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Supplementary Figure 1: QC activity measurements for bacteroidal QC catalyzed cyclization 
of the fluorogenic substrate H-Gln-AMC. (A) v/S-characteristics and Lineweaver-Burk plots for 
PgQC (red circles), TfQC (green triangles) and PiQC (blue squares). QC activity measurements 
were performed in 50 mM Tris-HCl, pH 8.0 and 50 mM NaCl at 30°C. Kinetic data were evaluated 
using GraFit software (Version 7, Erithacus software Ltd., Horley, UK). (B) pH dependence of 
PgQC, TfQC, and PiQC activities; colors and symbols as in (A). The specificity constants kcat/KM 

were determined under first-order rate law conditions with substrate concentrations of 1/10 KM. 
Measurements were carried out at 30°C in buffer consisting of 0.1 M Tris-HCl, 0.05 MES, 0.05 
mM acetic acid and 0.05 mM NaCl.. 
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Supplementary Figure 2: Inhibition of bacteroidal QC activity by metal chelators: (A) EDTA, 
(B) dipicolinic acid and (C) 1,10-phenantroline. 250 µM H-Gln-AMC and increasing chelator 
concentrations were used to investigate the inhibitory effect on QC activity. Bars indicate residual 
QC activity following initiation of the reaction by adding 5 nM QC (red: PgQC; green: PiQC; blue: 
TfQC). All measurements were performed at 30°C as described in the text. 
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Supplementary Figure 3: Inhibition of PgQC activity by 1-benzylimidazole. v/S 
characteristics, Lineweaver-Burk and Eadie-Hofstee plots for PgQC catalyzed cyclization of H-
Gln-AMC in presence of 1-benzylimidazole. Variation of 1-benzylimidazole concentrations is as 
follows: (●) 100 µM, (□) 50 µM, (￭) 25 µM, (△) 12.5 µM and (▲) 6.25 µM. In each panel, (○) 
represents reaction without inhibitor. Determinations were carried out in 50 mM Tris-HCl, 50 mM 
NaCl pH 8.0 and 1% (v/v) DMSO at 30°C. 
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                                    41            50          60             70        80          90        100  
                                                    2                           3               A             
 

PgQC 6qql 0GSHMNGNNTSETQG DRTEQAETVQaD--L---FSADSAYT-FVQRQV-NFG-----PRIPGTAPHRACGDWLVATLRSF--GAAVQEQTAEIKAHDGT--- 
 
 
 
 
 
TfQC 6qroA 0 -----------------------AP--T---FNADSAYA-YIERQV-AFG-----PRVPNTEAHQRCADYLAGELDRH--GAKVYVQEAVLTAYNGE--- 
PdQC 3tc8A 0 ---------------------SAVP--D---FNADSAYA-YVANQV-AFG-----PRVPNTAAHKACGDYLASELKRF--GAKVYQQEAILTAYDGT--- 
BtQC 4fuuA 0 --------------------VVNVP--Q---FDADSAYL-YVKNQV-DFG-----PRVPNTKEHVACGNYLAGKLEAF--GAKVTNQYADLIAYDGT--- 
BvQC 3guxA 0 -------------------eVIKAP--E---FDADSAYQ-YIQVQA-DFG-----PRVPNTQAHKECGEYLAGQLEKF--GAKVYNQYADLIAYDGT--- 
 
 
 

HsQC 6gbxA 0 --sawpeeknyhqpailnssALRQIaeG---TSISEMWQnDLQPLL---I-----ERYPGSPGSYAARQHIMQRIQRLqaDWVLEIDTFLSQT-PEG--- 
 
 
 
 
 
DmQC 4f9vA 0 --------------------igSQW--R---DDEVHFNR-TLDSIL---V-----PRVVGSRGHQQVREYLVQSLNGL--GFQTEVDEFKQRVPVFG--- 
DmmQ 4faiB 0 felvdipkisynpselseprFLEYS-nL---SDKLHLRE-AIDKIL---I-----PRVVGTTNHSIVREYIVQSLRDL--DWDVEVNSFHDHAPIKG--- 
IsQC 4mhnA 0 ------lkwprdlrplahhdllYMG--QiseeDRGDFNA-TLRNFL---V-----PRVVGSQKHREVREFIVRSLKDL--DWDVEEDCFDGQT-PHG--- 
HsiQ 3pb8X 0 ---------vpligslpearlRRVV-gQ---LDPQRLWStYLRPLL---V-----VRTPGSPGNLQVRKFLEATLRSLtaGWHVELDPFTASTPL-G--- 
MmQC 3si1A 0 ---awtqeknhhqpahlnssSLQQV--Ae-gTSISEMWQnDLRPLL---I-----ERYPGSPGSYSARQHIMQRIQRLqaEWVVEVDTFLSRT-PYG--- 
 
 
 

BsAP 6hc6C 0 ----------------------REL--P---FKAKHAYS-TISQLSeAIG-----PRIAGTAAEKKSALLIASSMRKL--KLDVKVQRFNIPDrlegtls 
 
 
 
 
 
SgAP 1f2oA 0 -----------------------AP--D---IPLANVKA-HLTQLS-TIAannggNRAHGRPGYKASVDYVKAKLDAA--GYTTTLQQFTSG-------- 
 

 

                                 101       110          120       130       140        150       160       166     
                                      B                C                 310a                4                 
 

PgQC 6qql  1 --------------------MLPMRNIIASYRP-E---ATGRMLLMAHWDTRPVCDQDANPAMHTET-FDGADDGGSGVGVLLEIARYLGQ--Qk----- 
 
 
 
 
 
TfQC 6qroA 1 --------------------KLKAQNIVGAFQP-E---KSRRVLLFAHWDSRPYADHDTDEANHRKP-IDGADDGGSGVGILLEIARQIQA--KA----- 
PdQC 3tc8A 1 --------------------KLEARNIIGSFDP-E---NSKRVLLFAHWDSRPYSDHDPDPSKHRTP-LDGADDGGSGVGALLEIARQIGQ--KA----- 
BtQC 4fuuA 1 --------------------LLKARNIIGSYKP-E---SKKRIALFAHWDTRPWADNDADEKNHHTP-ILGANDGASGVGALLEIARLVNQ--QQ----- 
BvQC 3guxA 1 --------------------ILKSRNIIGAYKP-E---SKKRILLCAHWDSRP---------------------GASGVGVLLEIARQIQK--EQ----- 
 
 
 

HsQC 6gbxA 1 --------------------ERSFSNIISTLNP-T---AKRHLVLACHYDSKYF---shWNNR---V-FVGATDSAVPCAMMLELARALDK--KLlslkt 
 
 
 
 
 
DmQC 4f9vA 1 --------------------ELTFANVVGTINP-Q---AQNFLALAAHYDSKYF---------PNDPgFVGATDSAVPAAILLNTAKTLGA--YL---qk 
DmmQ 4faiB 1 --------------------KLHFHNIIATLNP-N---AERYLVLSCHYDSKYM---------PGVE-FLGATDSAVPCAMLLNLAQVLQE--QL----- 
IsQC 4mhnA 1 --------------------IKPFCNVIATLNP-S---ACHRLVLACHYDSLLH---------KEGT-FIGATDSAVPCAQLLYLARSLNG--KL---qn 
HsiQ 3pb8X 1 --------------------PVDFGNVVATLDP-R---AARHLTLACHYDSKLF-------pPGSTP-FVGATDSAVPCALLLELAQALDL--EL---sr 
MmQC 3si1A 1 --------------------YRSFSNIISTLNP-E---AKRHLVLACHYDSKYF----pRWDS--RV-FVGATDSAVPCAMMLELARALDK--KL----h 
 
 
 

BsAP 6hc6C 1 /////PA – domain////NQTSQNIIGIKKP-KnikHPDIVYVTAHYDSVP-------------F-SPGANDNGSGTSVMLEMARVLKS--VP----- 
 
 
 
 
 
SgAP 1f2oA 1 --------------------GATGYNLIANWPGgD---PNKVLMAGAHLDSVS-------------S-GAGINDNGSGSAAVLETALAVSRagYQ----- 
 

 

Supplementary Figure 4. Structure based sequence alignments of bacteroidal QCs, animal QCs and 
aminopeptidases (results from DALI search, residue numbering for PgQC) together with secondary structure 
assignments and sequence logos (per‐residue conservation among related sequences) for PgQC, HsQC and 
BsAP; the latter exhibits a ca. 120 residue PA‐domain insertion. See also Supplementary Figure 5 and Movie 
2.  
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                  170       180             190       200                          210         220          230 234 
                        D                  310b    6                                    E              F    7’ 
 

PgQC 6qql  3 ----dLGMGIDIVFFDTEDYGSY------GDDESWCLGSQYWSRNPH-----------------VAGY--K--AEAGILLDMVGAK---GATFYWEYFSK 
 
 
 
 
 
TfQC 6qroA 3 -----PAIGIDIVFFDAEDYGTPEFVDEYKP-DTWCLGSQFWAKNPH-----------------VPNY--K--AEFGILLDMVGSR---GATFYKESTSV 
PdQC 3tc8A 3 -----PGIGIDIIFFDAEDYGTPEFVTDYTP-DSWCLGTQFWAKNPH-----------------VPNY--T--AEYGILLDXVGGK---NATFFKEQQSL 
BtQC 4fuuA 3 -----PELGIDIIFLDAEDYGTPQFYEGKHKEEAWCLGSQYWSRNPH-----------------VQGY--N--ARFGILLDXVGGE---NSVFLKEGYSE 
BvQC 3guxA 3 -----PALGIDIVFFDSEDY-----------QDTWCLGSQYWARTPH-----------------VQNY--N--ARYGILLDXVGGK---DATFYYEGYSA 
 
 
 

HsQC 6gbxA 3 vsdskpdLSLQLIFFDGEEAFLH------WSPQDSLYGSRHLAAKM--------astphppgargTSQ--LhgMDLLVLLDLIGAP---NPTFPNF---F 
 
 
 
 
 
DmQC 4f9vA 3 efrnrsdVGLMLIFFDGEEAFKE------wTDADSVYGSKHLAAKL------askrsgsqaqlapRNI--D-rIEVLVLLDLIGAR---NPKFSSF---Y 
DmmQ 4faiB 3 kplkkskLSLMLLFFDGEEAFEE------wGPKDSIYGARHLAKKWH-----------------HEGKldR--IDMLVLLDLLGAP---DPAFYSF---F 
IsQC 4mhnA 3 qktrgdgLTLQLVFFDGEEAFER------WSSHDSLYGSRHLAQKWhedrtsaerlesclerseIANQidR--MEVMVLLDLLGAE---NPRFYSY---F 
HsiQ 3pb8X 3 akkqaapVTLQLLFLDGEEALKE------WGPKDSLYGSRHLAQLM-----------esiphspGPTRiqA--IELFMLLDLLGAP---NPTFYSH---F 
MmQC 3si1A 3 slkdvpdLSLRLIFFDGEE-AFHH-----WSPQDSLYGSRHLAQKM--------assphppgsrgTNQ--LdgMDLLVLLDLIGAA---NPTFPNF---F 
 
 
 

BsAP 6hc6C 3 -----SDKEIRFIAFGAEEL--------------GLLGSSHYVDHL------------------SEKElkR--SEVNFNLDMVGTSwekASELYVNTLDG 
 
 
 
 
 
SgAP 1f2oA 3 -----PDKHLRFAWWGAEEL--------------GLIGSKFYVNNL------------------PSADrsK--LAGYLNFDMIGSP---NPGYFVYD--- 
 

 
 
             235  240       250                   260           270       280       290                         299 
                      7                         G               8                                          
 

PgQC 6qql  4 SYAPGLISAVWQTAAALGY------------GNYFIQADG--GAL--TDDHVPVIKNLGIPCIDIINYssknehGF-------------------GDHWH 
 
 
 
 
 
TfQC 6qroA 4 QYAARYVEKVWTAARELGY------------GKYFINAQG--GAI--VDDHQYVIQGLRTPCLDIINYdpdtqsGF-------------------GPYWH 
PdQC 3tc8A 4 RAAAPIVEXVWSAARDLGY------------GKYFINAAG--GAI--TDDHQYVISGRNIPSIDIINYdpesktGF-------------------ASYWH 
BtQC 4fuuA 4 EFAPDINKKVWKAAKKAGY------------GKTFIDERG--DTI--TDDHLFINRLARIKTIDIIPN------GF-------------------PPTWH 
BvQC 3guxA 4 RTARSEXKKIWKKAHELGY------------GKYFVKEDG--GET--VDDHIYVNKLARIPCVDIINY------D------------------------- 
 
 
 

HsQC 6gbxA 4 PNSARWFERLQAIEHELH--elgllkdhslegRYFQNYSY-gGVI--QDDHIPFLRR-GVPVLHLIPS------PF-------------------PEVWH 
 
 
 
 
 
DmQC 4f9vA 4 ENTDGLHSSLVQIEKSLR-----tagqlegnnNMFLSRVS-gGLV--DDDHRPFLD-ENVPVLHLVAT------PF-------------------PDVWH 
DmmQ 4faiB 4 ENTESWYMRIQSVETRLA--------klqlltRYFQSQAMrsSFI--EDDHIPFLRR-NVPILHLIPV------PF-------------------PSVWH 
IsQC 4mhnA 4 GETQPVYRRLVNIESRLNdaglmelprrrrrTNYFSNSST-vGFI--EDDHIPFLKR-SVPIVHIIPS------PF-------------------PDVWH 
HsiQ 3pb8X 4 PRTVRWFHRLRSIEKRLH--rlnllqshpqeVMYFQPGEP-fGSV--EDDHIPFLRR-GVPVLHLIST------PF-------------------PAVWH 
MmQC 3si1A 4 PKTTRWFNRLQAIEKELY--elgllkdhslerKYFQNFGY-gNII--QDDHIPFLRK-GVPVLHLIAS------PF-------------------PEVWH 
 

 
 

BsAP 6hc6C 4 Q-SNYVWESSRTAAEKIGF-------------DSLS--LT--QGG--SSDHVPFHE-AGIDSANFIWG-dpeteEV-------------------EPWYH 
 
 
 
 
 
SgAP 1f2oA 4 -DDPVIEKTFKNYFAG-LN------------VP---TEIE--TEGdgRSDHAPFKNV-GVPVGGLFTG------AGytksaaqaqkwggtagqafDRCYH 
 
 

Supplementary Figure 4 (continued). Structure based sequence alignments of bacteroidal QCs, animal 
QCs and aminopeptidases (results from DALI search, residue numbering for PgQC) together with secondary 
structure assignments and sequence logos (per‐residue conservation among related sequences) for PgQC, 
HsQC and BsAP; the latter exhibits a ca. 120 residue PA‐domain insertion. See also Supplementary Figure 
5 and Movie 2.  
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             300       310       320      329 
                              9                          
 

PgQC 6qql  5 TQRDNMQIIDKNVLDAVGETVIRYLDEQVk 
 
 
 
 
 
TfQC 6qroA 5 TQNDTMENIDRETLKAVGETILNVIYNEK 
PdQC 3tc8A 5 TQKDNXENIDRETLKAAGQTVLEVIYNR 
BtQC 4fuuA 5 TIHDNXDHIDKNTLKAVGQTVLEVIYNEK 
BvQC 3guxA 5 -------NIDRNTLKAVGQTVXDVIYNEK 
 
 
 

HsQC 6gbxA 5 TMDDNEENLDESTIDNLNKILQVFVLEYL--------hl 
 
 
 
 
 
DmQC 4f9vA 5 TPRDNAANLHWPSIRNFNRVFRNFVYQYLkrhtspvnlr 
DmmQ 4faiB 5 TPDDNASVIDYATTDNLALIIRLFALEYL--------la 
IsQC 4mhnA 5 TLDDNEQNLHHPTISNLNKIFKAFVSEYL--------ql 
HsiQ 3pb8X 5 TPADTEVNLHPPTVHNLCRILAVFLAEYL-------glx 
MmQC 3si1A 5 TMDDNEENLHASTIDNLNKIIQVFVLEYL--------hl 
 
 
 

BsAP 6hc6C 5 TPEDSIEHISKERLQQAGDLVTAAVYEAvkkekkpktikkqmkakasdifedik----------- 
 
 
 
 
 
SgAP 1f2oA 5 SSCDSLSNINDTALDRNSDAAAHAIWTL--------------ssl----------- 
 
 
 

Supplementary Figure 4 (continued). Structure based sequence alignments of bacteroidal QCs, animal 
QCs and aminopeptidases (results from DALI search, residue numbering for PgQC) together with secondary 
structure assignments and sequence logos (per‐residue conservation among related sequences) for PgQC, 
HsQC and BsAP; the latter exhibits a ca. 120 residue PA‐domain insertion. See also Supplementary Figure 
5 and Movie 2. 
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Supplementary Figure 5: Structural conservation between bacteroidal QCs and 
aminopeptidases. (A) Superposition of bacteroidal QCs in stereo cartoon representation. (B) 
Superposition of PgQC active site (colors as in Supplementary Movie 2) and the Streptomyces 
griseus aminopeptidase (1f2o) with two zinc ions (blue) complexed with L-Leucine product 
(transparent sticks). 
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Supplementary Figure 6: Overlay of BvQC (3gux, blue cartoon) and PgQC (6qql, pink 
cartoon) coordinates, together with blue surface delineating resolved residues in BvQC, 
demonstrating lack of structure for loops surrounding the active site zinc. 

. 
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Supplementary Figure 7: SDS-PAGE of purified recombinant bacteroidal QCs expressed in 
E. coli Rosetta(DE3)pLysS. 10 µg purified protein were loaded to a 12% SDS-PAGE and 
visualized by coomassie staining, lane 1, PageRuler Broad Range unstained (Thermofisher 
Scientific), lane 2, PgQC, lane 3, PiQC and lane 4, TfQC. 
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Supplementary Movie 1: Structural differences in the TfQC “6-E” loop due to proline cis-
trans isomerization. TfQC monomers A (dark green) and B (apple green) superimposed on PgQC 
(red tones, orientation as in Figure 3C). Due to cis-/trans- isomerization of the TfVal212-Pro213 
peptide bond, two routes are observed for the TfQC “6-E” loop, resulting in a slight reorientation 
of the 6 helix. Morphing between the two monomer structures was mapped using PyMol. 
Residues conserved in PgQC-like sequences (Supplementary Figure 4, Movie 2) are shown as pink 
sticks.  
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Supplementary Movie 2: Sequence conservation in PgQC. The PgQC cartoon is superimposed 
with residues conserved among bacteroidal QCs (pink sticks), type II QCs (yellow sticks) and 
aminopeptidases (white sticks); c.f. Supplementary Figure 4. 
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