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Fig. S2. Genetic organization of the Y. pestis znuABC locus. ORF arrows show the direction
of transcription of the indicated genes and are drawn to scale. Small arrows indicate the

divergent promoters in the 75 bp space between znuA and znuC. Locations and sizes of the
AznuBC2077.1 and AznuA2197 mutations are shown.

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

Strain® Relevant characteristics” Reference or
source
E. coli strains
DH5a Cloning strain (Ausubel et
al., 1987)
DH5a Apir Cloning strain for propagating plasmids with R6K origins; | S.C. Straley
derived from DH5a
Y. pestis strains
KIMS Apf Pgm* Lert; pMT1, pCD1Ap (yadA::bla), pPCP1 (Gong et al.,
(PCD1AD)+ p' Py p P p(y ), P 2001)
KIMS Ap' Pgm" (Apgm; Ybt Hms") Lert; pMT1, pCD1Ap (Fetherston et
(pCD1Ap) (yadA::bla), pPCP1 al., 2010
KIM5-2045.6 Km' Hms* Ybt (4psn::kan2045.6) Lcr™; pMT1, pPCP1 (Fetherston et
(pCD1Ap) al., 2010)
KIM5-2046.1 | km' Ybt- (irp2::kan2046.1) Hms* Ler™; pMT1, pPCP1 (Fetherston et
(pCD1Ap) al., 2010)
KIM5-2077 Apf Pgm* Znu™ (AznuBC2077) Lert; pMT1, pCD1Ap (Desrosiers et
(PCD1Ap)+ (yadA::bla),pPCP1; pCD1Ap electroporated into KIM6- | &l 2010)
2077+
KIM5-2077 Ap' Pgm" (Apgm; Ybt Hms’) Znu (AznuBC2077) Lert; | This study
(PCD1Ap) pMT1, pCD1Ap (yadA::bla), pPCP1; pCD1Ap
electroporated into KIM6-2077
K”(\:/'g-lZAO77-7 Ap" Kmf Hms* Znu" (4znuBC2077) Ybt" (irp2::kan2046.1) | This study
(P P) Lert; pMT1, pCD1Ap (yadA::bla), pPCP1; pCD1Ap
electroporated into KIM6-2077.7
KIM5-2077.8 Ap' Hms™ Ybt™ (in-frame Airp2-2046.3) Znu” This study
(pCD1Ap)
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(4znuBC2077) Ler™; pMT1, pCD1Ap (yadA::bla), pPCP1;
pCD1Ap electroporated into KIM6-2077.8

K'g/'gfp???-g Km" Ap" Hms* Ybt™ (4psn::kan2045.6) Znu This study
(PCD1AP) (4znUBC2077) Ler*; pMT1, pCD1Ap (yadA::bla),pPCP1;
pCD1Ap electroporated into KIM6-2077.9
Klg/lg-lZASﬂ?.lO KmP Ap' Pgm™ (Apgm; Ybt Hms) Znu™ (AznuBC2077/ This study
(b P) attTn7::mini-Tn7T-Km-znuABC") Lcrt; pMT1, pCD1Ap
(yadA::bla),pPCP1; pCD1Ap electroporated into KIM6-
2077.10
KIM5-2197 Apf Pgm* Znu (in frame AznuA2197) Lert; pMT1, This study
(PCD1Ap)+ pCD1Ap (yadA::bla), pPCP1; pCD1Ap electroporated into
KIM6+
K'g"g-lZAlW Ap' Pgm™ (Apgm; Ybt Hms") ZnuA" (in frame AznuA2197) | This study
(PCD1AP) Lert; pMTL, pCD1Ap (yadA::bla), pPCP1; AznuA2197
was introduced into KIM5(pCD1Ap)
K'E”Sﬁlm Hms* ZnuA™ (in frame AznuA2197) Ybt (in frame Airp2- | This study
(PCD1AP) 2046.3) Ler™; pMT1, pCD1Ap (yadA::bla), pPCP1;
pCD1Ap electroporated into KIM6-2197.1
KIM6+ pgm+ Ler; pMT1, pPCP1 (Fetherston et
’ ’ al., 1992)
KIMé Pgm" (Apgm; Ybt Hms") Lcr™; pMT1, pPCP1 (Fetherston et
al., 1992)
KIM6-2045.1 Hms" Ybt (Apsn2045.1) Lcr™; pMT1, pPCP1 (Tetrgesgzt)on i
al.,
KIM6-2045.6 | kmr Hms* Ybt (4psn::kan2045.6) Lcr™; pMT1, pPCP1 ‘Tetfge;zt)"” et
al.,
KIME-2046.1 | Km" Ybt~ (irp2::kan2046.1) Hms* Lcr™; pMT1, pPCP1 (Tetfgeézt)on et
al.,
KIM6-2046.3 Hms* Ybt™ (in-frame Airp2-2046.3) Lcr™; pMT1, pPCP1 (?eigdge% et
al.,
KIM6-2066 Hms* Ybt™ (4ybtQX2066) Ler™; pMT1, pPCP1 (Tetrgesgzt)on i
al.,
KIM6-2067 Hms* YbtX" (in-frame AybtX2067) Lcr™; pMT1, pPCP1 Flethl%rgg;n et
al.,
KIM6-2071 Hms™ Ybt™ (in frame AybtU2071) Ler™: pMT1, pPCP1 (?eggg%g et
al.,
KIM6-2073+ Km" Pgm™* TonB- (tonB::kan2073) Lcr; pMT1, pPCP1 (Z'B%g%)et al.,
KIM6-2077+ Pgm™* Znu~ (AznuBC2077) Ler™; pMT1, pPCP1 Sé?,é'f“ etal,
KIM6-2077 Pgm™ (Apgm; Ybt Hms") Znu~ (AznuBC2077) Lcr; (Desrosiers et
KIM6-2077.7 Km' Hms* Ybt™ (irp2::kan2046.1) Znu™ (4znuBC2077) This study

LerT; pMT1, pPCP1; derived from KIM6-2077+
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KIM6-2077.8

Hms™ Ybt™ (in-frame Airp2-2046.3) Znu™ (4znuBC2077)
Ler'; pMT1, pPCP1; derived from KIM6-2046.3

This study

KIM6-2077.9

Km"Hms™ Ybt™ (4psn::kan2045.6) Znu~ (4znuBC2077)
Lcr'; pMT1, pPCP1; derived from KIM6-2045.6

This study

KIM6-2077.10+

Km" Pgm™ Znut (AznuBC2077/ attTn7::mini-Tn7T-Km-
znuABC") Lcr™; pMT1, pPCP1; derived from KIM6-2077+

This study

KIM6-2077.10

Km" Pgm™ (Apgm; Ybt Hms") Znut (AznuBC2077/

attTn7:: mini-Tn7T-Km-znuABC") Lcr™; pMT1, pPCP1;
derived from KIM6-2077

This study

KIM6-2077.11+

Km' Pgm* Znu (AznuBC2077) TonB- (tonB::kan2073)
Lcr; pMT1, pPCP1,; derived from KIM6-2073+

This study

KIM6-2077.12+

Km' Pgm* Znu (AznuBC2077) TonB- (tonB::kan2073)

HasB™ (AhasB2080) Lcr~; pMT1, pPCP1; derived from
KIM6-2077.11+

This study

KIM6-2077.13

Hmst Ybt™ (4ybtQX-2066) Znu™ (AznuBC2077) Lcr™;
pMT1, pPCP1,; derived from KIM6-2066

This study

KIM6-2077.14

Hms* Znu™ (41znuBC2077) Psn (in-frame Apsn2045.1)
Ler'; pMT1, pPCP1; derived from KIM6-2077+

This study

KIM6-2077.15

Km Hms™ Ybt™ (in-frame Airp2-2046.3) Znut

(AznuBC2077/ attTn7::mini-Tn7T-Km-znuABC") Lcr~;
pMT1, pPCP1; derived from KIM6-2077.8

This study

KIM6-2077.16+

Km' Hms* Znu™ (4znuBC2077) Ay1329-30::kan2199 Lcr™;
pMT1, pPCP1; derived from KIM6-2077(pWL204)+

This study

KIM6-2077.17+

Km' Cm" Hms* Znu™ (4znuBC2077) Ay1329-30::kan2199

Ay1245::cat2187. 1 Lcr™; pMT1, pPCP1; derived from
KIM6-2077.16(pWL204)+

This study

KIM6-2077.18

Km' Hms* Znu™ (4znuBC2077) Psn” (in-frame

Apsn2045.1) HMWP2" (irp2::kan2046.1) Lcr; pMT1,
pPCP1; derived from KIM6-2077.14

This study

KIM6-2077.19

Km' Hms* Znu™ (4znuBC2077) Psn™ (in-frame
Apsn2045.1) HMWP2" (irp2::kan2046.1) YbtX"™ (in-frame

AybtX2067) Ler™; pMT1, pPCP1; derived from KIM6-
2077.18

This study

KIM6-2197+

Pgm™ ZnuA (in frame AznuA2197) Ler™; pMT1, pPCP1;
derived from KIM6+

This study

KIM6-2197.1

Hms™ Znu™ (in frame AznuA2197) Ybt™ (in frame Airp2-
2046.3) Lcr7; pMT1, pPCP1,; derived from KIM6-2046.3

This study

KIM6-2197.2

Hms™ zZnu (in frame AznuA2197) YbtX~ (in frame
AybtX2067) Lcr; pMT1, pPCP1,; derived from KIM6-2067

This study
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Plasmids

pACYC184 4.24 kb, Cm', Tc', low copy cloning vector (Ausubel et
al., 1987)
pBGL2 4.8 kb, Ap', Tc"; low copy cloning vector (Perry et al.,
1990)
pBluescript-KS | 3.0 kb, Ap'; cloning vector Stratagene
pBSZnuA 4.9 kb, Ap', znuA™; 1.9 kb HindIl/Pstl fragment from This study
pZnu?2 ligated into the same sites in pBluescript-KS
pBSAZnuA 4.4 kb, Ap', in frame AznuA2197; HindIl/Xmnl and This study
Pstl/Fspl fragments from pBSznuA ligated into Hindl and
Pstl sites of pBluescript-KS
pCD1Ap 71.7 kb, Ap', Ler™; pCD1 with bla cassette inserted into (Gong et al,
'yadA downstream of the frameshift mutation in this 2001)
pseudogene (‘'yadA::bla)
pCIRP498.8 17.4 kb, Ap', Km', R6K ori, SacB", irp2::kan2046.1 (Fetherston et
al., 1995)
pCVDYbtX 6.3 kb, Ap', R6K ori, SacB”, in frame AybtX2067 (Fetherston et
al., 1999)
PEUIrp2 15.4 kb, Spc', irp2::laczZ (B-gal®); (Perry et al.,
2003a)
pEUZnul 15.5 kb, Spc', znuA::lacZ (B-gal®); 255-bp PCR amplicon | (Desrosiers et
ligated into Asp718 of pEU730 al., 2010)
pHas98 16.1 kb, Km', hasRADEB" (Rossi et al.,
2001)
plrp2 14.3 kb, Ap', irp2”; irp2 gene cloned into pBGL2 (Bearden et
al., 1997)
pKD3 2.8 kb, Ap", Cm', template plasmid (Datsenko and
Wanner,
2000)
pKD4 3.3 kb, Ap", Km', template plasmid (Datsenko and
Wanner,
2000)
PKNG101 6.8 kb, Sm', R6K ori SacB" suicide vector (Kaniga et al.,
1991)
pKNGAtonB2° 8.7 kb, Sm', R6K ori SacB”, AhasB2080; suicide vector; (Perry et al.,
1.8 kb Dral/BamHI fragment from pUC19AtonB2 ligated 2003b)
into the Smal and BamHI sites of pKNG101
pKNGAznuA 8.3 kb Sm', R6K ori SacB™ , AznuA2197; suicide vector; This study
1.5 kb Sall/Xbal fragment from pBSAZnuA ligated into the
same sites in pKNG101
pPSN15 8.9 kb, Ap', R6K ori, SacB*, Apsn2045.1; suicide vector (Fetherston et
al., 1995)
pSucZnu3.5 12.2 kb, Ap', AznuBC2077 sacB", R6K ori; in suicide (Hazlett et al.,
vector pSUC1 2003)
PTNS2 9.6 kb, Ap', R6K ori, Tn7 transposase helper plasmid (Choi et al.,
2005)
pUC18R6K- 4.5 kb, Ap', Km', mini-Tn7T-kan, R6K ori suicide vector (Choi and
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Mini-Tn7T-Km Schweizer,
2006)
pUC18R6K- 9.8 kb, Ap', Km', mini-Tn7T-kan, R6K ori suicide vector This study
ZnuABC-Km carrying znuABC”
puUC19 2.7 kb, Ap', cloning vector (Yanisch-
Perron et al.,
1985)
pUC19AtonB2° | 4.5 kb, Ap', AhasB2080; 2.3 kb BamHI/Hindlll fragment (Perry et al.,
from pHas98 ligated into the same sites in pUC19, then 2003b)
digested with Hincll/Nrul and the resulting 4.5 kb
fragment religated
pWL204 8.2 kb, Ap' sacB™; A-red recombinase helper plasmid (Lathem et al.,
containing 2007)
pYbt : , Cm’, ybtPQ cloned into p etherston et
YbtPQ 7.7 kb, Cm', ybtPQ cloned i ACYC184 (Feth
al., 1999)
pYbt : , Cm’, ybt cloned into p etherston et
YbtPQX 8.0 kb, Cm', ybtPQX cloned i ACYC184 (Feth
al., 1999)
pYbtX 5.5 kb, Cm', 3.4 kb DNA fragment (ybtPQ) was deleted This study
from pYbtPQX using reverse SOE PCR; ybtX expressed
from native promoter in pACYC184
pZnu2 16.1 kb, Km", znuABC" cloned into pWSK129 (Desrosiers et
al., 2010)
Primer name Primer sequence (5> 3) Purpose
Laored-Fory | GACTTACAACTTACATCACAGTAATTGCAGAATATC | Nolct
y CAAGGGTTGAATAGTGTAGGCTGGAGCTGCTTC 1:}%/30"kan
1330red.Rey | TCTGCAGCGTCAAGGTCGAAGGGTATCAGCGACC Zorﬁ;‘gft
y AAATGGACGAACAGCCATATGAATATCCTCCTTAGT | 15050
1245-KM| ATCTACCTGCTAATCGGCCTGTTGGTGGTGAATGG | construct
y GGTGTAGGCTGGAGCTGCTTC Ay1245::cat
1245-KMII AACTAACCAGCAACATATAAACATCCCTATAATCCA | construct
y CATATGAATATCCTCCTTAGT Ay1245::cat
prepare
ZnuC.5 CCGAAGCCAGATTAAAGG hybridization
probe
prepare
ZnuC.3 GAAGGTACCGCAGAGAAAGGGAAATATCG hybridization
probe
ybtPQdel_F AGTTACTCCATCGCTCACCGTTTATCC Z‘;rt‘)fg gCt
construct
ybtPQdel_R GTGAGCGATGGAGTAACTGAATTTCCTGATGAA AybtPQ
confirm
ZnuAb5.3 GATCGCTTTATCACAGTTAC znuABC
integration
attTn7Yp-Fwd TCAGCTGCCACATGTCGAAG confirm
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ZnuABC

integration
confirm
pBAD'ﬁ:’rfg' CATCGACTTACAACTTACATCACAG Ay1329-
1330:;:kan
confirm
Km2 CAATAGCAGCCAGTCCCTTC Ay1329-
1330::kan
confirm
Y1245-3 TTGAAAATAATCTGGAGT Ay1245:cat
confirm
Ccm-2 GAGATTTTCAGGAGCTAAGG A1245-cat
Irp Km1 AAAGTCGGAGGATATCGC confirm
irp2::kan
Mini-kan-1 TGCCTCTTCCGACCATCA confirm
irp2::kan
PP-7 GGTTATCGACATAGACGG confirm Apsn
PP-11 CCGCGAGAAGTTAAATTC confirm Apsn
Znu-dell AGGCTCAGCACAAACATG confirm
AznuBC
ZnuC.5 CCGAAGCCAGATTAAAGG confirm
AznuBC
ZnuA 3.2 GTCCTTGTCCAATACTATAC confirm AznuA
ZnuA C.3 CGCAGAGAAGGGAAATATCG confirm AznuA
tonB2-P1 CCTGGCGAATAAGGCCTC confirm AhasB
tonB2-P2 ATTTTGGCTAGTCGGGGC confirm AhasB
PPQXVeCtor_ | \ o 5 AAGCAGCCCAGTAGTAG confirm AybtPQ
2100 seq
YbtP-24 GCATAAACAGGGTTGTCG confirm AybtPQ
P27 TGCATGAGTGATGTTCAG confirm AybtX
P33 GCGAAATGGACTGGACAA confirm AybtX
a

For Y. pestis strains, 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.

were omitted in Perry et al (Perry et al., 2003b).
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