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1. Construction of vicA, B, C, D, E

All the genes other than vioB were PCR-amplified by using a template of plasmid
pVBGO04, which was cloned by us (accession number AB032799). The following primers
were used.
vioA:5’-GACATTCCATATGAAGCATTCTTCCGATATCTGC-3’

5’-TAAGGATCCTCACGCGGCGATGCGCTGCAGC-3’
vioC:5’-GAGGCCTCATATGAAAAGAGCAATAGTCGG-3’

5’-GAAGGATCCTCAGTTGACCCTCCCTATCTTG-3’
vioD:5’-GGGTCAACATATGAAGATTCTGGTCATCGGCG-3°

5’-GTAGGATCCTCAGCGTTGCAGCGCGTAGC-3°
vioE:5’-GAGGAGGCCATATGGAAAACCGGGAACCGC-3’

5’-GATCGGATCCCTAGCGCTTGGCGGCGAAG-3’
Nde I and BamH I sites are underlined.

The gene vioB was amplified from plasmid pBaSa, which was prepared by
digesting pVBGO04 with BamH1and Sacl, followed by the ligation into pUCI119.
vioB:5’- GTTCGGGAAACATATGAGCATTCTGG -3’

5’- GAGCAATCATAGTCGGATCCGGGCTCGCCG -3’

All the PCR products of vioABCDE were digested with Nde I /BamH I and then
ligated into pET3a (vioE) and pET12b (vioA,B,C, and D), which were transformed into E.
coli BL21(DE3) for the overexpression of each protein. These plasmids were used in the
cell-free experiments.

To purify the VioACDE with a Ni-NTA column, pET16b harboring vioA,C,D, and E and
pET22b harboring vioB were constructed. These expressed proteins have His-tags.
The pET22b with vioB was constructed by PCR-amplification from plasmid pVBGO04.

The following primers were employed:
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vioB:5’- CGGGAAACATATGAGCATTCTGGATTTTCCACGC-3’
5’- TCTTTTCAGAGCTCGCCTCTCTAGAAAGC-3’
The PCR products were digested with Nde I /Sac I and then ligated into pET22b.
All the pET vectors thus constructed were transformed into E. coli BL21(DE3).

2. Culture and incubation conditions for the isolations of 8 and 9.

For the isolation of 8, each of the cell-free extracts of Vio ABCDE was
prepared as follows. E. coli BL 21 encoding each of the Vio ABCDE was grown at
37°C in 100 mL of Luria Broth medium with ampicillin (5 mg/ 100 ml). Expression of
the recombinant protein was induced by adding 200 ul of 0.1M IPTG when the optical
density at 600 nm reached about 0.5. The cultivation was continued for an additional 10 h
at 25°C. To the pellets collected after the centrifugation, was added 20 ml of 0.2M
NH4Cl-buffer solution (pH 8.5), and then subjected to ultrasonication to disrupt cells. The
supernatant was used as the enzyme source. The protein concentration of each enzyme
solution were roughly estimated to be 0.6, 0.25, 0.58, 0.65 and 0.13 uM for VioA, B, C, D,
E, respectively. These amounts were presumed by the calculation from the protein
amounts that were recovered after the purification with Ni-NTA column, thus the values
may not indicate the exact amounts of the expressed proteins. The combined cell-free
solutions of VioABCD (83 ml each) were added to Trp (50 mg) and NADPH (150 mg)
dissolved in 10 ml of NH3-buffer solution (pH 8.5) and incubated for 1 h at 25°C on the
rotary shaker at 120 rpm. The aerial condition (O,) is necessary for the production of 1.
The biosynthetic intermediate 8 was extracted with EtOAc (250 ml), which quickly dried
over Na,SO4 and evaporated into a small volume, but never dried (dryness causes the
decomposition), followed by a column chromatography over SiO, with100% EtOAc. To
examine which fraction contained 8, a portion of each fraction, separated by the SiO,
column, was incubated with the cell-free extract of VioC. The fractions giving 1 (bluish
color) were combined, followed by HPLC (C,3) with MeOH:H,O (45:55). The peaks
were monitored at 254 nm. Next procedure for the NMR measurement was described in
the main text. For the isolation of 9, the mixed cell-free system of VioABE was used.
Other procedures were the same as those of 8, but no NADPH was added to the VioABE
mixture, because NADPH is not required for the enzyme activities of VioA, VioB and
VioE. HPLC (C;g) was carried out with MeOH:20mM NH;-buffer (pH 8.5)=45:55. The

retention times of 8 and 9 with this NHs-buffer system was significantly shorter,
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compared to those with MeOH:H,O (45:55) (Fig. S1), further indicating that 8 and 9
involve a carboxyl group. Fig. S1 shows the HPLC (C;s) profiles of the EtOAc-extract
from the incubation mixture by VioABDE. VioD is a monooxygenase that hydroxylate at
6-position of 9 to afford 8. If a sufficient amount of VioD exists, no production of 9 would

have been found, that is, 8 only would have been produced.

I 8(Rt=30 min) 8(Rt=7 min)

MeOH:20 mM NH3-buffer

i MeOH:H,0=45:55.

: | =45:55.
| | I

| 9(Rt=110 min) “ |
| i ( 9(Rt=45 min)
/

Fig. S1. HPLC patterns of the EtOAc-extract from VioABDE.
Left: MeOH:H,0=45:55; Right: MeOH: 20 mM NH;-buffer=45:55.

Details for the experiments of Fig. 2 (main text), Fig. S2 and Fig. S3.

The cell-free extracts (60 ml each) were separately obtained from 300-ml culture of VioA,
B, C, D and E. For each of the experiments, 0.5 ml of each of the cell-free extracts was
used. When NADPH is required, 2.25 mg was added to the incubation mixture. The
EtOAc-extract (usually 4 ml) contains 8 or 9 was quickly concentrated to a small volume
(usually ca 20 ul; first: by rotary evaporator, 2nd. by passing a stream of N, gas), which
was added to VioC or VioCD, then further incubated at 25°C for 12 h on a rotary shaker at
120 rpm, yielding bluish-purple violacein 1. To the incubation mixtures, EtOAc was
added in order to extract the blue pigments thus produced. The EtOAc solution was
evaporated to dryness. The production amounts of 1 were monitored at 570 nm after

dissolving the residues in MeOH (5 ml).
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3. Stabilities of intermediate 8.
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Fig. S2. Stability of intermediate X (8) in the solution of EtOAc, when stood at -20°C
(H) and at 25°C (A). The symbol (@) shows the stability when the EtOAc solvent was
dried. The stabilities were determined by estimating 1 produced by adding VioC in the
presence of NADPH. The symbol (=) indicates the stability of intermediate X after
bubbling O, into the EtOAc solution. This experiment shows that the intermediate 8 is
very labile to O,. The stability of 8 in the EtOAc solution is higher than that of culturing
in the LB-medium (compare Fig.S2 with Fig. 2 of the main text). This is due to the
higher concentration of the dissolved O; in the culture medium, because the rotary

shaking is being carried out in the experiment of Fig. 2 of the main text.
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4. Electronic spectra against times stood at room temperatures.
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Fig. S3. Visible spectra of the pigments produced by adding VioC into the EtOAc-extract
containing 8. The produced pigments were 1,2,6 and 7 (see Fig. 3 of the main text). The
pigments were extracted with EtOAc from the incubation mixture, and then dissolved in

MeOH. Note that 1,2,6 and 7 are stable compounds, difffering from intermdiates 8 and 9.

(a): The EtOAc solution containing 8 was stood for 12 h at 25°C, followed by addition of
VioC in the presence of NADPH to give violacein 1. Then the pigments thus produced
were extracted with EtOAc and the spectrum was measured in MeOH. This spectrum (the
shape and Anax) is identical to that of authentic 1.

(b): To the EtOAc-extract containing 8, O, gas was bubbled for 12 h at 25°C, followed by
additon of VioC in the presence of NADPH. Then the pigments thus produced were
extracted with EtOAc and the spectrum was measured in MeOH.

(c): The EtOAc solution containing 8 was dried and stood for 12 h at 25°C (the exposure
to air), followed by additon of VioC in the presence of NADPH. Then the pigments thus
produced were extracted with EtOAc and the spectrum was measured in MeOH.

(d): The EtOAc solution containing 8 was dried and stood for 48 h at 25°C(the exposure
to air), followed by additon of VioC in the presence of NADPH. Then the pigments thus
produced were extracted with EtOAc and the spectrum was measured in MeOH. (c) is

different from (d) only regarding the exposure time to air: (c), 12 h; (d), 48h.
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Note that the visible spectra of (b), (¢) and (d) are significantly different from that of
violacein pigment 1 (a). TLC analysis showed that large amounts of 6 and 7 were

produced in the experiments of (b), (c) and (d) (see Fig. 2 of the main text).

5. Production of violacein 1 uner the following conditions:

VioABE—EtOAc-extract—VioCD+NADPH.

“ w e W " <«— 7:Prodeoxyviolacein

1: violacein

05 1 3 5 9 24h
(Incubation times by VioABE)

Fig. S4. SiO,-TLC developed four times with MeOH:CHCl; (9: 0.5). Trp was incubated
with VioABE for different incubation times (0.5-24 h). The EtOAc-extract obtained from
each of incubation times was added to the mixture of VioC in the presence of NADPH,
giving rise to violacein 1. However, the production of 1 was observed only from
incubating for 0.5-1 h with VioABE. Longer incubation (> 3h) did not afford 1, but the
production amount of 7, in turn, was relatively increased with the longer incubation times
(>5 h). In this experiment, no production of proviolacein 6 was found, indicating that

prodexyviolacein 7 is not converted into 6 by VioD.
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6. NMR spectra of 8§ measured at -10°C in acetone d (600 MHz, Bruker DMX600)
"H NMR
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Remark: In the "H and C NMR spectra, some peaks from the impurity were observed.
This is due to instability of 8, but in case of the methyl ester of 8, no decomposition

occurred, thus the NMR signals from the impurity were minimum.
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BC NMR
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HMQC
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7. NMR assignments of 8 measured at -10-°C in acetone-ds.

Vio (A+B+D+E) + Trp

* Incubation for 1 hr
EtOAc extract

SiO, co}umn eluted
with EtOAc

|

Reversed Phase
HPLC ¢

NMR in
(CD;3),CO
at -10°C HMBCs from NH was clearly found at -10°C

4-bond HMBC
(Very Weak)

Measured at -10°C in acetone-d6 with 600 MHz dyy and ¢ were given in relative to the solvent peaks of 2.04 ppm and 29.8 ppm

No H 13c | No 'H 13¢ No 'H 13G No 'H 13¢ No 'H 8¢
1 1057(bs,NH) — | § — 1524 | 11 — 1276'| 16 795,210 1268 21 7.14t75Hz) 1217
2 803(d,2.0Hz) 1243 7 %72;(%(}{2) e | 12 — 16341 17 — 110.2 22 747(d,75Hz 1121
3 — 108.1 | g 7.33d86Hz) 113.0 | 13 694 25Hz) 108.7 | 18 — 127.9 23 — 137.0
4 — 126.7 9 — 1321 | 14 — 1332 | 19 793@75H) 1205 24— 1629
5 742(d,22H7) 104.1 10 10.67(bs,NH) — 15 10.60(bs, NH) —— 20 7.11(t,7.5Hz)  119.9

a:The chemical shifts of C11, C12 may be exchangeable

NMR spectra were recorded in acetone dg on a Bruker DMX 600 spectrometer, the

chemical shifts being relative to the solvent peak &y 2.04 and &-29.8 ppm as the internal

reference for "H- and *C NMR spectra, respectively.
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8 EI- and FAB-MS of 8.
8-1. E-LLRMS (70 eV)

[ Mass
D

Samp le:

wt Level @ B.O0 %

m/z313 (M'-CO,)

E

Dl mmﬂmmﬁwh‘»hilm ol i . ‘
58 198 158 208 250 308 352 4P@ 45@ S@@ 5SS 608 658 708 758 808
m/z

8-2. FAB-LRMS (negative, glycerol matrix)

{ Mass Spectrum ]
Data : faoposWé32 Date : 280-Dec-20@6 22:41

Sample: VioRBOE glycecrol neg
Note : gliycerol

Inlet : Direct Ion Mode : FAB
.Spectrum Type : Normal Ion (MF-Linear]
RT : @.34 min Scan# : 3
BP : msz 183.0022 Int. : 123.44
Qutput m/z range : 48.0002 to 823.0022 Cut Level : .00 %
1284640 183
189 —
. o . * glycerol matrix

7 m//z 356 (M'-1)
»
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9. NMR spectra of the methyl ester of 8 measured at 25°C in acetone d;
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10. NMR assignments of methyl ester of 8 in acetone-ds.

Compound 8 Me-ester

HO

Measured at -10°C in acetone-dg with 600 MHz

&;; and 8¢ were given in relative to the solvent peaks of 2.04 ppm and 29.8 ppm

No 1B3c | No H 3¢ No H 13¢ No 'H 8¢ No 'H 8¢

1 10.34(brs) —_— 6 — 151.7 | 11 — 126.6a 16 7.90(d,23Hz) 125.7 21 7.14(bt8.1Hz) 121.2
2 78902707 1235 | o §j2?z(_dﬁiz) 1m3| 12 — 163 17 — 109.9 | 22 7.46(d,8.1Hz) 111.5
3 — 1078 | § 731(d.86m 1124 | 13 689@.27H2) 1085 | 18 — 1275 | 23 — 136.6
4 — 1264 1 o _ 1314 | 14 — 1335 | 19 g8 sz 1200 | 24 T 162.9
S 739d,22H2) 103.8 |49 10480y — | 15 10360r) — | 20 7.090t8.1Hz) 119.4 25 371GHs) - 50.02

a: The carbon assignments may be exchangeable.
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11. EI-LRMS and EI-HRMS of methyl ester of 8.
HREIMS: C»,H;703N,, Caled 371.1270, Found 371.1273
EIMS spectra were on a JEOL SX 100 spectrometer under electronic impact at 70 eV (by

direct inlet system).

[ Mass Spectrum 1

Data : shinodack@s@ Date : 27-Feb-2007 14:46
Sample: VicABDE product methylation pro3
Note : -
Inlet : Direct “Ion Mode : EI+
Spectrum Type : Normal Ian [MF-Linearl
RT : 1.98 min Scan# : 2@
BP : mrz 371.000@ Int. : 844.43
Qutput m/z range : 50.2P0@ to 80@.0PEE0 Cut Level : 2.82 %
8854528 371
108 — 339
311
50 4
83 17
l’ E‘.:}S
- ’446 a24 '
8- =--‘--\""*|i'k'l-s = |l' e | e o il el G R |
50 @@ 158 288 258 3@@ 35@ 408 45@ SP@ S50 6P E5@ Y@@ 7S@  8P@

msz

12. Electronic spectrum of methyl ester of 8 in MeOH

Wavelength [nm]

Optical pathlength; 1 cm, Concentration 0.330 mg/50 ml MeOH
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13. NMR spectra of Compound 9 measured at -10°C in acetone d;

'H-NMR
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Remark: In the "H NMR spectrum, some peaks from the impurity were observed. This is
due to instability of 9, but in case of the methyl ester of 9, no decomposition occurred,

thus the NMR signals from the impurity were minimum (S27-S33).
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14. NMR assignments of 9

protodeoxyviolaceinic acid
Compound 9

Measured at -10°C in acetone-dg with 600 MHz

&;; and 8¢ were given in relative to the solvent peaks of 2.04 ppm and 29.8 ppm

No '™ ¢ |[No 'H 13¢ No 'H 13¢ No 'H

3¢ No 'H 3¢
a
1 10870rs)  — | 6 7.17(m) 1208 11 — 127.6 | 16 7.97(d,20H2) 126.6 [ 21 7.12(m) 121.9
2 512, 1.9M7) 1239 | 7 720(m) 1228 12 — 11689 17 — 110.5 | 22 746(q, 781z 1123
3 — 1093 | 8 750, 7.5Hz 112.7 | 136.98(d, 2.8H2) 109.5 | 18 — 1282 | 23 — 137.4
4 — 1262 o _ 1378 | 14 — 1332 49 792,780y 1207 | 24 160.0
S 803(d,74Hz) 1204 |49 1077y — | 15 10.66brsy — | 20 7.09(m) 120.1

a: The carbon signals of C11 and C12 are exchangeable
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15. EI- and FAB-MS of 9
15-1. EI-LRMS

[ Mass Spectrum ]

Data @ shinodack@dl@ Date : 23-Nov-2085 23:08

Sample: VieRBE HPLC €5 11 23

Note : -

Inlet : Direct Ion Hode : EI+

Spectrum Type : Normal lon [MF-Linear]

RT : 2.22 min Scank : 134

B : n/z 25.0000 Int. :983.13

Cutput msz range : @.@931 to 482.8531 Cut Level : 2.82 %
5530138 ]

58

45

m/z 297 (M'-CO,)

ﬁ '

257

38

] m/z 297

28 4 44

15

184

s 143 B

57 i
F B3 5 269 N
@ l Q‘. Pl :’M 91 213 23 268f -
SN | | 0 TP SOTOPS T X AU OO SOOI T SEUR | RS AP N e
2p 4@ 60 6@ 180 128 140 160 168 <200 220 249 260 260 399 320 340 3IGP 6@ 400 420 448 462 46@
w2
15-2. FAB-LRMS (negative, glycerol matrix)
[ Mass Sgectrum ]
LCata : fabpcs@24 Date : 20-Cec-2205 14:12
Samgle: VioRBE Giycerol neg
Note : o ycerol
Inlet @ Lircer Iz~ Moce : FRE-
Saectram lyoe @ Nermal Ion IM7-_inear]
RY .17 mn Scan# @ 2
BF : mv/z 183.0000 Inrt. : 232.¢¢
OuipLt ~/z rarge @ 42.8000 Lo 800.022 Cut Level : B.¥8 %
2437312 183

100 ’
]

* * glycerol matrix

<2 - * m/z 340 (M'-1)

*
- 340
> ;
ye iEl 7339

I ol

BlY) 180 15@ 206 258 309

T - e - L e RS ARa e
5@ 488 450 SB@  S3¥ BOW BSB J@B 7TZ2 0 BUW
m/z

gglwaJ4, R m _ ,“x.a‘4‘¢“Lj L i .
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16. NMR Spectra of methyl ester of 9 (DMX 600) in acetone d;

'"H NMR
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17. NMR assignment of methyl ester of 9

Right Side

Me ester of H
protodeoxyviolaceinic acid

7 Assignments of the indole ring at the right side were based on those of the
protoviolaceinic acid, because the essentailly same chemical shifts should
be excepted.

8 H

Measured at 23°C (room temp.) in acetone-dg with 400 MHz 8y and 8¢ were given in relative to the solvent peaks of 2.04 ppm and 29.8 ppm

No 'H 13c |No H 13¢ No 'H 130 No 'H 13¢ No 'H 13¢
a

1 10.57(brs) — | 6 7.18m) 1209 [ 11 — 127.7 | 16 791(d.24Hz) 126.6 | 21 7.13¢,7.0H7 1219
2 797(d,2.8Hz) 1239 | 7 7.20(m) 8| 12 — 11697 17 — 110.7 | 22 7.47(d, 7.9Hz) 112.2
3 — 1092 | § 751(d,7.6Hz) 112.6 | 136.98(d,2.8Hz) 109.5 | 18 — 1282 | 23 — 1374
4 — 1263 1 o _— 1378 | 14 — 1330 19 789, 80Hz) 1207 | 24 162.0
S 7.99(d,7.7Hz) 1204 | 19 10.60(brs) — 15 1037(brs) — 20 7.09)t 7.9Hz) 120.1 25 372(3H,s) 50.78

a: The assignments may be exchangeable.

18. EI-LRMS and EI-HRMS of methyl ester of 9.
HREIMS, C»,H;7N30,, Calc. 355.1321, Found, 355.1319.

[ Mass Spectrum ]

Data ! shincdack.c@B4 Date : @8-Mar-2@07 19:13
Samp le: VmF\HﬂE product methylation pro2
Note : - .
Inlet : Direct *Ion Mode : EI+
Spectrum Type : Normal Ion [MF-Linear]
RT : 1.14 min Scan# : B3
BP : msz 355.0@00@ Int. : 1393.31
Output msz range : SO.BBEY to BYY.RBRA Cut Level : 8.88 %
2826976 355
188
295 323
59

9
. 143
] ‘L T 161
SV POWTH LTINS 1Y I

T L L R L R T T AL
08 8@ 150 28@ 250 30@ 3580 480 458 SM@ S55P E@@ 658 Y@@ 750 8@
msz
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19. Electronic spectrum of methyl ester of 9

200 400 500 800
‘Wavalength [nm]

Optical pathlength; 1 cm, Concentration 0.638 mg/50 ml MeOH

20. Homologous alignment of VioA , VioC and VioD

VioA;
vioA 418 a. a.
L-amino acid oxidase [Synechococcus elongatus PCC 6301]. 495 a.a
identities 15.5% positives 32.1% gaps 18.1%
L-amino acid oxidase [Trimeresurus stejnegeri]. 516 a.a
identities 14.4% positives 33.1% gaps 20.0%
VioA MKHSSD I C I VGAG
Synechococcus ——MRF SRRRFLQSSLGAAATTG--LAGTLAAGGQAQTRSTPVR——————-| KRSVLVLGAG
Trimeresurus MNVFFMFSLLFLAALGSCADDRNPLEECFRETDYEEFLE | ARNGLKATSNPKHVV | VGAG
Dok
VioA | SGLTCASHLLDSPACRGLSLR | FDMQQEAGGR | RSKMLDGKAS | ELGAGRY SPQLHPHF
Synechococcus MAGLTAALSLLR--—-RGHQVTVIEYQNR | GGRLLSVPLKG-GQF SEAGGGHFRANMPYV
Trimeresurus MSGLSAAYVLAG-——-AGHEVTVLEASERAGGRVRTYRNDEEGWYANLGPMRLPEKHR IV
DRk kK 011D wkkl
VioA QSAMQHYSQKSEVYP—————-| FTQLKFKSHVQQKLKRAMN———-ELSPRLKEHGKESFLQ
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Synechococcus

Trimeresurus

VioA
Synechococcus

Trimeresurus

VioA
Synechococcus

Trimeresurus

VioA
Synechococcus

Trimeresurus

VioA
Synechococcus

Trimeresurus

VioA
Synechococcus

Trimeresurus

VioA
Synechococcus

Trimeresurus

LSY IRHFKLPLLTLN--DGLPRYLFDGKTADAADL SRWP———-WDLAPQERRVSVASLLN
REY IRKFNLQLNEF SQENDNAWHFVKN | RKTVGEVKKDPGVLKYPVKPSEEGKSAEQLYE

Lok

FVSRYQGHDSAVGMIRSMG—-YDALFLPD | SAEMAYD | VGKHPE | QSVTDNDANQWF AA-
TYLILNGLDTDTVLDANWPDAQAQQLDNLTLSQL IRQVGGSEAF | QLLDAHGGTFTSSS
ESLRKVEKELKRTNGSY ILNKYDTYSTKEYL I KEGNLSPGAVDM | GDLMNEDAGYYVSF |

*

—————————————— ETGFAGL | QG—— | KAKVKAAG-—ARFSLGYRLLSVRTDGDGYLLQ
PALGV | PDLAYHFGDQNLFR | QGGNDRLPKAMAAA | GSERF | LDAPVVAIDQQANRATVT
ESMKHDD | FAY-——EKRFDE | VDGMDKLPTSMYRA | -EEKVHFNAQV [ K 1QKNAEEVTVT

* : P

LAGDDGWKLEHRTRHL LA | PPSAMAGLNVDFPEAWSGARYGSLPLFKG-———FLTYGEP
VK-———-DGRTFQGDAI | STIPFTVLPEVAVRPGWSAGKRRMFAEMEWEQTVKV | AQTRSP
YHTPEKDTSFVTADYVIVCTTSRAARR | KFEPPLPLKKAHALRSVHYRSGTK I FLTCTKK

3

WWLDYKLDDQ-VL I VDNPLRK | YFK—————- GDKYLFFYTDSEMANYWRG-CVAEGEDGY
VWLAQNVHGWPMAGSDRPWERV I D1 TGNEGGGYGNTFFYLNGRNKDAMLARPKSERAQA |
FREDEG IHGG-KSTTDLPSRF I YYPNHNFTSGVGV | | AYG | GDDANFFQALDLKDCGD IV

* ko * Lok

LEQIRTHLASALG I VRER | PQPLAH———-VHKYWAHGVEFCRDSD | DHPSALSHRDSG |
VDQFRSDLPDLFDEVVTLADFAWGEQPW | RGSFGG———-—- PPLGGAWM IREWTTPEGL I
INDLS-L IHQLPREE |QTFCYPSMIQKWSLDKYAMGG | TTFTPYQFQHFSEALTSHVDRI

L%

ACSDAYTEHCG-WMEGGLLSAREASRLLLQR | AA——————————
HFAGDFTTMKSGWVEGA | ESGLRAARQ | DPGAQPEADTFLRQEQRCN
YFAGEYTAHAHGWIDSS | KSGLTAARDVNRASENPSG | HLSNDDEL -

Tk k100 k. kik o
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VioC
Kmo : kynurenine 3-monooxygenase from Homo sapience (identity; 26%, positives 47%, gap; 4%)
Phbh : p-hydroxybenzoate hydroxylase from Pseudomonas ptida (identity 18%, positive 34%, gap 7%)

Large letters: anino acid residues

GXGXXG.
VioC: ---------- MKRAIIVGGGLAGGLTAIYLAKR-GYEVHVVEKRGDPLRDLSSYVDVVSSRAIGVSMTVRGIKS
Kmo : ---MDSSVIQRKKVAVIGGGLVGSLQACFLAKR-NFQIDVYEAREDTR----- VATFTRGRSINLALSHRGRQA
Phbh: --------- MKTQVAIIGAGPSGLLLGOLLHKAGIDNVILERQTPDYVLG-------- RIRAGVLEQGMVDLLR
VhhhGsGhhGhhhs

VioC: VLAAGIPRAELDACGEPIVAMAFSVGGQYRMRELKPLEDFRPLSLNRAAFQKLLNKYANLAGVRYYFEHKCLDVD
Kmo : LKAVGLEDQIVSQGIPMRARMIHSLSGKKSAIPYGTKSQYILSVSRENLNKDLLTAAEKYPNVKMHFNHRLLKCN

Phbh: EAGVDRRMARDGLVHEGVEIAFAGQRRRIDLKRLSGGKTVTVYGQTEVTRDLMEAREACGATTVYQAAEVRLHDL

............ B Y I—

VioC: LDGKSVLIQGKDGQPQRLQ%DMIIGADGAHSAV%QAMQSG —————— LRRFEFQQTFFRHGYKTLVLPDAQALGYR

Kmo : PEEGMITVLGSDKVPKDVT%DLIVGCDGAYSTVéSHLMK fffffff KPRFDYSQQYIPHGYMELTIPPKNGDYAM

Phbh: QGERPYVTFERDGERLRLDéDYIAGCDGFHGISéQSIPAER ————— LKVFERVYPFGWLGLLADTPPVSHELIYA
chhhssDGxcSxhR

VioC: KDTLYFFGMDSGGLFAGRAATIPDG---SVSIAVCLPYSGSPSLTTTDEPTMRAFFDRYFGGLP--RDARDEMLR

Kmo : EPNYLHIWPRN--TFMMIALPNMNK---SFTCTLFMPFEEFEKLLTSND-VVDFFQKYFPDAIP—-LIGEKLLVQ

Phbh: NHPRGFALCSQ------------------ RSATRSRYYVQVPLTEKVEDWSDERFWTELKARLP—-AEVAEKLVT

GD.

VioC: QFLAKPSNDLINVRSSTFHY?GNVLLLGDAAHATAPFLGQGMNMALEDART%VELLDRHQGDQD———KAFPEFTE

Kmo : DFFLLPAQPMISVKCSSFHFQSHCVLLGDAAHAIVPFFGQGMNAGFEDCLVF@ELMDKFSNDLS———LCLPVFSR

Phbh: GPSLEKS IAPLRSFVVEPMQH§GRLFLAGDAAH,I,,VEPTQAKGLNLAASDVSIL%YRLLLKAYREGR ————— GELLER
GxhhLhGDAAHxxxPxxGXGxNxsxxDsxxL

VioC: LRKVQADAMQDMARANYDVLSCSN--PIFFMRARYTRYMHSKFPGLYPPDMAEKLYFTSEPYDRLQQIQRKQNVW

Kmo : LRIPDDHAISDLSMYNYIEMRAHVNSSWFIFQKNMERFLHAIMPSTFIPLYTMVTFSRIRYHEAVQRWHWQKKVI

Phbh: YSAICLRRIWKAERFSWWMTSVLHR----- FPDTDAFSQRIQQTELEYYLGSEAGLATIAENYVGLPYEEIE- - -

VioC: YKIGRVN- - === == = o= = o o e o e e e e e oo e e e oo

Kmo : NKGLFFLGSLIAISSTYLLIHYMSPRSFLCLRRPWNWIAHFRNTTCFPAKAVDSLEQISNLISR

Small letters : h=hydorphobic, c=charged, s=small, x=all, -=gap

S37



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

VioD.

salicyl-CoA 5-hydroxylase [Streptomyces sp. WA46] 517a. a.
identities 23.9% positives 39.3% gaps 29. 2%

2-polypreny|-6-methoxyphenol hydroxylase and related FAD-dependent oxidoreductase [Marinobacter sp. ELB17]

411 a. a.
identities 16.2% positives 35.5% gaps 12.3%
vioD ————MKILV1GAGPAGLVFASQLKQ ARPLWAID | VEKNDEQ
salicyl ————MKVAC | GAGPGGLFFATLLKR SRPDAEVVVFERNRPD
2-poly MTQAFDIAVVGAGMVGAALATGLGRNGFRVAL | DFADAPEFVPGSTPD IRVSALSAGSER
Sekk ko Ik ok Dok
vioD EVLGWGVVLPGRPG-QHPANPLSYLDAPERLNPQFLEDFKLVHHNEPSLMSTGVLLCGVE
salicyl DTFGFGVVFSDATL-DA | DAADPVLSEALEKHGRHWDD | EVRVHGERERVG-GMGMAAVV
2-poly YLQGLKAWDNVLAMRATPYRRLAVWDQSSHPLTRLLPKPLARVEFNADKLG-ASHLGHIV
*
vioD RRGLVHALRDKCRSQG | A|RFESPLLEHGELPLADYDLVVLANGVNHKT-AHFTEALVPQ
salicyl RKTLLSLLQERARAEGVQMRFQDEVRDP——AELDDFDLVVVCDGANSRFRTLFADDFGPT
2-poly ENSVTQAALWQAASTQPN | TLMPGVAVTNLTQNHDHAQLDLSNATA I TATLVVGADGAQS
*
vioD VDYGRNKY IWYGTSQLFDQMNLVFRT-HGKD | F | AHAYKYSDTMSTF | VECSEETYARAR
salicyl AEVASAKF IWFGTTYMFDGLTFVHQD-GPHGVFAAHAYP | SDSLSTF I VETDADSWARAG
2-poly RVRDLAG | GVTRSQYDQQAMVMSVRYRGAVED | TWQGFLPSGPRAFLPLHTAGEEFPGES
*.
vioD LG———— EMSEEASAEYVAKVFQAELGGHG————- L VSQPGLGWRNFMTLSHDRCHD
salicyl LDAFDPATPLGMSDEKTKSYLEDLFRAQ|DGHP————- L VGNNSR-WANFATRRARSWRS
2-poly WGSLVWYDAPARLAQLKAMP | EQLMAE | QQEFPQPLPELTHIDTRASFP | ARQHAKHYYQ
*

vioD GKLVLLGDALQSGHFS | GHGTTMAVVVAQLLVKALCTEDG————- VPAALKRFEERALP
salicyl GKWVLLGDAAHTAHF SVGSGTKMAMEDAVALAETLGEASRS——-- VPEALDLYEERRRP

S38



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007
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vioD
salicyl

2-poly

vioD
salicyl

2-poly

vioD
salicyl

2-poly

vioD
salicyl

2-poly

GRVVLAGDAAHT INPLAGQGVNLGFQDAQCLQQLL I VARNNGTDLADPDLLSQYEHQRRP

k1 okk kkk DD L T T M * k. Ik D ok

LVQLFRGHADNSRVWFETVEERMHLSSAEFVQSFDARRKSLPP———————————————-

KVER | QNSARPSLSWWEHFGRYVRSFDAPTQFAFHFLTRS | PRGKLAVRDAAYVDRVDGW

ANRRMMLAMDVFYHLF SNRVPPLHLLRNLGLGAAQALPFARNR

————— MPEALAGNLRYALQR

WLRHHEAGPLKTPFRVGPYRLPTRRVTVGDDLLTGTDGTG | PMVPFSGQPFGAGVWIDAP

—————————— VARYAMGLD

DTEEGLPLALDQVRETAEAGVLLVGVRGGTALTRVLVAEEARLAHSLPAAVGAYDDDTA
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21. FAD cofactor involved in VioA, C and D.

21-1: SDS-PAGE of the expressed proteins and the purified VioACD

kDa
60 ' .

50

40 |

Lane 1 :MW marker

Lane 2 : pET16b-vioA, total protein
Lane 3 : pET16b-vioA, soluble protein
Lane 4 : purified VioA with Ni-NTA
Lane 5 : MW marker

Lane 6 : pET16b-vioC, total protein
Lane 7 : pET16b-vioC,soluble protein
Lane 8 : Purified VioC with Ni-NTA
Lane 9 : pET16b-vioD, total protein
Lane 10  : pET16b-vioD soluble protein
Lane 11  : purified VioD with Ni-NTA

21-2: Electronic spectra of authentic FAD (A) and the supernatant (B) obtained by
heating the purified VioA.
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The similar electronic spectra were also obtained for VioC and VioD.
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21-3: HPLC profiles of the supernatant obtained after heating the purified VioC at 100°C

for 10 min.
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HPLC conditions. Column; SHISEIDO, CAPSELL PACK C18 (Type:MG 5 um), 4.6
mm [.D. x 150 mm; detected at 448 nm. The HPLC patterns were obtained according to

the following gradient program.

Table Gradient Program
min  Solvent A (%)  Solvent B(%)  Flow(ml/min)

(1) 0 100 0 0.8
2) 05 100 0 0.8
3) 175 75 25 0.8
4) 18.0 100 0 0.8
(5) 23 100 0 0.8

Solvent A : 15 % MeOH/6mM H3;PO4. Solvent B : MeOH
(1): sample injection

(2) and (3): 1.25 % MeOH linear gradient

(4) and (5): the column washing, then back to (1)

Arrow indicates the impurity involved in the commercially available FMN.
(1) Co-injection of authentic FAD and FMN.

(2) The supernatant obtained by heating the purified VioC

(3) Co-injection of the supernatant and authentic FAD

(4) Co-injection of the supernatant and authentic FMN.

The similar HPLC analyses showed that VioA and VioD were also a flavo-protein
containing FAD, but not FMN.

The ratio of each of VioA and VioD to FAD was determined to be nearly 1.0. To the
cell-free extracts of VioA and VioD, which were obtained from 100 ml-culture, was
added 0.5 mg FAD/10 ml of the cell-free extract, and incubated for 15 min at 25°C. After
purification with Ni-NTA column, the purified VioA and D were heated at 100°C for 10
min. The FAD content of the supernatant was determined by the HPLC described above.
However, in the case of VioC, the released FAD amount of the supernatant was very low
even after the preincubation with the supplemented FAD, the ratio of the released FAD to
VioC was ca 0.2:1. This result suggests that FAD may more tightly bind to VioC. Further

study is necessary to clarify this point.
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