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Supplemental Materials and Methods

The A red recombinase method was used to inactivate y3406 or fadD (y2236) in a ybtS::kan AznuBC
mutant and zntA (y0410) in KIM6+. The PCR products for replacement of fadD and y3406 with a cam
cassette from pKD3 in the double ybtS::kan AznuBC mutant (KIM6-2070.3) carrying pWL204 were
prepared using primer pairs Afad5’/Afad3’, and y3406red-1/y3406red-2, respectively (Table S1). The
presence of mutations in the resulting strains, KIM6-2070.5 and KIM6-2070.4, was verified by PCR
using fadD C-3’ and Cm-Alex-1, or y3406-R and Cm-Alex-1, respectively. These strains were cured of
pWL204 by growth on TBAS plates.

Table S1. Bacterial strains, plasmids and primers used in this study.

Strains Relevant characteristics® Reference or
source

E. coli strains

DH50 Cloning strain 1

DH511 Apir Cloning strain for propagating plasmids with R6K origins; | S.C. Straley
derived from DH5(]

Y. pestis

strains?®

KIMS(pCD1Ap)+ | Apr Hms* Ybt*™ Lert; pMT1, pCD1Ap, pPCP1 2

KIMS-2067 Ap" Hms™ Ybt™ YbtX" (in frame AybtX2067) Ler™; pMT1, | This study

(PCD1Ap)+ pPCP1; pCD1Ap electroporated into KIM6-2067

KIM5-2070.1 Km' Hms™ Ybt= (ybtS::kan2070.1) Ler™; pMT1, pPCP1; | This study

(PCD1Ap) pCD1Ap electroporated into KIM6-2070.1

KIM5-2070.3 Ap" KmM Hms™ Ybt™ YbtS (ybtS:kan2070.1) Znu- This study

(PCD1Ap)+

1
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(AznuBC2077) Ler™; pMT1, pPCP1; pCD1Ap
electroporated into KIM6-2070.3

K'L\:"S'ﬁg 9614 Ap" Km" Hms™ Ybt* ZntA™ (AzntA2196) Zur This study
(PCD1AP) (zur:kan2078) Ler™; pMT1, pPCP1; pCD1Ap
electroporated into KIM6-2196.4+
KIM5-2197 Apf Pgm* Znu- (in frame AznuA2197) Ler; pMT1, 3
(pCD1Ap)+ pCD1Ap (yadA::bla), pPCP1; pCD1Ap electroporated into
KIM6-2197+
K”C\;"Sﬂ 91-2 Ap" Hms* Ybt* YbtX (in frame AybtX2067) Znu™ This study
(PCD1AP) (4znuA2197) Lert; pMT1, pPCP1: pCD1Ap
electroporated into KIM6-2197.2
KIM5-2197.4 Ap" Hms* Ybt* (ybtX®) Znu~ ( AznuA2197); in frame This study
(PCD1AP)+ AybtX2067 repaired in KIM5-2197.2 by replacement with
ybtX™*; Ler™; pMT1, pPCP1; pSR47s-YbtX was
electroporated into KIM5-2197.2 (pCD1Ap)+
KIMé+ Hms* Ybt* Lcr; pMT1, pPCP1 4
KIME-2046.1 Km! Hms™ Ybt (irp2::kan2046.1) Lcr™; pMT1, pPCP1 5
KIM6-2046.7 Cm'q5 Hms™ Ybt™ (imp24S52) Ay2360::cam2093 Ler™; 6
pMT1, pPCP1
KIME-2046.9 Cmfy5 Hms* Ybt™ (imp24S52) Znu™ (AznuA2197) This study
Ay2360::cam2093 Ler™; pMT1, pPCP1; pKNG-AZnuA
electroporated into KIM6-2046.7
KIM6-2056.1 Hms* Ybt™ (in-frame AybtE2056.1) Ler™; pMT1, pPCP1 | 7
KIME-2056.2 Hms* Ybt™ (in-frame AybtE2056.1) Znu™ (AznuA2197) This study
Ler™; pMT1, pPCP1; pKNG-AZnuA electroporated into
KIM6-2056.1
KIM6-2067 Hms* Ybt* YbtX- (in frame AybtX2067) Ler; pMT1, 8
pPCP1
KIM6-2070.1 Km' Hms™ Ybt= (ybtS::kan2070.1) Ler; pMT1, pPCP1 9
KIM6-2070.3 Kmf Hms* Ybt~ (ybtS::kan2070.1) Znu™ (AznuBC2077) | This study
Ler™; pMT1, pPCP1; pSucZnu3.5 electroporated into
KIM6-2070.1
KIM6-2070.4 Cmfy5 Km" Hms™ Ybt™ (ybtS::kan2070.1) Znu™ This study
(AznuBC2077) y3406™ (Ay3406::cam2201) Ler™; pMTA,
pPCP1; derived from KIM6-2070.3 (pWL204)
KIM6-2070.5 Ccm" Km" Hms* Ybt- (ybtS:kan2070.1) Znu™ This study
(AznuBC2077) FadD™ (Ay2236:.cam2200) Lcr™; pMT1,
pPCP1; derived from KIM6-2070.3 (pWL204)
KIM6-2077+ Hms"* Ybt™ Znu™ (AznuBC2077) Ler™; pMT1, pPCP1 10
KIM6-2077.7

Kmf Hms* Ybt (irp2::kan2046.3) Znu™ (4znuBC2077)
Ler™; pMT1, pPCP1




KIM6-2077.8

Km' Hms* Ybt™ (Airp2-2046.3) Znu™ (4znuBC2077) Ler™; | 3
pMT1, pPCP1
KIM6-2077.18 Km' Hms™ Ybt" (irp2::kan2046.1) Psn™ (in-frame 3
Apsn2045.1) Znu™ (AznuBC2077) Lcr™; pMT1, pPCP1
KIM6-2078+ Km' Pgm™ Zur™ (zur::kan2078) Lcr—; pMT1, pPCP1; 11
derived from KIM6+
KIME-2196.1+ | Hms* Ybt* ZntA~ (AzntA2196.1) Ler™; pMT1, pPCP1; This study
derived from KIM6+
KIM6-2196.4+ Km' Hms™ Ybt* ZntA™ (AzntA2196.1) Zur™ (zur::kan2078) | This study
Ler™; pMT1, pPCP1; pZur4 electroporated into KIM6-
2196.1+ and second cross recovered
KIM6-2197+ Hms* Ybt* Znu" (in frame AznuA2197) Ler-; pMT1, 3
pPCP1
KIM6-2197.1 Hms* Ybt™ (in frame Airp2-2046.3) Znu (in frame 3
AznuA2197) Ler-; pMT1, pPCP1
KIM6-2197.2 Hms™* Ybt™ YbtX~ (in frame AybtX2067) Znu" 3
(4znuA2197) Ler™; pMT1, pPCP1
KIM6-2197.4+ Hms™ Ybt* Znu™ ( AznuA2197) YbtX* (in frame This study
AybtX2067 restored by introducing ybtX) Lcr™; pMT1,
pPCP1; pKNG-YbtX electroporated into KIM6-2197.2
and second cross recovered
KIM6-2202.1+ Km' Hms™ Ybt* Y3657 (Ay3657::kan2202) Znu" This study
(AznuBC2077); Ay3657::kan2202 introduced into KIM6-
2077+
KIM10+ Hms* Ybt™ Ler; pMT1; KIM6+ cured of pPCP1 12,13
Plasmids Relevant characteristics Reference or
source
PACYC184 4.24 kb, Cm", Tc", low copy cloning vector 1
PCD1Ap 71.7 kb, Ap", Ler*; pCD1 with bla cassette inserted into | 2
‘'yadA downstream of the frameshift mutation in this
pseudogene ('yadA::bla)
pKD3 2.8 kb, Ap', Cm', template plasmid 14
pKD4 3.3 kb, Ap', Km', template plasmid 14
PKNG101 6.8 kb, Sm', oriR6K SacB™ suicide vector 15
PKNG-AznuA 8.3 kb, Sm', oriR6K SacB* , AznuA2197; suicide vector; | 3
PKNG-YbtX-comp | 9 24 kb, Sm'; 2.67 kb Apal-BamHI fragment was ligated | This study
into Apal and BamHI sites of pKNG101 suicide vector.
PQE30 3.5 kb, Ap', expression vector for IPTG-inducible His- Qiagen
tagged proteins
PQEYDbtA 4.2 kb, Ap", expression vector for for IPTG-inducible 16
YbtA-6xHis
pSkippy 5.4 kb, Ap", SacB*; expresses FLP recombinase 7

3




pSR47s

6.58 kb, Km"oriTRP4 oriR6K SacB+; suicide vector

18

PSR-YbtX-comp | g 5 kp, Km'; 2.66 kb Xhol-BamHI fragment was ligated | This study
into Sall and BamHI sites of pSR47s suicide vector.
pSucZnu3.5 12.2 kb, Ap", AznuBC2077 SacB™, R6K ori; in suicide 10
vector pSUC1
pYbtX 5.5 kb, Cm"; ybtX expressed from native promoter in 3
pACYC184
pYbtX-ZP 5.421 kb, Cm" ,ybtX* with ZnuA promoter cloned into This study
pACYC184
pWL204 8.2 kb, Ap" Sac® A-red recombinase helper plasmid 19
containing sacB*
SWSKZ i-erb; 5.4 Kb, Ap', low-copy-number cloning vector 20
low-
copy-
number
cloning
vector
PWSK-YbtX- 8.01 kb, Ap"; 2.63 kb Y. pestis KIM6+ genomic region This study
comp containing ybtX was ligated into Hindlll and Smal sites of
PWSK29
pZur4 7.5 kb, Ap', zur::kan2078, R6K ori suicide vector 11
Primer name Primer sequence (5’—3’) Purpose
Afad3’ TTTACCCACATTCGACTTCGGCAATTCGTCACGGAAC | construct
TCCATATGAATATCCTCCTTAGT AfadD
Afad5’ CCCGCAGAGATTGATCCGGACCGCTATTCATCTTTGA | construct
TAGTGTAGGCTGGAGCTGCTTC AfadD
Cm-Alex-1 AATATCCAGCTGAACGGTCTG confirm
Ay3406:.cam
AfadD::cam
C GAGATTTTCAGGAGCTAAGG confirm
m-2 A .
y0410::cam
f , TTAAGCTGCGTCTGTCGTAC confirm
adD-3'C AfadD::cam
KM-1 ACTGGGCTATCTGGACAAGG confirm
Ay3657::kan
TGCATGAGTGATGTTCAG sequencing
ybitX to
P27 confirm
restoration of
ybtX*
GCGAAATGGACTGGACAA sequencing
ybtX to
P33 confirm
restoration of
ybtx*
pPQX-vector- AGGAAGCAGCCCAGTAGTAG sequencing
2100 ybtX




pPQX-vector- CAGTTACCTCGGTTCAAAGAG sequencing
1300 ybtX
Y0410red-1 CAACGTTAAGGGACATGGGCATATACCTGTTACATCC | construct
TGCATAGGGAGCGTGTAGGCTGGAGCTGCTTC Ay0410::cam
Y0410red-2 CATTAGCCTATTCAAACATTGACCTAATCAAACATCTC | construct
GGACCTAATCACATATGAATATCCTCCTTAGT Ay0410::cam
Y0410-pBADF GGGCATATACCTGTTACATCCT Zonfl rm )
y0410::.cam
Y3406red-1 TCGTTGATTTATCAAAAGTGATCTATATGCAACTACAG | construct
GTAATGGTGTAGGCTGGAGCTGCTTC Ay3406::cam
Y3406red-2 TCGTTCCGGTAAAGCTAAAAGCATTGATGGCGACAC | construct
GTTTGATTACATATGAATATCCTCCTTAGT Ay3406::cam
Y3406-R CCGTAGGCTTTCTCAACA confirm
Ay3406:.cam
Y3657red-F CATTGGCACAGTTCTCATGTCCTAAGAATCTCTAACC | construct
GCGAAATAGTGTAGGCTGGAGCTGCTTC Ay3657::kan
Y3657red-R CATTCCCCCGGATATTTTTTTGTCTGACGACTGCCCG | construct
CTACATTTTCATATGAATATCCTCCTTAGTTC Ay3657::kan
Y3657 del GGGGTTTGTCAGCAGTCTGA confirm
Ay3657::kan
GTGCGTTCTGCGTCGTTG cloning ybtX
YbtX-comp-Rev into pWSK29
YbtX-comp- GGAAAAGCTTGAGCGGTTTATGGCGATAG cloning ybtX
Hindlll into pWSK29
ybtX- TATACTAGTCACTCTTCTTCTGCGAACTGG cloning ybtX
compl_R6K_R- under
Spel ZnuA promoter
ZnuAprom-ybtX- CAAAGGATCCATCATGATTATATTYGCAGAATCTAGT | cloning ybtX
BamHI| GAATGTTATAATATTACGCTTTACCCATCAAAACATTC | under znuA
TGGTGATGGAAGAGG promoter

a A plus sign (+) indicates an intact chromosomal 102-kb pgm locus. All other Y. pestis strains have
a mutation within this locus or a deletion of the entire locus (Apgm). Genes encoding for the
synthesis and transport of Ybt as well as for transcriptional regulation of ybt genes are encoded
within the pgm locus.

b Apf, Cm" Km', Sm"and Tc" indicate resistance to ampicillin, chloramphenicol, kanamycin,
streptomycin and tetracycline, respectively.
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Fig. S2. Overexpression of the transcriptional
regulator YbtA does not complement the severe
growth defect of the Y. pestis Irp2- Znu- (irp2
Aznu) mutant under low Zn conditions. Growth
rates of Y. pestis KIM6-2077(pQE30) (HMWP2*
Znu- YbtA*; AznuBC); KIM6-2077.8(pQE30)
(HMWP2- Znu- YbtA*; Airp2 AznuBC ); and KIM6-
2077.8(pQEYDbtA) (Irp2- Znu- YbtA**Airp2 AznuBC
ybtA* overexpressed) in Chelex-100-treated PMH2
(cPMH2) supplemented with 0.6 uM ZnCl,, 1.0 uM
FeCl; and 1.0 mM IPTG. An Irp2- mutant cannot
synthesis the Ybt siderophore and expresses
reduced levels of irp-psn-ybt genes. Expression

Fig. S1. Salicyl-AMP ligase YbtE and
loading site for salicylate (Ser-52) onto the
HMWP2 synthase are required for growth
of the znu mutant under low Zn conditions.
Growth rates of Y. pestis KIM6-2077+ (Znu-;
AznuBC), KIM6-2056.2 (YbtE-Znu-; AybtE
AznuBC ), KIM6-2046.9 (HMWP2AS52 Znu;
irm2AS52 AznuA ) and KIM6-2077.7 (HMWP2-
Znu; irp2::kan AznuBC). in cPMH2
supplemented with 0.6 yM ZnCl, and 1 yM
FeCls. The growth curves shown are
representative of two independent studies.
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plasmid pQEYDbtA has ybtA* cloned behind the IPTG-inducible promoter in pQE30. The growth curves
shown are representative of two independent studies.

2.0 Fig. S3. Y3406 and Y2336 are not required for
—&— Znu YbtS" growth of the znu YbtS double mutant under
—8—  Znu HMWP2- low Zn conditions. Growth rates of Y. pestis

u_ : : KIM6-2070.3 (YbtS-Znu-; ybtS::kan AznuBC),

10 L B ZnuYbtS Y3406 KIM6-2077.7 (HMWP2- Znu; irp2::kan AznuBC),

T Znu YbtS" KIM6-2070.4 (Y3406 YbtS-Znu-; Ay3406::cam
- Y2336 ybtS::kan AznuBC )and KIM6-2070.5 (Y2236
B YbtS-Znu-; Ay2236::cam ybtS::kan AznuBC). in
- cPMH2 supplemented with 0.6 yM ZnCl, and 1

05 | uM FeCls. The growth curves shown are

representative of two independent studies.
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