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Figure S1 A) Schematic representation elucidating the reductive release of a dipeptide by an NRPS reductase domain resulting in an
aldehyde or an alcohol group containing product. PCP — PCP domain, R — Reductase domain. B) Examples of NRPS peptides
resulting from termination by reductase domains. The functional groups and bonds created by the action of the reductase domains

are circled in red.
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Table S1 Comparison of modified 351PCPR structure with other reductase domain structures. Sequence identity from Clustal Omega
(51) and RMS deviation values (RMSD) from structural alignment based on secondary structure matching (SSM) (30) from CCP4
suite are shown.

Structure Resolution N-terminal sub-domain C-terminal sub-domain
RMSD Identity RMSD Identity
CAR-PCPR 2.34 A 2.35A 21.5% 2.66 A 22.4%
AusA-R 2.81A 198 A 30.2% 2.70 A 24.1%
Mtb-R 23A 2.04 A 25% 273 A 16.1%
MxaA-R 1.89 A 1.63 A 28.6% 2.34 A 10.4%

Ppant

Figure S2 Ppant built in the electron density extending from S3742. No electron density can be seen after the N41 atom of ppant. The
Fo-Fc omit map was created using the program phenix.polder (52) from the Phenix package. The omit map is contoured at 5.0 c.
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222 VLGV -VPDIVY: QDDAGIDLMPVDRVASAIVHLSRHKQ 257
245 QIGA: YPAE. GGDLWLAVADAEEVATRILATTFAA- 2717
257 QLKS APE-———————=—= MNSTVEITPVDYLTKALIHLSQQPE 288
260 QIGC CPQE. FLEQQTDLTPVDEVAKCLMNSNASHN----- 293
246 PAGA: LPQ LDVGEVWTPVDYVARALVRLSLVPR-———— 277
258 KLGA MNPA.- MASEKVDMSQIDYVAKGILALSKTPE-—--— 291
304 ATGI -APRSFYEPDSEGNRQRAHFDGLPVTFVAEAIAVLGARVAGSS-L 350
277 ATGI -APKSFYQLDATGGRQRAHYDGIPVDFTAEAITTLCLAGS----- 319
e NRPS 284 QLDC IGVS -MAEMPVDFSFVDTTARQIVALAQUNT----- 317
Myxalamid A NRPS 271 RMGV APS VDALLDLTPVDYVSSAIVDLSMRPE----- 302
TDP-glucose-4, 6-dehydrata 201 DGGT LPLYG DGANVREWVHTDDHCRGIALVLAGGR-—--— 235
CDP-glucose 4,6-dehydrata 216 ENNQ QVIIR-=====-] NPYSIRPWQHVLEPLSGYIVVAQRLYTEG-A 254
UDP-galactose-4-epimerase 210 GRRD SLAIFGNDY-PTEDGTGVRDY IHVMDLADGHVVAMEKLANK--- 253
UDP-glucuronate decarboxy 222 QGEP LTVYG SGSQTRAFQYVSDLVNGLVALMNSN-————— 255
NAD-dependent epimerase 194 TRNE LPVEG-- DGEQRRDFTY ITDVVDKLVALANRP--—-—— 227
Kavalactone reductase 1 216 KGDD ESI ENKFLLMVDVRDVAEAILLLYEKQE-—-—~ 247
GDP-L-fucose_synthase 195 LRKRDFPSIVRDVKRYRLGEGIDGKINYEDEDSLTLALKKLGITRDYVLLWG———-—--| SGEVYREFLYVDDLSDACIFLIENYDYR--- 274
Hydroxy-delta-5-sterocid d 205 ARNG VMNYLE PENTERNYTYVGNVAWMHVLAARNLQLNPDL 245
_GDP-mannose_4, 6-dehydrat 209 LGLQ DKLYLG NLDAKRDWGHAKDYVEAMWRMLOQEQ-———— 244
UDP-glucose 4-epimerase 201 CKRE KVEINGNDY-NTHDGTCVRDYVHVTDLATAHIKALEHMLKT--- 244
Consensus aa: fees
Consensus ss:
Lyngbyatoxin NRPS 258 SISKVHHLTCP--TIVKLDVVENELSKL-GYQLTTV---— 328
felluta _B_NRPS 278 -SGESPSVDNVE-IGTTVSREWELIKVOTGMELTOM- 341
nostocyclopeptide A2 NRPS 289 SLGKAFHLINS--DSAPWSQFINCIRSL-GYPLQQL-—--—-— 360
lugdunin NRPS 294 -ENQIINYFTK--SMISFGECIRIIEEIIDKKIRKV----— -SLEDWIFEAENSKD————~—~--| NHIKILIPLFKENI----- FYDS] 358
Myxochelin B NRPS 278 -PGTVFNLTPA--PEVRLSEVEGWVQDY-GYPVALC- PVPEWRTRVAQSTGS— —-AENSTTLAFFDLRAGAA--EPTF| 345
Mru 0351 NRPS 292 -KSRVFHCMNN--HYISHRDIVDALNTY-GYGIEEV- DFEEFKQIYEQNMN———————— ENIQGIITADFSIDDFD--EEDD| 358
M tuberculosis NRPS 351 AGFATYHVMNPHDDGIGLDEYVDWLIEA-GYPIRRI- +DDFAEWLQRFEASLGALPDRQRRHSVLPMLLASNSQCRLQP--LKPT] 429

Carboxy acid reductase 320 DGYHSFDVFNPHHDGVGLDEFVDWLVEA-GHPISRV- +DDYAEWLSRFETS LRGLPEAQROHSVLPLLHAFAQPAPAI--DGSP| 398

éiNRPS 318 -PQIIYHVLSP--NKMPVKSLLECVKRK---EIELV- SDESFNEILQKQD-————=————-] MYETIGLT-SVD—————-| REQ] 374
Myxalamid A NRPS 303 SIGQTYHLVNP--QFVRADEMWNYMRAF-GYGLRVL---— -PYDOWLSELGSAASSD-----~ SELGDLLMFLQQVPPEDRSVGGP| 374
TDP-glucose-4, 6-dehydrata 236 -AGEIYHIGGG--LELTNRELTGILLDSLGADWSSV-—--—--- -RKVADR KGHD| 278
CDP-glucose 4,6-dehydrata 255 KFSEGWNFGPRDEDAKTVEEIVDKMVTLWGDDASWL: LDGENH PH 300
UDP-galactose-4-epimerase 254 PGVHIYNLGAG--VGNSVLDVVNAFSKACGKPVNYH FAPRR: EGDL| 296
UDP-glucuronate decarboxy 256 -VSSPVNLGNP--EEHTILEFAQLIKNLVGSGSEI QEFLSEA. QDDP| 297
NAD-dependent epimerase 228 -LPSVVNFGSG--QSLSVNDVIRILQATSPAAEV -ARKQPR PNEI| 268
Kavalactone reductase 1 248 --TSGRYISSP--HGMRQSNLVEKLESL---QPGYN---- - YHKNEFV--~ DIK| 285
GDP-L-fucose_synthase 275 DIGEFINIGVG--EDIKVKELAGIIRDIVGFEGD IRHD--LSK--PDGT| 317
Hydroxy-delta-5-stercid d 246 LAGQVYYSYDD--TPTRKGFLIRHQLLSSADPSVRLGSHIPYWHMWLMIQLHRIIKVILYP-==-===—— FWKPWPFLNL--PLL--NTIV| 321

GDP-mannose 4, 6-dehydrat 245 --PRDYVIATG--VTTRVREFVRLAFAELGIELTFS--------JGEGAAEVGHVVACHNPEFQ----IATGKVVVAVDPA-YFR--PTEV| 315

UDP-glucose 4-epimerase 245 NTSDKFNLGSG--KGYSVKEIIEAARKVTGHPIPAD---- -FAERR PGDP| 287
Consensus aa: ..sp.hph.ss....hph.phhphh....G..... ] e P S T S e P S T Ty BN A P
Consensus ss: ceee gehhhhhhhhhhhh hhhhhhhhh
Lyngbyatoxin NRPS 329 378
fellutamide B NRPS 342 PANGG PPSNVNAAIRSNIKTLVETGF-LSDSSEVVIVED 389
nostocyclopeptide A2 NRPS 361 —--GLADT----TIRWPEVDDKLLQAFFANFSNSTL-DKKK- - 405
lugdunin NRPS 359 GV-KAIKNSSSEDIG-- --YQINY----NINCS-ISYDSLYKYIYNALESER-LL-—--—--— - 402
Myxochelin B NRPS 346 G---LGTIRSERVLQ-- ALSDT —GISCPRTDRPLLHRYLDYCVGQGL-LORPPEHR~ - 394
Mru 0351 NRPS 359 F---EENVEIEQTVD: ILHSL----GFDWPEADEEYLKRLFDYLNKFDY-FE 401
M tuberculosis NRPS 430 RGCSAPTDRFRAAVR. AAKVGSDKDNPDIPHVSAPTIINYVTNLOLLGL-L-- 478
_acid reductase 399 F---QTKNFQSSVQE-- AKVGA----EHDIPHLDKALIVKYAEDIKQLGL-L-- 440
e NRPS 375 Q---LAMIDTTLTLK: IMNHI----SEKWPTITNNWLYHWAQYIKTIF--NKAAALEHHHHHH--~- 427
Myxalamid A NRPS 375 R---MVVCDSGDTLK-———====—==—————x ALGGT----GTSCPSVDASLISTYLSSLVHRGF-LKAPE-————==—=—=—m——— 420
TDP-gluccse-4, 6-dehydrata 279 L---RYSLDGGKIER ELGYR PQVSFADGLARTVRWYRENRGWWEPLKATAPQLPATAVEVSA 337
CDP-glucose 4,6-dehydrata 301 H---YLKLDCSKANM QLGWH PRWGLTETLSRIVKWHKAWIRGEDMLICSKREISDYMSATTR 359
UDP-galactose-4-epimerase 297 P---AYWADASKADR: ELNWR: VTRTLDEMAQDTWHWQSRHPQGYPD === == —m e e 338
UDP-glucuronate decarboxy 298 Q-—--KRKPDIKKAKL MLGWE PVVPLEEGLNKAIHYFRKELEYQANNQGS 343
NAD-dependent epimerase 269 T---EFRADTALQTRQIGERSGGIGIEEGIRLTLEWW-—————~ QSRDLDDIRQRIFQEEGAD: 321
Kavalactone_ reductase 1 286 P---SWIMISSE KLKKL----GWKPRPL-EDTISETVLCFEEHGL-LENE-—--—-—————————-— 326
CGDP-L-fucose_synthase 318 P---RKLLDVSRIR KLGWE PKVGLKEGLTLTYNWYLEQTK: 354
Hydroxy-delta-5-stercid d 322 T---TFSYETDKASR: HFGYK: PLETWEESKHRTVOWLKAAAG-D--—-—==—=——=—=————— 360
_GDP-mannose_4, 6-dehydrat 316 E---LLIGDPTRAQT ELDWH PTYDLPALVSDMVQHDLRLFQRDAVLVEAGHTVLHYHDE--- 371
UDP-glucose 4-epimerase 288 D---TLIAASERAEQ ILGWK: RQYTSIEEIVASAWNFHQKHPNGLEH-———————————————- 330
Consensus a&: = J.essess 1o3% o 23 ¢ 1) o RPN U TR P e s W o700, o T P e G A LR
Consensus ss: hhhhhh hh hhhhhhhhhhhhhh

Figure S3 Sequence alignment of NRPS and extended SDRs by PROMALS 3D (53). Sequence alignment of various NRPS and
extended SDRs in the Interface HTH region shows that the interface HTH motif is present in all NRPSs and CARs but is generally
absent in extended SDRs. The interface HTH motif region is highlighted by a red outline.
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Figure S4 Structural alignment of the modified 351-PCPR (blue,cyan,red,black) with an extended SDR (purple, Kavalactone reductase
1, 6NBR (54) shows the absence of the interface-HTH motif is absent in the latter. The interface-HTH motif of 351-PCP-R is shown in
black.

Y3761

Figure S5 The 351-PCP-R PCP-reductase interface. Structured water molecules (red) mediating hydrogen bonds between residues
of the PCP and reductase domain are shown.
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Figure S6 A) Residues lining the putative substrate binding hydrophobic groove in Mtb-R (27). The interface-HTH motif is shown in
grey. B) Residues showing high probability of interaction with the substrate identified in MxaA-R (6). The interface-HTH motif is shown
in grey.

Figure S7 Figure showing weak electron density in the interface HTH region of AusA-R (8). The 2Fo-Fc map is contoured to 1.0 c.
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Figure S8 Ribbon diagram of Mxa-R reductase domain structure (6) showing both molecules of the asymmetric unit. Interface HTH is
seen in close contact with the N-terminal sub-domain of the asymmetric partner molecule. The residues forming hydrogen bonding
and hydrophobic interactions are shown in the inset figure. Hydrogen bonds are represented as black dotted lines.
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Figure S9 Ribbon diagram of Mtb-R reductase domain (27) (dark grey) structure shown with two symmetry-related molecules. Interface
HTH is seen in close contact with the N-terminal sub-domain of one symmetry-related molecule and ordered C-terminal sub-domain
region of the second symmetry-related molecule. The residues forming hydrogen bonding and hydrophobic interactions are shown in

the inset figure. Hydrogen bonds are represented as black dotted line.

S7



N-terminal
sub-domain

C-terminal
sub-domain

Figure S10 Ribbon representation of AusA-R (8) (dark grey) shown with two symmetry-related molecules (light grey). Interface HTH
(red ribbon representation) shows no close contacts with symmetry-related molecules.
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Figure S11 Ribbon representation of AusA-PCPR (8) (dark grey) shown with two symmetry-related molecules (light grey). Interface
HTH (red ribbon representation) shows no close contacts with symmetry-related molecules.
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351-PCP-R

PCP domain

Reductase domain

CAR-PCP-R

PCP domain

Reductase domain

Figure S12 Surface diagram of Ppant-modified 351-PCP-R (blue, grey) and CAR-PCPR (20) (magenta, grey) showing the NADPH
binding pocket. The position of the NADPH in the Ppant-modified 351-PCP-R structure is modelled based on the position of NADPH
in the MxaA-R structure (6).
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Data collection statistics

Unmodified 351-PCP-R

Table S2 Data collection and refinement statistics of the unmodified and Ppant-modified 351-PCP-R structures. Values in
parentheses are for the highest-resolution shell.

Ppant-modified 351-PCP-R

Space group
Cell parameters
Dimensions

Angles
Resolution range
CCup
<l/ol>

Rmeas

Rmerge

Number of reflections
Multiplicity

Wilson B factor (A%

Refinement statistics

P3:21

139.92 139.92 71.75
90.00 90.00 120.00
45.80-2.65 (2.74-2.65)
99.8% (42.2%)
12.00 (1.00)

0.24 (3.08)

0.23 (3.00)
23792 (2359)
29.0 (19.80)
75.77

Cil21

98.95 71.83 82.73
90.00 90.26 90.00
47.50-1.95 (2.02-1.95)
99.3% (12.6%)
7.70 (0.50)
0.28 (4.28)
0.26 (3.94)
39217 (4098)
7.50 (6.60)
32.22

Resolution range

Number of reflections
Completeness

Rwork

Rfree

Ramachandran outliers
Ramachandran favoured
Rotamer outliers

RMS deviations from ideality
Bonds (A)

Angles (°)

Molprobity Clash score
Average B factor protein (A%
Average B factor water (A?)
Average B factor ligand (A%
Total number of atoms
Number of water molecules

S10

46.30-2.65 (2.74-2.65)
23788 (2360)
99.98% (100.00%)
0.203 (0.323)
0.245 (0.321)
0.00%
95.00%
0.32%

0.0079
0.89
4.85
73.7
73.1
2970

5

47.50-1.95 (2.02-1.95)
38968 (3876)
91.94% (91.78%)
0.198 (0.369)
0.240 (0.385)
0.00%
97.21%
0.52%

0.0073
0.88
2.74
36.9
41.7
38.6
3986

248



