Supplementary Information

Supplementary Table S1. Strains used in this study.

Strain/plasmid Genotype/ description Source
Strains
Ve 0395 V. cholerae Wild-type, Sm* A gift from
Dr. Fitnat
Yildiz at the
University of
California
Santa Cruz
Ve 0395 mutant, AznuA, Smr This work
Ve O395 mutant, AznuA zrgA A124-184, Smr This work
Ve O395 mutant, AznuA, AzrgA Smr This work
Sm10 A pir E. coli, with derivative RP4 plasmid integrated, A gift from
containing the A pir for replication of R6K suicide Dr. Fitnat
vector, for integration into V. cholerae. Yildiz at the
University of
California
Santa Cruz
Plasmids
pCDF-Duetl Expression vector, Smr Novagen
pCDEF-Duetl with V. cholerae zrgA, Smr+ This work
pCDEF-Duetl, with V. cholerae zrgA mutation lacking This work
A124-184, Smr
pCDF-Duetl, with V. cholerae zrgA mutation lacking This work
A124-183, Smr*
pCDF-Duetl, with V. cholerae zrgA mutation lacking This work
A124-180, Smr
pGP704sacB28 pGP704sacB28, R6K suicide plasmid, Apr A gift from
Dr. Fitnat
Yildiz at the

University of
California
Santa Cruz




pGP704sacB28, with upstream and downstream
flanking regions comprising 3 amino acids forward
and reverse of znuA gene along with 500-600bp
flanking gene, Ampr*

This work

pGP704sacB28, with upstream and downstream
600bp flanking sequences of zrgA, Ampr*

This work

pGP704sacB28, with upstream and downstream
600bp flanking sequences of zrgA flexible loop region
124-184, Ampr

This work

Supplementary Table S2. Primers used in this study.

Primer

Primer sequence 5’ to 3’

VcholZrgA_pdcf_fow

gtataagaaggagatatacatatgcattacccaacaatgattg

VcholZrgA_pcdf_rev

gtttctttaccagactcgagggtttacagtttgataagegtttg

ZrgA_Del 123-184 FWD

ggctcattcaccgctcaatatcagttecac

ZrgA_Del 123-184 REV

accataagcgtgectgtattgotactcttc

ZrgA_del_123-180 FWD

gagcatcaacacggctcattcaccgctcaa

ZrgA_del _123-183 FWD

cacggctcattcaccgctcaatatcagttc

Vc_ZnuA_Del A

gatccacgaagcttcccatggaagceaagteggetctttgtaataaage

Vc_ZnuA_Del_B2

taagattgggacaaacacgctctcgataacatggtcgcecaaact

Vc_ZnuA_Del_C2

tggcgaccatggttatcgagagcegtgtttgtcccaatcttaagteg

Vc_ZnuA_Del D2

tagaaccggtgacgtcaccacaactcgtgttgctcaaaagcec

Vc_ZrgA_del A

atccacgaagcttcccatggttccaacagtgattgegctttgt

Vc_ZrgA_del B

tgttttattaggagttttictgccaccgcetcggga

Vc_ZrgA_del C

acctatcccgageggtggcagaaaaactcctaataaaacaaaaaa

Vc_ZrgA_del D

tatctagaaccggtgacgtcacccatcaatcacatcgggtga

ZrgA_Mut_124-184 A

gatccacgaagcttcccatggcaageggcttaagtcactge

ZrgA_Mut_124-184_B2

aacacagccacgcttatggtggoctcattcaccgctcaatat

ZrgA_Mut_124-184_C2

tattgagcggtgaatgagccaccataagegtggctgtg

ZrgA_Mut_124-184_D2

tagaaccggtgacgtcaccaccaccacaagcaagggttga

FWD_Vc_ZnuA_Seq

tgttgataaaaagccagegtgtctcggc

REV_Vc_ZnuA_Seq

cattagtcgctaaagcccatttcgagact

Vc_ZrgA_Seq FWD

tcacgggtttattcagtaaagcgcttggc




Vc_ZrgA_Seq REV

cttgattcagcaaaatctgtaatcgecce

FWD_Vc_ZrgA_mut_Seq

gttggaaaatatagcctatatggtcggeg

REV_Vc_ZrgA_mut_Seq

ggcctaaaaaccagtcagtggatattgec

Table S3. Properties of refined zinc sites and ligands.

Site

Chain

Occ.

B-factor

Anom.
Density
(rmsd, o)

Ligand* (Distance,
A)

1.0

32.9

12.1

H35 Ne (2.0)
H36 Ne (2.0)
E66 Oel (2.1)
E66 Og2 (2.1)
H.0 (2.1)

1.0

40.0

10.5

H35 Ne (2.1)
H36 Ne (2.0)
E66 Ocl (2.1)
E66 Oc2 (2.1)
H-O (2.1)

1.0

31.3

11.5

H35 Ne (1.9)
H36 Ne (2.0)
E66 Ogl (2.0)
H.0 (2.1)

1.0

43.5

12.1

H35 Ne (1.9)
H36 Ne (1.9)
E66 Ozl (2.1)
E66 Oe2 (2.1)

0.43

81.1

4.7

H35 Ne (2.3)
H36 Ne (1.8)
E66 Ozl (2.0)
E66 Og2 (2.1)

0.75

43.1

7.9

H35 Ne (1.9)
H36 Ne (2.0)
E66 Oel (2.1)
E66 Og2 (2.1)
H-0 (2.1)

1.0

33.5

10.3

E83 O¢l (2.0)
H86 Ne (2.0)
H87 Ne (2.0)
E79’ (D) Oel (2.1)
E79’ (D) Oc2 (2.1)

1.0

39.6

9.8

E83 Oel (2.0)
H86 Ne (1.9)
H87 Ne (1.9)




E79” (F) Oel (2.2)

E79” (F) O¢2 (2.2)

1.0

38.5

9.0

E83 Ozl (2.0)

H86 Ne (2.0)

HS87 Nk (1.9)

E79 (E) Oel (2.1)

E79' (E) Og2 (2.1)

1.0

33.4

11.1

E83 O¢l (2.1)

E83 Og2 (2.1)

H86 Ne (2.0)

H87 Ne (2.0)

E79’ (A) Oel (2.1)

E79' (A) Og2 (2.1)

1.0

33.2

9.3

E83 O¢l (2.1)

HS6 Ne (1.9)

H87 N& (2.0)

E79’ (C) Oel (2.1)

E79’ (C) Og2 (2.1)

1.0

494

7.2

E83 Oel (2.0)

H86 Ne (2.0)

H87 Ne (2.0)

E79” (B) O¢l (1.7)

E79” (B) Oc2 (2.7)

1.0

34.6

10.9

H49 N5 (2.1)

H194 Ne (2.1)

E196 Ogl (2.1)

E196 Og2 (2.1)

H118' (D) N§ (2.0)

0.72

51.4

55

H49 N (2.0)

H194 Ne (2.3)

E196 O¢l (2.1)

H.O (2.1)

0.35

54.0

4.2

H194 N& (2.0)

E196 Ozl (2.1)

0.43

52.8

3.0

H194 Ne (2.0)

E196 Ogl (2.1)

0.57

60.0

5.3

H49 N5 (2.3)

H194 Ne (2.0)

E196 O¢l (2.1)

E196 Og2 (2.1)

H118 (C) N& (2.1)

0.89

63.0

6.6

H49 N (2.0)

H194 N5 (2.0)

E196 Ozl (2.0)

3b

0.50

55.1

3.4

H194 N§ (2.0)

D50 051 (2.1)




D50 052 (2.1)
D 0.67 | 51.3 7.3 H194 N6 (1.7)
D50 Ol (2.1)
4 |B 0.86 | 62.2 45 H67 Ne (2.1)

*Ligands from another chain in the asymmetric unit are indicated by (“). Those from a symmetry related
chain are indicated by (“). The chain ID is indicated in parentheses after the residue name.

Shewanella_maritima/1-241 1MNF=-==K==m=== VPTLVAAMICAPT----vnnm=x DQGEVFlI NEBKQWNVQFNIBAINA 51
Pseudomonas_stutzeri/1-204 1---MRHL---LBAVPVLELPLSYSQAHEDHHHEHEEAASLG KR FISPAMNL 64
Pseudomonas/1-196 l1---MRPL-~-~-LLAL--VLLPF-AAQAHDDHDHDHA-HGSLGK KT LDSPAMNL 60
Pseudomonas_fluorescens/1-202 1---MRRL-~--LLALPFALLPLAAAQAAQAHDHEHE-HGSLG T LESPAMNL 63
Pseudomonas_putida/1-193 1---MCRL--~LLALPFALLPLAVAHAHDDHDHDHA-HGSLG NT LDSPIAMNL 63
Vibrio_caribbeanicus/1-227 1---MKNITPIALSISLAISS-~-~-FAYA--~~-~ EEGF K E 1 SA vV 58
Photobacterium_lipolyticum/1-193 IMTFLPRVTTCALIVS~-~-~-~SLFSAAAAS-~-~~-~ D I TA VvV 61
Vibrio_cholerae/1-242 1---MHYPTMIALMVGATIESGNVLADHHS - - - - - HD ITA vV 62
Vibrio_parahaemolyticus/1-209 1---MPSKQVLAIVIGLSES-~-~-~-~ TVAT----- SD! ITA vV 57
Pseudooceanicola_batsensis/1-220 1 - --MKP | - - - HA- - - - LAAST LAAPAF-- - - - VEHGKVEINLLS 1 55
Rhodomicrobium_vannielii/1-200 1---MKIL---TTIPLAALISACALTASQ--~~~ LEKNIESIELEA 1 59
Sulfitobacter_marinus/1-223 1----MKQ---AlS----BITLVARLPAL--~~- |E@TTVAESFEA | 54
Roseobacter_denitrificans/1-218 1---MKIL---PlI----AISTLISSPAL--~-~-~ FEGQQ | AMQLHA 1 55

Shewanella_maritima/1-241 52 F RAEDKQQQAAVTKFAKLVQTANDVVSLN- - KLVSATDNVEKQFALAAHAHDKHDDKHEHHDH 119
Pseudomonas_stutzeri/1-204 65 PATPADEEK IAEARAQEEQPATIERGLP KA VVSEQQLHGEBLGSAH--------=mcccem- 118
Pseudomonas/1-196 61 ASTDADKAAVAKARAQEEKPLEERALPVT SVASQELRSPLFGDKA----=-mmmemmmm e e 114

Pseudomonas_fluorescens/1-202 64 PSTDADKAKVAABRTQEEQP LVIEESLP KA VVAKQELESPBFGDKP == =--cccmecem e == 117
Pseudomonas_putida/1-193 64 ASSDADKAKVAAVRQQEEQPLKIEECGLSAA KEEQQALESPEFGDAA------mmemmemmmm 117
Vibrio_caribbeanicus/1-227 59 PNTSEQKHQLENAI TTEKDVNNEETFPAS VALSQSVAHTLEDGDDHHNEH= === === =~ DH 119
Photobacterium_lipolyticum/1-193 62 PPTSEQQQQAVERA | EEBKQATEBBAFTAS LTEAFITENBITHD-cvcvccccccccccaas 114

Vibrio_cholerae/1-242 63 PQDDAQKQALEKMLETEHHP EKBRALSDK EKREVLIKHTLGGEEYQHSHAYGEDEEHEHQH 132
Vibrio_parahaemolyticus/1-209 58 PENAEQEKTLQHAVATIHEDS NAIEEA | NPQ EIEEVHVEHSEGGQHEEHEH-~--====-=-~ 115
Pseudooceanicola_batsensis/1-220 56 YEATSAEDKDAVEAM I RTMLMPIEN | VTIEP EA] RLTEVLAHLH-~-SGDHDHDDAD- -~~~ ~ AHM- 116

Rhodomicrobium_vannielii/1-200 60 Al
Sulfitobacter_marinus/1-223 SS
Roseobacter_denitrificans/1-218 56

YAATSEADLAA | AQAVKTGAP LDBEVMP DA AVVDAKAELE--GGDAHGEHEEH-~-~-GDEHH- 118

EAATKEDKAKLEK KATIAKGLEITPASA KQTSAKVALE--AEHEHEGEGKE-~-~-EHEHA- 123
Y EAKTAEDRTS | DSEVAKIEBAQP LTIEREVIEP EA SVVQASAALE--SEEEHHDHGAH---DDH-A- 118

Shewanella_maritima/1-241 120 DKHDHDKHEHHDHDKHDHDKHDHDKHEHHDHDKHDHDKHEHHDHDKHDHDKHEHHDHDK - HDEHNHADAE 188
Pseudomonas_stutzeri/1-204 B L I e AGYQRRDQDEDHRHEHSHAPADEYSGHSDVE 149
Pseudomonas/1-196 b PAHAHKEKAG---HEHEH- EHEHEHGHAD | H 141
Pseudomonas_fluorescens/1-202 118 == === = e e e c e m e e c e e s e e e e, —————— DDDDHDEDAKDTA-GHEHHHEMSE | H 147

Pseudomonas_putida/1-193 118 -cvvereccneerecccccceccncenncccencccne===-KADBDGHA~- -~~~ ~~ EH- EHEHDHQHSDIG 138
Vibrio_caribbeanicus/1-227 120 DE-~-~- -~ HKH--HDEHDHDKHDHD === == === =~ DEHDHDEHKHHDEHDHDEHSGHGEFN 172
Photobacterium_lipolyticum/1-193 115 = = = = = = e s s ;e e e e e e e m e e e m— e — .- EEHDHDS -~~~ =~~~ HEHATHGGFS 139
Vibrio_cholerae/1-242 133 GE-GEHDHKAHDHKDHDHKGHDHA - = = = = = = = = = KEHDHKGHE-HEGHDHD- EHQHGSFT 188
Vibrio_parahaemolyticus/1-209 116 == == -ecccmmmen HDHEGHDHD- === =======-~ DKHEHDGH---EGHDHSEHSDHCGEFT 154
Pseudooceanicola_batsensis/1-220 117 = = - - - DDVHEHEHEDHAEDDHD--==========w==u= HDHEDHGDDHDHEDHAGDDHDHGDEAQMSELH 165
Rhodomicrobium_vannielii/1=200 124 == == === e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m .- AEAKDHDHEKGEHHHMSEFH 142
Sulfitobacter_marinus/1-223 119 - ==~ ~ DDHAEESHDDHGHDDHG- == ======ceeeuxu- HDDHGHKDDSHDGHDDHGHDDHAEDAGHT EFH 167
Roseobacter_denitrificans/1-218 119 - = - - - ADHGHEDHDDHA--~-- == cccccccm e ADHCHKDHDKHG- EDHAHDHDAHAASHSEFH 160
Shewanella_maritima/1-241 189 FS VIE DKSV--TSAEF-NL VGSAQGA-KPLTPQASSISFK-~~ 241
Pseudomonas_stutzeri/1-204 150 AS DESNPEALQALDLKRL, EK LIGPN G-AELTPARTQLPF~-~--~ 204
Pseudomonas/1-196 142 AHMQLSEEKPELLKLLTLAEF K LIGPDGQKG-ADLAPASAELKL- -~~~ 196
Pseudomonas_fluorescens/1-202 148 AHMQETEAKP DALKTLDLGQV K LISPN G-VEASATAATLKF-~~~ 202
Pseudomonas_putida/1-193 139 AH LTEANPDKLTQLDLAPL KN LIGPNGQKG-VETTPTKAAVAF -~~~ 193
Vibrio_caribbeanicus/1-227 173 |EMSYTESNISALKNIET KSHTVMNWLSPDGK | SVVELCKGDKT I SR=-~~~ 227
Photobacterium_lipolyticum/1-193 140 AFHEBAD | KQLKDLQV- EKIAIQANTETS@KA- EQLTPTSTLFKF-~~~ 193
Vibrio_cholerae/1-242 189 HEEAVDQLKQIDT EKIQANVLTEKQQSA- LQLNAKQTLIKL=- =~~~ 242
Vibrio_parahaemolyticus/1-209 155 VQMR FHEAQVGELSHIQT - ESVNUNLFTDTTQSA-TSLTKSNTQIAIK-~~ 209
Pseudooceanicola_batsensis/1-220 166 VSMAFAGEDEDALTTISF~ ENAQEWEABYVTETGAGQ-AEI TRDAPELTLE- -~ 220
Rhodomicrobium_vannielii/1-200 143 VEMAFEBAAP EK IASLSF-CY NAQELDVMTVITPKGQSS-YEVTKDKPKLELKGVM 200
Sulfitobacter_marinus/1-223 168 ATMTLTEDTPDAETEINF-AY NAQENDVALISASGARA- FEVERSTPLLDLER- - 223
Roseobacter_denitrificans/1-218 161 AEMILLT@ADPAAASEITF-AYEDAERNARELE IQMIESESGATA-FEVSRDSP I LDLRGMF 218

Supplementary Figure S1. Multiple sequence alignment of ZrgA homologues
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Supplementary Figure S2. Zinc binding to WT (circles) and A124-184 ZrgA (triangles) as
determined by incubation of protein with varying concentrations of zinc followed by desalting
and zinc quantitation by ICP-OES. Linear fits are applied to the first 5 data points in for WT and
the first 3 for A124-184 ZrgA with R? values indicated.
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Supplementary Figure S3. Size exclusion chromatogram showing purification of ZrgA A124-
184 and the molecular weights calculated from the elution time (calc. MW) and the primary
sequence (pred. MW). The elongated structure of ZrgA likely results in a larger apparent MW
than expected for a monomer that is nonetheless too small for a dimer.

Supplementary Figure S4. Alignment of crystal structures of Apo PA4063 (PDB ID: 7AHW,

magenta) and Apo A124-184 ZrgA (cyan). Figure created with Pymol version 2.5.4, Schrodinger,
LLC.
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Supplementary Figure S5. Zinc binding sites 3b (A and B) and 4 (C and D) in A124-184 Zrg
showing 2Fo-Fc density contoured at 1.0c (blue mesh, A and C) or anomalous difference
density contoured at 2.5¢ and zinc ligands with bond distances indicated in A (orange mesh, B
and D). Sites 3 and 3b are shown for the D chain, and site 4 is shown on the B chain. Figure
created with Pymol version 2.5.4, Schrodinger, LLC.



