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Abstract: [Background] The tetramic acid derivatives, nocamycins and tirandamycins, possess
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C-10 ketone groups, the formation of which is catalyzed by two different enzymes: a short-chain
dehydrogenase NcemD and a FAD-dependent dehydrogenase TrdL, respectively. In the
biosynthetic pathway of nocamycins, whether the FAD-dependent oxidase NcmL can
complement the function of NemD remains unknown. Additionally, whether TrdL can catalyze
the conversion of C-10 hydroxyl group to C-10 ketone group in nocamycins is also unknown.
[Objective] To characterize the catalytic roles of NcmL and TrdL in the formation of C-10
ketone groups in nocamycins by using in vitro enzymatic assays. [Methods] The trdL and ncmL
genes were respectively cloned into the vector pET-28a(+), and the recombinant vectors were
then overexpressed in Escherichia coli BL21. TrdL and NemL were purified and then used for
the in vitro enzymatic assays. Nocamycins F and II were used as substrates and the products
generated under the catalysis of NemL and TrdL were determined by high performance liquid
chromatography (HPLC) and liquid chromatography-mass spectrometer (LC-MS). [Results]
NemL did not catalyze the dehydrogenation occurred on C-10 hydroxyl group. TrdL catalyzed
the hydroxyl dehydrogenation at C-10 position in nocamycins II and F, leading to the generation
of nocamycins I and G, respectively. [Conclusion] /n vitro biochemical assays revealed that
NemlL is not involved in formation of C-10 ketone group of nocamycins. TrdL shows a broad
substrate spectrum and can catalyze the formation of C-10 ketone group in nocamycins.
Keywords: flavoproteins; nocamycins; tirandamycins; Saccharothrix syringae
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KA RUEEEE D, 1 A A A ARG 1
FE[H, 1 4> Dieckmann #MEEEIEN, 7 1~ 5E7F
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PR 41 v AT BEAF FE — A T BE 8% 2] % NemD 1
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1 > FAD ##i 975 4 NemL, H5 TrdL 3k %
B B AR, AT R, nemL L
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Nocamycin F (3)

Nocamycin G (4)

The chemical structures of nocamycins and tirandamycins.
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AT o PR S B AL B SE 56 K B NemL 78
WRBERAEYA R YIRS, [R]85 g
HEALSEIRAFSY TrdL X IR B R 1Y C-10 FRHER
HEALVER
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Table I Plasmids and strains used in this study
Plasmids/Strains Description Sources
Plasmids
pET-28a(+) Kan®, vector for protein expression Novagen
p5-C-9 Kan®, Amp®, source of nemL [12]
p2H6 Kan®, Amp®, source of trdL [13]
pET-28a(+)-ncmL Kan®, plasmid for overexpression ncmL This study
pET-28a(+)-trdL Kan®, plasmid for overexpression rdL This study
Strains
Escherichia coli Top10 Host strain for general clone Stratagene
E. coli BL21(DE3) Host strain for protein overexpression Novagen
E. coli BL21(DE3)::ncmL Kan®, strain for overexpression of ncmlL This study
E. coli BL21(DE3)::trdL Kan®, strain for overexpression of #rdL This study

1.1.2 EFE

LB 557 4(g/L): MBI 5.0, A
10.0, NaCl 10.0, pH 7.0, B AR = FL A 15 g/L
TGRS, 121 °C KH 30 min %5 . KB EE
¥k DH5a. BL21(DE3)T 37 °C ¥555%.

1.1.3  EZERFIANEE

PR PE R N VI BEAT T4 DNA & 32,
TaKaRa A #]; Q5 mffHE DNA REMEE, New
England Biolabs 2% ] ; DNA [t 5] &5 Al sh
PREGAH &, A TAY TR RGARA
Al 3 Ni-NTA %2 E KL, Novagen /A F] ; PCR
1Y, ERAEMHARARAF .

PCR 1%, HUM BRI E AR A R A E]; ¥
RELOHL, Sigma 2w MBI, TR
ZHYBHEIR AR A s PD-10 liidht:, GE
Healthcare /A ] ; BB . SAh-7] W43
JOCEE T, TR RIIRBHE AR A A SRR
AT, Waters £ PR H] o
1.2 &

1.2.1 nemL M trdl FiE3R1E R B4 3

LA NemL-expF (5'-ATATTACCATATGGGG
AACATTGCCGACAAAGTG-3', FRIZRH
Nde 1 13 f5)#1 NemL-expR (5'-ATCGGATCCC
TACCGGTTCGGGCGGTCGGTCTC-3", K&k

ffi7nh BamH 1AL A58, it PCR JBTk:
p5-C-9 4 44538 nemL R B, L TrdL-expF
(5'-ATATTACCATATGATGAAGCACATCGATT
C-3', FRILF/" A Nde 1 1 5)F1 TrdL-expF
(5'-ATAAGCTTTCAGGCCGGCGGAACCC-3',

TR RN Hind U1 A7 50) 8514, #@if PCR
ML p2H6 HRY 1G4 5 rrdl SN Bt . PCR
S AR Z (50 uL): 5xPCR buffer 10.0 pL, |,

TSI % (10 pmol/L)4% 2.5 pL, —H LTI
(dimethyl sulfoxide, DMSO) 1 pL , dNTPs
(2.5 mmol/L) 2.0 pL, itk (4 ng/uL) 0.5 pL, Q5
R EEF(NEB) (2 U/ul) 0.5 pL, ddH,O #ME
50 uL. PCR LW 4544 : 98 °C 1 min; 98 °C 10 s,
60°C30s, 72°C 1 min, 30 MEH; 72 °C 6 min,
PCR ") 2 S NEREBE I A Uk A il /s, R [l
R & e B AR BB B B AR B BA 4 Nde 1
1 BamH 1 WY1 J5, 54 Nde 1 Fl BamH 1 3
M U1 B pET-28a(H)HiAIR S, 4 T4 DNA
EEEMEEE, Db or X1k 3] E.
coli Top10 H ., 5 AL 513 B 5 AL T8 Se & V%
PCR it 5 , PREC R 5B+ T 045 50 pg/mL
KA RN LB §i 73, 37 °CH;3% 14-16 h,
FHBORL 2 BORR S 32 BUTORE ,  XoF B Hr 4 ALY
nemL Jr BGHEATINE , WP TAE R AP HoR
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AR F5E R, T IE B A RORL 43 B i 44 N
pET-28a(+)-ncmL Fl pET-28a(+)-trdL, T F—
B
1.2.2 NcmL 1 TrdL EAMIES 41k
WA 2E A e kL pET-28a(+)-nemlL
M pET-28a(+)-trdL 41 5| %% 4k 3| E. coli
BL21(DE3)H, ¥k F24: 5% PCR Wiib)f5, A H
(R TR 20 i 24 M E. coli BL21(DE3)::nemlL
FIE. coli BL21(DE3)::trdL . 435132 B8 1% 4 Fh
IR E. coli BL21(DE3)::NemL Fl E. coli
BL21(DE3)::trdL W 53524 F LB Kigi 3t
(100 mL/fi, 103/0), IIAZIKER 50 pg/mL Y
FAREZ, 37 °C. 200 r/min 5555 % ODgoy 4 0.6 if
IMAZHSE S 0.1 mmol/L HY 5P JE-B-D-Hi ALk
g = FL M 1 (isopropyl-p-D-thiogalactopyranoside,
IPTG)IE S, SRJ5 22 °C. 200 r/min 48215 5%
12 h J5 4 000 r/min #5.0> 10 min Y8 F A, Ik
FIE AT 50 mmol/L Tris-HCI 5% 2 K5 &
F 35 mL AY45-5 2% v 4 (20 mmol/L Tris-HCI,
500 mmol/L NaCl, 5 mmol/L BkB, pH 7.9), H
F I S B 110 49 B Ak o DA (A 28 ) S i R AY
R 150 W, 3217 15 min, TAE 3s, 15
3s)fF, T 4°C, 12000 r/min .0 20 min 2[R
IR AN A G, A EAN B
HRBPHECE . R Ni-NTA 5 R
glift. NemL 1 TrdL ZE M, frldEse)s, A
10 mL #3528 1P (20 mmol/L Tris-HC1,pH 7.9,
500 mmol/L NaCl, 50 mmol/L Bkm)%k 2= 5 Ni-NTA
FEAAZE A B2, foa 2.5 mL AR SR nhifk
(20 mmol/L Tris-HCI1, pH 7.9, 500 mmol/L NaCl,
300 mmol/L BKME Y H A9 8 I Ni-NTA # F 3k
W K. 2.5 mL &A H R EANEIEZ PD-10
JEERAE AR S, 3.5 mL AR SR M (10%
glycerol, 50 mmol/L Tris-HCI, pH 8.0)JE/i T >k,
T B UE SRS 2 1.5 mL, W45 198 1 TSt

10% | ot FEAR IR AN 2R N A THERCERE A FL UK (sodium
dodecyl sulfate polyacrylamide gel electrophoresis,
SDS-PAGE)l 8 (1 i iy 4t &, | Bradford J7
P B B, SRS R A T80 °C
B 4°C &M,
1.2.3 NemL EHEFHEF FAD B

B 600 pL 44k )5 A9 NemL 251, 100 °C 7K
W 20 min, #RJ5 12 000 r/min 50> 15 min
BB EAE, RIERER TR, WiE
F 150 mL ddH,0 H, JF HPLC FI%5h-A] Il
PGB IEAT T -
1.2.4 NemL F TrdL BY4KSMNESE M 24

SRR F Q)FBURER I ()N
Yy, Wik NemL A1 TrdL AOHEALTEPE . X F NemL
HEABIARFR 100 pL A9 S0 A4 R AL HE : 50 mmol/L
Tris-HCI (pH 8.0), 0.05 mmol/L HJJEE#), 0.2 pmol/L
NemL, 1 mmol/L 4#fi[H+; XJF TrdL #EfL Y
NAKZR, 100 pL ARG S0 AA R A4S 50 mmol/L
Tris-HC1. 0.05 mmol/L YR A1 0.2 umol/L
TrdL, 43 5% 57 3 16 B9 NemL 5804 TrdL 1E R
XTHR.30 °C KW 2 h JE A 2 A5 AR oK Y e
W 15's, 12 000 r/min &5.0> 15 min, B E
1H 47 HPLC 434 o
1.2.5 HPLC 1 LC-HR-MS 9 #1551 2 [
=4

HPLC Wi shAH AL B POAHZL AL, sl
A MR 15%0E . 85% ddH,0. 0.1%H R, B Al
M 85%Z M. 15% ddH,0. 0.1% R, N
1 mL/min, &%+~ 260 nm 1 355 nm,HPLC
Ve : 020 min, 0%—85% B #H;20-21 min,
85%—100% B #H; 21-26 min, 100% B #H; 26.0—
26.1 min, 100%—0% B #H; 26.1-30.0 min, 0% B
HHo XTI SO HE R, FH LC-HR-MS
47508 . HPLC %4 ] Waters Empower 3 {4,
PER R 407, LC-HR-MS %44 ] Thermo
Scientific Mass Frontier 7.0 #4347 0¥ o
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2.1 NemL ZEAMEMERESH

NemL B:R K 1538 bp, i FT4ih LuxR %
G E AR nemN 8 B, 5 nemN 8955
SEHTMR, AYNEREHEEREIR nemL GRht
—> FAD #K#i ) E AL - NemL 5 Amycolatopsis sp.
17SM-2A 1 IRER V EWE @R T
NmvL HA 65%MMMLPETT, 4h, NemL
it 5 mithramycin 4= ¥ & W& 12 H B9 MtmOIV
A 3T%EIAMEDY, 5 BE-7585A A& M
WP H BexE A 36%AFITENS, 5 A4
R AL RIFMO A 35%HAH I, 5
angucycline Y& MR EY) PgaE A 33%M 4
PIEEN, 5 oxytetracycline 42 H A OxyS A
33% M AR RIPENST it e R B, NemL 5
NmvL 753 R % i 567 B A ROR X 5, NmvL
NFIERFE PRI E, M NemL WA FHER7ERY
FKumhr B, NemL (9 N 38 FAD 454 X
GxGxxG(x)cE/D .GGRS F1l GDAxHxH (& 2)!""""1,
C 3t & A — A S8 T B P 45 A
2.2 NemLFTrdLEBRFIEMELA L

NemL F1 Trdl % PCR Vil % FKikakik
pET-28a(+) #H f& h , KR )5 % A KB #F W
BL21(DE3)H #4775 IR ik o i Ni-NTA 3
AZHT 458 T NemL #1 TrdL 25 (8 3A).
5 TrdL 1250, NemL W EE M, X&
B NemL &4 4 [T FAD. T 51F FAD 215
DAL EE S NemL 2 FIAH I , FRATE 1 K 7 i
B 3% NemL 47 748 M, RMAENEE W
NemL 8 A4 B0 SR TTE o, 1 LIl 5
o HPLC Z0Ar 45 5 R EBHh ¥ 5 FAD
AR AR S IR () 3B), £R4h-n] WAt
JETH M R IZ Y 55 FAD ELAT IR 5 AR LAY R
Wi (& 3C), fE 265, 375 1450 nm A 3 T
SR AN, X R NemL (W5 T

FAD, Jf H FAD J2 A4ESEHr i S NemL AR .
23 NemL SWFREBHREF QFMWFER I
QB EIAR

NemD S IESLRESAEIL IR R F ()Y
C-10 FRILEEAL R C-10 FRIE, AR A0 0 5256
25 FRATHEN] NemL 7] B2 [ #h NemD K ZN6E .
T, RNTUBCRER F Q) NIEY), HET
NemL HfEALTEYE . 48R BN, TEHiH ¥ FAD
FIERITEDL R, NemL SRR F G)MBF
Tx 1 QARG RN 4), &Y1E
B2EA TR NemL 528 B 72 A0 B AT 3¢ A
R, FATHEM NemL mlBEXT - RERK LG
Ykt R e . & BZhRERY NemL B[]
JRE M, W MtmOIV, BexE, PgaE. OxyS %
A 2 7 i 0 B 3 D TR R e e v — A T iR
R (nicotinamide adenine dinucleotide phosphate,
NADPH) 8 # i J5t 5 050 1t e B I v — 4% 1 1R
(nicotinamide adenine dinucleotide, NADH)?%@%
A, FHL, AL T AR R 47 7€ NADPH
o # NADH i} NemL ¥ I KR F Q)R K5
R I Qmfbidte. g5RER, HYNIKRF
7 NADPH &{# NADH i}, NemL X R %
I QFWRERF Q#EICHAEMIE 4). E
R LEZE R R, NemL AS5 T HRZH
R BRI C-10 LEIEL A AP A
24 TrdL {PWFERE F QMW FER II
QB E AR

FAD KM I S TrdL 7EE A& R AL
Y& RO FE P AL C-10 EBIEREAL N C-10 B3
HEABWEYE, MESERELEYS
WARBFBRIAA VMR T AL, BT
ML FRATFEZE T TrdL MOCREREAEY C-10
BRIERHEALVE T . HPLC Z0Mrgs &M, TrdL
XRER I QMBRER F Q)EAMEIE
FH(E 5A). 78 TedL IPEFIT , A2 45% 0~
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Neal - MGNTADKVPVLIAFAGPTG] TLATDLARRGIPAL I TEKDSKPSTASRGKAG IQPRSLEVFDDLGVVDEVVAAGTOR-—LPFRRFTRORLVGEATPYLIHAPTIDLPYRRLLFLPG 113
NavL —MNSVAVLVVEAGE TG, TLAYDLARRGVSVR I IRDAKFTTASRGKAG] 3 IVDGVMRVGTTR--LPFRRYHEDRIVSEAVFYEA) (RRLLFVRQG 108
oxyS =~ MRYDVVIAGAGPTG{ MLACEL RLAGARTLVLERLAEPVDE SKA-LGVHARTVELL MEAPKLRGGNFAS LGVPLDFSS——FDTRHPYALFVPQ 99
RIF¥0 ——————GSHMIDV L TAGGGF TG MLAGEL RLHGVRTVVLEKEPTPNOHSRS -RGLHARS IEVMDQRGLLERFLAHGEQFRVGGFFA——— GLAAEWPAD——LDTAHSYVLAIPQ 101
WemOIV MHNSNADDAAL TTDVVVWEGGPVGLMLAGELRAGGVGALVLERLVEPVGHDRA-GALH I RTVETLDLRGLLDRFLEGTOVAKGLPFAG——IFTQGLDFGL——VDTRHPYTGLVPQ 1100
Pgak = ~——MDAAY IVVGAGP AGHMLAGEL RLAGVEVVVLERLVERTGESRG -LGFTARTMEVFDQRG ILPRFGEVETS TQG-HFGG————LPIDFGY——LEGARQAAKTVPQ 96
BexE === DAPYVIAGACPAGLMLAGEL RLAGIGVVVLERLPARTGESRG =L GFTARTMEVFDORGLLRRFGEVQTSDOG~HF GG========TPVDFGL~===LDGAHOAAKTIPQ 96
LR oW ow L Din oLy eEgE e G ® : tw
Neal SRVEQVLRORLAALGGAVEAGVELVGFTRGADAVTATLSTPTGLRSVTADYLVGUDGGRSTVRKALDLPFROHTE TORRLLVGDOVEVDGLEPDA-¥———YQWLDLDRGVWML-CPLS 225
NavL SLVEGILRDRLAETGY TVESGVELLRFEQGTEGVKATLGSAEGSEEVTADYLVGODGGASTVRKALGLEFRGF TEEDRKLLVGDVEVDGLEPDA - YOWYDMERGILLL-CPLA 221
0xyS VRTEELLTGRALELGAELRRGHAVTALEQDADGYTVSVTGPEGPY EVECAYLVCODCGGSTVRKLLG IDFPGQDPHMF- AV I ADARFREEL PHGEGHGPVRPYGVMRHDLRAWFAAFFLE 218
RIFMO VVTERLLTEHATELGAE IRRGCEVAGLDQUADGY TAELAD—GTRLRARYLVGCOGGRSTVRRLLGVDFPGEPTRVE- TLLADVRIDVPVETLTAVW-———— AEVRKTQLRFGAVPAG 211
MtmOIV SRTEALLAFHAREAGAETPRGHEVTRLRQDAEAVEVTVAGPSGPYPVRARYGVGODGGR STVRRLAADRFPGTEATVR - AL 1GY VI TPEREVPRRW-———-—ERTPDGILVLAFPPE 220
Pgak SVTETHLEQVATGLGADIRRGHEVLSLTDDGAGY TVEVRGPEGKHTLRAAYLVGODGGRSSVAKAAGFDFPGT AATME- MY LADTKGVE ETL VMV-GPLP 205
BexE TEAVLEAWAGE] TVRGPAGEHVLRAGNLYGCOGGRAVEKAVGPDFPGT AATRE - MFLADLRGVELEPRMIG-————ESLPGGMVMV-GPLP 205
* % L T %, ! tLorowEReE a *% : Lo
Neml GTRS—WOVQY — TPPRDADGNERGPSYEAFQAAVDHVTGMP TRLSNA-TWLSTTRVNVRMVDRMRVGRYLLAGDAAHVHPVLGALGANTG IQDAYNLGRKLARALRDGPDCLALDSYER 340
NavL DTCT--WQIQA~—SPPUDADGTPMCPSLEALQSAVDRT TGMPTRLGNP-TWAS TMKRNVRMVDTL RVDRVFLACDAAHVHFV TAALGANTGVGDAYNLSWKLARVLGGA-DDGLLDTYER 335
oxyS POVYR-ATVAFFDRPYA—DRRAPVTEEDVRAAL TEVAGSDFGMHDY-RWLSRLTOTSROAER YRDGRVLLAGDACH I HLPAGGOGLNLGFODAVNLGNKLGAT IAGTAPPELLDTYEA 333
RIFMO DGFFR-LIVPA-—QGLS—ADRAAPTLDELKRCLHATAGTDFGVHESP-RWLSRFGDATRLAERYRTGRVLLAGDAAH] HPPTGCOGLNLGIQDAFNLGWKLAAAIGGWAPPDLLDSYHD 324
MemOIV GGLGPGWSSSSTGHS PA——ADEGPYTLEDLGAAVARVRGTPLTLTEPVSWLSRFGDASRQAKR YRSGRVLLAGDAANVHFPIGGOGLNTGLODAVNLGWKLAARVRGWGSEELLDTYHD 337
Pgak GGITR-TIVCERGTPPQ——RRETPPSWHEVADAWKRLTGDDIAHAEP-VRVSAFGNATRQVTE VRRGRVILAGDSAHTHLPAGGOGMNTSIQDAVNLGRKLGAVVNGTATEELLDSYHS 320
BexE GGVTR~1IVCERDAPPR——RRTGPPPFHEVADAWKRI TG1DISAAEP-VWLSAFGDATROVTEYRRGRVLLACDAAIVHLPAGCOGMNAGI GDAVNLORKLAAVVRGTARADLLDTYHG 320
* o, W W R RRORERELEDR L R L RRR R R ok,
Neal ERLPVAERTLKTSVASRDLVLAA———-———-} MLAGTGGAEAGL TEETLQLCLGYRDGPLSAQLVEAGAVRACDRAPDSPCLDPAGRPLRLFDAGRGPHF TLFCFCPCSAAAVRAAY 448
Navl ERVPTAENTLKTACDAGDLIFEA——— MLAGKGGAEKGL TEESLOLGLNYREGPLSRDLVDGGLLRAGORAPDSPCPGAGDEATTLFDVFRGPHL TLVGVGASTAAALGAVA 443
oxyS ERRPIAAGVLRNTRAQAVL IDP-DPRYEGLRELMIELLHVPETNRYLAGL I SALDVRYPY ~AGEHPLLGRRVPDLPLVTED-GTRQLSTYFHAARGVLLTLGCDOPLADEAAL 443
RIFWO ERHPYAAEVLDNTRAQMTLLSL-DPGPRAVRRLMAELVEFPDVNRHL I EK I TATAVRYDL-———————GDGHDLVGRRLRDIPLTEGR-L-—-YERMRGGROLLLDR——TGRLSVSG 426
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2 NemL 53O EEAMERFEEANFIILL M HHEF/RERS A5 FAD M4 & X, A5
R BE RSP I A B R AR 2. NvmL >k A T Amycolatopsis sp. 17SM-2A IR ER V A& N,

OxyS K HT Streptomyces rimosus ") oxytetracycline E¥)& MIEH %, RIFMO X H F Nocardia
farcinica PRI REBEREYE IR KE, MtmOIV X H T Streptomyces argillaceus ATCC 12956 H
mithramycin 4= ¥) & WIEE %, PgaE K H T Streptomyces sp. PGA64 "] angucycline 4= ¥4 A3 K 7% ,

BxeE >k H T Amycolotopsis orientalis sp. vinerea H [] BE-7585A H:= W& Wi K 1%

Figure 2 Multiple amino acid sequences alignment of NcmL and its homologues with known function. The
residues in red box stand for the FAD binding domains, and the asterisk stands for the conserved amino acid
residues. NvmL is from nocamycin V biosynthetic gene cluster (BGC) in Amycolatopsis sp. 17SM-2A, OxyS
is from oxytetracycline BGC in Streptomyces rimosus, RIFMO is from rifampicin BGC in Nocardia farcinica,
MtmOIV is from mithramycin BGC in Streptomyces argillaceus ATCC 12956, PgaE is from angucycline
BGC in Streptomyces sp. PGA64, BxeE is from BE-7585A BGC in Amycolotopsis orientalis sp. vinerea.
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3 NemL 1 TrdL 895347 A: SDS-PAGE 43#T NemL 1 TrdL #1. M: Protein marker. B: HPLC
SIHTHVIEYE NomL 21 BISV. 1: FAD AEM (100 mmol/L); 11: #/BHE: NemL & FIEHR. C: %
Hh-AT D356 B T VIS PE NemL 2 1 EIBTE

Figure 3 Analysis of NemL and TrdL. A: SDS-PAGE analysis of NemL and TrdL proteins. M: Protein
marker. B: HPLC analysis of the supernatant derived from the heating-boiled NemL solution. I: FAD standard

(100 mmol/L); II: Sample of supernatant derived from the heating-boiled NemL solution. C: UV-visible
spectrophotometer analysis of supernatant derived from the heating-boiled NcmL solution.

AU

05E UV at 355 nm )
I
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05F 3
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” i A VI
051 ﬂ
i
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05F s
A VIII
1 1 1 _ 1
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Retention time (min) Nocamycin F (3) Nocamycin G (4)

E 4 NemL RSMEE/R AT HPLC &0 1. XJRE4], $ASMEZRIE NemL, FAD, WREZE 11(2); II:
NemL, FAD, #-F%5% 11(2); 1II: NemL, FAD, NADH, I -F% % 11(2); IV: NemL, FAD, NADPH,
WREHERI(2); V: X, #AMHLRNE NemL, FAD, W -R2% F (3); VI: NemL, FAD, WRKEZR
F (3); VII: NemL, FAD, NADH, W% % F (3); VII: NemL, FAD, NADPH, I K#&HZ F (3)

Figure 4 HPLC analyses of the enzymatic assays catalyzed by NemL. I: Control panel containing boiled
NcmL, FAD, nocamycin II (2); II: NemL, FAD, nocamycin II (2); III: NemL, FAD, NADH, nocamycin II (2);
IV: NemL, FAD, NADPH, nocamycin II (2); V: Control panel containing boiled NcmL, FAD, nocamycin F
(3); VI: NemL, FAD, nocamycin F (3); VII: NemL, FAD, NADH, nocamycin F (3); VIII: NemL, FAD,
NADPH, nocamycin F (3).
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Figure 5 Analyses of enzymatic assays catalyzed by TrdL. A: HPLC analyses of the assays catalyzed by
TrdL. I: Control panel containing boiled TrdL, nocamycin II (2); II: TrdL, nocamycin II (2); III: Nocamyin I
(1) standard; IV: TrdL, nocamycin II (2); IV: NemL, nocamycin F (3); V: TrdL, nocamycin F (3); VI:
Nocamycin G (4) standard. B: MS profile of the product generated in the assays containing TrdL and

nocamyin II (2), m/z= 504.221 9 [M+H]", 526.203 9 [M+Na]". C: MS profile of the product generated in the
assays containing TrdL and nocamyin F (3), m/z=460.232 2 [M+H]".
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