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1. Reagents and materials

All chemicals were purchased from Sigma-Aldrich, Alfa Aesar, Merck and TCI and were used as
received. Chemicals and anhydrous solvents were obtained from Sigma Aldrich and were used without
further purification. Spectroscopic grade solvents were purchased from Sigma Aldrich. Proton ("H NMR)
and carbon ("*C NMR) nuclear magnetic resonance spectra were recorded on a Bruker Avance 400
spectrometer with CryoProbe at 400 MHz and 100 MHz. The chemical shifts are reported in parts per
million (ppm) on the delta (d) scale. The solvent peak was used as a reference value, for 'H NMR:
CDClz =7.27 ppm, CD30D = 3.31 ppm, CD2Cl2 = 5.32 ppm for '*C NMR: CDCl3 = 77.23, CD30D =49.0
ppm, CD2Cl2 = 53.50 ppm. NMR spectra were processed using MestReNova 10.0.2. Data are reported
as follows: (s = singlet; d = doublet; t = triplet; q = quartet; sept = septet; dd = doublet of doublets; ddd
= doublet of doublet of doublets; dddd = doublet of doublet of doublet of doublet; td = triplet of doublets;
dtd = doublet of triplet of doublets; br = broad). Analytical TLC was performed on E. Merck pre-coated
(25 mm) silica gel 60F-254 plates. Visualization was done under UV (254 nm). Flash column
chromatography was carried out using Merck 60 F254, 0.040-0.063 um silica gel. Preparative TLC
chromatography was carried out using Merck 60 F254, (250 um layer thickness) silica gel plates. High-
resolution mass spectra (HRMS) were recorded on an Agilent ESI-TOF mass spectrometer at 3500 V

emitter voltage.

Cl 4-chloroquinolin-3-ol (1-Cl): '"H NMR (400 MHz, Methanol-ds) & 8.43 (s, 1H), 7.98
~OH (ddd, J=8.5, 1.4, 0.6 Hz, 1H), 7.81 (dt, J = 8.3, 0.9 Hz, 1H), 7.47 (ddd, J = 8.4, 6.8,
N 1.3 Hz, 1H), 7.33 (ddd, J = 8.3, 6.8, 1.4 Hz, 1H). '3C NMR (101 MHz, Methanol-D4) &

159.1, 150.3, 140.9, 130.6, 128.9, 128.0, 124.5, 123.3, 123.2. HRMS (ESI) calcd. for CeH7CINO m/z
(M+H)*: 180.0211, found: 180.0253.

OH 8-chloroquinolin-5-ol (2-Cl): 'H NMR (400 MHz, Methanol-d4) 5 8.81 (ddd, J = 8.4,
"N 1.8,0.8 Hz, 1H), 8.60 (dd, J = 4.3, 1.8 Hz, 1H), 7.55 (d, J = 8.8 Hz, 1H), 7.29 (dd, J
NT = 8.4, 4.3 Hz, 1H), 7.00 (dd, J = 8.9, 0.8 Hz, 1H). 3C NMR (101 MHz, Methanol-Da)
Cl 0 162.4, 150.0, 149.6, 135.7, 133.5, 127.1, 119.1, 117.3, 112.0. HRMS (ESI) calcd.

for CoH7CINO m/z (M+H)*: 180.0211, found: 180.0203.

cl 5-chloroquinolin-6-ol (3-Cl): 1H NMR (400 MHz, Methanol-d4) & 8.74 (dd, J = 4.3,
N, 1.6 Hz, 1H), 8.61 (ddd, J = 8.6, 1.6, 0.8 Hz, 1H), 7.91 (dd, J = 9.2, 0.8 Hz, 1H), 7.61
N7 (dd, J = 8.6, 4.3 Hz, 1H), 7.52 (d, J = 9.2 Hz, 1H). 3C NMR (101 MHz, Methanol-Da)
0 153.7, 148.7, 144.6, 133.4, 129.4, 129.3, 123.7, 123.6, 114.0. HRMS (ESI) calcd.
for CoH7CINO m/z (M+H)*: 180.0211, found: 180.0217.

HO
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8-chloroquinolin-7-ol (4-Cl): 'H NMR (400 MHz, Methanol-ds) 5 8.61 (dd, J = 4.5,

1.7 Hz, 1H), 8.06 (dd, J = 8.0, 1.7 Hz, 1H), 7.51 (d, J = 9.0 Hz, 1H), 7.16 (d, J= 9.0

HO N7 Hz, 1H), 7.09 (dd, J = 8.0, 4.5 Hz, 1H). '3C NMR (101 MHz, Methanol-D4) & 167.6,

cl 150.1, 148.3, 137.9, 127.6, 127.2, 123.1, 116.4, 115.5. HRMS (ESI) calcd. for
CoH7CINO m/z (M+H)*: 180.0211, found: 180.0265.

N\ 7-chlorobenzo[b]thiophen-6-ol (22-Cl): '"H NMR (400 MHz, Methanol-ds) & 7.63
HO g (d,J=8.5Hz 1H),7.40 (d, J = 5.4 Hz, 1H), 7.32 (d, J = 5.5 Hz, 1H), 7.05 (d, J =
Cl 8.6 Hz, 1H). '3C NMR (101 MHz, Methanol-D4) & 151.8, 151.8, 142.2, 135.6, 125.7,

125.5, 123.7, 116.6, 114.0. HRMS (ESI) calcd. for CsH4CIOS m/z (M-H): 182.9677, found: 182.9682.

N 8-chloro-7-hydroxyquinolin-2(1H)-one (19-Cl): 'H NMR (400 MHz, Methanol-ds)
HO N O 58.55(s, 1H), 7.86 (d, J = 9.4 Hz, 1H), 7.46 (d, J = 8.7 Hz, 1H), 6.87 (d, J = 8.7
cl Hz, 1H), 6.41 (d, J=9.4 Hz, 1H). 3C NMR (101 MHz, Methanol-D4) d 165.5, 158.5,

143.0, 137.8, 128.7, 117.7, 115.1, 114.1, 106.2. LCMS (Dual MM APCI-ESI) calcd. for CoH7CINO2 m/z
(M+H)*: 196.02, found: 194.04.
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2. Supplementary Tables and Figures

a) Data collection and structural refinement for RadH crystal.
Table S1.

Data collection

Resolution (A) 49.10-2.42 (2.60-2.42)

Space Group P4

Unit Cell Dimensions (A) a=b=135.17,¢=52.69,a=p =y =90°
Temp (K) 100

Multiplicity 6.8 (6.6)°

No of Unique Reflections 22240(1112)

Completeness (%) 91.3(62.0)

Rmerge 0.111 (1.398)

I/sigma 11.1 (1.3)

Structure refinement statistics

R factor (%) 22.85
R free (%) 27.69
RMS Bonds (A) 0.002
RMS Angles (°) 0.573
No of atoms

Protein 6933
water 187
Other 198

Average B-Factors (A)

Protein 67.33
Water 61.31
Other 66.72

Ramachandran plot (%)

Favored Region 95.5

Allowed Region 4.5

Outlier Region 0

Ligands/lons FAD (2)
Chloride (1)

PDB code 8GUO

aValues for the highest resolution shell are stated in parentheses



b) Two-step purification of RadH.
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Figure S1. Ni-NTA purification

1st step: A sample of the whole cell lysate (lane 1), the flow-through fraction (lane 2), the wash
fraction (lane 3), and the elution fraction (lane 4). FPLC purification 2nd step: A sample which
correspond to a peak on the fast phase liquid chromatography was taken for the validation (lanes 6-
10). Novex Sharp Unstained protein standards was used for protein size determination (lane 5).
RadH has a molecular weight of 56.46 kDa.

c) Generating a Sequence Similarity Network for the Flavin-
dependent Halogenase In-terPro Family IPR006905
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Figure S2. There are several putative isofunctional protein sequence clusters which are associated
with RadH, and one cluster contains the known radicicol halogenase, Rdc2.
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a) CLUSTAL 0(1.2.4) multiple sequence alignment

GxGxxG Fx.Px.Sx.G
RadH MSIPKSCEVL G5 YAASALAREGVDVVLLEADKHPRYHIGESMLPSIRPLLRFI 60 RadH MIMAECMKLCPTIKELLEPAELVSDIKQATDYSYSASAYAGPYFRIVGDAG(FIDPFFSS
AQA179FCA3 MSVPKSCTIL AAALAREGNDVVLLEADQHPRYHIGESMLPSLRPLLRFI 60  ApA179FCA3 QIMAECHKLCPTIGELLAPAELVSDIKQATDYSYSATAYAGPNFRIVGDAGCFIDPFFSS
ADA2K3QLS2 MSIPKSCAVLVAGGGPAGS YAASALAREGVDVVLLEADKHPRYHIGESMLPSMRPLLRFI 60 AgA2K3QLS2 DVMAECLKLCPTIEMLLQPAELVSDIKQATDYSYSANAYASPNLRI IGDAGCFIDPEFSS
E3R003 MEVPESCTVLVAGGGPGGSYAAAALARDGINVVLLEADRHPRYHIGESMLPSIRPLLRFI 60  £3R0Q3 KIMDECIKLCPTIQSLLEPAELVSDIKQATDYSYSATAYAGPHFRIVGDAGCFIDPEFSS 330
ABAQGEXGE9 MAVPESCTVLVAGGGPGGSYAAAALARDGIDVVLLEADRHPRYHIGESMLPSIRPLLRFI 60 ADAQEEXGE9 QIMDECIKLCPTIQSLLEPAELVTDIKQATDYSYSATAYAGPHFRIVGDAGCFIDPFFSS 330
ADAOC3IGN16 MSIPTSCTVL TAAVLAREGVDVVLLEADKHPRYHVGESM

.k owk 1k jrion

LPSIRPLLRFI 60 ABABC3GN16 QLLAECLKLCPTIADLLEPAELVSEVRQATDYSYRANAYAGPHFRY

——

VGDAG(FIDPFFSS 331

NS —

forkdok bk Fkh * -

RadH DlEE1#E«H&F0r;;bAArK&TAKREoV TDFVA Y

adH GHHLAMAGALAAAVSTRASMKGDCSEYEASNWHARKVDEGY TLFLLVVMAALKQIRMQEE

ABA179FC43 DLEDKFDAHGFQHKLGAAFKLTSKREGY —————— ————————TDFIAAHGPRGY ADA179FC43 GHHLAVAGALAAAVSINASIKGDCTEYEASRWHAKKVDEGY TLFLLVVMAALKQIRMQEN
AQA2K3QL52 DLEETFEKHGFQKKL GAAFKL TAKREGCKSPMLISGRTSVCTLTGSADTDFVGVHGPNGY ADA2K3QL52 GHHLALTGALAAAVS IRASMKGDCSEFEASNWHSKKVDEGYTL FLLVVMAALKQIRMQEE
E3R0Q3 DLED&FDONGFO.KtGAAFKL7AKREGY TDFVSVHGPKGY E3R0Q3 GAHLAL TGGLAAAVSTKASINGDCTEYQASKFHAKKVDEGYNLFLLVVLAALKQIRMQEN
ADADG6XG69 DLEDKFDQHGFQKKLGAAFKLTAKREGY TDFVAVHGPKGY ADADE6XGE9 GAHLAL TGGLAAAVSTKASINGDCSEYQASKFHAKKIDEGYNLFLLVVLAALKQIRMQEN
AQAOC3GN16 DLDETFEKHGFQHKLGAAFKFTAKREGY TDFVSVNGPNGY ADABC3GN16 GHHLALSSALAAAVSTVAAMKGDCNEF EAAKWHSKKVDEGY TL FMLVVMAALKQIRMQEE

Aok DD oKD RRORK Sk L § AR FHAD L, R, R ¥ Rk JRran—— ok, %3 2 22 ook, ok § Aok & kAo ARk Aok

Catalytic K74

RadH SWNVVRSESDEL L FKHAAKSGAL TFQGVKVDSLEFEPYDS-DFPSGGKVANPGRPVAARW RadH PVLSDIDDDGFDRAFQFLKPYIQGSGSAEIVKRFTKKEVSEATDFAVLALDNMAGAGEH
AOA179FC43 SHNVVRSESDEILFNHARESGAQAFQGIKINS IEFEPYEE-EYPNGEKVSNPGKPTSAKW AQAT79FC43 PVLSDVDEDGFDRAFQF LRPYIQGSGSSEAVKKF TKEDVAQT IDFAVHALNNMAEL DMD
AQA2K3QLS2 SWNVVRSESDELLFKHAGKSGAQTFQGVKVDALEFEPYDG-EFPSCGKVANPGRPVSAQW ABA2K3QLS2 SVLSDIDEDGFDRAFQFLRPYIQGAGSSDVVKRF TQAEVAETIDFAVHALNAFADDGPA-
E3R0Q3 SWNVIRAEADELMFKHAAESGAKTFNGIKVNSLAFEVFEG-DFPEGQKVANPGRPVSAQW E3R003 PVLSDIDEDGFDQAFNFLKPVIQGSGSSAITKRFSRDEISQTIDFAVQALNSFPTTDDHD
ABADBEXGE9 SHNVIRSEADELMFNHAAESGARTFSGIKVNSLAFEDFEG-EFPEGQKVANPGRPVSAQW ABAOGEXG69 PVLSDIDEDGFDOAFNFLKPYIQGSGSSAITKRFSADEISKTIDFAVOALSSFPTTDDHD
ADABC3GN16 SWSVVRSESDELLFRHAASTGAQTFEGVKLDALEFEPYGEDRFTSDAKLANPGRPF SARW ABAOC3GN16 PVLSDIDEDGFDRAFQFLKPYIQGSGDRDIVKKFTREEVSETIDFAVCAMKALGGNENS

oK DK DRIROKD TR K L DHK DL KT 3wk e MITRRRDE SR . SRR FKD R RRRORR K, KDKD 1135 DwkioRE %3,
RadH SAKDGRSGTISFQYLVDATGRAGITSTKYLKNRKFNEGLKNLATWGYYKGARPWAEGTPR adH ANETNGSNGTGETNGDAKTLENITVEDEKVLSGIRILAKVAPSADMKD
AOA179FC43 SSKDGSSGDITFKYLVDATGRIGIMSTKYLKNRHYNEGLKNLATWGY YKNNIPWAQGTPR ABA179FC43 PEHMINGDKDGEKGYTNGHNGTAKTAGLASNMEKL TNDEEKVLNGLRILGKAAPGGTLAD
AQA2K3QLS2 STKDGRSGTIAFQYLVDATGRAGITSTKYLKNRKFNEGLKNLAIWGYYKGALHWSEGTPR ABA2K3QL52 ETMEGQ-——ANGTNGHAKSLEKI TVNDEKVLRGYRILGKVAPGADMTE
E3R003 SAKDGTSGTIKFDYLVDATGRAGITSTKYLKNRRFNAGLKNLATVGY YKGWKRWSEGTLR E3R0Q3 AD QSGANGKLQPEMTMPDEGVLTGFKILEQAAPSADMTK
ADABBEXG69 SGKDGSSGTTKFDYLVDATGRAGVISTKYLKNRKFNAGLKNLATWGYYKGHKRWAEGTPR ABABB6XG69 ™ QSGTNGKLQPEMTMPDEGVL TGFKILEQAAPSADMTK
ADABC3GN16 STKDGRSGTVDFKYFVDATGRMGIMSTKYLKNRRFNEGLKNIAIWGYYRGARRWSDGTPR ADABC3GN16 GTALEQARGAKSQAPDLERTSPDDLKVLSGLRVLGKATPSADMQD

K Aok KK 1 kR XD X YRR 1K Hokook s Aok Kio X imk X O o P L P ok

W

RadH ENQPYFEGH DGAGHCWTIPLHNGTVSVGAVLRSDLFFAKKKSLGEDVTNA adH LEGTAIDGFMPRLEHGHLGLN! 520
ABA179FC43 ENQPFFEGH DGAGWCWT IPLHNGTVSVGAVMRKDIFSEKKKNLGDONATNT ADA179FC43 FEGTAIDGLMPRLEYGKI 533
ABA2K3QLS52 ENQPYFEGMRGEPSFSTMHHGAGWCWT IPLHNGTVSVGAVLRRDLFFAKKKSLGEDVTNA ABA2K3QL52 FEGTVIDGLLPRLEHGNLGLTRSSEAV 3
E3R0Q3 ENQPYFEGMK: DGSGWVWT IPLHNETVSVGAVLRKDLFEDRKRSLGEGATNA E3ROQ3 FGHTSIDGLVPRIERGNLGLIRG:
ABABE6XG69 ENQPYFEGMR: DGSG I\/WTIF“I HNDTVSVGAVTRKDLFEDRKKSLGEGATNA ADABE6XGE9 FGHTAIDGLVPRLERGNLGLVSV:
ABABC3GN16 ENQPLFEGH DGGGHCWT TPLHNGTVSVGAVHRKDLILEKKKSLGENVTGR 271  ABAQC3GN16 FENTDIDGLVPRLEHRNLGLTKTSY-

xckdok okoack T o Fookk dckRaie K KDD THD KDLk, Dok HRKIDRKDE DR

b) Protein Sequence identity (%) to RadH Yield (mg/L)

RadH 100 12
AOA179FC43 75.2 0.56
AO0A2K3QL52 79.2 0.46

E3R0Q3 72.8 6.4
AOA066XG69 73.4 9.6
AOAOC3GN16 74.3 1.25

Rdc2 73.5 NA

Figure S3. Sequence similarity network for Flavin-dependent halogenase InterPro family IPR006905,
cluster containing known halogenase sequence labelled with corresponding color. A) Sequence
alignment of RadH and homologs, putative active site amino acid residues highlighted in yellow and
conserved WxWHxIP motif in red box. B) Sequence identity of homologs to RadH and protein yields in
E.coli.
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c) Spatial superimposition of RadH to structural homologues

C-terminus regions

RadH loop from position 138

Figure S4. Structural alignment of RadH with CndH. RadH and CndH denoted in orange and blue,
respectively. Structural features of interest for RadH and CndH are shown in cream and grey,
respectively.

C-terminus regions

RadH loop from position 138

Figure S5. Structural alignment of RadH with PItM. RadH and PItM denoted in orange and blue,
respectively. Structural features of interest for RadH and PItM are shown in cream and grey,
rexpectively.
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Alpha helical lid

E.tsrminus Feglons RadH loop from position 138

Figure S6. Structural alignment of RadH with PrnA. RadH and PrnA denoted in orange and blue,
respectively. Structural features of interest for RadH and PrnA are shown in cream and grey,
rexpectively.

Alpha helical lid

RadH loop from position 138

C-terminus regions

Figure S7. Structural alignment of RadH with RebH. RadH and RebH denoted in orange and blue,
respectively. Structural features of interest for RadH and RebH are shown in cream and grey,
respectively.
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d)

1-Cl

LC-MS analytical data for substrates panel using purified RadH
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Figure S8. LCMS chromatogram for enzymatic reaction and its control for product 1-Cl.
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2-Cl
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Figure S9. LCMS chromatogram for enzymatic reaction and its control for product 2-ClI.
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Figure S10. LCMS chromatogram for enzymatic reaction and its control for product 3-Cl.
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Figure S11. LCMS chromatogram for enzymatic reaction and its control for product 4-ClI.
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Figure S12. LCMS chromatogram for enzymatic reaction and its control for product 19-ClI.
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Figure S13. LCMS chromatogram for enzymatic reaction and its control for product 22-Cl.
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Figure S14. 'H and '3C NMR spectrum for 1-ClI.
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'H and '3C NMR spectrum for 4-ClI.
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Figure S24. 'H-'H COSY and 'H-'3C HMBC spectrum for 4-Cl.
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Figure S25.

H -13C HSQC spectrum for 4-Cl.
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Figure $27.  'H-'H COSY and 'H-'3C HSQC spectrum for 19-Cl.
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Figure $28.  'H-13C HMBC spectrum for 19-Cl.
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Figure $29. 'H and "3C NMR spectrum for 22-Cl.
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Figure $30.  'H-'H COSY and 'H-'3C HSQC spectrum for 22-Cl.

f1 (ppm)

f1 (ppm)

S33



110

F115

r120

r125

130

r135

r140

145

150

155

160

165

; /
TS HMBC
cl
n
6 8 9
3 =
1
6
98 @
E
— S 0O L —1
L 3
4 o= @ D
3
____EE 2 e
=
83 82 681 80 79 78 77 76 75 74 73 72 71 70 69 68 67
f2 (ppm)
Figure S31. "H-13C HMBC spectrum for 22-Cl.
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