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Supplementary Figure 1. Caulobacter crescentus accumulates G1/swarmer 
cells and (p)ppGpp upon nitrogen starvation. 
(A) Swarmer cells cannot replicate DNA upon nitrogen starvation. Flow cytometry 

analysis was used to determine DNA content throughout the cell cycle of WT (RH50) 

grown in M2G (+N) or P2G (-N) media. Samples were withdrawn every 20 min from a 

synchronized population of WT (RH50) grown in M2G or P2G. 

(B-C) Swarmer cells cannot differentiate into stalked cells upon nitrogen starvation. 

Immunoblot and fluorescence microscopy analyses were used to respectively 

determine the relative abundance of proteins (Flagellin and MreB), and localization of 

StpX-GFP throughout the cell cycle of C. crescentus strains grown in M2G (+N) or 

P2G (-N) media. Proteins were extracted every 20 min from a synchronized 

population of WT (RH50) grown in M2G (B) or P2G (C). Phase contrast and 

fluorescence micrographs were taken every 40 min from a synchronized population 

of NA1000 stpX::stpX-gfp (RH507) grown in M2G (B) or P2G (C). 

(D-E) Swarmer cells can neither initiate DNA replication nor differentiate into stalked 

cell upon nitrogen starvation. (D) Flow cytometry analysis was used to determine 

DNA content in asynchronous population of WT (RH50) grown for 6 hours in M2G 

(+N) or P2G (-N) media. Samples were withdrawn every hour from a synchronized 

population of WT (RH50) grown in M2G or P2G. (E) Fluorescence microscopy to 

determine localization of StpX-GFP and MipZ-CFP in asynchronous population of WT 

(RH50) grown for 6 hours in M2G (+N) or P2G (-N) media. G1/swarmer cells (without 

StpX-GFP signal or with only 1 focus of MipZ-CFP) were counted and normalized 

(grey columns) to the total number of cells (100%).  

(F) Synchronized stalked cells are able to complete DNA replication despite the 

absence of nitrogen source. Samples were withdrawn every 20 min from a 

synchronized population of WT (RH50) first grown in M2G (+N) for the first 40 min (to 

allow the differentiation of swarmer cells into stalked cells) and then in P2G (-N). 

(G) C. crescentus accumulates (p)ppGpp upon nitrogen starvation. Intracellular levels 

of (p)ppGpp detected by TLC after nucleotides extraction of WT (RH50) grown in 

nitrogen-replete (+N) or -deplete (-N) conditions. Error bars = SD, n = 3.  

  



 
 

Supplementary Figure 2. Glutamine auxotrophy displayed by ΔglnD 

responsible for G1/swarmer cells accumulation displayed by ∆glnD. 

(A) Growth of WT (RH50) and ΔglnD (RH577) in minimal media containing NH4
+ 

(M2G) or glutamine (P2GQ) as the only nitrogen source. (B) Flow cytometry analysis 

to determine DNA content in asynchronous population of WT (RH50) and ΔglnD 

(RH577) in minimal media without any nitrogen source (P2G) or with NH4
+ (M2G) or 

glutamine (P2GQ) as the only nitrogen source.  
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Supplementary Figure 3. GlnA is the only glutamine synthetase required to 
assimilate ammonium in Caulobacter crescentus grown in minimal and 
complex media. 
(A-C) Loss-of-function glnA mutants are auxotrophic for glutamine, cannot grow in 

minimal medium (M2G) and increase G1/swarmer cells proportion in complex 

medium (PYE). (A) Growth in minimal medium and (B) motility on PYE swarm agar 

plates without (PYE) or with glutamine (PYEQ) of WT (RH50), ΔglnA (RH772) ΔglnA2 

(RH876), ΔglnA3 (RH877), ΔglnA2 glnA3 (RH878), ΔglnA2 glnA (RH970), ΔglnA3glnA 

(RH971) and ΔglnA2 glnA3 glnA (RH879). (C) Flow cytometry analysis to determine 

DNA content in asynchronous population of WT (RH50) and ΔglnA (RH772) and 

glnAR360A (RH1632) grown in complex medium (PYE) supplemented with glutamine 

(PYEQ). 

(D-E) Loss-of-function glnA mutants can be complemented by expressing glnA in 

trans. (D) Growth of WT (RH50) and ΔglnA (RH772) and glnAR360A (RH1632) 

harbouring PvanA::glnA plasmid (pHR533) in minimal medium (M2G) supplemented 

with 0.5 mM vanillate (M2G Van). (E) Flow cytometry analysis to determine DNA 

content in asynchronous population of WT (RH50), ΔglnA (RH772) and glnAR360A 

(RH1632) harbouring PvanA::glnA plasmid (pHR533) in complex medium (PYE) 

supplemented with 0.5 mM vanillate (PYE Van) or glutamine (PYEQ).  

  



 
 

Supplementary Figure 4. The gain-of-function mutations isolated in SpoT and 

EINtr reside in highly conserved regions. 

(A) Aspartate 81 of SpoTCc is highly conserved in proteobacteria. Black arrowheads 

indicate mutations described to abolish hydrolase activity of SpoT in Steptococcus 

dysgalactiae subsp. equisimilis 1.  

(B) Leucine 83 of EINtr
Cc is highly conserved in α-proteobacteria.  
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Results colour-coded for amino acid conservation

The current colourscheme of the alignment is for amino acid conservation.

The conservation scoring is performed by PRALINE. The scoring scheme works from 0 for the least conserved alignment position, up to 10 for the most conserved alignment position.
The colour assignments are:

Unconserved 0 1 2 3 4 5 6 7 8 9 10 Conserved

. . . . . . . . . 10 . . . . . . . . . 20 . . . . . . . . . 30 . . . . . . . . . 40 . . . . . . . . . 50
Strepto ---------- ----MAKEIN LTGEEVVALA AKYMNETDAA FVKKALDYAT
Caulo MSSVAPVAVT EAPAKPRPKF LRQYELIERV HAYDPTADEA LLNRAYVYAM
Sino ---------- ---------M MRQYELVERV QKYKPDVNEA LLNKAYVYAM
Brucella --------MC FG-SREFRQM MRQYELVERV QRYKPDVNEA LLNKAYVYAM
Consistency0000000000 0001211113 8666*89667 45*455566* 7878*65**6

. . . . . . . . . 60 . . . . . . . . . 70 . . . . . . . . . 80 . . . . . . . . . 90 . . . . . . . . . 100
Strepto AAHFYQVRKS GEPYIVHPIQ VAGI LADLHL DAVTVACGFL HDVVEDTDIT
Caulo RMHGSQTRAS GDPYYAHPIE VAGILTEYRL DTATIVTALL HDVIEDTPVT
Sino QKHGQQKRAS GDPYISHPLE VAAILTEMHL DESTIAVALL HDTIEDTTAT
Brucella QKHRSQKRAS GDPYFSHPLE VAAILTDMHL DEATIAIALL HDTIEDTTAT
Consistency54*24*4*6* *8**55**88 **6**7756* *45*97477* **69***46*

. . . . . . . . . 110 . . . . . . . . . 120 . . . . . . . . . 130 . . . . . . . . . 140 . . . . . . . . . 150
Strepto LDNIEFDFGK DVRDIVDGVT KLGKVEYKSH EEQLAENHRK MLMAMSKDIR
Caulo KEEIAKLFGE EIGELVEGVT KLSKLELQAE HMRQAENLRK FILAISKDVR
Sino RQEIDDLFGE DIGALVE GLT KIKKLDLVTK KAKQAENLRK LLLAISDDVR
Brucella RQEIDQLFGP EIGKLVEGLT KLKKLDLVSK KAVQAENLRK LLLAISEDVR
Consistency567*525**5 79648*8*7* *84*876465 5436***5** 688*7*5*9*

. . . . . . . . . 160 . . . . . . . . . 170 . . . . . . . . . 180 . . . . . . . . . 190 . . . . . . . . . 200
Strepto VILVKLADRL HNMRTLKHL- RKDKQERISR ETMEIYAPLA HRLGISRIKW
Caulo VLLVKLADRL HNMRTLHFIK NQAKRERIAR ETRDIYAPLA RNIGCHRICT
Sino VLLVKLADRL HNMRTLDHM- SAEKRARISE ETMDIYAPLA GRMGMQDMRE
Brucella VLLVKLADRL HNMRTLGVM- REDKRLRIAE ETMDIYAPLA GRMGMQDMRE
Consistency*8******** ******2370 545*73**76 **68****** 377*554743

. . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250
Strepto ELEDLAFRYL NETEFYKISH MMNEKRRERE ALVDDIVTKI KSYTTEQGL-
Caulo ELEELSFQHT NPVARDAIIR RLDVLREEQG GAVTLVSQEI AARLESASL-
Sino ELENLSFRHI NPEAYETVTR RLQELSERNE GLIKKIEEEL SELLQAEGLT
Brucella ELEELAFRYI NPDAWRAVTD RLAELLEKNR GLLQKIETDL SEIFEKNGI-
Consistency***6*7*765 *636324954 6836647654 7673394568 5534544780

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
Strepto FGDV YGRPKH IYSIYRKMRD KKKRFDQIFD LIAIRCVMET QSDVYAMVGY
Caulo PARVFGREKS PYSIWRKLQR KSIGFSQMSD IYAFRVIVDS EEDCYRALGV
Sino DAQVRGRQKK PYSVFRKMQS KSLSFEQLSD VWGFRIIVND IPSCYRALGI
Brucella KASVKSRQKK PWSVFRKMES KGLSFEQLSD IFGFRVMVDT VQDCYRALGL
Consistency174*37*5*4 57*96**864 *554*6*76* 8467*67765 3476*668*5

. . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350
Strepto IHELWRPMPG RFKDYIAAPK ANGYQSIHTT VYGPKG-PIE IQIRTKEMHQ
Caulo VHRAWSSVPD RFKDYISTPK RNNYRSLHTT VVGPRGMRIE MQIRTESM DR
Sino VHTRWRVVPG RFKDYVSTPK QNDYQSIHTT IIGPSRQRIE LQIRTKRMHE
Brucella IHTTWSMVPG RFKDYISTPK QNDYRSIHTT IIGPSRQRIE LQIRTREMDE
Consistency9*43*537*6 *****987** 5*5*7*8*** 96**5436** 7****65*56

. . . . . . . . . 360 . . . . . . . . . 370 . . . . . . . . . 380 . . . . . . . . . 390 . . . . . . . . . 400
Strepto VAEYGVAAHW AYKKGV---- RGKVNQAEQK VGMNWIKELV ELQDASNGDA
Caulo VNEEGVAAHF RYKDASYGLD LEGMEAAGGR DPLANLRQLV QVLEHGG-DS
Sino IAEYGIAAHA LYKDRDTV-- SGDLTRTPTS NAYSWLRRTI ESLAEGD-NP
Brucella IAEFGVAAHS IYKDRGSA-- NNPHKISTET NAYAWLRQTI E QLSEGD-NP
Consistency96*4*9***2 3**6421100 3423436234 3445588659 8364475064

. . . . . . . . . 410 . . . . . . . . . 420 . . . . . . . . . 430 . . . . . . . . . 440 . . . . . . . . . 450
Strepto VDFVDSVKED IFSERIYVFT PTGAVQELPK DSGPIDFAYA IHTQVGEKAI
Caulo EELVEHAKLE MFLDQVFVFT PKGKLVSLPR GAMPLDFAYA VHTSVGDTCI
Sino EEFLEHTKLE LFQDQVFCFT PKGQLIALPR GATPIDFAYA VHTNIGDTCV
Brucella EEFLEHTKLE LFQDQVFCFT PKGRLIALPR GATPIDFAYA VHTDIGDSCV
Consistency6877865*58 7*487985** *6*4855**8 683*8***** 9**49*8569

. . . . . . . . . 460 . . . . . . . . . 470 . . . . . . . . . 480 . . . . . . . . . 490 . . . . . . . . . 500
Strepto GAKVNGRMVP LTAKLKTGDV VEIVTNPNSF GPSRDWIKLV KTNKARNKIR
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Unconserved Conserved

Results colour-coded for amino acid conservation

The current colourscheme of the alignment is for amino acid conservation.

The conservation scoring is performed by PRALINE. The scoring scheme works from 0 for the least conserved alignment position, up to 10 for the most conserved alignment position.
The colour assignments are:

Unconserved 0 1 2 3 4 5 6 7 8 9 10 Conserved

. . . . . . . . . 10 . . . . . . . . . 20 . . . . . . . . . 30 . . . . . . . . . 40 . . . . . . . . . 50
Strepto - - - - - - - - - - - - - - M AKEIN LTGEEVVALA AKYMNETDAA FVKKALDYAT
Caulo M S S V A P V A V T E A P A K PRPKF LRQYELIERV HAYDPTADEA LLNRAYVYAM
Sino - - - - - - - - - - - - - - - ----M MRQYELVERV QKYKPDVNEA LLNKAYVYAM
Brucella - - - - - - - - M C F G - S R EFRQM MRQYELVERV QRYKPDVNEA LLNKAYVYAM
Consistency0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 11113 8666*89667 45*455566* 7878*65**6

. . . . . . . . . 60 . . . . . . . . . 70 . . . . . . . . . 80 . . . . . . . . . 90 . . . . . . . . . 100
Strepto A A H F Y Q V R K S G E P Y I VHPIQ VAGILADLHL DAVTVACGFL HDVVEDTDIT
Caulo R M H G S Q T R A S G D P Y Y AHPIE VAGILTEYRL DTATIVTALL HDVIEDTPVT
Sino Q K H G Q Q K R A S G D P Y I SHPLE VAAILTEMHL DESTIAVALL HDTIEDTTAT
Brucella Q K H R S Q K R A S G D P Y F SHPLE VAAILTDMHL DEATIAIALL HDTIEDTTAT
Consistency5 4 * 2 4 * 4 * 6 * * 8 * * 5 5**88 **6**7756* *45*97477* **69***46*

. . . . . . . . . 110 . . . . . . . . . 120 . . . . . . . . . 130 . . . . . . . . . 140 . . . . . . . . . 150
Strepto L D N I E F D F G K D V R D I VDGVT KLGKVEYKSH EEQLAENHRK MLMAMSKDIR
Caulo K E E I A K L F G E E I G E L VEGVT KLSKLELQAE HMRQAENLRK FILAISKDVR
Sino R Q E I D D L F G E D I G A L VE GLT KIKKLDLVTK KAKQAENLRK LLLAISDDVR
Brucella R Q E I D Q L F G P E I G K L VEGLT KLKKLDLVSK KAVQAENLRK LLLAISEDVR
Consistency5 6 7 * 5 2 5 * * 5 7 9 6 4 8 *8*7* *84*876465 5436***5** 688*7*5*9*

. . . . . . . . . 160 . . . . . . . . . 170 . . . . . . . . . 180 . . . . . . . . . 190 . . . . . . . . . 200
Strepto V I L V K L A D R L H N M R T LKHL- RKDKQERISR ETMEIYAPLA HRLGISRIKW
Caulo V L L V K L A D R L H N M R T LHFIK NQAKRERIAR ETRDIYAPLA RNIGCHRICT
Sino V L L V K L A D R L H N M R T LDHM- SAEKRARISE ETMDIYAPLA GRMGMQDMRE
Brucella V L L V K L A D R L H N M R T LGVM- REDKRLRIAE ETMDIYAPLA GRMGMQDMRE
Consistency* 8 * * * * * * * * ** * * **2370 545*73**76 **68****** 377*554743

. . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250
Strepto E L E D L A F R Y L N E T E F YKISH MMNEKRRERE ALVDDIVTKI KSYTTEQGL-
Caulo E L E E L S F Q H T N P V A R DAIIR RLDVLREEQG GAVTLVSQEI AARLESASL-
Sino E L E N L S F R H I N P E A Y ETVTR RLQELSERNE GLIKKIEEEL SELLQAEGLT
Brucella E L E E L A F R Y I N P D A W RAVTD RLAELLEKNR GLLQKIETDL SEIFEKNGI-
Consistency* * * 6 * 7 * 7 6 5 * 6 3 6 3 24954 6836647654 7673394568 5534544780

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
Strepto F G D VYG R P K H I Y S I Y RKMRD KKKRFDQIFD LIAIRCVMET QSDVYAMVGY
Caulo P A R V F G R E K S P Y S I W RKLQR KSIGFSQMSD IYAFRVIVDS EEDCYRALGV
Sino D A Q V R G R Q K K P Y S V F RKMQS KSLSFEQLSD VWGFRIIVND IPSCYRALGI
Brucella K A S V K S R Q K K P W S V F RKMES KGLSFEQLSD IFGFRVMVDT VQDCYRALGL
Consistency1 7 4 * 3 7 * 5 * 4 5 7 * 9 6 **864 *554*6*76* 8467*67765 3476*668*5

. . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350
Strepto I H E L W R P M P G R F K D Y IAAPK ANGYQSIHTT VYGPKG-PIE IQIRTKEMHQ
Caulo V H R A W S S V P D R F K D Y ISTPK RNNYRSLHTT VVGPRGMRIE MQIRTESM DR
Sino V H T R W R V V P G R F K D Y VSTPK QNDYQSIHTT IIGPSRQRIE LQIRTKRMHE
Brucella I H T T W S M V P G R F K D Y ISTPK QNDYRSIHTT IIGPSRQRIE LQIRTREMDE
Consistency9 * 4 3 * 5 3 7 * 6 * * * * * 987** 5*5*7*8*** 96**5436** 7****65*56

. . . . . . . . . 360 . . . . . . . . . 370 . . . . . . . . . 380 . . . . . . . . . 390 . . . . . . . . . 400
Strepto V A E Y G V A A H W A Y K K G V---- RGKVNQAEQK VGMNWIKELV ELQDASNGDA
Caulo V N E E G V A A H F R Y K D A SYGLD LEGMEAAGGR DPLANLRQLV QVLEHGG-DS
Sino I A E Y G I A A H A L Y K D R DTV-- SGDLTRTPTS NAYSWLRRTI ESLAEGD-NP
Brucella I A E F G V A A H S I Y K D R GSA-- NNPHKISTET NAYAWLRQTI E QLSEGD-NP
Consistency9 6 * 4 * 9 * * * 2 3 * * 6 4 21100 3423436234 3445588659 8364475064

. . . . . . . . . 410 . . . . . . . . . 420 . . . . . . . . . 430 . . . . . . . . . 440 . . . . . . . . . 450
Strepto V D F V D S V K E D I F S E R IYVFT PTGAVQELPK DSGPIDFAYA IHTQVGEKAI
Caulo E E L V E H A K L E M F L D Q VFVFT PKGKLVSLPR GAMPLDFAYA VHTSVGDTCI
Sino E E F L E H T K L E L F Q D Q VFCFT PKGQLIALPR GATPIDFAYA VHTNIGDTCV
Brucella E E F L E H T K L E L F Q D Q VFCFT PKGRLIALPR GATPIDFAYA VHTDIGDSCV
Consistency6 8 7 7 8 6 5 * 5 8 7 * 4 8 7 985** *6*4855**8 683*8***** 9**49*8569

. . . . . . . . . 460 . . . . . . . . . 470 . . . . . . . . . 480 . . . . . . . . . 490 . . . . . . . . . 500
Strepto G A K V N G R M V P L T A K L KTGDV VEIVTNPNSF GPSRDWIKLV KTNKARNKIR
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Streptococcus dysgalactiae
Caulobacter crescentus

Sinorhizobium meliloti
Brucella melitensis 

Conservation

47
61
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Results colour-coded for amino acid conservation

The current colourscheme of the alignment is for amino acid conservation.

The conservation scoring is performed by PRALINE. The scoring scheme works from 0 for the least conserved alignment position, up to 10 for the most conserved alignment position.
The colour assignments are:

Unconserved 0 1 2 3 4 5 6 7 8 9 10 Conserved

. . . . . . . . . 10 . . . . . . . . . 20 . . . . . . . . . 30 . . . . . . . . . 40 . . . . . . . . . 50
Caulo MAASGIAVR G P R S L L R Q I R E A M A G A GPAQG KLDVVVRTIA ISMVAEVCSI
Brucella M---RELTT G P R V L L K R L R E L M A E P LEPQA RLDRIVREIA QNMVAEVCSF
Sino M---RDLSA G P R V L L K R L R E L M A E P LEPQE RLDRIVRQIA QNMVAEVCSV
Consistency*00042543 * * * 5 * * 7 7 8 * * 5 * * 4 5 355*3 7**49**4** 47*******5

. . . . . . . . . 60 . . . . . . . . . 70 . . . . . . . . . 80 . . . . . . . . . 90 . . . . . . . . . 100
Caulo YLRRASGDL E L F A T E G L A R E A V H V T RLKPG EGLVGETMRL GRPLNLSDAA
Brucella YILRADGVL E L Y A T E G L N P Q A V H LAQLRLG QGLVGTIAAS ARPLNLTDAQ
Sino YVLRSDGVL E L Y A T E G L N K T A V H L A QLKMG QGLVGTIAAS ARPLNLSDAQ
Consistency*74*76*4* * * 7 * * * * * 4 3 4 * * * 7 6 7*73* 7****55555 6*****7**5

. . . . . . . . . 110 . . . . . . . . . 120 . . . . . . . . . 130 . . . . . . . . . 140 . . . . . . . . . 150
Caulo SHPSFSYRP E T G E D P Y H A F L A V P L L RGGRA IGVLVVQNRT ERNYDEEEVE
Brucella SHPAFAYLP E T G E E A Y N S F L G V P V L RAGRT LGVLVVQNRT KRAYREDEVE
Sino SHPAFTYLP E T G E E I Y H S F L G V P I L RTGRA LGVLVVQNKA QRNYREDEVE
Consistency***7*5*4* * * * * 7 2 * 6 7 * * 6 * * 7 * *3**6 8*******76 5*4*4*7***

. . . . . . . . . 160 . . . . . . . . . 170 . . . . . . . . . 180 . . . . . . . . . 190 . . . . . . . . . 200
Caulo DLQIIAMVL A E M V S S S E L L G A D E L K DVELA PHKPERLKGS RFAEGLAYGV
Brucella ALETTAMVL A E I I A T G D G L R L A R - P GIELD LGRPMSVSGH GFNDGIGLGH
Sino ALETTAMVL A E M V A T G E L K K I T K - P GLELD LSRPVTIEGN SYGEGIGLGY
Consistency4*755**** * * 7 9 7 7 6 7 3 4 3 5 3 5 0 5 57**4 437*3474*4 3737*865*3

. . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250
Caulo AVLHEQPVA P E T L L S D D A L A E E A R L TYAIE ALQTQIDQML EGQHGLV-GA
Brucella VVLHEPRIV V T N L F N E D S Q A E L N R L DEALG SLRISIDDML SRRDVAVEGE
Sino VVLHEPRIV V TNL L N E D T E H E L Q R L AEALG SLRISIDDML SRRDVSMEGE
Consistency6****5496 4 5 6 * 6 7 7 * 5 3 4 * 4 3 * * 34*84 7*756**6** 64754473*5

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
Caulo SYEVLETYR L F A H D R G W N R S L Q E A V RSGLT AEAAVERVRS EHRARLGQAR
Brucella HREVLEAYR M F A H D R G W V R R L E E A V HNGLT AEAAVEKVQS DTRARMVHLT
Sino HRAVLETYR M F A H D R G W V R K L E E A I RNGLT AEAAVERVQS ETKARMIRLT
Consistency545***6** 8 * * * * * * * 4 * 4 * 7 * * 9 57*** ******7*7* 747**83455

. . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350
Caulo DPYLRERLHD L E D L N D R L L R H L S G D VHHVR --QLPEDAIL IARNLGPADL
Brucella DPYMRERLS D F D D L A N R L L R Q L M G R DVKTI AESLAKDAII VARSMGAAEL
Sino DPYLRERMH D F D D L A N R L L R Q L S G Y GAKLS AADFPNDAIV VARAMGAAEL
Consistency***8***85 * 6 7 * * 4 6 * * * * 5 * 5 * 1 12542 314654***7 9**48*5*7*

. . . . . . . . . 360 . . . . . . . . . 370 . . . . . . . . . 380 . . . . . . . . . 390 . . . . . . . . . 400
Caulo LEYDRTKLK G I L L E E G S A A S H A G I V ARALD IPCVGRLVGL RDRVNEGDPV
Brucella LDYPRERLR G V V L E D G A A T S H V V I V ARAMG IPVVGQAKGV VSMAENNDAI
Sino LDYPRENVR G L V L E E G A V T S H V V I V ARAMG IPVVGQAAGA VALAENRDAI
Consistency*7*5*5577 * 7 7 * * 7 * 7 6 6 * * 6 4 * * ***85 **5**753*5 4446663*59

. . . . . . . . . 410 . . . . . . . . . 420 . . . . . . . . . 430 . . . . . . . . . 440 . . . . . . . . . 450
Caulo VVDAETQEA W L R P R P D V V K A L K A R M EVRAQ RKAEFARLRD TPPITKDGSK
Brucella IVDGDEGIV H L R P Q A D V E S A Y A E K V RFRAR RQAHYRELRD KPAITKDGVD
Sino IVDGDDAKV H L R P M A D L Q R A Y E E K V RFRAR RQAQFRALRD VEPLTKDGKR
Consistency9**674326 4 * * * 4 5 * 7 3 4 * 5 4 5 7 7 65**7 *7*4753*** 3558****33

. . . . . . . . . 460 . . . . . . . . . 470 . . . . . . . . . 480 . . . . . . . . . 490 . . . . . . . . . 500
Caulo VTLLMNAGL A V D L D I L G E T G A E G I G LFRTE FQFMVAEELP RLEAQTALYE
Brucella IALLMNAGL L V D L P Q L S A S G A V G I G LFRTE LQFMVASTFP RSEQQERLYR
Sino ITLQMNAGL L V D L P H L N E A G A E G I G LFRTE LQFMIASTMP KAEEQEAFYR
Consistency96*4***** 5 * * * 5 2 * 4 5 5 * * 4 * * * ***** 6***9*655* 74*4*556*6

. . . . . . . . . 510 . . . . . . . . . 520 . . . . . . . . . 530 . . . . . . . . . 540 . . . . . . . . . 550
Caulo KVLDAANGM P V T F R T L D L G G D K L L P YM-EL EREDNPALGW RAVRMGLDRP
Brucella SVIDAAGDK P V T F R T L D I G G D K V L P YFRST AHEENPALGW RAIRLTLDRP
Sino NVMKQTAGK P V T F R T L D I G G D K V V P YF-RA AEEENPALGW RAIRLSLDRP
Consistency4*6556355 * * * * * * * * 8 * * * * 7 7 * *6043 54*7** **** **9*84****

11/27/2014 02:21:13 PM

Results colour-coded for amino acid conservation 1

Results colour-coded for amino acid conservation

The current colourscheme of the alignment is for amino acid conservation.

The conservation scoring is performed by PRALINE. The scoring scheme works from 0 for the least conserved alignment position, up to 10 for the most conserved alignment position.
The colour assignments are:

Unconserved 0 1 2 3 4 5 6 7 8 9 10 Conserved

. . . . . . . . . 10 . . . . . . . . . 20 . . . . . . . . . 30 . . . . . . . . . 40 . . . . . . . . . 50
Strepto ---------- ----MAKEIN LTGEEVVALA AKYMNETDAA FVKKALDYAT
Caulo MSSVAPVAVT EAPAKPRPKF LRQYELIERV HAYDPTADEA LLNRAYVYAM
Sino ---------- ---------M MRQYELVERV QKYKPDVNEA LLNKAYVYAM
Brucella --------MC FG-SREFRQM MRQYELVERV QRYKPDVNEA LLNKAYVYAM
Consistency0000000000 0001211113 8666*89667 45*455566* 7878*65**6

. . . . . . . . . 60 . . . . . . . . . 70 . . . . . . . . . 80 . . . . . . . . . 90 . . . . . . . . . 100
Strepto AAHFYQVRKS GEPYIVHPIQ VAGI LADLHL DAVTVACGFL HDVVEDTDIT
Caulo RMHGSQTRAS GDPYYAHPIE VAGILTEYRL DTATIVTALL HDVIEDTPVT
Sino QKHGQQKRAS GDPYISHPLE VAAILTEMHL DESTIAVALL HDTIEDTTAT
Brucella QKHRSQKRAS GDPYFSHPLE VAAILTDMHL DEATIAIALL HDTIEDTTAT
Consistency54*24*4*6* *8**55**88 **6**7756* *45*97477* **69***46*

. . . . . . . . . 110 . . . . . . . . . 120 . . . . . . . . . 130 . . . . . . . . . 140 . . . . . . . . . 150
Strepto LDNIEFDFGK DVRDIVDGVT KLGKVEYKSH EEQLAENHRK MLMAMSKDIR
Caulo KEEIAKLFGE EIGELVEGVT KLSKLELQAE HMRQAENLRK FILAISKDVR
Sino RQEIDDLFGE DIGALVE GLT KIKKLDLVTK KAKQAENLRK LLLAISDDVR
Brucella RQEIDQLFGP EIGKLVEGLT KLKKLDLVSK KAVQAENLRK LLLAISEDVR
Consistency567*525**5 79648*8*7* *84*876465 5436***5** 688*7*5*9*

. . . . . . . . . 160 . . . . . . . . . 170 . . . . . . . . . 180 . . . . . . . . . 190 . . . . . . . . . 200
Strepto VILVKLADRL HNMRTLKHL- RKDKQERISR ETMEIYAPLA HRLGISRIKW
Caulo VLLVKLADRL HNMRTLHFIK NQAKRERIAR ETRDIYAPLA RNIGCHRICT
Sino VLLVKLADRL HNMRTLDHM- SAEKRARISE ETMDIYAPLA GRMGMQDMRE
Brucella VLLVKLADRL HNMRTLGVM- REDKRLRIAE ETMDIYAPLA GRMGMQDMRE
Consistency*8******** ******2370 545*73**76 **68****** 377*554743

. . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250
Strepto ELEDLAFRYL NETEFYKISH MMNEKRRERE ALVDDIVTKI KSYTTEQGL-
Caulo ELEELSFQHT NPVARDAIIR RLDVLREEQG GAVTLVSQEI AARLESASL-
Sino ELENLSFRHI NPEAYETVTR RLQELSERNE GLIKKIEEEL SELLQAEGLT
Brucella ELEELAFRYI NPDAWRAVTD RLAELLEKNR GLLQKIETDL SEIFEKNGI-
Consistency***6*7*765 *636324954 6836647654 7673394568 5534544780

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
Strepto FGDV YGRPKH IYSIYRKMRD KKKRFDQIFD LIAIRCVMET QSDVYAMVGY
Caulo PARVFGREKS PYSIWRKLQR KSIGFSQMSD IYAFRVIVDS EEDCYRALGV
Sino DAQVRGRQKK PYSVFRKMQS KSLSFEQLSD VWGFRIIVND IPSCYRALGI
Brucella KASVKSRQKK PWSVFRKMES KGLSFEQLSD IFGFRVMVDT VQDCYRALGL
Consistency174*37*5*4 57*96**864 *554*6*76* 8467*67765 3476*668*5

. . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350
Strepto IHELWRPMPG RFKDYIAAPK ANGYQSIHTT VYGPKG-PIE IQIRTKEMHQ
Caulo VHRAWSSVPD RFKDYISTPK RNNYRSLHTT VVGPRGMRIE MQIRTESM DR
Sino VHTRWRVVPG RFKDYVSTPK QNDYQSIHTT IIGPSRQRIE LQIRTKRMHE
Brucella IHTTWSMVPG RFKDYISTPK QNDYRSIHTT IIGPSRQRIE LQIRTREMDE
Consistency9*43*537*6 *****987** 5*5*7*8*** 96**5436** 7****65*56

. . . . . . . . . 360 . . . . . . . . . 370 . . . . . . . . . 380 . . . . . . . . . 390 . . . . . . . . . 400
Strepto VAEYGVAAHW AYKKGV---- RGKVNQAEQK VGMNWIKELV ELQDASNGDA
Caulo VNEEGVAAHF RYKDASYGLD LEGMEAAGGR DPLANLRQLV QVLEHGG-DS
Sino IAEYGIAAHA LYKDRDTV-- SGDLTRTPTS NAYSWLRRTI ESLAEGD-NP
Brucella IAEFGVAAHS IYKDRGSA-- NNPHKISTET NAYAWLRQTI E QLSEGD-NP
Consistency96*4*9***2 3**6421100 3423436234 3445588659 8364475064

. . . . . . . . . 410 . . . . . . . . . 420 . . . . . . . . . 430 . . . . . . . . . 440 . . . . . . . . . 450
Strepto VDFVDSVKED IFSERIYVFT PTGAVQELPK DSGPIDFAYA IHTQVGEKAI
Caulo EELVEHAKLE MFLDQVFVFT PKGKLVSLPR GAMPLDFAYA VHTSVGDTCI
Sino EEFLEHTKLE LFQDQVFCFT PKGQLIALPR GATPIDFAYA VHTNIGDTCV
Brucella EEFLEHTKLE LFQDQVFCFT PKGRLIALPR GATPIDFAYA VHTDIGDSCV
Consistency6877865*58 7*487985** *6*4855**8 683*8***** 9**49*8569

. . . . . . . . . 460 . . . . . . . . . 470 . . . . . . . . . 480 . . . . . . . . . 490 . . . . . . . . . 500
Strepto GAKVNGRMVP LTAKLKTGDV VEIVTNPNSF GPSRDWIKLV KTNKARNKIR
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Supplementary Figure 5. SpoT controls the G1/swarmer lifetime upon nitrogen 
starvation.  
(A-C) The growth defect and G1/swarmer accumulation of spoTD81G cannot be 

compensated by exogenous source of glutamine. (A) Growth of WT (RH50), ΔglnD 

(RH577), ΔspoT (RH1755) and spoTD81G (RH1752) in complex medium without 

(PYE) or with glutamine (PYEQ). (B) Motility on swarm agar plates and (C) DNA 

content determined by flow cytometry of WT (RH50), ΔglnD (RH577), ΔspoT 

(RH1755), spoTD81G (RH1752), ΔglnD ΔspoT (RH1756) and ΔglnD spoTD81G 

(RH1753) grown in complex medium without (PYE) or with glutamine (PYEQ). 

(D) PtsP is required for the SpoT-dependent (p)ppGpp accumulation upon nitrogen 

starvation. Intracellular levels of (p)ppGpp detected by TLC after nucleotides 

extraction of WT (RH50), ΔglnD (RH577), ΔglnD ΔspoT (RH1756), spoTD81G 

(RH1752), ΔglnD spoTD81G (RH1753), ΔspoT (RH1755), ∆ptsP spoTD81G (RH1727) 

grown in nitrogen-replete (+N) conditions.  

(E) The hydrolysis of (p)ppGpp is reduced in spoTD81G in comparison to the wild-type 

strain. The timing of (p)ppGpp removal was determined by measuring (p)ppGpp 

content in WT (RH50) and spoTD81G (RH1752) after 2h in nitrogen starvation followed 

by addition of glutamine (T = 0). Error bars = SD, n = 2. 

  



 
 

Supplementary Figure 6. The cell cycle and developmental defects of spoTD81G 

and ptsPL83Q cannot be compensated by addition of exogenous source of 

glutamine.  

Growth, motility and DNA content of WT (RH50), ΔglnD (RH577), ΔspoT (RH1755), 

∆spoT ∆glnD (RH1756), spoTD81G (RH1752), ∆ptsP (RH1758), ∆ptsP spoTD81G 

(RH1727), ∆glnD ∆ptsP (RH1940), ptsPL83Q (RH1748) and ptsPL83Q ∆spoT (RH1728) 

were determined in complex medium supplemented with glutamine (PYEQ).  
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Supplementary Figure 7. EINtr controls the G1/swarmer lifetime upon nitrogen 

starvation.  

(A-C) The growth defect and G1/swarmer accumulation of ptsPL83Q cannot be 

compensated by exogenous source of glutamine. (A) Growth of WT (RH50), ΔglnD 

(RH577), ΔptsP (RH1758) and ptsPL83Q (RH1748) in complex medium without (PYE) 

or with glutamine (PYEQ). (B) Motility on swarm agar plates and (C) DNA content 

determined by flow cytometry of WT (RH50), ΔglnD (RH577), ΔptsP (RH1758), 

ptsPL83Q (RH1748), ΔglnD ΔptsP (RH1940) and ptsPL83Q ΔglnD (RH1941) grown in 

complex medium without (PYE) or with glutamine (PYEQ).  
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Supplementary Figure 8. Glutamine inhibits PTSNtr phosphorylation. 
(A) Glutamine inhibits autophosphorylation of EINtr. Autophosphorylation assays of 

EINtr using [32P]PEP as a phosphoryl donor in the absence or presence of increasing 

concentration of glutamine (0, 2, 5, 10 mM).  

(B) The EINtr-dependent phosphorylation of EIIANtr is enhanced upon nitrogen 

starvation. In vivo phosphorylation assays of EIIANtr in nitrogen-deplete (-N) or 

nitrogen-replete (+N) conditions supplemented with (+ Xyl) or without (- Xyl) xylose in 

WT or ΔptsP expressing 3FLAG-ptsN from PxylX promoter. 

(C) Immunoblotting of protein samples extracted from WT and ΔptsP expressing 

3FLAG-ptsN from PxylX promoter, incubated 3 hours in M5GG supplemented with (+ 

Xyl) or without (- Xyl) xylose. MreB was detected in all conditions while 3FLAG-EIIANtr 

was detected only in the presence of xylose.  
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Supplementary Figure 9. EIIANtr~P physically interacts with SpoT. 

(A) EIIANtr~P interacts with SpoT (or SpoTD81G) in a BTH assay. MG1655 cyaA::frt 

(RH785) strain coexpressing T18- or T25- fused to ptsN, ptsNH66A, ptsNH66E, spoT, 

spoTD81G, ptsH, ptsHH18A or ZIP were spotted on MacConkey Agar Base plates 

supplemented with 1% maltose and 1 mM IPTG. Plates were incubated for 3-4 days 

at 30 °C. The red color indicates positive interactions.  

(B) Schematic representation of the PTS and PTSNtr pathways in E. coli. NPr and 

EIIANtr are can also be phosphorylated by the PTS system. 

(C) Caulobacter HPr (HPrCc) restores the interaction between EIIANtr and SpoT in a 

Δnpr background. MG1655 cyaA::frt Δnpr (RH2122) strain harbouring pBAD33 or 

pBAD33-ptsH and coexpressing T18- or T25- fused to ptsN, ptsNH66A, ptsNH66E or 

spoT were spotted on MacConkey Agar Base plates supplemented with 1% 

maltose,1 mM IPTG and with or without 0.05% arabinose. Plates were incubated for 

3-4 days at 30 °C. The red color indicates positive interactions. 
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(D) Neither HPr nor HPrH18A interacts with SpoT (or SpoTD81G) in a BTH assay. 

MG1655 cyaA::frt (RH785) strain coexpressing T18- or T25- fused to ptsH, ptsHH18A, 

spoT, spoTD81G, or ZIP were spotted on MacConkey Agar Base plates supplemented 

with 1% maltose and 1 mM IPTG. Plates were incubated for 3-4 days at 30 °C. The 

red color indicates positive interactions.  

  



 
Supplementary Figure 10. The hydrolase activity of SpoT is required for 
growth upon artificial accumulation of (p)ppGpp.  

Growth of spoTY323A, spoTD81G Y323A, ptsNH66A spoTY323A, ptsNH66E spoTY323A and ΔptsP 

spoTY323A containing the pXTCYC-4-relA-FLAG vector (PxylX::relA-FLAG) in PYE 

medium supplemented with 0.1% xylose. 
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Supplementary Table 1. Oligonucleotides used in this study. 
Inserted restriction sites are indicated in capital letter 

Name Sequence  

147 ttttAAGCTTatggtcgagaccgcctccat 

148 cttagtcGAATTCaccgtcgacgacgtgttcca 

149 cttagtcGAATTCctggagcagaacgaagccag 

150 cttagtcGGATCCcaaggtcatcgccgcccagt 

190 tcctggctcagtcgggttgc 

191 cgggcctgatcgaaagcgtc 

250 ttttAAGCTTgggtttttcgcgcgacat 

251 cttagtcGAATTCgacgaccgctatgatcagtt 

252 cttagtcGAATTCgaaaccggctcggccgctct 

253 cttagtcGGATCCacgttgctcgcaggggtca 

254 cgcctgtttcggtatagacg 

255 acattgaCATATGgatgacggcttcgatcttct 

256 acattgaCATATGatccgcatccgaaccggaga 

257 cttagtcGGATCCcggcagttcggtcgaatcga 

258 ttttAAGCTTatcgtaggcgtcaaatgaagc 

259 cttagtcGAATTCcaggatgtccttggcggtgc 

260 gatgcgcctgcaactgcacc 

261 cttagtcGGATCCacgcggccgttcgaggattc 

262 cttagtcGGATCCtgattgtcgccgtctcg 

263 cttagtcGAATTCaatcacggcgacgatcatct 

264 cttagtcGAATTCatcgccggctgacccaaaca 

265 ttttAAGCTTcgtcgatgatcaccgccttc 

311 tgcccaatgcgctgttcgac 

312 tcgaggtgccgggtatcatc 



313 cacataggccgcgttccagg 

314 cgcgaaggtcgactggaagg 

315 catccgcttcatcagcgagc 

316 aggtcttggcagctgtcgac 

317 caaaaccggtgtgtcgtcgc 

318 cagatcgaagtcggcgttgc 

341 cttagtcGGATCCagggcgatcatcggattgc 

342 cttagtcGAATTCcgcttcatacgcccgctcag 

343 cttagtcGAATTCgcggcctatgaggcggtcgt 

344 gtccctgcgcttgaagcgct 

345 cttagtcAAGCTTcgtacgctgccaatgacgac 

346 cttagtcGAATTCcaggatctggtcgcgcttgg 

347 cttagtcGAATTCgagcgggagttcctgctgct 

348 cttagtcGGATCCagatagtccgcgtcctcag 

349 cttagtcAAGCTTcgtcttcgtcttgggcaagg 

350 cttagtcGAATTCgatgtcggctacagcgctca 

351 cttagtcGAATTCgactggtacctgcgcaacgc 

352 cttagtcGGATCCagaacttccggccgggatcg 

383 caccgtcatggtctttgtagtc 

435 gctcctggtcgatgcggatg 

436 gatcgttcccgtcggagacc 

437 cggaggctgtgtcatgaggc 

438 agccatagcgatcggccatc 

439 tcatcgacgagacccacacg 

440 accttgctcttgcggtagcc 

648 cgacgaaaccgatcggatcc 

649 cttagtcGAATTCgaggacgagacggatagagc 

650 cttagtcGAATTCttgggcctcaaccgcaacac 

651 cttagtcAAGCTTcgacgtaggaattggcgacc 



652 cttagtcAAGCTTgagttctcagcgttcgctcg 

653 cttagtcGAATTCgccttcatcctccaggatgc 

654 cttagtcGAATTCctgcaccgtaagctgaagtcc 

655 cttagtcGGATCCgacaaaccacgcctcgatcg 

727 tctacttcggccctgaagcc 

728 gcagttcggtcgaatcgaacg 

729 ttttCATATGagcaccgccaaggacatcc 

730 ccGGTACCcttggcgtttgtcctaagcc 

762 ctgttcgccggcgacaagta 

763 cttcagctcgatgtagctgtcg 

779 cgcgcaactgttgaagacgg 

780 cggccgaaaatccgttgtcc 

781 gactttcgatcgctgcaccg 

782 acagcgtatagcgggtcacg 

802 gactaagAAGCTTcagatcgtcgagacccatgg 

803 gactaagGGTACCcacgagcccgatcatgcctt 

804 gactaagGGTACCgtgctcgccggagaaaagtg 

805 gactaagGGATCctacgaactggtggcgatcg 

806 gactaagAAGCTTctaacgggcgtatcaagacc 

807 gactaagGGTACCcgttcttgaagccatgcccg 

808 gactaagGGTACCgaggagcggtaacaccctcc 

809 gactaagGGATCCggcctatgggcccaactacg 

814 agaccctggacctcgtcacc 

815 atgcgcgtcaggggaagtcg 

825 caccaagacgagaacatccaagc 

826 aggtcaccaagtggctgaag 

877 ttcgtagtcgttccaaagccgc 

878 ccagcatctggtcgatctgg 

885 ccgcgatttcctgactgacc 



894 AAGCTTacacctcatcagcacgctgc 

895 GAATTCagacataggcgcggttcagc 

896 GAATTCtcttcgacaccgacatcgacg 

897 GGATCCcgctgtcgaaagcttcgagg 

898 gatggtcgaccgcgataacg 

899 gcgcgagatccatgaagagc 

900 gatattgctgaagagcttggcggcgaa 

905 AAGCTTgcggttgcatcgagggatgg 

906 GGTACCgatgccggatgccgccatga 

907 GGTACCcgcaagctctacgtcgccgt 

908 GGATCcgttcttgaagcgggccacg 

923 cgcctaagcggaacaacGCG 

944 AAGCTTccctggccaagatcgatacg 

945 GGTACCgcaaccatggaaagcgcctg 

946 GGTACCcgtcctgctgaccgacgaac 

947 GGATccctctgacggccatgtgga 

961 gactacaaagaccatgacggtg 

963 Gtcgtggtcagcaaggaagg 

964 Gtcggccatgaccaccttgg 

972 Gagatggtcagctccagcgag 

973 cgaacaggcgataggtctcc 

1078 ccatacgatgttccagattacgc 

1126 cgtcggtggattatcgtcgg 

1175 TCTAGAgttgtcgtctgtggcccccgtcgctg 

1176 GAATTcctgaaggagagggtcctcg 

1177 TCTAGAggtgacgggcatggcttcaagaacg 

1178 GAATTCtaccgctcctcgtcgaaccgga 

1181 TCTAGAggtgtcatggtctggcgccgtcgg 

1182 GAATTCgaagaaggtcagaagggcgtc 



1262 ATGCTCACTCGCCTGCGCGAAATAGTCGAAAAGGTAGCCgtgtaggctggagctgcttc 

1263 CTATAACCCTCCGCGAATCAGCCCGCCCATGCCGCGACGcatatgaatatcctcctta 

1273 gactcaaggtaccgttgtga 

1274 ttcttgtcgtcggaaaccag 

1275 aacgcatctgcttatcgacg 

1276 ctccggaaaatgcagatagc 

1310 tccagtcacgccatcgtacg 

1311 ttgggcatcttccggatgcg 

1349 cctaagtaactaaTCTAGAaggagggagtaatgacgggcatggcttcaagaacg 

1350 ggatccccgggtaCTGCAGaggaggcggagggtgttacc 

  



Supplementary Table 2. Plasmids used in this study. 
Name description Reference 

 pNPTS138 

M. R. Alley, Imperial College 

London (UK), unpublished 

 pRVMCS-5 2 

 pNPTS138-mipZ::mipZ-mcfp 3 

 pNPTS138-HA-spoT 4 

 pKT25 5 

 pUT18C 5 

 pKT25-zip 5 

 pUT18C-zip 5 

 pCP20 6 

 pBAD33 7 

 pXTCYC-4-relA-FLAG 8 

pHR322  pNPTS138-ΔglnD This study 

pHR366 pNPTS138-ΔglnK This study 

pHR367 pNPTS138-ΔglnB This study 

pHR368 pNPTS138-ΔglnA This study 

pHR369 pNPTS138-ΔglnC This study 

pHR389 pNPTS138-ΔglnE This study 

pHR390 pNPTS138-ΔglnA2 This study 

pHR391 pNPTS138-ΔglnA3 This study 

pHR523 pNPTS138-ΔptsN This study 

pHR533 pRVMCS-5-glnA This study 

pHR542 pNPTS138-ΔntrC This study 

pHR543 pNPTS138-ΔntrX This study 

pHR545 pNPTS138-glnAR360A This study 

pHR589 pNPTS138-ΔptsM This study 

pHR590 pNPTS138-ΔptsH This study 



pHR594 pNPTS138-ptsHH18A This study 

pHR628 pNPTS138-ptsPL83Q This study 

pHR634 pNPTS138-spoTD81G This study 

pHR638 pNPTS138-ΔspoT This study 

pHR639 pNPTS138-ΔptsP This study 

pHR645 pNPTS138-spoTY323A This study 

pHR689 pUT18C-spoT This study 

pHR690 pUT18C-ptsH This study 

pHR692 pUT18C-spoTD81G This study 

pHR693 pKT25-ptsN This study 

pHR694 pKT25-ptsNH66A This study 

pHR695 pKT25-ptsNH66E This study 

pHR699 pXMCS-2-3FLAG-ptsN This study 

pHR704 pUT18C-ptsN This study 

pHR705 pUT18C-ptsNH66E This study 

pHR706 pUT18C-ptsNH66A This study 

pHR711 pNPTS138-ptsNH66E This study 

pHR712 pNPTS138-ptsNH66A This study 

pHR764 pKT25-spoT This study 

pHR765 pKT25-spoTD81G This study 

pHR813 pBAD33-ptsH This study 

pHR815 pKT25-ptsH This study 

pHR816 pKT25-ptsHH18A This study 

  



Supplementary Table 3. Strains used in this study. 

Name Description and relevant genotype Reference 

RH10 
S17-1 ((F- λ- 22nd Athi pro recA hsdr2 (r-m+) RP4-2-

Tet ::Mu-Km ::Tn7) 
9 

RH319 MT607(pro-82 thi-I hsdR17 (r-m+) supE44 recA56) 10 

RH392 MG1655 mini λTet 
L. Van Melderen, ULB 

(Belgium) 

RH783 

Top10 

(φ80lacZΔM15 araD139 Δ(ara-leu)7697 galE15 galK16 

Δ(lac)X74 rpsL(StrR) nupG recA1 endA1 mcrA Δ (mrr-

hsdRMS-mcrBC) 

Life Technologies 

RH785 MG1655 cya ::frt  11 

RH2084 MG1655 ΔptsP::cat This study 

RH2117 MG1655 cya ::frt ΔptsP This study 

RH2122 MG1655 cya ::frt Δnpr This study 

RH2124 MG1655 cya ::frt ΔptsP ΔptsI This study 

RH50 NA1000 12 

RH507 NA1000 stpX::stpX-gfp 13 

RH522 NA1000 mipZ::mipZ-mcfp 3 

RH577 NA1000 ΔglnD This study 

RH737 NA1000 ΔglnD stpX::stpX-gfp This study 

RH770 NA1000 ΔglnK This study 

RH771 NA1000 ΔglnB This study 

RH772 NA1000 ΔglnA This study 

RH773 NA1000 ΔglnC This study 

RH778 NA1000 ΔglnK ΔglnC This study 

RH793 NA1000 ΔglnD mipZ::mipZ-mcfp This study 

RH874 NA1000 ΔglnE This study 

RH875 NA1000 ΔglnD ΔglnE This study 

RH876 NA1000 ΔglnA2 This study 



RH877 NA1000 ΔglnA3 This study 

RH878 NA1000 ΔglnA2 ΔglnA3 This study 

RH879 NA1000 ΔglnA2 ΔglnA3 ΔglnA This study 

RH970 NA1000 ΔglnA2 ΔglnA This study 

RH971 NA1000 ΔglnA3 ΔglnA This study 

RH1458 NA1000 ΔntrC This study 

RH1459 NA1000 ΔntrX This study 

RH1621 NA1000 ΔptsH This study 

RH1622 NA1000 ΔptsM This study 

RH1632 NA1000 glnAR360A This study 

RH1702 NA1000 ΔptsH ΔptsM This study 

RH1727 NA1000 ΔptsP spoTD81G This study 

RH1728 NA1000 ΔspoT ptsPL83Q This study 

RH1748 NA1000 ptsPL83Q This study 

RH1752 NA1000 spoTD81G This study 

RH1753 NA1000 ΔglnD spoTD81G This study 

RH1755 NA1000 ΔspoT This study 

RH1756 NA1000 ΔglnD ΔspoT This study 

RH1758 NA1000 ΔptsP This study 

RH1782 NA1000 ΔptsM ptsHH18A This study 

RH1819 NA1000 ΔptsN This study 

RH1829 NA1000 ΔptsM ΔptsN This study 

RH1844 NA1000 spoTY323A This study 

RH1888 NA1000 3FLAG-ptsN This study 

RH1940 NA1000 ΔglnD ΔptsP This study 

RH1941 NA1000 ptsPL83Q ΔglnD This study 

RH1999 NA1000 spoTD81G ΔptsN This study 

RH2013 NA1000 spoTD81G ΔptsH This study 



RH2014 NA1000 spoTD81G ΔptsN  ΔptsP This study 

RH2015 NA1000 spoTD81G ΔptsN  ΔptsH This study 

RH2016 NA1000 ΔptsP ptsNH66E This study 

RH2017 NA1000 ptsNH66E This study 

RH2018 NA1000 ptsPL83Q ptsNH66A This study 

RH2191 NA1000 pXMCS-2-3FLAG-ptsN This study 

RH2192 NA1000 ∆ptsP pXMCS-2-3FLAG-ptsN This study 

RH2193 NA1000 spoTD81G Y323A This study 

RH2194 NA1000 ptsNH66A spoTY323A This study 

RH2195 NA1000 ptsNH66E spoTY323A This study 

RH2196 NA1000 ΔptsP spoTY323A This study 

  



Supplementary Methods  
Plasmids construction 

pHR322 (pNPTS138-ΔglnD)  

Upstream and downstream regions of C. crescentus CCNA_00013 were amplified 

from NA1000 gDNA by PCR respectively with primers 147/148 and 149/150 and 

cloned into pSK. The pSK-147/148 and pSK-149/150 recombinant plasmids were 

then digested respectively with Hind III/Eco RI and Eco RI/Bam HI; and ligated into 

the pNPTS138 vector cut with Hind III and Bam HI.  

pHR366 (pNPTS138-ΔglnK)  

Upstream and downstream regions of C. crescentus CCNA_01400 were amplified 

from NA1000 gDNA by PCR respectively with primers 250/251 and 252/253 and 

cloned into pSK. The pSK-250/251 and pSK-252/253 recombinant plasmids were 

then digested respectively with Hind III/Eco RI and Eco RI/Bam HI; and ligated into 

the pNPTS138 vector cut with Hind III and Bam HI.  

pHR367 (pNPTS138-ΔglnB)  

Upstream and downstream regions of C. crescentus CCNA_02046 were amplified 

from NA1000 gDNA by PCR respectively with primers 254/255 and 256/257 and 

cloned into pSK. The pSK-254/255 and pSK-256/257 recombinant plasmids were 

then digested respectively with Hind III/Nde I and Nde I/Bam HI; and ligated into the 

pNPTS138 vector cut with Hind III and Bam HI.  

pHR368 (pNPTS138-ΔglnA)  

Upstream and downstream regions of C. crescentus CCNA_02047 were amplified 

from NA1000 gDNA by PCR respectively with primers 258/259 and 260/261 and 

cloned into pSK. The pSK-258/259 and pSK-260/261 recombinant plasmids were 

then digested respectively with Hind III/Eco RI and Eco RI/Bam HI; and ligated into 

the pNPTS138 vector cut with Hind III and Bam HI.  

pHR369 (pNPTS138-ΔglnC)  

Upstream and downstream regions of C. crescentus CCNA_00555 were amplified 

from NA1000 gDNA by PCR respectively with primers 262/263 and 264/265 and 

cloned into pSK. The pSK-262/263 and pSK-264/265 recombinant plasmids were 

then digested respectively with Bam HI/Eco RI and Eco RI/Hind III; and ligated into 

the pNPTS138 vector cut with Hind III and Bam HI.  



pHR389 (pNPTS138-ΔglnE)  

Upstream and downstream regions of C. crescentus CCNA_02839 were amplified 

from NA1000 gDNA by PCR respectively with primers 341/342 and 343/344 and 

cloned into pSK. The pSK-341/342 and pSK-343/344 recombinant plasmids were 

then digested respectively with Bam HI/Eco RI and Eco RI/Hind III; and ligated into 

the pNPTS138 vector cut with Hind III and Bam HI.  

pHR390 (pNPTS138-ΔglnA2)  

Upstream and downstream regions of C. crescentus CCNA_03230 were amplified 

from NA1000 gDNA by PCR respectively with primers 345/346 and 347/348 and 

cloned into pSK. The pSK-345/346 and pSK-347/348 recombinant plasmids were 

then digested respectively with Hind III/Eco RI and Eco RI/Bam HI; and ligated into 

the pNPTS138 vector cut with Hind III and Bam HI.  

pHR391 (pNPTS138-ΔglnA3)  

Upstream and downstream regions of C. crescentus CCNA_03240 were amplified 

from NA1000 gDNA by PCR respectively with primers 349/350 and 351/352 and 

cloned into pSK. The pSK-349/350 and pSK-351/352 recombinant plasmids were 

then digested respectively with Hind III/Eco RI and Eco RI/Bam HI; and ligated into 

the pNPTS138 vector cut with Hind III and Bam HI.  

pHR523 (pNPTS138-ΔptsN)  

Upstream and downstream regions of C. crescentus CCNA_03710 were amplified 

from NA1000 gDNA by PCR respectively with primers 944/945 and 946/947 and 

cloned into pSK. The pSK-944/945 and pSK-946/947 recombinant plasmids were 

then digested respectively with Hind III/Asp 718 and Asp 718/Bam HI; and ligated 

into the pNPTS138 vector cut with Hind III and Bam HI.  

pHR533 (pRVMCS-5-glnA)  

C. crescentus CCNA_02047 was amplified from NA1000 gDNA by PCR with primers 

729 and 730 and cloned into pSK. The pSK-729/730 recombinant plasmid was then 

digested with Nde I and Asp 718 and ligated into the pRVMCS-5 vector cut with the 

same restriction enzymes.  

pHR542 (pNPTS138-ΔntrC)  

Upstream and downstream regions of C. crescentus CCNA_01815 were amplified 

from NA1000 gDNA by PCR respectively with primers 648/649 and 650/651 and 



cloned into pSK. The pSK-648/649 and pSK-650/651 recombinant plasmids were 

then digested respectively with Hind III/Eco RI and Eco RI/Bam HI; and ligated into 

the pNPTS138 vector cut with Hind III and Bam HI.  

pHR543 (pNPTS138-ΔntrX)  

Upstream and downstream regions of C. crescentus CCNA_01817 were amplified 

from NA1000 gDNA by PCR respectively with primers 652/653 and 654/655 and 

cloned into pSK. The pSK-652/653 and pSK-654/655 recombinant plasmids were 

then digested respectively with Hind III/Eco RI and Eco RI/Bam HI; and ligated into 

the pNPTS138 vector cut with Hind III and Bam HI.  

pHR545 (pNPTS138-glnAR360A)  

DNA fragment of C. crescentus CCNA_02047 encompassing catalytic site mutation 

R360A was synthesized as a gBlock (ITD), amplified by PCR with primers 762/763 

and cloned into pNPTS138 cut with Eco RV.  

pHR589 (pNPTS138-ΔptsM)  

Upstream and downstream regions of C. crescentus CCNA_00240 were amplified 

from NA1000 gDNA by PCR respectively with primers 802/803 and 804/805 and 

cloned into pSK. The pSK-802/803 and pSK-804/805 recombinant plasmids were 

then digested respectively with Hind III/Asp 718 and Asp 718/Bam HI; and ligated 

into the pNPTS138 vector cut with Hind III and Bam HI.  

pHR590 (pNPTS138-ΔptsH)  

Upstream and downstream regions of C. crescentus CCNA_00241 were amplified 

from NA1000 gDNA by PCR respectively with primers 806/807 and 808/809 and 

cloned into pSK. The pSK-806/807 and pSK-808/809 recombinant plasmids were 

then digested respectively with Hind III/Asp 718 and Asp 718/Bam HI; and ligated 

into the pNPTS138 vector cut with Hind III and Bam HI.  

pHR594 (pNPTS138-ptsHH18A)  

DNA fragment of C. crescentus CCNA_00241 encompassing the non-

phosphorylatable mutation R360A was synthesized as a gBlock (ITD), amplified by 

PCR with primers 825/826 and cloned into pNPTS138 cut with Eco RV.  

pHR628 (pNPTS138-ptsPL83Q)  



C. crescentus CCNA_00892 with the mutation L83Q was amplified from a gain-of-

function mutant isolated on swarm agar plates supplemented with 9 mM Glutamine 

by PCR with primers 877 and 878 and cloned into pNPTS138 cut with Eco RV. 

pHR634 (pNPTS138-spoTD81G)  

C. crescentus CCNA_01622 with the mutation D81G was amplified from a gain-of-

function mutant isolated on swarm agar plates supplemented with 9 mM Glutamine 

by PCR with primers 894 and 885 and cloned into pNPTS138 cut with Eco RV. 

pHR638 (pNPTS138-ΔspoT)  

Upstream and downstream regions of C. crescentus CCNA_01622 were amplified 

from NA1000 gDNA by PCR respectively with primers 894/895 and 896/897 and 

cloned into pSK. The pSK-894/895 and pSK-896/897 recombinant plasmids were 

then digested respectively with Hind III/Eco RI and Eco RI/Bam HI; and ligated into 

the pNPTS138 vector cut with Hind III and Bam HI.  

pHR639 (pNPTS138-ΔptsP)  

Upstream and downstream regions of C. crescentus CCNA_00892 were amplified 

from NA1000 gDNA by PCR respectively with primers 905/906 and 907/908 and 

cloned into pSK. The pSK-905/906 and pSK-907/908 plasmids were then digested 

respectively with Hind III/Asp 718 and Asp 718/Bam HI; and ligated into the 

pNPTS138 vector cut with Hind III and Bam HI.  

pHR645 (pNPTS138-spoTY323A)  

DNA fragment of C. crescentus CCNA_01622 encompassing catalytic site mutation 

Y323A was synthesized as a gBlock (ITD), amplified by PCR with primers 932/933 

and cloned into pNPTS138 cut with Eco RV. 

pHR689 (pUT18C-spoT)  

C. crescentus CCNA_01622 was amplified from NA1000 gDNA by PCR with primers 

1175 and 1176 and cloned into pSK. The pSK-1175/1176 recombinant plasmid was 

then digested with Xba I and Eco RI and ligated into the pUT18C vector cut with the 

same restriction enzymes.  

pHR690 (pUT18C-ptsH)  

C. crescentus CCNA_00241 was amplified from NA1000 gDNA by PCR with primers 

1177 and 1178 and cloned into pSK. The pSK-1177/1178 recombinant plasmid was 



then digested with Xba I and Eco RI and ligated into the pUT18C vector cut with the 

same restriction enzymes.  

pHR692 (pUT18C-spoTD81G)  

C. crescentus CCNA_01622 with the mutation D81G was amplified from a gain-of-

function mutant isolated on swarm agar plates supplemented with 9 mM Glutamine 

by PCR with primers 1175 and 1176 and cloned into pSK. The pSK-1175/1176 

recombinant plasmid was then digested with Xba I and Eco RI and ligated into the 

pUT18C vector cut with the same restriction enzymes.  

pHR693 (pKT25-ptsN)  

C. crescentus CCNA_03710 was amplified from NA1000 gDNA by PCR with primers 

1181 and 1182 and cloned into pSK. The pSK-1181/1182 recombinant plasmid was 

then digested with Xba I and Eco RI and ligated into the pKT25 vector cut with the 

same restriction enzymes. 

pHR694 (pKT25-ptsNH66A)  

DNA fragment of C. crescentus CCNA_03710 encompassing mutations H66A was 

synthesized as a gBlock (IDT) and cloned into pSK. The pSK- ptsNH66A recombinant 

plasmid was then digested with Xba I and Eco RI and ligated into the pKT25 vector 

cut with the same restriction enzymes. 

pHR695 (pKT25-ptsNH66E)  

C. crescentus CCNA_03710 was amplified from RH2017 by PCR with primers 1181 

and 1182 and cloned into pSK. The pSK- ptsNH66E recombinant plasmid was then 

digested with Xba I and Eco RI and ligated into the pKT25 vector cut with the same 

restriction enzymes. 

pHR704 (pUT18C-ptsN)  

C. crescentus CCNA_03710 was amplified from NA1000 gDNA by PCR with primers 

1181 and 1182 and cloned into pSK. The pSK-1181/1182 recombinant plasmid was 

then digested with Xba I and Eco RI and ligated into the pUT18C vector cut with the 

same restriction enzymes. 

pHR699 (pXMCS-2-3FLAG-ptsN)  

3FLAG-ptsN was amplified from RH1888 (NA1000 3FLAG-ptsN) by PCR with 

primers 1173 and 1174 and cloned into pSK. The pSK-3FLAG-ptsN was then 



digested with NdeI and Eco RI and ligated into the pXMCS-2 cut with the same 

restriction enzymes. 

pHR705 (pUT18C-ptsNH66E)  

DNA fragment of C. crescentus CCNA_03710 encompassing mutations H66E was 

synthesized as a gBlock (IDT) and cloned into pSK. The pSK- ptsNH66E recombinant 

plasmid was then digested with Xba I and Eco RI and ligated into the pUT18C vector 

cut with the same restriction enzymes. 

pHR706 (pUT18C-ptsNH66A)  

DNA fragment of C. crescentus CCNA_03710 encompassing mutations H66A was 

synthesized as a gBlock (IDT) and cloned into pSK. The pSK- ptsNH66A recombinant 

plasmid was then digested with Xba I and Eco RI and ligated into the pUT18C vector 

cut with the same restriction enzymes. 

pHR711 (pNPTS138-ptsNH66E)  

DNA fragment of C. crescentus CCNA_03710 encompassing mutations H66E was 

synthesized as a gBlock (IDT) and cloned into pNPTS138 cut with Eco RV. 

pHR712 (pNPTS138-ptsNH66A)  

DNA fragment of C. crescentus CCNA_03710 encompassing mutations H66A was 

synthesized as a gBlock (IDT) and cloned into pNPTS138 cut with Eco RV. 

pHR764 (pKT25-spoT)  

C. crescentus CCNA_01622 was amplified from NA1000 gDNA by PCR with primers 

1175 and 1176 and cloned into pSK. The pSK-1175/1176 recombinant plasmid was 

then digested with Xba I and Eco RI and ligated into the pKT25 vector cut with the 

same restriction enzymes.  

pHR765 (pKT25-spoTD81G)  

C. crescentus CCNA_01622 with the mutation D81G was amplified from a gain-of-

function mutant isolated on swarm agar plates supplemented with 9 mM Glutamine 

by PCR with primers 1175 and 1176 and cloned into pSK. The pSK-1175/1176 

recombinant plasmid was then digested with Xba I and Eco RI and ligated into the 

pKT25 vector cut with the same restriction enzymes. 

pHR813 (pBAD33-ptsH)  

C. crescentus CCNA_00241 was amplified from NA1000 gDNA by PCR with primers 

1349 and 1350 and cloned into pSK. The pSK-1349/1350 recombinant plasmid was 



then digested with Xba I and Pst I and ligated into the pBAD33 vector cut with the 

same restriction enzymes. 

pHR815 (pKT25-ptsH)  

C. crescentus CCNA_00241 was amplified from NA1000 gDNA by PCR with primers 

1177 and 1178 and cloned into pSK. The pSK-1177/1178 recombinant plasmid was 

then digested with Xba I and Eco RI and ligated into the pKT25 vector cut with the 

same restriction enzymes.  

pHR816 (pKT25-ptsHH18A)  

C. crescentus CCNA_00241 with the mutation H18A was amplified by PCR with 

primers 1177 and 1178 and cloned into pSK. The pSK-1177/1178 recombinant 

plasmid was then digested with Xba I and Eco RI and ligated into the pKT25 vector 

cut with the same restriction enzymes. 

 

Description of Strains 

RH577 (NA1000 ΔglnD) 

Biparental mating between NA1000 and RH528 (S17-1-pNPTS138-ΔglnD) was 

selected on PYE Nal Kan, streaked on PYE Kan, cultivated o/n in PYE and plated on 

PYE 3% Suc. SucR candidates were streaked on PYE Kan and PYE. KanS colonies 

were screened by PCR with primers 190/191. 

RH737 (NA1000 ΔglnD stpX::stpX-gfp) 

A CR30 lysate made on RH507 (NA1000 stpX::stpX-gfp) was transduced into RH577 

(NA1000 ΔglnD). Transductants were selected on PYE Kan. 

RH770 (NA1000 ΔglnK) 

Biparental mating between NA1000 and RH766 (S17-1-pNPTS138-ΔglnK) was 

selected on PYE Nal Kan, streaked on PYE Kan, cultivated o/n in PYE and plated on 

PYE 3% Suc. SucR candidates were streaked on PYE Kan and PYE. KanS colonies 

were screened by PCR with primers 313/314. 

RH771 (NA1000 ΔglnB) 

Biparental mating between NA1000 and RH768 (S17-1-pNPTS138-ΔglnA) was 

selected on PYE Nal Kan, streaked on PYE Kan, cultivated o/n in PYE and plated on 

PYE 3% Suc. SucR candidates were streaked on PYE Kan and PYE. KanS colonies 

were screened by PCR with primers 315/316. 



RH772 (NA1000 ΔglnA) 

Biparental mating between NA1000 and RH767 (S17-1-pNPTS138-ΔglnB) was 

selected on PYE Nal Kan, streaked on PYE Kan, cultivated o/n in PYE and plated on 

PYE 3% Suc. SucR candidates were streaked on PYE Kan and PYE. KanS colonies 

were screened by PCR with primers 317/318. 

RH773 (NA1000 ∆glnC) 

Biparental mating between NA1000 and RH769 (S17-1-pNPTS138-∆glnC) was 

selected on PYE Nal Kan, streaked on PYE Kan, cultivated o/n in PYE and plated on 

PYE 3% Suc. SucR candidates were streaked on PYE Kan and PYE. KanS colonies 

were screened by PCR with primers 311/312. 

RH778 (NA1000 ΔglnK ΔglnC) 

Biparental mating between RH770 (NA1000 ΔglnK) and RH769 (S17-1-pNPTS138-

ΔglnC) was selected on PYE Nal Kan, streaked on PYE Kan, cultivated o/n in PYE 

and plated on PYE 3% Suc. SucR candidates were streaked on PYE Kan and PYE. 

KanS colonies were screened by PCR with primers 311/312. 

RH793 (NA1000 ΔglnD mipZ::mipZ-mcfp) 

Biparental mating between RH577 (NA1000 ΔglnD) and S17-1-pNPTS138-mipZ-

mcfp was selected on PYE Nal Kan, streaked on PYE Kan, cultivated o/n in PYE and 

plated on PYE 3% Suc. SucR candidates were streaked on PYE Kan and PYE. KanS 

colonies were screened by fluorescence microscopy.  

RH874 (NA1000 ΔglnE) 

Biparental mating between NA1000 and RH871 (S17-1-pNPTS138-ΔglnE) was 

selected on PYE Nal Kan, streaked on PYE Kan, cultivated o/n in PYE and plated on 

PYE 3% Suc. SucR candidates were streaked on PYE Kan and PYE. KanS colonies 

were screened by PCR with primers 435/436. 

RH875 (NA1000 ΔglnD ΔglnE) 

Biparental mating between RH577 (NA1000 ΔglnD) and RH871 (S17-1-pNPTS138-

ΔglnE) was selected on PYE Nal Kan, streaked on PYE Kan, cultivated o/n in PYE 

and plated on PYE 3% Suc. SucR candidates were streaked on PYE Kan and PYE. 

KanS colonies were screened by PCR with primers 435/436. 

RH876 (NA1000 ΔglnA2) 

Biparental mating between NA1000 and RH872 (S17-1-pNPTS138-ΔglnA2) was 



selected on PYE Nal Kan, streaked on PYE Kan, cultivated o/n in PYE and plated on 

PYE 3% Suc. SucR candidates were streaked on PYE Kan and PYE. KanS colonies 

were screened by PCR with primers 437/438. 

RH877 (NA1000 ΔglnA3) 

Biparental mating between NA1000 and RH873 (S17-1-pNPTS138-ΔglnA3) selected 

on PYE Nal Kan, streaked on PYE Kan, cultivated o/n in PYE and plated on PYE 3% 

Suc. SucR candidates were streaked on PYE Kan and PYE. KanS colonies were 

screened by PCR with primers 439/440. 

RH878 (NA1000 ΔglnA2 ΔglnA3) 

Biparental mating between RH876 (NA1000 ΔglnA2) and RH873 (S17-1-pNPTS138-

ΔglnA3) was selected on PYE Nal Kan, streaked on PYE Kan, cultivated o/n in PYE 

and plated on PYE 3% Suc. SucR candidates were streaked on PYE Kan and PYE. 

KanS colonies were screened by PCR with primers 439/440. 

RH879 (NA1000 ΔglnA2 ΔglnA3 ΔglnA) 

Biparental mating between RH878 (NA1000 ΔglnA2 ΔglnA3) and RH767 (S17-1-

pNPTS138-ΔglnB) was selected on PYE Nal Kan, streaked on PYE Kan, cultivated 

o/n in PYE and plated on PYE 3% Suc. SucR candidates were streaked on PYE Kan 

and PYE. KanS colonies were screened by PCR with primers 317/318. 

RH970 (NA1000 ΔglnA2 ΔglnA) 

Biparental mating between RH876 (NA1000 ΔglnA2) and RH767 (S17-1-pNPTS138-

ΔglnB) was selected on PYE Nal Kan, streaked on PYE Kan, cultivated o/n in PYE 

and plated on PYE 3% Suc. SucR candidates were streaked on PYE Kan and PYE. 

KanS colonies were screened by PCR with primers 317/318. 

RH971 (NA1000 ΔglnA3 ΔglnA) 

Biparental mating between RH877 (NA1000 ΔglnA3) and RH767 (S17-1-pNPTS138-

ΔglnB) was selected on PYE Nal Kan, streaked on PYE Kan, cultivated o/n in PYE 

and plated on PYE 3% Suc. SucR candidates were streaked on PYE Kan and PYE. 

KanS colonies were screened by PCR with primers 317/318. 

RH1458 (NA1000 ΔntrC) 

Triparental mating between NA1000, RH319 (MT607-pRK600) and RH1403 (Top10-

pNPTS138-ΔntrC) was selected on PYE Nal Kan, streaked on PYE Kan, cultivated 



o/n in PYE and plated on PYE 3% Suc. SucR candidates were streaked on PYE Kan 

and PYE. KanS colonies were screened by PCR with primers 779/780. 

RH1459 (NA1000 ΔntrX) 

Triparental mating between NA1000, RH319 (MT607-pRK600) and RH1404 (Top10-

pNPTS138-ΔntrX) was selected on PYE Nal Kan, streaked on PYE Kan, cultivated 

o/n in PYE and plated on PYE 3% Suc. SucR candidates were streaked on PYE Kan 

and PYE. KanS colonies were screened by PCR with primers 781/782. 

RH1621 (NA1000 ΔptsH) 

Triparental mating between NA1000, RH319 (MT607-pRK600) and RH1605 (Top10-

pNPTS138-ΔptsH) was selected on PYE Nal Kan, streaked on PYE Kan, cultivated 

o/n in PYE and plated on PYE 3% Suc. SucR candidates were streaked on PYE Kan 

and PYE. KanS colonies were screened by PCR with primers 814/815. 

RH1622 (NA1000 ΔptsM) 

Triparental mating between NA1000, RH319 (MT607-pRK600) and RH1604 (Top10-

pNPTS138-ΔptsM) was selected on PYE Nal Kan, streaked on PYE Kan, cultivated 

o/n in PYE and plated on PYE 3% Suc. SucR candidates were streaked on PYE Kan 

and PYE. KanS colonies were screened by PCR with primers 814/815. 

RH1632 (NA1000 glnAR360A) 

Triparental mating between NA1000, RH319 (MT607-pRK600) and RH1417 (Top10-

pNPTS138-glnAR360A) was selected on PYE Nal Kan, cultivated o/n in PYE and 

plated on PYE 3% Suc. SucR candidates were streaked on PYE 9.3 mM Gln Kan, 

M2G and PYE 9.3 mM Gln. KanS colonies unable to grow on M2G were screened by 

PCR with primers 727/728 and sequencing with primer 727.  

RH1702 (NA1000 ΔptsH ΔptsM) 

Triparental mating between RH1621 (NA1000 ΔptsH), RH319 (MT607-pRK600) and 

RH1604 (Top10-pNPTS138-ΔptsM) was selected on PYE Nal Kan, streaked on PYE 

Kan, cultivated o/n in PYE and plated on PYE 3% Suc. SucR candidates were 

streaked on PYE Kan and PYE. KanS colonies were screened by PCR with primers 

814/815. 

RH1727 (NA1000 ΔptsP spoTD81G) 

Triparental mating between RH1758 (NA1000 ΔptsP), RH319 (MT607-pRK600) and 

RH1743 (Top10-pNPTS138-spoTD81G) was selected on PYE Nal Kan, cultivated o/n 



in PYE and plated on PYE 3% Suc. Smallest SucR colonies were streaked on PYE 

Kan and PYE. KanS colonies were screened by PCR with primers 894/895 and 

sequencing with primer 894.  

RH1728 (NA1000 ΔspoT ptsPL83Q) 

Triparental mating between RH1755 (NA1000 ΔspoT), RH319 (MT607-pRK600) and 

RH1737 (Top10-pNPTS138-ptsPL83Q) was selected on PYE Nal Kan, cultivated o/n in 

PYE and plated on PYE 3% Suc. Smallest SucR colonies were streaked on PYE Kan 

and PYE. KanS colonies were screened by PCR with primers 877/878 and 

sequencing with primer 877.  

RH1748 (NA1000 ptsPL83Q) 

Triparental mating between NA1000, RH319 (MT607-pRK600) and RH1737 (Top10-

pNPTS138-ptsPL83Q) was selected on PYE Nal Kan, cultivated o/n in PYE and plated 

on PYE 3% Suc. Smallest SucR colonies were streaked on PYE Kan and PYE. KanS 

colonies were screened by PCR with primers 877/878 and sequencing with primer 

877.  

RH1752 (NA1000 spoTD81G) 

Triparental mating between NA1000, RH319 (MT607-pRK600) and RH1743 (Top10-

pNPTS138-spoTD81G) was selected on PYE Nal Kan, cultivated o/n in PYE and plated 

on PYE 3% Suc. Smallest SucR colonies were streaked on PYE Kan and PYE. KanS 

colonies were screened by PCR with primers 894/895 and sequencing with primer 

894. 

RH1753 (NA1000 ΔglnD spoTD81G) 

Triparental mating between RH577 (NA1000 ΔglnD), RH319 (MT607-pRK600) and 

RH1743 (Top10-pNPTS138-spoTD81G) was selected on PYE Nal Kan, cultivated o/n 

in PYE and plated on PYE 3% Suc. Smallest SucR colonies were streaked on PYE 

Kan and PYE. KanS colonies were screened by PCR with primers 894/895 and 

sequencing with primer 894.  

RH1755 (NA1000 ΔspoT) 

Triparental mating between NA1000, RH319 (MT607-pRK600) and RH1747 (Top10-

pNPTS138-ΔspoT) was selected on PYE Nal Kan, streaked on PYE Kan, cultivated 

o/n in PYE and plated on PYE 3% Suc. SucR candidates were streaked on PYE Kan 

and PYE. KanS colonies were screened by PCR with primers 898/899. 



RH1756 (NA1000 ΔglnD ΔspoT) 

Triparental mating between RH577 (NA1000 ΔglnD), RH319 (MT607-pRK600) and 

RH1747 (Top10-pNPTS138-ΔspoT) was selected on PYE Nal Kan, streaked on PYE 

Kan, cultivated o/n in PYE and plated on PYE 3% Suc. SucR candidates were 

streaked on PYE Kan and PYE. KanS colonies were screened by PCR with primers 

898/899. 

RH1758 (NA1000 ΔptsP) 

Triparental mating between NA1000, RH319 (MT607-pRK600) and RH1757 (Top10-

pNPTS138-ΔptsP) was selected on PYE Nal Kan, streaked on PYE Kan, cultivated 

o/n in PYE and plated on PYE 3% Suc. SucR candidates were streaked on PYE Kan 

and PYE. KanS colonies were screened by PCR with primers 926/927. 

RH1782 (NA1000 ΔptsM ptsHH18A) 

Triparental mating between RH1622 (NA1000 ΔptsM), RH319 (MT607-pRK600) and 

RH1737 (Top10-pNPTS138-ptsHH18A) was selected on PYE Nal Kan, cultivated o/n in 

PYE and plated on PYE 3% Suc. Biggest SucR colonies were streaked on PYE Kan 

and PYE. KanS colonies were screened by PCR with primers 806/826 and 

sequencing with primer 826.  

RH1819 (NA1000 ΔptsN) 

Triparental mating between NA1000, RH319 (MT607-pRK600) and RH1784 (Top10-

pNPTS138-ΔptsN) was selected on PYE Nal Kan, streaked on PYE Kan, cultivated 

o/n in PYE and plated on PYE 3% Suc. SucR candidates were streaked on PYE Kan 

and PYE. KanS colonies were screened by PCR with primers 963/964. 

RH1829 (NA1000 ΔptsM ΔptsN) 

Triparental mating between RH1622 (NA1000 ∆ptsM), RH319 (MT607-pRK600) and 

RH1784 (Top10-pNPTS138-ΔptsN) was selected on PYE Nal Kan, streaked on PYE 

Kan, cultivated o/n in PYE and plated on PYE 3% Suc. SucR candidates were 

streaked on PYE Kan and PYE. KanS colonies were screened by PCR with primers 

963/964. 

RH1844 (NA1000 spoTY323A) 

Triparental mating between RH50 (NA1000), RH319 (MT607-pRK600) and RH1817 

(Top10-pNPTS138-spoTY323A) was selected on PYE Nal Kan, streaked on PYE Kan, 

cultivated o/n in PYE and plated on PYE 3% Suc. SucR candidates were streaked on 



PYE Kan and PYE. KanS colonies were screened by PCR with primers 923/933 and 

1175/1176. 

RH1888 (NA1000 3FLAG-ptsN) 

Triparental mating between RH50 (NA1000), RH319 (MT607-pRK600) and RH1885 

(Top10-pNPTS138-3FLAG-ptsN) was selected on PYE Nal Kan, streaked on PYE 

Kan, cultivated o/n in PYE and plated on PYE 3% Suc. SucR candidates were 

streaked on PYE Kan and PYE. KanS colonies were screened by PCR with primers 

961/964. 

RH1940 (NA1000 ΔglnD ΔptsP) 

Triparental mating between RH577 (NA1000 ΔglnD), RH319 (MT607-pRK600) and 

RH1757 (Top10-pNPTS138-ΔptsP) was selected on PYE Nal Kan, streaked on PYE 

Kan, cultivated o/n in PYE and plated on PYE 3% Suc. SucR candidates were 

streaked on PYE Kan and PYE. KanS colonies were screened by PCR with primers 

926/927. 

RH1941 (NA1000 ptsPL83Q ΔglnD) 

Biparental mating between RH1748 (NA1000 ptsPL83Q), RH528 (S17-1-pNPTS138-

ΔglnD) was selected on PYE Nal Kan, streaked on PYE Kan, cultivated o/n in PYE 

and plated on PYE 3% Suc. SucR candidates were streaked on PYE Kan and PYE. 

KanS colonies were screened by PCR with primers 190/191. 

RH1999 (NA1000 spoTD81G ΔptsN) 

Triparental mating between RH1752 (NA1000 spoTD81G), RH319 (MT607-pRK600) 

and RH1784 (Top10-pNPTS138-ΔptsN) was selected on PYE Nal Kan, streaked on 

PYE Kan, cultivated o/n in PYE and plated on PYE 3% Suc. SucR candidates were 

streaked on PYE Kan and PYE. KanS colonies were screened by PCR with primers 

963/964. 

RH2013 (NA1000 spoTD81G ΔptsH) 

Triparental mating between RH1752 (NA1000 spoTD81G), RH319 (MT607-pRK600) 

and RH1605 (Top10-pNPTS138-ΔptsH) was selected on PYE Nal Kan, streaked on 

PYE Kan, cultivated o/n in PYE and plated on PYE 3% Suc. SucR candidates were 

streaked on PYE Kan and PYE. KanS colonies were screened by PCR with primers 

814/815. 

RH2014 (NA1000 spoTD81G ΔptsN ΔptsP) 



Triparental mating between RH1999 (NA1000 spoTD81G ΔptsN), RH319 (MT607-

pRK600) and RH1757 (Top10-pNPTS138-ΔptsP) was selected on PYE Nal Kan, 

streaked on PYE Kan, cultivated o/n in PYE and plated on PYE 3% Suc. SucR 

candidates were streaked on PYE Kan and PYE. KanS colonies were screened by 

PCR with primers 926/927. 

RH2015 (NA1000 spoTD81G ΔptsN ΔptsH) 

Triparental mating between RH1999 (NA1000 spoTD81G ΔptsN), RH319 (MT607-

pRK600) and RH1605 (Top10-pNPTS138-ΔptsH) was selected on PYE Nal Kan, 

streaked on PYE Kan, cultivated o/n in PYE and plated on PYE 3% Suc. SucR 

candidates were streaked on PYE Kan and PYE. KanS colonies were screened by 

PCR with primers 814/815. 

RH2016 (NA1000 ΔptsP ptsNH66E) 

Triparental mating between RH1758 (NA1000 ΔptsP), RH319 (MT607-pRK600) and 

RH1523 (Top10-pNPTS138-ptsNH66E) was selected on PYE Nal Kan, cultivated o/n in 

PYE and plated on PYE 3% Suc. Smallest SucR colonies were streaked on PYE Kan 

and PYE. KanS colonies were screened by PCR with primers 963/964 and 

sequencing with primer 1126.  

RH2017 (NA1000 ptsNH66E) 

Biparental mating between RH50 (NA1000) and S17-1-pNPTS138-USCFP-rodZ 14 

was selected on PYE Nal Kan. A CR30 lysate made on NA1000 pNPTS138-USCFP-

rodZ was transduced into RH2016 (NA1000 ΔptsP ptsNH66E). Transductants were 

selected on PYE Kan, cultivated o/n in PYE and plated on PYE 3% Suc. The 

presence of ptsP, backcrossed together with USCFP-rodZ, was checked by PCR 

with primers 972/973.  

RH2018 (NA1000 ptsPL83Q  ptsNH66A) 

Triparental mating between RH1748 (NA1000 ptsPL83Q ), RH319 (MT607-pRK600) 

and RH1538 (Top10-pNPTS138-ptsNH66A) was selected on PYE Nal Kan, cultivated 

o/n in PYE and plated on PYE 3% Suc. Biggest SucR colonies were streaked on PYE 

Kan and PYE. KanS colonies were screened by PCR with primers 963/964 and 

sequenced with primer 1126. 

RH2084 (MG1655 ΔptsP::cat) 

cat was amplified from pKD3 by PCR using primers 1262/1263, transformed into 



RH392 electrocompetent cells (pre-induced 15' at 42°C). Recombinant clones were 

selected on LA Cam plates at 37°C and screened by PCR with primers 1275/1276.  

RH2117 (MG1655 cyaA::frt ΔptsP) 

A P1 lysate made on RH2084 (LHR106) was transduced into RH785 (MG1655 

cyaA::frt). Transductants were selected on LA Cam. CamR colonies were then 

screened by PCR with primers 1275/1276. Candidates were then transformed with 

pCP20 and selected on LA Amp plates at 30°C. Clones were then streaked twice on 

LA plates and incubated at 42°C to get rid of cat cassette and pCP20. CamS 

candidates were screened by PCR with primers 1275/1276. 

RH2122 (MG1655 cyaA::frt Δnpr) 

A P1 lysate made on a MG1655 Δnpr::kan (L. Van Melderen lab) was transduced in 

RH785 (MG1655 cyaA::frt). Transductants were selected on LA Kan. KanR colonies 

were screened by PCR with primers 1310/1311 Candidates were then transformed 

with pCP20 and selected on LA Amp plates at 30°C. Clones were then streaked 

twice on LA plates and incubated at 42°C to get rid of kan cassette and pCP20. KanS 

candidates were screened by PCR with primers 1310/1311. 

RH2124 (MG1655 cyaA::frt ΔptsPΔptsI) 

A P1 lysate made on a MG1655 ΔptsI::kan (from L. Van Melderen lab) was 

transduced in RH2117 (MG1655 cyaA::frt ΔptsP). Transductants were selected on LA 

Kan. KanR colonies were screened by PCR with primers 1273/1274. Candidates 

were then transformed with pCP20 and selected on LA Amp plates at 30°C. Clones 

were then streaked twice on LA plates and incubated at 42°C to get rid of kan 

cassette and pCP20. KanS candidates were screened by PCR with primers 

1273/1274. 

RH2191 (NA1000 pXMCS2-3FLAG-ptsN) 

Triparental mating between RH50 (NA1000), RH319 (MT607-pRK600) and RH2204 

(Top10-pXMCS2-3FLAG-ptsN) was selected on PYE Nal Kan. 

RH2192 (NA1000 ΔptsP pXMCS2-3FLAG-ptsN) 

Triparental mating between RH1758 (NA1000 ΔptsP), RH319 (MT607-pRK600) and 

RH2204 (Top10-pXMCS2-3FLAG-ptsN) was selected on PYE Nal Kan. 

RH2193 (NA1000 spoTD81G Y323A) 



Triparental mating between RH1752 (NA1000 spoTD81G), RH319 (MT607-pRK600) 

and RH1817 (Top10-pNPTS138-spoTY323A) was selected on PYE Nal Kan, streaked 

on PYE Kan, cultivated o/n in PYE and plated on PYE 3% Suc. SucR candidates 

were streaked on PYE Kan and PYE. KanS colonies were screened by PCR with 

primers 923/933 and 1175/1176. 

RH2194 (NA1000 ptsNH66A spoTY323A) 

Triparental mating between RH2019 (NA1000 ptsNH66A), RH319 (MT607-pRK600) 

and RH1817 (Top10-pNPTS138-spoTY323A) was selected on PYE Nal Kan, streaked 

on PYE Kan, cultivated o/n in PYE and plated on PYE 3% Suc. SucR candidates 

were streaked on PYE Kan and PYE. KanS colonies were screened by PCR with 

primers 923/933 and 1175/1176. 

RH2195 (NA1000 ptsNH66E spoTY323A) 

Triparental mating between RH2017 (NA1000 ptsNH66E), RH319 (MT607-pRK600) 

and RH1817 (Top10-pNPTS138-spoTY323A) was selected on PYE Nal Kan, streaked 

on PYE Kan, cultivated o/n in PYE and plated on PYE 3% Suc. SucR candidates 

were streaked on PYE Kan and PYE. KanS colonies were screened by PCR with 

primers 923/933 and 1175/1176. 

RH2196 (NA1000 ΔptsP spoTY323A) 

Triparental mating between RH1758 (NA1000 ΔptsP), RH319 (MT607-pRK600) and 

RH1817 (Top10-pNPTS138-spoTY323A) was selected on PYE Nal Kan, streaked on 

PYE Kan, cultivated o/n in PYE and plated on PYE 3% Suc. SucR candidates were 

streaked on PYE Kan and PYE. KanS colonies were screened by PCR with primers 

923/933 and 1175/1176. 
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