SUPPLEMENTARY INFORMATION

TABLE S1 Top 4 BLAST hits comparing the putative and confirmed P450s encoded in the
genome of S.yanoikuyae strain B2 to proteins in the uniprot database
(http://www.uniprot.org/blast) (as per 26 Apr 2016). The four P450s which are not present in
the S. yanoikuyae type strain (= ATCC 51230) are shaded grey. The putative enzyme
names are based on the Prokka annotation prior to biochemical characterisation.

ID number Uniprot accession no. (Source) Sequence
GenBank accession no. identity
(Prokka annotation)
Sya_B2_00569 AOA085K819 (S. yanoikuyae B1) 99%
KX496991 K9CXWS5 (S. yanoikuyae ATCC 51230) 99%
(Cytochrome P450 AOAQ0JIDI1ESG (S. yanoikuyae B1) 99%
monooxygenase PikC) AOAO084EQV7 (S. yanoikuyae B1) 98%
Sya_B2_01856 AOA085K6G7 (S. yanoikuyae B1) 98%
KX496992 AOA0J9D781 (S. yanoikuyae SHJ) 98%
(Pentalenene oxygenase) K9CRH3 (S. yanoikuyae ATCC 51230) 98%
AOAO84ELTS3 (S. yanoikuyae B1) 98%
Sya_B2_02741 AOAOB4ESRS (S. yanoikuyae B1) 100%
KX496993 AOA084E2B4 (S. yanoikuyae B1) 98%
(Cytochrome P450-terp) W1S2MO0 (Sphingobium sp. C100) 94%
AOA087NGZ3 (Sphingobium sp. bal) 93%
< | Sya_B2 02767 AOAO0B4ESU3 (S. yanoikuyae B1) 100%
2 | KX496994 W1S6S1 (Sphingobium sp. C100) 80%
& | (Camphor 5-monooxygenase) 19C229 (Novosphingobium sp. Rr 2-17) 73%
o M5B4L7 and P00183 (P. putida ATCC 17453) 45%
« | Sya_B2 03538 W1S6S1 (Sphingobium sp. C100) 53%
2 | KX496995 AOAO0B4ESU3 (S. yanoikuyae B1) 54%
& | (Camphor 5-monooxygenase) J1QPN8 (Rhodococcus sp. JVH1) 47%
o M5B4L7 and P00183 (P. putida ATCC 17453) 44%
~ | Sya_B2 03558 W1S6S1 (Sphingobium sp. C100) 79%
3 | KX496996 AOAO084ESU3 (S. yanoikuyae B1) 74%
& | (Camphor 5-monooxygenase) 19C229 (Novosphingobium sp. Rr 2-17) 83%
o AOAOR2WCSO0 (SAR92 bacterium BACL16 MAG-120619-bin48) 46%
Sya_B2_04893 AOA085K5M4 (S. yanoikuyae B1) 98%
KX496997 AOAO084EDIS8 (S. yanoikuyae B1) 98%
(Camphor 5-monooxygenase)  A0A0J9D5Q1 (S. yanoikuyae SHJ) 98%
K9DAF9 (S. yanoikuyae ATCC 51230) 97%
Sya_B2_04918 AOA085JZA6 (S. yanoikuyae B1) 100%
KX496998 AOAO0B84EP26 (S. yanoikuyae B1) 100%
(Camphor 5-monooxygenase)  AOAO0J9CWL2 (S. yanoikuyae SHJ) 100%
K9D688 (S. yanoikuyae ATCC 51230) 99%
Sya_B2_05084 AOAO084E9S3 (S. yanoikuyae B1) 100%
KX496999 K9CM96 (S. yanoikuyae ATCC 51230) 99%
(Camphor 5-monooxygenase)  J2D5J0 (Sphingobium sp. AP49) 99%
AOAQ0JID5HS (S. yanoikuyae SHJ) 99%




TABLE S2 Pairwise sequence alignment of characterised members of the CYP101 family
and CYP176A1 with the three new 1,8-cineole-hydroxylating P450s from S. yanoikuyae
strain B2 using BLASTp (http://blast.ncbi.nim.nih.gov/) showing alignment length/identities
(%)/positives (%)/gaps (%).

P450 CYP101J2 CYP101J3 CYP101J4

394/209 (53%)/269 (68%)/
CYP101J3 | 0 (0%)

410/302 (74%)/348 (85%)/ | 393/212 (54%)/273 (69%)!
CYP101J4 | 0 (0%) 0 (0%)

393/173 (44%)/234 (59%)/ | 399/176 (44%)/241 (60%)/ | 409/179 (44%)/ 246 (60%)/
CYP101A1 | 1 (0%) 1 (0%) 1 (0%)

399/186 (47%)/253 (63%)/ | 395/176 (45%)/235 (59%)/ | 398/180 (45%)/245 (61%)/
CYP101B1 | 8 (2%) 4 (1%) 6 (1%)

397/157 (40%)/232 (58%)/ | 395/156 (39%)/218 (55%)/ | 395/149 (38%)/222 (56%)/
CYP101C1 | 9 (2%) 5 (1%) 5 (1%)

401/171 (43%)/249 (62%)/ | 412/159 (39%)/227 (55%)/ | 405/160 (40%)/214 (59%)/
CYP101D1 | 11 (2%) 9 (2%) 7 (1%)

418/175 (42%)/250 (59%)/ | 401/166 (41%)/231 (57%)/ | 410/172 (42%)/238 (58%)/
CYP101D2 | 11 (2%) 9 (2%) 7 (1%)

349/92 (26%)/157 (44%)/ | 384/91 (24%)/168 (43%)/ | 369/105 (28%)/173 (46%)/
CYP176A1 | 1 (0%) 6 (1%) 3 (0%)




TABLE S3 Overview of the S. yanoikuyae strains for which a Whole Genome Shotgun
(WGS) project is available at DDBJ/ENA/GenBank.

WGS accession prefix Bioproject ID Strain Name used in this study Size [Mb]
LVJID PRJIJNA316001 | B2 Sya_B2 5.9
JGVR PRJINA241283 | Bl Sya Bl 72 5.7
AFXE PRJINA71691 XLDN2-5 Sya_XLDN2-5 54
JFFT PRJINA239177 | SHJ Sya_SHJ 55
JPOU PRINA255061 | Bl Sya B1 75 5.2
AGZU PRJINA52201 ATCC 51230 | Sya_ATCC51230 55




TABLE S4 Relatedness of the six sequenced S. yanoikuyae strains and an outgroup taxon, Sphingobium indicum B90A (Sin_B90A =
BioProject ID: PRINA50313), calculated by counting the number of kMers (25-mers) shared between each pair of organisms.

Sya Sya Sya Sya Sya Sya Sin_

No. of kMers |Strain B2 B1 72 B1_75 SHJ XLDN2-5 ATCC51230 | B9OA

5904103 Sya_B2 100% 80% 80% 79% 78% 75% 46%
5681583 Sya B1 72 76% 100% 7% 75% 74% 71% 46%
5154380 Sya B1_75 68% 69% 100% 74% 76% 75% 45%
5496992 Sya_SHJ 73% 72% 80% 100% 76% 7% 45%
5354549 Sya_XLDN2-5 69% 69% 79% 73% 100% 72% 44%
5499826 Sya_ATCC51230 70% 69% 82% 7% 76% 100% 46%
4079365 Sin_B90A 31% 32% 35% 33% 33% 33% 100%




CYP101J2 - MEASVKGAAGQVITERPDNVPA- DRVFDFDI YR- - - - DVP- EGL DFHQSWREI MRQAPHP 53
CyP101J3  ------ MAEQAVLASPPSDVPA- DRI VDFDI YN- - - - PFK- GONDLHVAWVALRESTPHA 48
CYP101J4 - MEI GTI EPVGHDVL RPDNVPA- DRVFDFDI YR- - - - DVP- EGSTLHHSWRALMDQVAYP 53
CYP101A1 - MITETI QSNANL APLPPHVPE- HLVFDFDMYN- - - - PSN- L SAGVQEAWAVL QESNVPD 53
CYP101B1 ~ ------------- MEAPAHVPA- DRVVDI DI YM - - - PPGLAEHGFHKAWSDL SAGNP- A 41
CYP101C1  ------------ - M PAHVPA- DRVVDFDI FN- - - - PPG- VEQDYFAAVWKTLL- - DGPG 38
CYP101D1 MNAQTSTATQKHRVAPPPHVPG- HLI REI DAYD- - - - LDG- LEQGFHEAWKRVQQPDTPP 54
CYP101D2 - MATNFDEAVRAKVERPANVPE- DRVYEI DMYA- - - - LNG- | EDGYHEAWKKVQHPG PD 53
CYP176A1 SMIA- - - - - TVASTSLFTTADHYHTPLGPDG- TPHAFFEALRDE- - AETTP 42
* * . .

CYP101J2 L MAT PHNGGHVWAL RSDLAETVMSDFERFSNHTVLVPKETAGEAYRLI PLSLDPPEHRPF 113
CYP101J3  VWWIPHNGGHW ALDPELI ANVFGDSDRFSSFNVLVPKETAGEAYHFI PLSLDPPEHRPY 108
CYP101J4  VMATPHNGGHW/VLRGDI SDVWMSDSERFSNHTVLVPKETAGEAYRLI PLSLDPPAHQPF 113
CYP101A1 LVWIRCNGGHW ATRGQLI REAYEDYRHFSSECPFI PR- EAGEAYDFI PTSMDPPEQRQF 112
CYP101B1 ~ VWWIPRNEGHW ALGGEAL QEVQSDPERFSSRI | VLPK- SVGEMHGLI PTTI DPPEHRPY 100
CyP101C1 LVWSTANGGHW AARGDVVRELWGDAERL SSQCLAVTP- GLGKVMFI PLQQDGAEHKAF 97

CYP101D1 LVWIPFTGGHW ATRGTLI DEI YRSPERFSSRVI W/PR- EAGEAYDWPTKLDPPEHTPY 113
CYP101D2 LI W'PFTGGHW ATNGDTVKEVYSDPTRFSSEVI FLPK- EAGEKYQWPTKMDPPEHTPY 112
CYP176A1 | GASEAYGGHWVAGYKEI QAVI QNTKAFSNKGVTFPRYETGE- FELMVAGQDDPVHKKY 101

© e [ % *- .. * -

*

CYP101J2 RSLLNENLGPKPLRPI EQVWTDLAVSLI EGFRPKGRCNFTHEFAEQLPVRI FMVRI VDLPV 173
CYP101J3 RKI' LNDNL YSSSVNPLEPKVRALTASL| DNFVANGRCDFVTEFAEQLPLRVFMQLVDLPT 168
CYP101J4 RKLLNDNLGPKPLKPVESKI VELTVSLI EGFRPNGQCDFMHEFAEKLPVQ FMQ VDLPI 173
CYP101A1 RALANQVWGVPVVDKLENRI QELACSLI ESLRPQGQCNFTEDYAEPFPI Rl FMLLAGLPE 172
CYP101B1 RQLLNAHLNPGAI RGLSESI RQTAVDLI EGFAAQGHCNFTAQYAEQFPI RVFMALVG EA 160
CYP101C1 RTPVMKGLASRFVVAL EPKVQAVARKL MESLRPRGSCDFVSDFAEI LPLNI FLTLI DVPL 157
CYP101D1 RKAI DKGLNLAEI RKLEDQI RTI AVEI | EGFADRGHCEFGSEFSTVFPVRVFLALAGLPV 173
CYP101D2 RKALDKGLNLAKI RKVEDKVREVASSL| DSFAARGECDFAAEYAELFPVHVFMALADLPL 172
CYP176A1 RQLVAKPFSPEATDLFTEQLRQSTNDLI DARI ELGEGDAATW.ANEI PARLTAI LLGLPP 161
* E . * - [P .

CYP101J2 EDLPKLKHLADQYTRPDGSI P- - - - - - LDDVTKQFREYLRPVI EARRI KPGEDM SRM N 227
CYP101J3 EHLPVLKQLADQFTRPDGSMT - - - - - - PAEATTRFMEYVGPI LNERRGSDRSDLLTAI TR 222
CYP101J4 EDL PKLKHLADQFTRPDGSLT- - - - - - YPEVAHLFRDYLMPVI AERRGGSGEDM SRWN 227
CYP101A1 EDI PHLKYLTDQMIRPDGSMT - - - - - - FAEAKEALYDYLI Pl | EQRRQKPGTDAI SI VAN 226
CYP101B1  SEAPRI RHWAECMTRPGVDMT - - - - - - FDEAKAVFFDYVGPLVDARRETPGEDM SAM N 214
CyP101C1 EDRPRLRQLGVQLTRPDGSMT V- - - - - - EQLKQAADDYLWPFI EKRVAQPGDDLFSRI LS 211

CYP101D1 EDATKLGLLANEMIRPSGNTPEEQGRSL EAANKGFFEYVAPI | AARRGGSGTDLI TRI LN 233

CYP101D2 EDI PVLSEYARQMIRPEGNTPEEMAT DL EAGNNGFYAYVDPI | RARVGGDGDDLI TLMYN 232

CYP176A1 EDGDTYRRWMAI THVENPEE- - - - - - GAEl FAELVAHARTL I AERRTNPGNDI MSRVI M 215
*- . B x .. .

CYP101J2  GEVG GRPLTDI EAENI CI QVLVGGE.DTVWNMLGFTFSHLAKDHAL RRAI AADPSLI DDA 286
CYP101J3  GEVF- GRPLTDDEALRVAI QVWGGELDTVVNFMSFTI QLLAQAPDI QDRLASDRSI YSAA 281
CYP101J4  GQVG GRELTDVEAQNI CMQVLVGGLDTVVNLLSFTLSW. AQDHDL RRALVADPAL | DDA 286
CYP101A1  GQVN- GRPI TSDEAKRMCGLLL VGG DTVVNFLSFSMEFLAKSPEHRQEL | ERPERI PAA 285
CYP101B1  ADLGDGRRLTRDEALSVVTQVLI AGLDTVVNVLGFI MRELAGNPALRADLRQRGADI LPV 274
CyYP101C1 EPVG GRPWI'VDEARRMCRNLLFGGLDTVAAM GWALHLARHPEDQRLLRERPDLI PAA 270
CYP101D1  VEI D- GKPMPDDRALGLVSLLLLGGE.DTVWNFLGFMM YL SRHPETVAEMRREPLKLQRG 292
CYP101D2  SEI N- GERI AHDKAQGL! SLLLLGG.DTVVNFLSFFM HLARHPELVAELRSDPLKLMRG 291
CYP176A1  SKI D- GESLSEDDLI GFFTI LLLGG DNTARFLSSVFWRLAWDI ELRRRLI AHPELI PNA 274
R . . * .

* ok

CYP101J2 LLEFFRRFPVVSSAREVL RDQEFEGVL L KAGDWNAPTVVVAMVDDARNEDPLEFRLGR- - 344
CYP101J3 | NEALRRLPLVSSGRELRVDTEVDGVI LRKGDM | APTELVALNPRWNEDPLRYDLNR- - 339
CYP101J4 LMVEFLRRFPVVSSSREVRKDI EFEGVHLKSGDWNAPTI VWTLDEDNNADPLDFRLGR- - 344
CYP101A1  CEELLRRFSLVADGRI LTSDYEFHGVQLKKGDQ LLPQWL.SGLDERENACPMHVDFSR- - 343
CYP101B1  VHELFRRFGLVSI AREVRRDI EFHGVHLKAGDM Al PTQVHGLDPRVNPDPLAI DPSR- - 332
CYP101C1  ADELMRRYPTVAVSRNAVADVDADGVTI RKGDLVYLPSVLHNLDPASFEAPEEVRFDRGL 330
CYP101D1  VEELFRRFAVVSDARYVVSDMEFHGTMLKEGDLI LLPTALHG.DDRHHDDPMIVDLSR- - 350
CYP101D2  AEEMFRRFPVVSEARWAKDQEYKGVFLKRGDM LLPTALHGLDDAANPEPVKLDFSR- - 349
CYP176A1  VDELLRFYGPAMVGRLVTQEVTVGDI TMKPGQTAMLWFPI ASRDRSAFDSPDNI VI ER- - 332
: F—_ . . * *

* -k *

CYP101J2 KARQHSTFGKGSHT CPGAHL ARVEMKVWL REWFARI PEFRI EDDAPLRYSNG VGSVKPF 404
CYP101J3 KVRNHSVFGSGAHT CPGQFLARLEMKI FLEEWFDRI PSFELEPGQVLRHRGGE VGGCEPF 399
CYP101J4 KARKHSTFGRGSHTCPGAHL ARVEMKI VLREWLARI PEFRLADGAELRFTNG VGSVKPF 404
CYP101A1 QKVSHTTFGHGSHLCLGQHLARREI | VTLKEW.TRI PDFSI APGAQ QHKSG VSGVQAL 403
CYP101B1 KRARHSTFGSGPHMCPGQEL ARKEVAI TLEEWLRRI PDFALGPNSDLSPVPG VGALRRV 392
CYP101C1 APl RHTTMGVGAHRCVGAGLARMEVI VFLREW. GGVPEFALAPDKAVTMKGGNVGACTAL 390
CYP101D1 RDVTHSTFAQGPHRCAGVHLARLEVTVM.QEWLARI PEFRLKDRAVPI YHSG VAAVENI 410
CYP101D2 RSI SHSTFGGGPHRCAGVHLARVEVI VTLEEWL.KRI PEFSFKEGETPI YHSG VAAVENV 409
CYP176A1 TPNRHLSLGHG HRCLGAHLI RVEARVAI TEFLKRI PEFSLDPNKECEW.MGQVAGMLHV 392
* * . * K

* ok K K K K * P

CYP101J2  VLEWPV------ 410
CYP101J3  VIRWPRQ ---- 406
CYP101J4 M.EWDV- - - - - - 410
CYP101A1 PLWDPATTKAV 415
CYP101B1 ELVWNT- - - - - - 398
CyP101C1 PLWARA- - - - - - 396

CYP101D1 PLEVEPQRVSA- 421
CYP101D2 PLWPI AR- - - - 417
CYP176A1 Pl | FPKGKRLSE 404

FIGURE S1 Multiple sequence alignment (http://www.ebi.ac.uk/Tools/msa/clustalo/) of
CYP101J2, CYP101J3 and CYP101J4 with previously characterised members of the
CYP101 family and CYP176A.
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FIGURE S2 Phylogenetic relationship (based on the 16S rRNA gene inferred using the NJ
method) between selected strains in the genus Sphingobium. Included in this analysis are
16s rRNA gene sequences representing each of the accepted type species in the genus
obtained from LPSN (http://www.bacterio.net/) and 16S rRNA gene sequences of
S. yanoikuyae strains available on GenBank (at 15 Dec 2015) and extracted from the draft
genome sequences for each of the strains shown in Figure 1.



Additional experimental details:

Production of S. yanoikuyae B2 cells

A 2 L stirred tank bioreactor A containing 1.6 L of DM supplemented with 25 g L glucose
and 0.5 mL L* of 1,8-cineole was inoculated with a seed culture to attain an ODego Of 0.25.
The temperature was maintained at 30 °C and the pH automatically controlled at pH 7.0
using 10% (w/v) H3PO4 or 10% (w/v) NH4OH solution. The dissolved oxygen was controlled
at 30% of saturation using a two-step cascade control which was used to maintain the
dissolved oxygen above the specified set point. The agitator speed ranged from 200 rpm to
1200 rpm and airflow (supplemented with 30% pure Oz) ranged from 0.09 L min? to
1.5 L min. Foaming was controlled via the automatic addition of 10% (v/v) polypropylene
glycol 2000; 2.5 mL L* of the antifoam solution was added prior to inoculation. When the
ODeoo reached 28, glucose and 1,8-cineole feeds were started at rates of 3.5g h? and
0.32 mL h, respectively. At ODgoo 34, 4 mL of 1 M MgS0.4.7H,O was added aseptically to
the culture. At ODsoo 63, the glucose feed was turned off and the 1,8-cineole feed increased
to 3.2 mL h* for a further 5 h. The final ODsoo Was 66. A concentrated buffer stock (20x) was
added to the culture to 1x (final concentration of 50 mM Tris pH 7.4, 50 mM KCl,
1 mM EDTA, 100 pM phenylmethylsulfonyl fluoride, 0.5 mM DL-dithiothreitol (DTT)) and

aliquots were frozen at -80 °C without further processing.

Protein purification from S. yanoikuyae B2

Potential P450s were purified from S. yanoikuyae strain B2 cell extracts using a 3-step
purification procedure. Cell aliquots were thawed and disrupted by 3 passages through a
homogeniser (APV LAB2000). A clarified crude cell extract was obtained by centrifugation at
38400 g for 30 min at 4 °C and 0.2 um filtration (Sartopore 2 300, Sartorius Stedim) and then
fractionated using solid (NH.).SO4 to obtain 0-20%, 20-40% and 40-60% (NH.).SO. cuts.

The proteins were then purified using an AKTA Purifier UPC 100 (GE Healthcare Life



Sciences). Protein precipitates were dissolved in 50 mM Tris, 0.5 mM DTT, pH 7.4 (buffer A)
and then loaded onto a 5 mL HiTrap Q HP ion exchange chromatography (IEX) column (GE
Healthcare Life Sciences) equilibrated using buffer A. Proteins were eluted with a linear
potassium chloride gradient over 20 column volumes up to 500 mM KCI. Eluted protein was
detected at 280 nm and 417 nm (typical Soret absorbance of P450s). 1,8-cineole binding
was tested by addition of 1,8-cineole to fractions absorbing at 417 nm. Two peak fractions
exhibiting a typical type | absorbance shift, peak fraction 1 (PF 1) and peak fraction 2 (PF 2),
from IEX of the 40-60% ammonium sulphate precipitation were further purified using a
HiLoad Superdex 200 PG (GE Healthcare Life Sciences) gel filtration (GF) column
equilibrated with 50 mM Tris, 150 mM KCI, 0.5 mM DTT, pH 7.4 at a flow rate of 1 mL min™.
Protein purity after IEX and GF was determined using sodium dodecyl sulphate-

polyacrylamide gel electrophoresis.

Partial sequencing of 1,8-cineole binding P450s

PF1 was concentrated using a centrifugal device with a 10 kDa molecular weight cut-off
(Nanosep 10K Omega, Pall Life Sciences). It was then reduced with ca. 10 mM DTT in 7 M
guanidine HCI, 0.1 M Tris, 1 mM EDTA, pH 9.5 for 2 h at 37 °C and alkylated with iodoacetic
acid (ca. 15 mM final concentration) for 30 min at 37 °C in the dark before the alkylation was
ended by the addition of further DTT (final concentration ca. 20 mM). Reduced,
carboxymethylated (RCM) PF1 was recovered by reversed-phase high-performance liquid
chromatography using a Brownlee C4 cartridge; the required fraction was identified by
matrix-assisted laser desorption ionisation (MALDI)-MS. N-terminal sequencing of this
fraction was performed on an Applied Biosystems Procise sequencer using a solid support
(glass fibre disc) following traditional Edman degradation techniques. In addition, protein
identity for PF 1 was confirmed by tryptic digest of the reduced and alkylated protein
followed by MALDI-MS fingerprint mapping. RCM PF1 (ca. 20 ug) was dissolved in 100 L
of 1% NH4sHCO3 and to this solution 4 pyg of Sigma sequencing grade trypsin was added; the

mixture was incubated overnight at 37 °C, dried in a SpeediVac and dissolved in 30 yL of



70% acetonitrile, 0.1% trifluoroacetic acid. The digest was then subjected to MALDI-MS
using 2,5-dihydroxybenzoic acid and a-cyano-4-hydroxycinnamic acid as matrices. Protein
identity for PF2 was determined by an in-gel tryptic digest (1) followed by MALDI-MS

fingerprint mapping.

Reference:
1. Jiménez CR, Huang L, Qiu Y, Burlingame AL. 2001. In-gel digestion of
proteins for MALDI-MS fingerprint mapping. Current protocols in protein science.

14:16.4:16.4.1-16.4.5.



