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Figure S1. Inactivation of bafY and orf2&orf3. (A) Construction of the bafY inactivation
mutant S. lohii AbafY. (B) PCR confirmation of the double-crossover mutants. WT: S. lohii wild
type; M: DNA marker; V: pCIMt002-AbafY; 1-6: bafY inactivation mutants. (C) Construction of
the orf2 and orf3 inactivation mutant S. lohii Aorf2&orf3. (D) PCR confirmation of the
double-crossover mutants. WT: S. lohii wild type; M: DNA marker; V: pCIMt002-Aorf2&orf3;
1-6: orf2 and orf3 inactivation mutants. Note: LA: left homologous arm; RA: right

homologous arm.
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N-truncated Orf3

VRRHFDPVSGSPYWL QAN

20

BafCI D D T VRRHFDPVSGSPYWL GQA|L 47
Pl Al E E VRRHFDPVSGSPYWLILQAS 47
P2 A D \ VRRHFDPVSGSPYWLEQAIS 47
Consensus vrrhfdpvsgspywl ga

N-truncated Orf3 RLDFDPRDITRYDQLGAFGPFPLDRLRIBEDPADLVPLSVPRPLAGRV 67
BafCI RLDFDPRDITRYDQLGAFGPFPLDRLREIEDPADLVPLSVPRPLAGRYV 94
Pl RLDFDPRDITRYDQLGAFGPFPLDRLRIZEDPADLVPLSVPRPLAGRV 94
P2 RLDFDPRDITRYDQLGAFGPFPLDRLRBIEDPADLVPLSVPRPLAGRV 94
Consensus rldfdprditrydqlgafgpfpldrlr edpadlvplsvprplagrv

N-truncated Orf3 DSGGTTGTPCRAFYTPDMLLHRAMWRRWSFVREGFAPGRTWLQATP 114
BafCI WDSGGTTGTPCRAFYTPDMLLHRAYWRRWSFVREGFAPGRTWLQATP 141
Pl WDSGGTTGTPCRAFYTPDMLLHRAMMWRRWSFVREGFAPGRTWLQATP 141
P2 WDSGGTTGTPCRAFYTPDMLLHRALWRRWSFVREGFAPGRTWLQATP 141
Consensus wdsggttgtpcrafytpdmllhra wrrwsfvregfapgrtwlgatp

Figure S2. The protein sequence alignment of the N-terminal 110-140 amino acids of the
previously annotated Orf3 and some homologous proteins with sequence identity >90%.
Note: BafCl (GenBank accession number: AGK25205.1), P1 (WP_028419150.1P2), and P2
(WP_028419150.1). The amino acids highlighted in red stand for 100% homology; the
residues highlighted in green stand for 75% < homology <100%.
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Figure S3. Gel filtration analysis for oligomeric state determination of all Baf tailoring
enzymes. (A) The standard curve of gel filtration chromatography. (B) The calculation of the
apparent molecular mass of each tailoring enzyme. Experimentally, purified BafX, BafY,
BafZ, Orf2, and Orf3 were individually applied to size-exclusion chromatography using a
Superdex200 10/300 column (GE Healthcare) in a buffer containing 20 mM HEPES, 150 mM
NaCl, and 1 mM DTT, pH 7.5. The apparent molecular mass of each sample was calculated

based on the calibration of the column using protein standards.
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Figure S4. Protein sequence alignment of Orf3 with EphF, EsmB1 and GriC. The amino
acids highlighted in red stand for 100% homology; the residues highlighted in green stand for
75% < homology <100%; m denotes the key residues of Orf3 involved in ATP-binding; e
denotes the arginine residues of Orf3 related to substrate-binding; p-loop, substrate binding
site; the ATP binding sites are boxed.
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Figure S5. HPLC analysis (250 nm) of the ATP transformation by Orf3 or BafY. Trace (i):
ATP standard. Trace (ii): ADP standard. Trace (iii): AMP standard. Trace (iv): 40 uM Orf3 +
10 mM MgCl; + 1 mM disodium fumarate + 1 mM ATP. Trace (v): the negative control for
trace iii, in which Orf3 was boiling inactivated. Trace (vi): 40 uM BafY + 10 mM MgCl, +
200 uM 2 + 1 mM ATP. Trace (vii): the negative control for trace vi, in which BafY was
boiling inactivated. Trace (viii): 40 uM BafY + 10 mM MgCl, and ImM ATP. Trace (ix): the
negative control for trace viii, in which BafY was boiling inactivated. Note: all reactions were
carried out at 28<C for 12 h. The HPLC analysis was performed on a Waters Atlantis® T3
column (2.1 <150 mm) with isocratic 100 % 50 mM KH.PO, buffer (pH= 6.0) at a flow rate
of 0.25 ml/min for 10 min. The asterisk stands for the artifact (coincidently with the same
retention time of ADP) in Orf3 preparation.
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Figure S6. The kinetic curve of Orf3 using fumarate as substrate.

VIE] (min’)

0.07
0.06
0.05 —
004 ]
0.03 —
0.02

0.01

Kp= 19.25+2.16 mM

Koat= (7.48 £ 0.31) x 107 min”

0.00

T T T T T T T T T T T T T
10 20 30 40 50 60 70

[Succinate] (mM)

Figure S7. The kinetic curve of Orf3 using succinate as substrate.
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Figure S8. The kinetic curve of Orf3 using malonate as substrate.
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Figure S9. The Kkinetic curve of Orf3 using glutarate as substrate.
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Figure S10. The Kkinetic curve of Orf3 using maleate as substrate.
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Figure S11. HRMS of Compound 4 ([M+Na]*: obs. 745.4140 calc. 745.4139)
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BafyY MPSNETYVSQILQVISAE VLS RTLT LTTLY 10
Orf33 MTPQDHWWSASQS){VSDILSVFA PAVN ETAS LIRS 47
AusD1 MVVPDGWWSRHRG)JAARIMSALDAG TAVH RPVP FARTY 47
I
T
P

MoeB4 MSSNENJVRRVLEALASD LWADGEEIT VSRA|Y 10
SimL MVVPDGWWSRHRGMAAR MSALD.G VH RPVP FART\Y 47
Consensus y v

Bafy RSIMAQG#HQHAGGIDG. . .. .. GAVAFNL|BT VT PTLVLESEIAN 81
Orf33 TEQFHABHDSGVRAGD. . ...... V VALY EMLTAIREIAH|BL 86
AusD1 TGHAGTIBRELGVGPGR. . ... ... V VAN DMLAVIREI\VHIBL 86
MoeB4 LTRAELIMLRHFTEHRDPSAEGKAP\ARAVIBTV TI ATLILIESEIAN 87
SimL TGIAGTIBRELGVGPGR. . ... ... VANV IRV AP DMLEAVISE\VHIBL 86
Consensus a 1 vva 1 n 1

BafyY ATVMVHIBHT VDPADHAADAKEKVIIRENGINTYLA VA R 128
0rf33 GAVCY|BR GTSEVAIRPLDQQIRTI|SRDISEL\V TV Y T|HA 133
AusD1 GAVCY|BR GDTSHV|ESAEAQLRT|SLDINSENTVLF T|MR L 133
MoeB4 TLVH|#H VDPTDQ AARLDTIBSKINGINTFLA VMK AR 134
SimL GANCYIBR GDTSHVIESAEAQLRTIBLDENSENTVEF TMR| AlS 133
Consensus g 1 tn 1 1 t a d e a

Bafy EMRERLGTPLTLAALDDLEPDVLDLTAGDPDALAPDEIWVEIARDRPEV 175
0rf33 EIMAAGASG. . . LPVTCLTE. EARKRESAED. . . APRIOLPWAIEDALIAL 173
AusD1 LIFADRARGRIAVTGSGVRETGAVPPATGAR. . . DVANMAVWEIHEALIL 177
MoeB4 EMCDRLPEPPRLAALGALEPDVLDLSSGDPDAFGHD\VEAD|JEQP 181
SimL LIBADRARGRIAVTGSGVRETGAVPPATGAR. . . DVAJAVWE[JEALRIL 177
Consensus 1 g a o} a

Bafy AFDFHARNGFISAGLQMG. . . WRSVYIBACLIZLES 219
0rf33 SIRLAGIHAWNGLVQGMVAAGGEAEGVKLIRV S 220
AusD1 SISLPAIMAWDSVVSATGASIGEGDRARLIRYV S 224
MoeB4 SVTQPY)I{LRRANLQVALQSP. . . EPIVY|BS S 225
SimL SLPAMAWDSVVSATGASTIGEGDRARLI®V S 224
Consensus r 1 p s

BafyY SJUVIBRDGFDPGD CUERHGETRMLLSPPQY 266
0rf33 EUYIBHENFNAEQFVNT\UADEGTAWTFMATVH|® 267
AusDI1 \UHIBHEDL.DADA TWAEHRITRTFLATTHI® 271
MoeB4 T\UVIBHDGFEAGE AEQHRVSTLTITPPQIY 272
SimL A UHIBHEDLDADA TUAEHRITRTFLATTH|S 271
Consensus g la gg v 1 v

BafyY L PE. ..... VDST TMVTHVECPESIZEHL 307
0rf33 QIMLPEILEERGLKDVEEGR QRLT 314
AusDI1 RIMLDEEIAR. . . . .. RQLT A 312
MoeB4 MIBTDIEIPD. . . ... RLTIT A 313
SimL RIFLDIEIAR. . . . .. RQLT A Al 312
Consensus 1 dh vy g aprtr a fg

BafyY TAIVIANS FVSMIBSIFAESILERMR VIRTENEMPG. WVRITIPED 353
Orf33 VAANGINGIBTGRL T TIBFIZHERILINEW/BS TIRASHEFPDVEV VNV GIQES 361
AusD1 VAIGHGINSIPGGR I TLIBDIEGDFIQINES|BLNIRUSHEFPEVEV TERYPD T 359
MoeB4 LALMGINTIBVNGISMIEMIZQDSIFINEEIBRRIRUGHLETT. . EIRIRYVDD 358
SimL VAIGMGINSIBGER I TLIBDIZGDEIQIESINL NIWASHEFPBEVEV TIRPD T 359
Consensus qv te l p hdpl tvgrp d

Bafy HED® SEfVAEGEETRRT VENE]V HIYENIL 400
0rf33 GAP|BAT ¢ DGITGDIFAATINK VLMY HiNe) T 408
AusD1 EREMTTETV A SD|JAESEIR VL IMeRUY RINeI T 406
MoeB4 DRDI|SPPEET L GE|ZJELT! 405
SimL EREFTTETV A SD) SEIR VLMY RN T 406
Consensus 1 g gev v sp m y p a

BafyY ITIATNE T[ATH[ZV T Al 447
0rf33 VIV N VISV HIST VDR E 155
AusD1 VST DE VIV Y HA VIADRE 453
MoeB4 ISTN& T) SV H|ZT D A 152
SimL 5 [VISEDE VSV Y|SA VISR E 453
Consensus d g 1 1 r vk gk p ve

Bafy LREAATATPDGLAEHIRATEE RIHIRPA 494
0rf33 DPAVPVETDATIRAHLAQSLE] EKISVVAD 502
AusD1 GARVAVEDVRSRIGTALE] EEVLLLDE 500
MoeB4 GGTADSGTLIGHVAAELS] VVTFHDA 499
SimL GARVAVEDVRSRIGTALE] EEVLLLDE 500
Consensus A4 s hvp

BafyY VEASG 514
0rf33 LLD 521
AusDI1 LRESVPAPYTESELT 530
MoeB4 AIBAARHNGAA 521
SimL RLRESVPAPYTESELT 530
Consensus 1

Figure S12. Protein sequence alignment of BafY with Orf33, AusD1, MoeB4 and SimL.
The amino acids highlighted in red stand for 100% homology; the residues highlighted in
green stand for 75% < homology <100%.
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Bafilomycin C4 (2) + Pi

a Spontaneous HO-_ ™,
o i
OH NH O
0 o] 0 S
NPy O-P-OH
\ / b
0-<OH ATP AI?P . ( CsN

BafY

Bafilomycin C (2) Bafilomycin By (3)

Figure S13. The proposed catalytic mechanism of BafY during the transformation from

bafilomycin Cy (2) to By (3).
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Figure S14. HRMS of bafilomycin A; (1) ([M+Na]*: obs. 645.3969 calc. 645.3973)
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Figure S15. HRMS of bafilomycin C1 (2) ([M+Na]*: obs. 743.3977 calc. 743.3978)
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Figure S17. *H NMR spectrum of bafilomycin A; (1) in CDsCN.
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Figure S18. *C NMR spectrum of bafilomycin A; (1) in CDsCN.
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Figure S19. *H NMR spectrum of bafilomycin C; (2) in CDs;CN.
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Figure S20. **C-DEPTQ spectrum of bafilomycin C; (2) in CDsCN.
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Figure S21. *H NMR spectrum of bafilomycin B: (3) in CDsCN.
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Figure S22. *C NMR spectrum of bafilomycin B; (3) in CDsCN.

Table S1. The conversion percentages of 1 to 2 (fumarate as substrate) or 4 (succinate as

substrate) by Orf2 (10 pM) and Orf3 (10 pM) at 28 <C for 4 h.

Compound Conversion Percentage

2 83.1 £3.2%
4 2.2+0.1%

Note: The conversion percentages were calculated based on substrate consumption.
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Table S2. The primers for construction of knock-out vectors and PCR confirmation of S.

lohii mutants.

Primers

Sequence (5°-3°)

AbafY-left arm-FP
AbafY-left arm-RP
AbafY-right arm-FP
AbafY-right arm-RP
Aorf2&3-left arm-FP
Aorf2&3-left arm-RP
Aorf2&3-right arm-FP
Aorf2&3-right arm-RP
AbafY-KO-FP
AbafY-KO-RP
Aorf2&3-KO-FP

Aorf2&3-KO-RP

AAAAGCTTCCATGGGCACGCCCTAGGTCCCGCCAGATTCCGTCCA

CCAAAATCCCTTAACGTGAGCCTAGGCGGCGGAGATGAAGCCGT

CTCGCCAGTCGATTGGCTGACAATTGGGATCACCGACCCGGAGGA

CCAAGCTTGCTAGCAGATGTCAATTGTCATGCCGTCTCCTGTGCT

AAGAGCTTTTATAAAAGCTTCCATGGCGTAAGGGATGCTCCCGCA

AACGTGAGCCTAGGGCGTGCCCATGGGCCGAACAGGTACCCCAGAC

TTGGCTGACAATTGACATCTGCTAGCGTCGACAGGAGCGACCTCTC

GTGGATCCGCACCCAAGCTTGCTAGCGCGTACGCCTTCCAGCTC

CGTGCCTCGTCCCACAGTT

ATCACTTCGATGGCGCGGC

GGAGGAAGAGGTCCTCGTG

ACTGCCCCTCCATTCACA

Table S3. The primers for construction of protein expression vectors.

Primers

Sequence (5°-3%)

BafX-Ndel-FP

BafX-Hindlll-RP

BafY-EcoRI-FP

BafY-HindIlI-RP

Orf2-Ndel-FP

Orf2-EcoRI-RP

Orf3-Ndel-FP

Orf3-Ndel-RP

GCCGGAATTCCGTGACCCTCTCCGTGGCGT
ATGCAAGCTTGGCAGACCTACGGGAGGAAATCG
GCCGGAATTCTATGCCGTCGAACGAAACGT
ATGCAAGCTTCCACAGTTCGCGGTAGGTG
GGAATTCCATATGAGTCTGGGGTACCTG
GGAATTCTCACGGCAGGGCCGGGGC

CCTGGT GCCGCGCGGCAGCCATATGACCGCCGCCACCCGCGL

GTCCACCAGTCATGCTAGCCATATGTCAGTAGAGGCCCTCGGGCG

Note: The underline litters indicate the restriction sites.
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