide dismutase mitochondrial leader signal from S. cerevisiae (misSOD2) and a
seven-histidine tag. The nifM gene carries an N-terminal m/sSOD2 followed by
sequences encoding a Flag tag. The N-terminal end of nifU carries DNA sequences
encoding the mitochondrial leader signal from Neurospora crassa subunit 9 of
mitochondrial FO-ATPase (mlsSu9) and a ten-histidine tag. The nifS gene carries an N-
terminal m/sSu9 followed by sequences encoding a FLAG tag.

To determine NifM, NifH, NifU and NifS subcellular localization, DNA
constructs were synthesized which included a tetracysteine motif (cys,), and sequences

encoding YEGFP fused to NifH and NifS, or mKO fused to NifM and NifU. Synthetic
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constructs were cloned into the dual multicloning sites of pESC-His vector (nifH-nifM) or
pESC-Ura vector (nifU-nifS) (Agilent Technologies) by standard cloning techniques.
DNA construct details are shown in Supplementary Fig. 4. S. cerevisiae W303-1a
transformation was carried out according to’. Generated strains are listed in
Supplementary Table 1.

Plasmid pRHB609 was constructed to overproduce A. vinelandii NifU and NifS in
E. coli. The A. vinelandii nifUS genomic region (2149 bp) was amplified by PCR with
primers 5’-ATGCCATATGTGGGATTATTCGGAAAAAGTC-3’and 5’-
ATGCGGATCCTCAGCCGTAGACCGGAGCGA-3’and cloned into the Ndel and

BamHI sites of expression vector pET16b-TEV.

Expression and purification of NifU and NifS in E. coli. Strain BL21 (pRHB609) cells
were grown at 37°C and 200 rpm in 4-1 batches of LB supplemented with 150 ug/ml
ampicillin to an ODggy of 0.7. EcNifU and EcNifS expression was induced by adding 1
mM of IPTG and Fe(NH4)2(SO4), (0.1 mg Fe per liter) during 14 hours at 18°C and 150
rpm. Cells were collected by centrifugation at 4°C and 5,000 rpm for 10 min. Recovered
cell paste was frozen and stored into liquid N, until used. In a typical purification, E. coli
BL21 (pRHB609) cell paste was resuspended in anaerobic buffer (50 mM Tris-HCl pH
7.4, 200 mM NaCl, 5 mM B-mercaptoethanol) supplemented with 0.2 mM PMSF, 1
ug/ml leupeptine, and 5 ug/ml DNasel. Cells were lysed under anaerobic conditions in an
Emulsiflex-C5 homogenizer at 15,000 lb/inz, centrifuged at 50,000 x g for 1 h at 4°C, and
filtered with a 0.2 um pore-size MES filter to eliminate cell debris. Cell-free extracts
were supplemented with 0.5 mM of L-cysteine, 2 mM of Fe(NH4)2(SO4),, and 2 mM of

B-mercaptoethanol, and incubated for 1 h at room temperature. EcNifU was purified as
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described above for yNifU but using instead Co" affinity chromatography resins. EcNifS

was purified as previously described”.
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