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Characterization	of	the	two	conformations	adopted	by	the	T3SS	inner-
membrane	protein	PrgK.		
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Figure	S1:	Comparison	of	the	various	PrgK	D1	structures.	

The	Rosetta	energies	for	the	two	conformers	are	plotted	in	(A)	and	(B)	respectively,	relative	to	

the	 RMSD	 with	 the	 lowest-energy	 model.	 Both	 structural	 ensembles	 correspond	 to	 well	

converging,	 low	 energy	models.	 Disordered	 regions	were	 truncated	 according	 to	 the	 Lange	

method40,	such	that	only	residues	19-78	were	modeled	for	conformer	A,	and	residues	19-74	for	

conformer	B.	(C)	A	portion	of	the	structure	of	full	length	PrgK,	from	the	basal	body	cryo-EM	

map	(PDB	ID	5CTP,	salmon)	and	(D)	the	crystal	structure	of	PrgK19-92	(PDB	ID	4W4M,	orange)	

overlaid	on	the	CS-Rosetta	structural	model	of	conformer	A	(green)	determined	in	this	study.	

(E)	The	solution	structure	of	PrgK19-76	(i.e.	D1	only),	determined	using	NOE-derived	distance	

restraints	(PDB	ID	2MKY,	magenta),	overlaid	on	the	CS-Rosetta	structural	model	of	conformer	

B	(cyan).	
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Figure	S2:	The	two	alternative	conformations	are	in	very	slow	exchange.	

(A)	 Selected	 regions	 of	 the	 15N-EXSY	 spectra	 of	 PrgK19-92,	 recorded	with	 an	 850	MHz	 NMR	

spectrometer	at	3	different	mixing	times.	Shown	are	residues	where	the	peaks	yielded	by	the	

two	conformers	have	clearly	separated	chemical	shifts	in	both	1H	and	15N	dimensions.	Even	at	

the	longest	mixing	time	(600	msec),	no	exchange	cross-peaks	are	detected.	This	is	indicatives	

that	the	exchange	between	the	two	populations	is	slow	with	kex	≾	1	s-1.	(B)	Selected	regions	of	

the	overlaid	15N-HSQC	spectra	of	PrgK19-92,	acquired	at	different	temperatures	(10	°C	in	blue,	

20	 °C	 in	 cyan,	 30	 °C	 in	 green	 and	 40	 °C	 in	 red).	 Spectra	 were	 collected	 at	 8	 different	

temperatures,	from	10	to	45°C	in	5	°C	increments,	but	only	4	representative	spectra	are	shown	

for	clarity.	Although	the	chemical	shifts	of	many	peaks	are	affected	by	the	temperature	change,	

the	relative	intensity	ratios	of	peak	corresponding	the	two	populations	are	not	visibly	affected.		
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Figure	S3:	The	conformational	equilibrium	of	PrgK	is	dependent	on	Pro78.	

The	15N-HSQC	spectrum	of	PrgK19-92	with	the	P78G	mutation	(blue),	overlaid	on	that	of	the	WT	

protein	(A,	red)	or	the	PrgK19-76	construct	(B,	green).	Expanded	regions	for	selected	peaks	are	

shown	on	the	right,	with	A	and	B	assignments	indicated.	The	amide	1HN-15N	signals	of	the	P78G	

mutant	overlay	well	with	those	corresponding	to	conformer	B	in	the	WT	protein,	and	with	those	

yielded	 by	 the	 PrgK19-76	 construct,	 indicating	 that	 this	 mutation	 prevents	 the	 formation	 of	

conformer	A	with	the	linker-bound	conformation.	However, in the spectrum of PrgK19-92 P78G, 

the signal from the indole 1He1-15Ne1	of Trp71 appears to overlay more closely with that of conformer 

A than conformer B. This may reflect additional uncharacterized interactions of Trp71 with linker 

residues in the mutated PrgK19-92 that are not possible in the wild type PrgK19-92 or the truncated 

PrgK19-76.  	
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Figure	S4:	Multiple	sequence	alignment	of	PrgK	homologues.		

PrgK	homologue	sequences	from	the	major	T3SS	families	(S.	typhimurium	SPI-1	PrgK,	Shigella	

flexneri	 MxiJ,	 Burkholderia	 pseudomallei	 T3SS3	 BsaJ2,	 E.	 coli	 O127:H6	 (EPEC)	 LEE	 EscJ,	

Candidatus	Hamiltonella	SsaJ2,	S.	typhimurium	SPI-2	SsaJ,	Y.	enterocolitica	YscJ,	P.	aeruginosa	

PscP,	 P.	 syringae	 HrpC,	 Herbaspirillum	 seropedicae	 HrcJ,	 Ralstonia	 solanacearum	 HrpI,	

Xanthomonas	 axonopodis	 HrpB3,	 Burkholderia	 pseudomallei	 T3SS1	 BsaJ1,	 Burkholderia	

pseudomallei	T3SS2	SctJ,	Desulfovibrio	vulgaris	HrcJ2,	Rhizobium	etli	NolT,	Sinorhizobium	fredii	

RhcJ,	Myxococcus	fulvus	MyxJ	and	Chlamydia	trachomatis	CdsJ)	were	aligned	with	ClustalW,	and	

the	alignment	figure	was	generated	with	ESPript.	Conserved	residues	are	in	red	boxes,	similar	

residues	are	in	red	font,	the	secondary	structure	of	PrgK	(PDB	ID	4W4M)	is	at	the	top	in	red,	

and	that	of	EscJ	(PDB	ID	1YJ7)	is	at	the	bottom	in	blue.	Key	residues	discussed	in	this	study	are	

indicated	with	green	asterisks.	

	

Fig.S2: Multiple sequence alignment for the periplasmic region of PrgK and its orthologues 

                                                                                                                                                                     PrgK 
              1       10         20        30        40        50                60        70        80        90       100       110       120       130       140  

 1 PrgK                                C               N     L                                              P          F           E                                                                LLVM L        L   L    A EVIAV     I A K                 I V       AV  I    L       I  M     LV SP    AR    I Q L  SLQ MEGVL ARV I            ..............MIRRYLYTF    T AG .KDKD LKG DQEQ        QMHN E N IDSGKL........GYS T AEPDFTA  YW KTYQ  PRPRVE AQ  PADS  S  RA K  LYSA E R EQ   T     S   H SYDIDAGENGRP
 2 MxiJ                                C               N     L                                              P          F           E                                                              IL LLL L        L   L    A EII V     I A K                 V V       AV LM    L       I  M     LV SP    AR    I Q L  SL  I GVI AKI V            ..............MIRYKCF  F   M IG EQREE ISN SQRQ     S  ERHN T R VDGGKQ........GIS Q EKGTFAS  D  RMYD  NPERVD SQ  PTDS  S  RA K  LYSA E R EQ  VS G   S   H SYDLE..EKNIS
 3 BsaJ2                                C               N     L                                              P          F           E                                                              LL ALL L        L   L    A DVVAV     L V K                 V V       AV LL    L      QI  A     LV SP    AR    V Q L  NL  L  VV ARV V            .............MKRFVSFS  P   L AA .NQQE LKN TEQQ        QAHD A R EDLGKT........GYA S EQADFPT  D  RQYN  SQARV  AQ  PADS  A  QA Q  LLSA E R EQ  AA QN  S   Q SYPLKPSDSGKP
 4 EscJ                                C               N     L                                              P          F           E                                                              L V I           L   L   EA  M AL     V V K                 I V       AI IL   G  K     I  I     LV SP    AK      Q I   LS I GVI   V L V          ............MRKYIKNTF F F CLTVA ..KEQ YTG TEK   Q Q   LSND N S EMDKSG........NVT S EKEDFVR  T  NNN F  KKFAD EV  PPSQ  A  SQ N  INYLKE D ERL  K P   DCS S N NN......NE
 5 SsaJ2                                C               N     L                                              P          F           E                                                              I LIIL L        L   L   EA  MLAL     I A K                 V V       AV LL   G  R    TV  I     LV SP    AK      Q L   LS MEGVI V V IAV          ............MRSVRRIFY F    S SA ..NVQ YSG AQS   Q     MLHH N E QQNKDG........TVT N DRKHFID  E  RQN F  RNYV  DK  PSNQ  T  GQ Q  MVYIKE Q ESM  H     R D S   AAP..SNDKN
 6 SsaJ                                C               N     L                                              P          F           E                                                              L VL   L        L   L   EA  MLAL     I A K                 L V       AV LL   G  H    TA  M     LV SP     K      Q I   LS MEGVI AKV IAL          .............MKVHRIVF T  TFF TA ..DVD YRS PED   Q     MQHH D E KQEEDG.........VT R EQSQFIN  E  RLN Y  RQFT  DK  PANQ  V  QE QQ INFLKE R EGM  Q     N   T   PTY..DEGSN
 7 YscJ                                C               N     L                                              P          F           E                                                               LILIL L        L   I   E  EMLAL     L A K                 L V       AI IL   G  H    TL  V     LI SP    AR      Q I  TLS IDGVL ARV VVL          .............MKVKTSLST     F TG ..KVD YTG SQK G       RQEG S D EPDKDG........KIK L EESDVAQ  D  KRK Y  ESFS  QD  PKDG  S  IE L  LNYAKA E SR   E     V   H   PEEQNNKGKK
 8 PscJ                                C               N     L                                              P          F           E                                                              LLALVL L        L   I   E  EMLAL     V A K                 L V       AV VL   G  R    TL  V     LI SP    AR      Q I  TLS IDGVL ARV VVL          .........MRRTVKGLSRMA      A GG ..KVE YTG SQK G       RSEG S D QADKDG........TVR L EESDIAE  E  KRK Y  ENFS  KD  PKDG  S  IE R  LNYAKA E SH   E     V   H   PEERDGLGRK

HrpC                                C               N     L                                              P          F           E                                                              LLL ML L        L   L   D  EVVA      I A K                 V V       AV VL   GL R    TL  I     VI TP    AR    L Q L  TLS IDGVI ARV VVL          .............MNFLSAGL   C  L GG SDETD FTG SEQ S     R ADQH D R RLEKTG.........VV T ATSEMNR  R  DAA    RSRT  GE  KKEG  S  LE R  YIYA S E EA   Q     V   H   PER.IAPGEP
HrcJ                                C               N     L                                              P          F           E                                                              LLLLLA L        L   L   DA EIILV     I V K                 L V       A   M   GL R    NL  V     MI SP    IR    L   L  TM   D VV ARV VVL          .........MSFTARMLRMGC      T AA SRMVV QAA NDA         NRKG E D QKGKDG.........VT L KDVELSR TET NAA    RSLS  GE  KKQG  S  ME R  YIHG SEE ES  LQF H  S   H   PER.IAPGEP
HrpI                                C               N     L                                              P          F           E                                                              ALAL   L        L   L   DA DML V     I A K                 V V        M VL   GL R    NL  I     LI TP    VR    V Q L  TLS IDGVA A V IVL          .....MMTPRSLRLRRGALVV    TTL AG ..NKQ FAQ TEA      T  LQAG D Q TSPDDG.......KTWS L DDDAFARS E  HAH    EKYA  GD  KKDG  S  TE R  FIYG S Q SQ   R     V S Q   PNN.DPLASV
HrpB3                                C               N     L                                              P          F           E                                                              VLLVAL L        L   L   DA DML V     V A K                 V A        L VL   GL H    NL  M     LI TP    VR    V Q L  TLS IDGVI A V IVL          .............MRAPRCLV      L SA ..SQQ YSG TEN      E  LHAG D S VTPDDG.......KTWA N PHDQVSYS E  RAH    ERHA  GE  KKDG  S  TE R  FIYG S Q SQ   N     S D E   PNN.DPLSTS
BsaJ1                                C               N     L                                              P          F           E                                                              LVA VA          L   L   D  EMMAA     V A K                 L V       AM VL   GL       L  L     LV TP    VR    V Q L  TLS IDGVV ARV IVL          MKPLRLPISAAGARRAARLAA   C  LFAG ..RQE YGG AER C       LQNG D Q KTPDGG.......KTWT A DDKQIVK  E  RAR   ATRYDD GA  KKDG  S  TE R  FIYG S E SD   K     V   H   PNN.DPLAQV
SctJ                                C               N     L                                              P          F           E                                                              LA ALA L        L   L   DA  MIAV     I A K                 V V       AL VL   GL K    SL  L     LV TP    VR    V Q L  TLQ IEGVI ARV VVI          MTTIDSTPRAGAWRSRAARAL  G   L AG ..QKE YSG SEH   Q     GDAG S S DNDARD...ASDRNAWQ S ADGDMQS  T  QAN    PSYA  GE  QKQG  S  AE R  YLYG S D SR   D     V   Q   PEN.DPLADK
HrcJ2                                C               N     L                                              P          F           E                                                              AALLLV L        L   L    A  MLA      I V K                 L V       AL VL    L R    SL  V     MI SP    AR    I Q L  T S IDGVL ARA VVL          ..MGRRDRAYGLLATWRNVAL      L TG ..KAE YKG NEEQ  T   T LKRG E D QSEGKN........GYT S ERRQVVQ  E  RENS   EQYQ  GK  SGDG  A  SE K  LSYA S E AD F R     T   H   ASS.DVGTDT
NolT                                C               N     L                                              P          F           E                                                              ALLLL  L        L   L   DA EMLAL     V A R                 I V        I  L   GL R    NL  I     LI SP    AR    L   L  TIS IDGVL VRV VVL          ..MRETQMIHSHPSVRRSHHY     FA SG ..KED YTK QER         LDNG D V VADKDG........TNT Q EKGQVAFS DR NAK    QAFK  GE  EGSG  A  TE R  YVYA NEE SR   E     S   H   PDN.DLLREG
RhcJ                                C               N     L                                              P          F           E                                                              LALIVV L        L   L   EA EMVA      I A R                 V V       AV AL   GL K    TL  V     LV SP    A     L   L  TVS IDGVL ARV VVL          ......MKNSWPLPRLVRGLW      T QA ..SVD YTN DER       T LSKG A G VVQKDG........KLT T DENEFSE  T  NMA    QKFA  GS  QQEG  A  VQ R QMIYA SEE SR   E     S   H   PDN.DPLQRN
MyxJ                                C               N     L                                              P          F           E                                                                   M V        I   L    A EL  V     L A K                 I V       AV IL   GL R        V     LV TP    V     M   L  TLQ VEGVL ARV LVV          .......................... S TA ..RER QHG EERQ    QS  VERG D R VPEGGKKP......TWS E ADEHASD  R  AEL    PQEEVGCD  GGGG  R  VE G CRVRV ERS EK   S     L   H   PAP.PRLGQA
CdsJ                                C               N     L                                              P          F           E                                                               ILAL           I   L   DA EIVVL     V A K                 I V       AL IL   GL R    SL  L     LV S     IR    L   M  TI  MDGIV A V I            ..........MFRYTLSRSLFF    FFCSA DSRSM THG SGR         VSKG A Q VPQAASSTGGSGEQLWD S PAAQITE  A  NQA    MKGT  LD  AKQG  P EMQ K  YQEG SEQ AT  RK     D S Q SFSPE....EED

            1       10        20          30        40        50                60        70        80        90       100       110       120       130             
                                                                  TT                                                                           TT                    EscJ 

             T..T                                                                                                                                                    PrgK 
     150         160       170            180       190       200       210       220       230       240       250                                                  

 1 PrgK   P  L A A         L   I  IK  L  S   V      YD ISVVL                              L        V                                                                         PK VH S L VYER..GSP AHQ SD  RF KN FAD D.....  N     SERSDAQLQAPGTPVKRNSFATSWIVLIIL SVMSAGFG WYYKNHYARNKKGITADDKAKSSNE................................................
 2 MxiJ   P  I V A             V  IK  L  T   V      YE ISVIL                              L   V V  L                                                                         SK MH S I IYDS..PKESELL SN  RF KN FSD K.....  N     TPKEEYVYTNVQPVKEIKSEFLTNEVIYVF GMA L VI LVWAFKTGWFKRNKI..........................................................
 3 BsaJ2      V A L         A   V  VK  V  S   I      YD ISVIL                              V   A A                                                                            DARMH A L TYRN..DVN DIL SE  RF KN FTN D.....  D     YRAPSLFRGAPTMPASHAGGAWLAWLAAIP ALA A AGGLAYLRRRRAGGPDTPARAAPRAEPAAPAGPDARETTEVPPPGDAFDISDASDAFDASGTSASPGASAADAAAA
 4 EscJ   P SA V V         L   V  IK LV  SV  L       E ISVVI                                                                                                                 SQ S  A L ISSP..EVN APS IQ  N  KN  DD K.....L N     KSSSGQDG.........................................................................................................
 5 SsaJ2   P SA VFMK        L      IK LI   I GI      Y  ISILM                              L   I V  M                                                                         MN S  S    YSP..EIN EIYQSQ  N  HDA P  D..... SK     QPANFRFTPKKITEADNLQKQEQSHSALEW LEH K IQ ILAGLAGVVAVLSVVGWIRYLRK..................................................
 6 SsaJ   P SV VFIK        M      IK LI  SI GL      Y  ISILM                              V   M                                                                              AS S  A    YSP..QVN EAFRVK  D  EM  P  Q..... SK     QPAEFRMVADVPARQTFWIMDVINANKGKV KWL KYPYPLMLSLTGLLLGVGILIGYFCLRRRF................................................
 7 YscJ     SA VFIK            I  IK LV  SI GL      YD ISVIL                              L   L L  L                                                                         GVAA  S    HAA..DIQFDTY PQ  Q  NN  E  A.....  R     VPSVDVRQSSHLPRNTSILSIQVSEESKGR IGL S LI LLPVTNLAQYFWLQRKK........................................................
 8 PscJ   P SA VFIK        L   V  IK LV   I GL      YD ISVVL                              L     L  A                                                                         SS A  S    HAA..DVQ DAY PQ  Q  NNG E  S.....  R     VPSAGVRQVPLAPRFESVFSIQVAEHSRGR LGLFG LL LLLASNLAQFFWHRQRG........................................................

HrpC   P SA VFIK               I  MV  SI GM          SIV                               M   A V  A                                                                         VQ A  A    HSA..ALDPDSVRGR QQ  AS  P  STQSVDSKKF   FVPAAEFQETTQWVSFGPFKLDSTNLPFWNL LWV P GL LVLLIGALLVRSDWRASLLRRIGFGSRGRSTLPARA.....................................
HrcJ   P SA VFVK            M  IR LV  SI GL         VSVVM                                  L L  L                                                                         IQ S  A    YRP..PLDEDAV PR  R  AS  P  A.SEDGRSK     MPGEPPTPGIEWTMLGPFTVAVSSAGGLALTMSA L TT SSLGYIGLQRALRHPRVARMVAEFAARRIKKAQDKAQAKAQGQAKPQAPEPTAGRGT................
HrpI   P SA VFIK        V   L  IK LV  SV GL      YE V V L                              A   V L  L                                                                         VK S  S    YRP..TAN TAL PS  N  VH  E  T.....  N A T VPGTADDPAIVAATARRAPRGVSWVMLGSL GVL G VA WSAVTRMPAVRTRLDALRERIASRMPARLKKREA.......................................
HrpB3   P SA VFIK        L   V  IK LV  SV GL      YE VSV L                              A   A A  L                                                                         VK S  A    FRV..GSD TSL PN  T  MH  E  T.....  N   T VPGGAESDAQFTASAPPRPSPWPWLAGCAL LCL G AA YWWPNPQAGRWGGWQRLRELKKGKAG...............................................
BsaJ1   P SA VFIK        L      IK LV  SV GL      YD VSV                                L     L  A                                                                         AK S  S    YRP..NAN ATLTPQ  N  VH  E  T.....  E   TSVAADPVDLVSAAQPAAQNSRGATLVGVLIA AVGGA AA GGALWWRARKRGGGAGAHGIAARPRGGARDAKAAAPRQAGAQ...............................
SctJ   P SA VYIR        L   A  VK LV  SI GL      YD VSL L                              V   I L  A                                                                         IK S  A    YRP..GVD RAM PM  D  AH  E  Q.....  N   F QPAAARAPRVDGIGSAVSDIVRLRSPLGWL FAL L TC VIALSAARRGMFGARLAALLGAQRGGNGASNASPDAGALRTPDGARDGA........................
HrcJ2   P SA VFLR        V   I  IR M    V GL      YE VSVML                              L   A I  L                                                                         RT A  A    HTE..DSP VNL PK  E TAKA P  D.....  K     VPVRESVTVPLRDAPTLLGIPLPSDSGPSY LAG A AL CALLALALMGVRAGLATLEARKNAAADAKQRGGD.......................................
NolT   P SA VFVR        L   L  IK LI  SI GL      YD V VV                                   A L  L                                                                         PT S  S    HDA..NTD SRL PQ  M  AN  E  S.....  K E  FVPVQRPPFEQRPDLAQSDKSIPAPLLAVAVSLGV V TA SYLVSTLVQRGKKSSPDQSIAEGRSRVSAIEVVRKMFGGAA................................
RhcJ   P SA VFIR        V   I  IK LV  SI GL      YE VSVV                                   I    L                                                                         AI A  S    HEA..GLD NPL PR  T  AN  S  T.....  K    PVASQRAREPVAGGAELTSFLGLWMLPASVAKARL FGCL GCLIAAVGCLGYLAWRRQSRRRKVYQLQPYGPAK.......................................
MyxJ   P  A A LR        V      LK LL   V GL       E VSLLV                              M   L V  V                                                                         PG SK S M  VAPGSAAR RQSSET  V  AGG E  T.....P A     DEVSSRVEPPSGGGVSPLTRLRALLAVLGL VTG S VL WVTLRMRHYRDRPVAPAVPPGPARPVLSQGPARKVA.....................................
CdsJ   P TA VYIK            V  IK LV   V GL       E VSVV                               A   L    L                                                                         QR L  S    HRGVLDNPNSIM SK  R  ASA P  C.....P N    SDRASYSDITINGPWGLSDEMNYVSVWGIIL KHS TKFR VFYFLILLLFILSCGLLWVIWKTHTLISALGGTKGFFDPAPYSQLSFTQNKPAPKETPGAAEGAEAQTASEQP

140       150         160       170            180       190                                                                                                         
             T..T                                                                                                                                                    EscJ 

                                                                                                                                                                     PrgK 
                                                                                                                                                                     

 1 PrgK ...............                                                                                                                                                      
 2 MxiJ ...............                                                                                                                                                      
 3 BsaJ2 DAPGASRGAPWEPRR                                                                                                                                                      
 4 EscJ ...............                                                                                                                                                      
 5 SsaJ2 ...............                                                                                                                                                      
 6 SsaJ ...............                                                                                                                                                      
 7 YscJ ...............                                                                                                                                                      
 8 PscJ ...............                                                                                                                                                      

HrpC ...............                                                                                                                                                      
HrcJ ...............                                                                                                                                                      
HrpI ...............                                                                                                                                                      
HrpB3 ...............                                                                                                                                                      
BsaJ1 ...............                                                                                                                                                      
SctJ ...............                                                                                                                                                      
HrcJ2 ...............                                                                                                                                                      
NolT ...............                                                                                                                                                      
RhcJ ...............                                                                                                                                                      
MyxJ ...............                                                                                                                                                      
CdsJ SKENAEKQEENNEDA                                                                                                                                                      

                                                                                                                                                                     
                                                                                                                                                                     EscJ 

b1 a1 b2 h1 b3 h2 a2 a3 b4 

b5 a4 h3 b6 

b1 a1 b2 b3 h1 a2 a3 a4 b4 

b5 h2 a5 h3 b6 

 

                                                                                                                                                                     PrgK 
              1       10         20        30        40        50                60        70        80        90       100       110       120       130       140  

 1 PrgK                                C               N     L                                              P          F           E                                                                LLVM L        L   L    A EVIAV     I A K                 I V       AV  I    L       I  M     LV SP    AR    I Q L  SLQ MEGVL ARV I            ..............MIRRYLYTF    T AG .KDKD LKG DQEQ        QMHN E N IDSGKL........GYS T AEPDFTA  YW KTYQ  PRPRVE AQ  PADS  S  RA K  LYSA E R EQ   T     S   H SYDIDAGENGRP
 2 MxiJ                                C               N     L                                              P          F           E                                                              IL LLL L        L   L    A EII V     I A K                 V V       AV LM    L       I  M     LV SP    AR    I Q L  SL  I GVI AKI V            ..............MIRYKCF  F   M IG EQREE ISN SQRQ     S  ERHN T R VDGGKQ........GIS Q EKGTFAS  D  RMYD  NPERVD SQ  PTDS  S  RA K  LYSA E R EQ  VS G   S   H SYDLE..EKNIS
 3 BsaJ2                                C               N     L                                              P          F           E                                                              LL ALL L        L   L    A DVVAV     L V K                 V V       AV LL    L      QI  A     LV SP    AR    V Q L  NL  L  VV ARV V            .............MKRFVSFS  P   L AA .NQQE LKN TEQQ        QAHD A R EDLGKT........GYA S EQADFPT  D  RQYN  SQARV  AQ  PADS  A  QA Q  LLSA E R EQ  AA QN  S   Q SYPLKPSDSGKP
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Figure	S5:	Comparison	of	the	PrgK19-92	WT	and	H42A	spectra.	

(A)	The	15N-HSQC	spectrum	of	PrgK19-92	H42A	(blue),	overlaid	on	that	of	the	WT	protein	(red),	

both	acquired	at	pH	7.0.	 Selected	 regions	of	 the	 spectrum,	with	assigned	peaks	 labeled,	 are	

shown	on	the	right.	Many	amide	signals	are	perturbed	in	the	mutant	protein.	This	suggests	that	

the	H42A	mutation	leads	to	an	overall	change	in	the	protein	conformation,	not	limited	to	the	

D1-linker	interaction.	Nonetheless,	many	peaks	can	still	be	readily	 identified,	 indicating	that	

the	overall	structure	of	the	protein	is	conserved.	(B)	Ratios	of	relative	1HN-15N	peak	intensities	

for	amides	in	the	WT	and	H42A	proteins	at	pH	7.	The	average	population	of	conformer	A	is	~	

0.5	for	the	H42A	mutant,	and	0.74	for	the	WT	protein	[(Fig.	4(B)].	However,	the	signal	from	the	

Trp71	 indole	 1He1-15Ne1	 in	 conformer	B	appears	anomalously	weak;	 reasons	 for	 this	 are	not	

clear,	but	indicate	faster	relaxation	than	in	conformer	A.	
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Figure	 S6:	 pKa	 determination	 for	 the	 non-native	 N-terminal	 histidine	 of	 the	 PrgK19-91	
construct.	

Averaging	 the	 individual	 fits	 of	 the	 pH-dependent	 chemical	 shifts	 of	 four	 nuclei	 in	 the	 N-

terminal	 histidine	 of	 PrgK19-91	 (spectra	 not	 shown)	 to	 the	 equation	 for	 a	 single	 acid-base	

equilibrium	yields	an	unperturbed	pKa	value	of	6.5	±	0.2.	Also,	the	small	upfield	shift	of	the	13Cd2	

signal	 (and	 an	 approximate	 4	 ppm	 downfield	 shift	 of	 the	 13Cg	 signal;	 not	 shown)	 upon	

deprotonation	is	indicative	of	an	equilibrium	between	major	Ne2H	and	minor	Nd1H	tautomers.	

Similar	 pKa	 values	 and	 pH-dependent	 chemical	 shift	 changes	 seen	 with	 model	 histidine-

containing	peptides.	

	

	

Fig.S6: Chemical shift of the Cδ at C ε from His * at various pH conditions
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