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Supplementary figure 1: CryoEM analysis of quinol-dependent Nitric Oxide Reductase
(gNOR) from Alcaligenes xylosoxidans. (A) Cryo-EM image processing workflow
performed in RELION. Example micrograph, 2D classes, 3D classes and refined
reconstructions are highlighted. (B) FSC curve for the final map. Final resolution was
calculated using the gold-standard FSC cut-off of 0.143. (C) Euler angle distribution of refined
particles.



Supplementary figure 2. Comparison of the cytoplasmic part of product release
channels at the dimeric interface in structurally characterized gNORs. (a) Product
release path of gNOR from Alcaligenes xylosoxidans (AXgNOR) from the cytoplasmic side to
the binuclear centre. AXxgJNOR coloured in green with residues lining the proposed path
in AXgQNOR shown as sticks. Fe atoms and water molecules are shown as orange and red
spheres, respectively. Hydrogen bonds and metal co-ordination bonds shown as black and
red dashed lines, respectively. This scheme is used throughout the figure. (b) Product release
channel in gNOR from Geobacillus stearothermophilus (GsgNOR) (PDB ID: 3AYG) coloured
in purple, with residues lining its proposed proton channel highlighted as sticks. Zn shown as
grey sphere. (c) Product release channel in gNOR from Neisseria meningitidis (NmgNOR)
coloured in blue, with residues lining its proposed proton channel highlighted as sticks (PDB
ID: 6L3H).
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Supplementary figure 3. Comparison of overall structures of AXQNOR, PacNOR and Ps
cbbs; Cco. (a) Overall structure of AXgNOR viewed parallel to the membrane shown as ribbon
in various colors; heme b and heme bz are shown as red sticks. Feg and calcium ions are
represented as orange and green spheres, respectively. (b) Overall structure of cNOR from
P. aeruginosa viewed parallel to the membrane (PDB code 3WFB). The NorB and NorC
subunits are shown as ribbon in various colors and red, respectively. Heme groups are shown
as red sticks. Feg and calcium ions are represented as orange and greens spheres,
respectively. Average rmsd between 390 Ca atoms of AXQNOR and NorB subunit is 4.3 A; (c)
Overall structure of Ps cbbs cox (PDB code 5DJQ) viewed parallel to the membrane shown
as ribbon in various colors for subunit N, in yellow for subunit O; and in red for subunit P.
Hemes b and bz are shown as green sticks. (d) Arrangement of membrane-spanning helices
of AXgNOR viewed from the periplasmic side. Transmembrane helices are indicated with
Roman numerals in all panels. (e) Arrangement of membrane-spanning helices of PacNOR
viewed from the periplasmic side. (f) Cytochrome cbbs; oxidase from (PDB code 5DJQ).
Subunit N with helices | ~ XII is shown in multi color. Average rmsd between 278 Co atoms of
AxgNOR and CoxN subunit is 8 A Helixes of subunit O and helixes of subunit 3 are shown in
yellow and orange-red, respectively.
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Supplementary figure 4. Di-iron sites with bridging hydroxide ion. (a) Fe bi-nuclear site of
AxXgNOR. Non heme Fe is ligated by His486, His 537 and His 538 and OH ion with slightly
distorted tetrahedral geometry. The hydroxide (OH) is bound in p-oxo configuration between
two metals at 2.1 A distance to Feg and 1.9 A to heme Fe, the distance between two Fe is 3.9
A. Angle between two metal bonds is 162°. (b) Fe bi-nuclear site of Pig tartrate-resistant acid
phosphatase type 5 (PDB: 5UQ6 [https://doi.org/10.2210/pdb5UQ6/pdb]); the distance
between two Fe is 3.4 A. (c) Fe bi-nuclear site of human Hemerythrin (PDB: 2HMQ
[https://doi.org/10.2210/pdb2HMQ/pdb]), the distance between two Fe is 3.2 A. Residues are
shown as sticks, Fe ions as orange spheres, water molecules and OH ion as red spheres.



https://doi.org/10.2210/pdb5UQ6/pdb
https://doi.org/10.2210/pdb2HMQ/pdb

Supplementary figure 5: The cryo-EM map for key residues surrounding key elements and
residues (a) AXgNOR calcium site. Cryo-EM map shown with threshold set to 0.023. (b) Key
residues around the AxgNOR electron donor binding site. Ubiquinone electron donor shown
as pink sticks. Cryo-EM map shown with threshold set to 0.1. (¢) AxgNOR NO entry site and
surrounding residues. Cryo-EM map shown with threshold set to 0.020. AxqNOR residues
shown as green sticks. Cryo-EM map shown as a translucent grey surface. Waters, iron ions
and calcium ions shown as red, orange and green spheres, respectively.
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Supplementary figure S6A. Sequence alignment of AXxgNOR, NmgNOR and GsgNOR.
Homology between AxgNOR (PDB:8BGW [https://doi.org/10.2210/pdb8BGW/pdb]) and
NmgNOR(PDB:6L3H [https://doi.org/10.2210/pdb6L3H/pdb]) is 58.7%; Homology of AXQNOR
and GsgNOR is 33.3%. Residues or NO entry channel are highlighted in grey; heme Fe b and
Fg ligands in cyan; Ubiquinol binding site in magenta and Ca binding ligands in Green; fully
conserved residues are marked with *. Alignment is performed by CLUSTRALW EBI server.
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Supplementary figure 6B. Sequence fragments conservation forAXgNOR, NmgNOR,
GsgNOR, PacNOR subunits B and C and subunit 2 of COX. Identical residues are colored
in dark yellow, positive matches by light yellow. The upper sequences were aligned by
pairwise alignment against AXQNOR sequence using BLAST and scored according to the
BLOSUMG62 score matrix. The bottom sequences were not similar enough to AxgNOR for
pairwise alignment, so were aligned by multiple sequence alignment with the upper sequences
using Clustal Omega. These aligned sequences were not scored by a matrix and so were only

marked for identical residues.




i
(=T R PV Y

=
[Nt

13
14

=
(=== R E R R PER S Y

el
W R =

14

[F=-- = S PER S

[F=-- = S PER S

el el
W@

14

= N T RSN

i
W= @

14

cov
Alcaligenes 100.0%
Polaromonas 99,9%
Ralstonia 99.6%
Hydrogenophaga 99.5%
Bardetella 99, 7%
Comamonas 99,9%
Pseudomonas 99.5%
Thauera 100, 0%
Chitiniphilus  99.9%
Cupriavidus 99.9%
Oceanimonas 99.6%
Hahella 99, 3%
Neisseria 97.9%
Geobacillus 99.3%
consensus/100%
consensus/90%
consensus/80%
consensus/70%

cav
Alcaligenes 100.0%
Polaromonas 99.9%
Ralstonia 99.6%
Hydrogenophaga 99.5%
Bardetella 99.7%
Comamonas 99.9%
Pseudomonas 99.5%
Thauera 100.0%
Chitiniphilus  99.9%
Cupriavidus 99.9%
Oceanimonas 99.6%
Hahella 99, 3%
Neisseria 97.9%
Geobacillus 99.3%
consensus/100%
consensus/90%
consensus/80%
consensus/70%

cav
Alcaligenes 100.0%
Polaromonas 99.9%
Ralstonia 99.6%
Hydrogenophaga 99.5%
Bardetella 99.7%
Comamonas 99.9%
Pseudomonas 99.5%
Thauera 100, 0%
Chitiniphilus  99.9%
Cupriavidus 99.9%
Oceanimonas 99.6%
Hahella 99, 3%
Neisseria 97.9%
Geobacillus 99.3%
consensus/100%
consensus/90%
consensus/80%
consensus/70%

cav
Alcaligenes 100.0%
Polaromonas 99.9%
Ralstonia 99.6%
Hydrogenophaga 99.5%
Bardetella 99.7%
Comamonas 99.9%
Pseudomonas 99.5%
Thauera 100, 0%
Chitiniphilus  99.9%
Cupriavidus 99.9%
Oceanimonas 99.6%
Hahella 99, 3%
Neisseria 97.9%
Geobacillus 99.3%
consensus/100%
consensus/90%
consensus/80%
consensus/70%

cov
Alcaligenes 100. 0%
Polaromonas 99.9%
Ralstonia 99, 6%
Hydrogenophaga 99.5%
Bordetella 99, 7%
Comamonas 99.9%
Pseudomonas 99.5%
Thauera 108, 0%
Chitiniphilus 99.9%
Cupriavidus 99.9%
Oceanimonas 99, 6%
Hahella 99, 3%
Neisseria 97.9%
Geobacillus 99.3%
consensus;/ 100%
consensus;/90%
consensus/80%
consensus/70%

pid
« 0%
. 2%
3%
8%
1%
. 2%
9%
5%
3%
A%
A%
2%
T
-3%

pid
. 0%
2%
3%
. 8%
1%
2%
9%
5%
3%
. 4%
A%
2%
T
-3%

pid
. 0%
2%
3%
. 8%
1%
2%
9%
5%
3%
A%
A%
2%
T
-3%

pid

.2%
3%
. 8%
1%
.2%
9%
5%
3%
4%
A%
2%
T
.3%

pid
. 0%
2%
3%
8%
1%
« 2%
9%
5%
«3%
A%
A%
« 2%
7%
-3%

——TLIGVLIVTFSLLGYYGTZVY[:
——TLIAVLAITFALLGYYGA[ZVY[IQ
——ALIGVCMVHMFSLLGYFGADVY]

——ILIAVVAVMFGLLGYFGS
——LLIAVLAVTFSLLGYYGV(S

~~TLIGVLIVTFSLLGYYGSEVY QAPPIPAQUVAHTG PGQTAWQS IGGMQLGSIWGHGAYQAP L
——ALIAVLIVTFSMLGYYGVYIQAPPI ATAGG| 1 GOTAWQSVGGMQLGS IWGHGAYQAP L
—=ALIAVLGVTFCVLGWFGEVYIQAPPIPEQVOSTHGS LLFTNY[EILYGOTANQSVGGMOLGSIWGHGAYQAP L
——MLIGVLIVTFSLLGYYGV|SVYISAPPIPQQIVS, EULYTHDGI PGQTAWQSVGGMQLGSIWGHGAYQAP L

PGQTAWQS IGGMQLGSIWGHGAYQAP L
1 GOTAWQSVGGMQLGS IWGHGAYQAP L
1GOTAWQSVGGMOLGSIWGHGAYQAP L
P GQTAWQSVGGMQLGS IWGHGAYQAP L

1 GQTAWQSVGGMQLGS IWGHGAYQAP L
VGOTAWQSVGGMQLGS IWGHGAYQAP L

—-LLLVVLGITFAILGYFG{S VAPPIPQOUUTENGTLLTTHDGI VGOTAWQSVGGMQLGS IWGHGAYQAP 1

—-LLIAVLGVTFCLLGFFGEVY[IQAPPT VNATG YGOTAWQSVGGMQLGS IWGHGAYQAP 1

——————————————— JAPPYPZQVVSASG (LI ILAGQSAWQTTGGMEVGSY LGHGAYQAP &
MEVNITVSPNIQTGRKTTNSFLKSILIFTILISSTVLLVGGYWIFK[IMAPR RSESGEVLMTASTIIGGOAVFOKYGLMDYGTVLGHGS YMGP UYTA
Mt..+ph... . oo hh sPhPtph.s.t6G. hlhst.sI1sGQs5aQphGhMphGo lhGHGUY . P aTA
Mo Y++hWh. oo HLLsVLHLhFs1LGahG. -VY+p tPPhPtpl.stpGthLhst-sIL=GQoAWQohGEMp 1 GS1HGHGAYQAP YWTA
I | pAPPIPtpV.stsGphLhst-sILIGQTAWQS | GGMOLGSIWGHGAYQAP UiTA
MGsY+LWa. .. ... GOTAWQSVGGMOLGS IWGHGAYQAP LMTA
2
HEELMAWLE LAATTIAHG NTLPIA——
HESL TAWLE LAAQQLHG (AYAA NTLPSA——
LHG{EL TAWL LAATTERF G JCIFAV LY NTLPSF—
LHHEL TAWLYLTAMQQOGEP FAQLMAGOQGAL NTLPSA—
LH=LSAWLLAAQAAHGSPYAALNGPAQAAL NTLPSA—

LI
LI
LI
LI
LI
LI
LI

OO 0000000000
cCC

D
EAL

=hL+h.h.th.phtA.t..s..as.1s.

g

HGEL TAWLEVAAZTE06[JPFAQLEIAAA

HELELTAWLE LAAQHTYGVPYAQU[EEHOALL
HETELLAWLE L AAQJAHG TP YA
HELGAWLE LAAQQTHGQPYAALLJAPHQAALT aLaa

HELVTWLELAAQHSFGTAYAN GEnnA\rLoH-L
HELERWLOLAAQYVYGASYAFLIDEQQSILIH L
IILSA'H ILTAQQTYGQKFD II'SPE IJA\I'LKT'LA
KVYTEGM YNAEYN PF. R

HE=L TAWL] .LAA%YGEPFJ\Q WAPAQAAL

tDIthtlL.t i
.JHL—ISApp..Gt:autusb.tQJthttht
.uWL-LsApptaGpsaAt tQuhL+tplpt
)AHLELAApptaGp«aAp Jhtﬂthﬂtprp

GtNths

JEG-———TSVTYTNNWPHEPL
R PL.

PL.
R PL.
UPG————QHVTYTNNWPHEPL
UPADVGGSGATYTNNWPHIPL

PL.
PL.
PL.
PL.

1PG-——~HIATYTNNWPH
R

TYTNNWPH|
~SNATYTNNWPH[IPL.

R ~SVTYTNNWPH[IPL.
R FTYTNNWPH[ZPL.
R G——— ITYTNNWPYYED

. thhtFFFWTuM. uuT.[J. - pLhTYTNNWPa. .

...... ppll. phs tFFFWTAWsAuTL . - pphTYTNNWPH[FPL.
...... pl tphthFFHTleﬁuTt'Ps....ppsTYTNNHPH PL.
...... A LQLTPFFFWTAWAAATIPS . . . . pps TYTNNWPH[PL.
TTFALTPSI LFLVVALFGFQVLLGGFTAHYTVEGOIFYGI]
TTFALTPS LFLVVALFIFQVFIGGFTAHYTV[3GOQFYGL[Y
STFALTPSI 'VFLVVALFAFQVLIGGFTAHYTV
IAAGLTPSI LFLVVALFVFQVFIGGFTAHYTV
TTFALTPSI LFLVVALFVFQUFLGGFTAHYTY
SEVPLTPS| LFLVVALFTTQVFLGGFTAHYTY
SLVALTPSI LLLVVGLFAFQUVIGGATAHYTV
STVALTPS LFLVVALFVFQVMLGGFTAHYTV
AAVPLTPSI LFLVVALFVFQVLLGGFTAHYTY
LSVALTPS| LFLVVALFVFQVFLGGFTAHYTV
TTFKLTPSI VFLVVALFTFQVLLGGATAHYTV,
SHFALTPSQLALGUYLFLIVALFAFQVLLGGFTAHYTV
SAVOLTPSQALGIYVFLTVALFUVQYLLGGLTAHYTV/ZGQGFYGT
ROPLTPSQVKA FUUVSALFFUQTMFGALLAHYYT

. LTPSQhthuYhhlhsuLFhhQshhGuhhAHYhs(3E. .
L EhL LTPSQhuLEY Lh LIVALFRHQVH 1 GGHTAHYTV3S
tthsLTPSQ+uLEY L FLVVALF:hQVh1GGHTAHYTY
ophsLTPSQ+AL! LFLVVALF=FQVh 1 GGFTAHYTV[IGOPFYG1Y
AG DILFHALULVVVGSFAGNYLﬁIﬁQIHP VLN FHLGHQGYE
AGVIVVLFWALVAVVVGSFTGNYLAIAQVMPI IFWLGHOGY(S
LGVUILFWALVVVVVGSFTGNYLATAQKMPAHLNFWLGHQGY(S
LGV[JALFWALVFVCVGSFVGNYLATAQKMPAZWNFWLGHQGY]S
LGVUVLFWALIVVVVGSFIGNYLATAQIMPPNLNFWLGHQGY(S
LGVUILFWALVVVCVGSFIGNYFAIAQVLP IFWLGHOGY(S
LGVVLFSALVVVVLGSFVGNYLATIAQIMP IFWLGHOGY(3
LGVVLFWALVVVVVGSFVGNYLATIAQIMP IFWLGHOGY(3
LGVIVLFWALVLVVVGSFIGNYLAIRQIMPAGLNFWLGHOGY[
LG LFWALVVVVAGSFTGNYLATAQKLPAHLNFWLGHOGY(S
LGVNVLFWALVAVVVGSFAGNYLATAQIMPENLNFWLGHQGY(S

AGV

LLVILLFWALVVLVGGSMIGOWLGUNGYLGI

LGVEILFWALVAVVVGSFVGNWLATAQT LP%NNLGHQGY
F

NFLYIALFIVVGGSYAGNFFALTHILP
~FLLGHOGWIYIEL

PDSFFGINW———-~ 3 84D

NFWFGHOGY(3Y L L Gj

INTLPSA——

HYAMGNTLPSA——

NTLPSA——
SYAMINTLPTA—
HFAMJNNTLPSQ——

GLI{3SDMPKANR
p..phhhigpsshPp. ..

..t.h.Lo.Pps.uht.h..YYttLaspsstP.

t...t.hhlS stAhtpsttYYptlFucsPshttolgppaAMAENTLPss. .
S...tshslS. tfls tAhtpTttYYppLFulsPulptolppaAMAaNTLP:s. .
'szhE tbbhlb|sp pALtpTAsYYepLFSJuPuLppo[dapadl INTLP=A. .
z . . . . 3
IGNHPSSENVMWS IISUVVLLAGIGLLIWAWAFL-[IG[ITE--FEPPAPATTPL
IGNIPSS BMIVWSVAS IVVLLAGVGFLVWAWS FL-IIHI3--PLPEPAAIPL
T[NP TANVVWSVASYVVLLAGYGLLIWAWAF L- G --PLPPAPA UIPL
INNVPSKNVVWSIASVVILLAGIGLLVWAWAFL- I H 3 -~PLPAAPK P L
IGNAPSS SNIVWSIASIVVLLAGYGFLVWGWAFL—JNHS--PLPPAAASPL
IGNQPTGENLVWS IMSYVVMMAGY GFLVWGWSFL-i0/33-{FDPTPPVHEPL
IENEPTASNLINSIVSVILLIAGIGFLVWAWAF L-H(E3
IGNAPTASNVVWS IVSVVVMMAGY GFLIWGWSFL-ii0[ds
IGNQPSANVUWSIVSVVVLLAGIGFLVWGWSFL-
IGNQPTS ENVUWSVISVVVLLAGYGFLVWAWAFL—
IGNIPTASNIVWSIVSVVLLIAGYGGLVWAWSFL-IA3S
IENEPTASNIMWSIVSVALLIAGYGLLIWGWAF L-H{JHN(
INNVPTTSNYMWSFTSYVLLLMGIGLLMWGYSFL-TJH[ES

-hsM. .o.pshhWShhS1hlhhhhl6hlhasa.hh

IsN.Pot IIHSIISLsthhGlGhLIWuaLFL ptppE..

IsNtPos NLHWSTHSVILLIAGLGhL U WuWuFL. +tp-{3. .

IsNpPou LLHSLsvaLLLAGlGhLLHuHLFL.Epc 3..5.

. . - 4

—————— LSQWFPYSL HIQSALFWIATGFLAAGLFLAPLINGGRYPIYQ

—— R HIQAALFWIATGFLAAGLFLAPLINGG P 4FQ
HIQSALFWIATGFLAAGLFLAPLINGG P 1YQ;
HIQAALFWIATGFLAVGLFLAPVINGG (P IFQ
HIQAALFWIATGFLAAGLFLAPLINGG UJPRFQ
HIQSALFWIATGFLAAGLFLAPLINGG UIP AYQ
HIQSALFWIATGFLAAGLFLAPIISGG{UP IFQ
HIQSALFWIATGFLAAGLFLAPLIHGGR UP YQ
HIQSALFWIATGFLAAGLFLVPLINGGR P YO
HIQSALFWIATGFLAAGLFLAPLINGG P 4FO;
HIQSALFWIATGFLAAGLFLAPIINGG P 1YQA
HIQSALFWIATGFLAAGLFLAPTINGG (P 1YQ

EALGFEMSWFPYALTLTWHIQSAIFWIATGFLTAGLFLAPIVNGGIUP 4FQ]

ILPFNIAKGYHLQLAIFWIATAWLGMGIFIAPLV-GGOEPJKQG
h.phhPasilh+saHlQ.ATFWIATualshGLFLsPL1.GGp-P+hQt

o hSpWhPYuLhFTWHIQuALFWIATGFLuUsGLFLAPLLpGG+YP dat
. LSpWFPYuLsTWHIQUALFWIATGFLAAGLFLAPLI=GG+ P ta0+

. ..... LSpWFPYuLs TWHIQSALFWIATGFLAAGLFLAPLING a0+
: . . . 5
LWQIGHFAGICFWLYLMLEGIVPALTT-PGGIINLLALLTASVGAIGLFYG
LHDIS‘FTGILLHLvLN GVIPALL -KGGUANLLALLTASVGAIGLFYG
LHQIG‘LAGIUIHLVLM GIAPAL JARSGAMNLLALLTSSVVAIGLFYG
UHQIL‘HAGILLHLVLH GVLPALFARNGE INLLALLTASVGAIGLFYG
LWQIG AYVGILLWLYLMLGVVPALME-KGEJRNLLALLTASVGAIGLFYG
LWQIG AFAGIVFWLY| UGIFPALLAPSGOISNLLALLTCSVVCIGLFYG
LHQIG‘FTGUAFHLLLM UGILPAF 0-P-GIINLLALLSASVIAIGLFYG
VWQIG $FVGVALWLYLMLGMVPAL JT-PGG)LINLLALLTASVVAIGLFYG
LHQIA;FIGLLLHLGLM IGIVPAL J0-PGGIIINLLALLTASVVAIGLFYG
LHQIG'FAGIUIHLVLHM GILPAL JA-RGT VRNLLALLTSSVVAIGLFYG
LHQIG‘FTGIULHLVLN GVVPAL #0-P-GURNLLALLTASCAAIGLFYG
LWQIGFLGVAFWLYLMLGIVNGL {{i-P-G IWNLLALLTASVIAIGLFYG

KGVALINLLAIFVASMUGUGVFYA
JTWOITLVVGMLLWLFIVF ESUKGGLIHLLFYSATAVPFFYI
JdhWQLl. hhhE&hhhWLh1lhhlgshh.uhht....ctsL1tLlh. .ShhsLlshFYh
HIWQIhhhhGLhhWLhLMhEGhhsuhht. NLLALLssS5shulGLFYu
'LHQIhigbGLPPHLhLMh'GLhLALht...t NLLALLouS=hAIGLFYG

JLWOIU dasGLLIWLVLMLEGL LPAL+p. . GsLINLLALLTASVSAIGLFYG

200

300

400

500



cov pid 501 . . . . 2 . . . . 6 600

1 Alcaligenes 100.0% 100.0% IVHLWVEGFFEVFATTALAFIFSTLGLYSIMATTASLASASLFMLGGIPGTFHHLY FAGTTTPVMAVGASFSALVVPL
2 Polaromonas 99.9% 81.2% VHLWV(ZGFF(sVFATTALAFIFSTLGLVSLMATAASLASAS LFMLGGIPGTFHHLY FAGTTTPVMAVGASFSAL SVVPL
3 Ralstonia 99.6% 88.3% VHLWV(ZGFF(aVFATTALAFUFSTLGLYS]PMATAASLASAS LFMLGGIPGTFHHLY FAGTTTPVMAIGATFSAL SVMPL
4 Hydrogenophaga 99.5% 76.8% VHLWVZGFFEVFATTALAFVFSSMGLVSIMATTASLASASLFLLGGIPGTFHHLYFAGTTTPVMAVGASFSAL SVVPL
5 Bordetella 99.7% 81.1% VHLWV[ZGFFaVFATTALAFIFSTLGLVSV{MAAAASLASAS LFMLGGIPGTFHHLY FAGTTTPVMAVGASFSAL SVVPL
6 Comamonas 99.9% 76.2% VHLWV(ZGFFaVFATTALAFIFSTLGLVSY[{MATAASLASAS LFMLGGVPGTFHHLY FAGTTTPVMAVGASFSAL SVVPL
7 Pseudomonas 99.5% 76.9% VHLWV(ZGFF(aVFATTALAFIFSSMGLYS MATTASLASAS LFMLGGYPGTFHHLY FSGTTTPVMAVGATFSAL SVUPL
8 Thauera 100.0% 79.5% VHLWV(ZGFFEVFATTALAFIFSTLGLVSG[MATAASLASAS LFMLGGVPGTFHHLYFAGTTTPVMAVGASFSAL SVVPL
9 Chitiniphilus  99.9% 78.3% IVHLWV[EGFF=VFATTALAFIFATMGLYSPMATAASLASASLFMLGGIPGTFHHLY FAGTTTPVMAVGASFSAL SVVPL

18 Cupriavidus 99.9% 81.4% VHLWV(ZGFF(aVFATTALAFIFSTLGLVS PMATAASLASAS LFMLGGIPGTFHHLY FAGTTTPVMAVGAAFSAL SVVPL

11 Oceanimonas 99.6% 75.4% TVHLWV[EGFF{=VFATTALAFIFCSMGLYS GIAATTASLASASLFMLGGIPGTFHHLYFSGTTTPVMAVGATFSAL SVVPL

12 Hahella 99.3% 76.2% VHLWVZGFF2VFATTALAFIFSTMGLVS{SMATTASLASAS LFMLGGVPGTFHHLYFSGTTTPVMAVGATFSAL SVVPL

13 Neisseria 97.9% 58.7% WVVHLWV[SGFFEVFATAAFAFVF Y NMGF VRS TATASTLAAAATFMLGGVPGT LHHLYFSGSTSASMATGACFSAL SVVPL

14 Geobacillus 99.3% 34.3% FAFFIOPDTNFTMADFWWWIIHLI GIFEVFAVVVIGFLLVOLRLY STVRALYFOFTILLGSGVIGIGHHYYYNGSPEVWIALGAVFSALSVIPL
consensus/100% Luhhht.co.hshh-aWW L THLWV[EGhFEVFAs sshuFLh. phthVWph. . sstu.hhthsLhhhuGl.6hhHHhYasGosps . hALTGAsFSAL VhPL
consensus/90% suhhy LVHLWV[SGFFEVFATsATAFLFsshGLVoh. hAssAoLAUA0 LFhLGGLPGTHHHLYFuGoTos sMATGASFSAL JVIPL
consensus/80% uGhh LVHLWV[SGFFaVFATTALAFLFsohGLYSh. hATsASLASASLFMLGG L PGTFHHLYFuGTTTPVMALGA=FSAL SVVPL
consensus/70% AGHFY VHLWV[ZGFFSVFATTALAFIFSohGLYS+pMAT <ASLASASLFMLGGL PGTFHHLYFUGTTTPVMAVGAOFSAL SVVPL

cav pid . . . : . . .
1 Alcaligenes 100.0% 100.0% TAPWMEN LTWP LMCFVAVAFWNMLGAGVFGFMINPPVSLYYIQGLNT TPVHAHAALFGVYGFLALGFTLLVL]
2 Polaromonas 99.9% 81.2% PAAWMEN LRWPLMCFVAVAFWNMLGAGYFGFMINPPMSLYYIQGLNT TPVHAHAALFGVYGFLALGFTLLYL]
3 Ralstonia 99.6% 88.3% PWMNNLRWPUMCF TAVAFWNMLGAGVFGFMINPPISLYYVQGLNT TPVHAHAALFGVYGFLALGFTLLVLY
4 Hydrogenophaga 99.5% 76.8% HAPWMNS PLLCFVAVAFWNMLGAGVFGFMINPPISLYYIQGLNTTPVHAHAALFGVYGFLALGFTLMVLY
5 Bordetella 99.7% 81.1% APWMEN L WP LMCFVAVAFWNMLGAGVFGFMINPPMSLYYVQGLNT TPVHAHAALFGVYGFLALGFTLLVL]
6 Comamonas 99.9% 76.2% {TPWMAH LLWPLMCFVAVAFWNMLGAGYFGFMINPPISLYYLQGLNT TPVHAHAALFGVYGF LALGFTLMVL{
7 Pseudomonas 99.5% 76.9% LA AWMLV WP LMCFVAVAFWSMLGAGYFGFMINPPISLYYVQGLNT TPVHAHAALFGVY GV LALGFTLLYL]
8 Thauera 100.0% 79.5% PWMA ] PLMCFVAVAFWNMLGAGVFGFMINPPISLYYVOQGLNTTPVHAHAALFGVYGFLALGFTLLVLY
9 Chitiniphilus  99.9% 78.3% HAPWMAQLRWPLMCFVAVAFWNMLGAGYFGFMINPPISLYYVQGLNT TPVHAHAALFGVYGFLALGFTLLVL]

18 Cupriavidus 99.9% 81.4% LAPWM PLMCFVAVAFWNMLGAGYFGFMINPPIALYYIQGONT TPVHAHAALFGVYGFLALGFTLLYLY

11 Oceanimonas 99.6% 75.4% SAPWMEN ILWPLMFFUAVAFWNMLGAGY LGFMINPPVALYYIQGLNTTPTHAHAALFGVYGFLALGFALLVLY

12 Hahella 99.3% 76.2% 4 TAPWM PLLCFVAVAFWNMLGAGVFGFLINPPISLYYIQGLNTTPVHAHSALFGVYGFLATGFTLLVLY

13 Neisseria 97.9% 58.7% 'Y ZHWS Y OHLS EWAGILEWP LMCFVAVAFWNMIGAGVFGF LINPPISLFYIQGLNT SAVHAHAALFGVYGF LALGFVLLVA[

14 Geobacillus 99.3% 34.3% " HQYKHMJ)GGJ\NFPYH‘\TFWFLISTAIH“L‘JG&G\FFGFI.IHLPAUSVFEHGQFLTPA"GWMMGUVGHFAIA‘JLLYS R
consensus/100% 1l fadpaph...s. h. . hahshhhhhusAhWs N LGAGVRGFhIN. Phs . aa. pG. . hossHUHUARhGUYGhhALuhhLhsh. th. ...
consensus/90% L1 faZpWphptpuskh lp WP LHhFLAVAFWNMLGAGVFGFh INPPhuULYYLQG. NTTP: HAHAALFGVYGHLATGFsLhVLY
consensus/80% A faZpW+Lppcu sWMtp L+WPLLCFVAVAFWNMLGAGYFGF 1 INPPhuLYY LQGLNT TPVHAHAALFGVYGFLALGF s LIVLY 1P th. hs . tf
consensus/70% AW ENWEI L0 ZAPWM ¢ p LEWPLMCFVAVAFWNMLGAGVYFGFMINPP L SLYY1QGLNT TPVHAHAALFGVYGF LALGFTLLVL]Y 1 jPphtasttL

cov pid 7e1 - . - . z 8 800
1 Alcaligenes 100.0% 100.0% MELAFWGLNLGLALMIFTSLLPIGLIQFHASVSEGMWYAZSEAFMQQEILET WG] FG VFLLGALAHU\-’OUILGLLSGKF‘AAAEPUL TAEPAR—-
2 Polaromonas 99.9% 81.2% MUTAFWGLNAGLVLMIFTSLLPIGVIQFHASVS{SGLWYAS SEFMOQPLLON LWV JTFGUVVFIVGATAMALQUVLGLMNTAPKLPOPEP—{LSGAR——
3 Ralstonia 99.6% 88.3% M5 ITAFWGLNGGLVLMIATSLLPYGIIQALASIRISGLWYALS AFVQQPILQT LWV ATFGUVVFLVGALTFALQUVLGLLSHGPAREY =G RIS
4 Hydrogenophaga 99.5% 76.8% MATGFWGLNLGLVLMIFTSLLPIGFIQFMAS' LWYAZS SAFMQQPLLHT LWV §TFGULVFIAGAVSVALQVVLGLLPFRRNVNS[EAP-SLST-———
5 Bordetella 99.7% 81.1% MUTAFWSLNIGLVLMIFTSLLPVGIIQFHASVSSGLWYA S SAFMQQPLLOT LMWV TG VVFIIGALAMALQVVLGLLETRHPRS RAGD-ELGTVO—-
6 Comamonas 99.9% 76.2% MUTGFWWLNAGLALMMFTSLLPIGLFQFHASVS{SGLWYAS SAFLOQPFLOTL WV ITFGUVVFIVGALCVSWOUVIGLFGTPAARAPAGA-LLVG——
7 Pseudomonas 99.5% 76.9% MAVAFWWLNAGLVLMIATSLLPIGIIQFHASVSZGLWYALS SAFMOQELLOT LWV JTFGUVVFIVGALAMAWQUVIGFFSPVPRS-VPLR-AQGGAR-T
& Thauera 100.0% 79.5% MITGFWGLNVGLVLMIATSLLPIGLIQFHASVSOGLWYASAAFMOQPLLET LWV ITFGUVVFIVGALALAWQVVSGYFGAGRRAPMOPA-TLAGAR——
9 Chitiniphilus  99.9% 78.3% MATAFWSLNIGLVLMIATSLLPIGIIQFLASVREGLWYATSEVFMOQPLLOT LWV ITGGHLVFIGGAYLFAAQUVTGLWNTPS-TVIPERVPTAMAR-Q

18 Cupriavidus 99.9% 81.4% MOTAFWGLNLGLYLMIGTSLLPIGIIQFLASVEHGTWYAS SAFMQQPILOT LMWV JTFGUVVFIVGAVS FAWQUVVGLAOTIAPRAAD-TV-TVGMKP-A

11 Oceanimonas 99.6% 75.4% MATAFWWMNGGLVLMLFTSVLPVGVIQFIASASHGLWYALS 3SFMQQGLLOT LWV JTFGUVVFIVGALAV TWQVIIGLJOPA--AHAGSL - AIEPQECD

12 Hahella 99.3% 76.2% MATGFWWLNAGLALMUVASLAPIGLLQFHASASOGLWYAZS/ST FMOQEIMET LA JTFGV IFTIGAFAVGLOVVJGLFG] GETLQPEA—

13 Neisseria 97.9% 58.7% MTWGFWLLNGGLVGMIAISLLPYGYIQAYASITHGLWYAZSHEFLQMEILT LMWV iTAANL TFIGGATCVATQAT JTVFGEK—————~

14 Geobacillus 99.3% 34.3% LOFSCWMLNIGLAGMUVITLLPVGILQMIEAFTHGYWAS; PSFLQQ'D'NQNLLLU' VPUTIFLIGVVALLVFAL LFHLRKPTHGEGE—ELPVAN—H
consensus/100% hthuhW. hMhGLshMhhholhPLGhhQhhtuh . pGhWhugs. . Fhg. .hhpsLhhsgshsphlFLhGsh.h.h.sh.hhh.o oo ooaaoionans

hQslhulht.

SE Fh0Qs1Lps LEWs Th
JSAtFhQQs1LpT R shQVLhG!
LS FuFMQQs1LpT i

FGVVFTLGALuhuhQUVHGL

consensus/90% MphuFW. LMAGL=hMTHASLLPLGLLQhhAShppGhWY.
consensus/ 0% MphuFWhLNhGLSLMLhsSLLPLGLLQhhAShpcGhWY.
consensus/70% M uFWhLNHGLVLMINTSLLP1GLIQFhASL s cGLWY.

nid on1 1 oan

Supplementary figure 6C. Sequence alignment of representative AXJNOR homologs.
Alcaligenes xylosoxydans (uniprot AOAODG6H8R3); Polaromonas sp. (AOALHOFNK?);
Ralstonia sp.( AOAL1HOU9CY?); Hydrogenophaga intermedia (AOA1L1PKZ3); Bordetella
genomosp (AOA261SF53); Comamonas terrigena (AOA2A7UR79); Thauera sp
(AOA2W6XYGS8); Pseudomonas putida (AOA3M8T612);  Chitiniphilus  eburneus
(AOA4UOPXBO0); Cupriavidus taiwanensis (BsRCN9); Geobacillus stearothermophilus
(B3Y963); Oceanimonas sp.(H2G1F4); Hahella chejuensis (Q2SP13).Consensus between
residues is highlighted by % and color; % of identity between sequences is shown in “pid”
column. Alignment is performed by CLUSTRALW EBI server.



Periplasm Periplasm

Cytoplasm:- Cytoplasm

Supplementary figure 7. Putative product release pathway in AXqNOR. (a) Location of
the putative product release path from binuclear active site to the cytoplasm is shown in purple
and based on CAVER 3.0 analysis. Water channel is shown in cyan. (b) Hydrophobic residues
surrounding the channel and heme molecules are shown as sticks. Iron and Ca ions are
represented by orange and green spheres. Part of the channel directed to the cytoplasm is
indicated by the red square. Majority of the residues lining the path are strictly conserved.
Residues with black labels are strictly conserved; residues with blue labels are
semiconserved.
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Supplementary Table 1: Cryo-EM data collection, refinement and validation statistics

Data Accession

PDB

8BGW

EMDB

16041

Data Collection

Microscope FEI Titan Krios
Voltage (kV) 300
Detector Falcon 4
Energy filter slit width (eV) 10
Nominal magnification 130k
Pixel size (A/pixel) 0.91
Defocus range (um) -0.9--2.7
Exposure time 6.11
Frames 44
Exposure rate (e pixel* s1) 4.61
Electron exposure (e/A?) 34.90
Dose per frame (e/A?) 0.8
Micrographs collected 5466
Reconstruction
Software RELION 3.1
Particles used in refinement 404,950
Symmetry Cc2
Overall resolution when FSC=0.143 2.2
(masked) (A)
Map sharpening B-factor (A?) -47.68
Model Refinement
Software REFMACS5
Non-hydrogen atoms 12845
Protein residues 11649
Ligands 746
Average B factors (A?) 61.128
Protein 63.29
Ligands and water 91.95
R.M.S. deviations
Bond length (A) 0.012
Bond angle (A) 1.649
Ramachandran statistics (%)
Outliers 0.27
Allowed 5.47
Favoured 94.26
MolProbity score 2.36
ClashScore 15.19
Poor rotamers (%) 241
Model vs. Map FSC 0.854
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Supplementary Table 2: Comparison of Ca ligands and bond distances in AXgNOR, its

mutant and PacNOR.

Ca ligands in AxgQNOR | 2.2 A AxgNOR | 3.9 A AxgNOR | 3.3 A 2.7A
(PacNOR) AXgNOR PacNOR
8BGW 60QQ5 Variant

6QQ6 300R
Water 2.3 - - 2.1
OH Tyr78(73%) 2.5 2.6 2.7 2.6
O Gly76(71%) 2.3 2.4 2.8 2.3
O2A Heme bs 2.3 2.6 2.1 2.6
01D Heme b 2.2 2.3 2.5 2.4
02D Heme b (3.7 2.7 2.5 (3.8
OE2 Glu407(135) 2.1 2.5 2.4 2.8
OE1 Glu407(135) 2.2 2.9 3.0 2.6

* residues numbers for PacNOR
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