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Supporting information - Text

Protein expression and purification

A 10 mL Luria broth starter culture (25 g LB (Novagen), ad 1 L milli-Q water) with 50 pg/mL kanamycin was
inoculated from a glycerol stock of Escherichia coli BL21(DE3) (Novagen) with a TPS gene-pET28a
construct and incubated at 37 °C and 250 rpm for 8 h. A 1 L terrific broth culture (47.6 g terrific broth
(Novagen), 4 mL glycerol, ad 1 L milli-Q water) with 50 yg/mL kanamycin was inoculated with the starter
culture and incubated at 37 °C and 250 rpm. At an ODsoo of ~1.0, IPTG was added to the culture to a final
concentration of 0.5 mg/L and the culture was incubated for 16-20 h at 18 °C and 250 rpm. Cells were
collected by centrifugation and resuspended in lysis buffer (50 mM Tris-HCI, 500 mM sodium chloride, 20
mM imidazole, 1 % Tween 20, 10 % glycerol, 10 mM B-mercaptoethanol, pH 8). After adding 0.5 mg/mL
lysozyme, resuspended cells were stirred at 4 °C for 30 min. Subsequently, the suspension was sonicated
(8-12x 30s with 1s on/1s off intervals at 80% amplitude) and centrifugated (38465 g, 45 min, 4 °C). The
supernatant was loaded once on a His Pur™ Ni-NTA resin column (Thermo Fisher Scientific) by gravity
flow. The protein-loaded Ni-NTA column was washed with 20 column volumes of wash buffer (lysis buffer
without Tween 20). His-tag protein was eluted with 5 column volumes of elution buffer (wash buffer with
250 mM imidazole, pH 8). Thrombin was added to the eluted protein (1 ug thrombin/mg eluted protein) and
the eluted protein was dialyzed for 16 h at 4 °C with a 12-14 kD Spectra/Por 2 Dialysis membrane
(Spectrumlabs) in dialysis buffer (50 mM Tris-HCI, 100 mM sodium chloride, 10 mM B-mercaptoethanol,
pH 8). The dialyzed protein fraction was separated from cleaved His-tags by Ni-NTA-liquid chromatography
and from thrombin by Benzamidine Sepharose™ 4 Fast Flow (high sub) (GE Healthcare) filtration and
purified by fast protein liquid chromatography (Akta FPLC system, Amersham Biosciences) with a Hi Load™
16/60 Superdex™ 200 prep grad column (GE Healthcare) as a solid phase and the following mobile phase
(50 mM Tris-HCI, 100 mM sodium chloride, 2 mM DTT, pH 8). Target protein fractions were combined,
concentrated by 30 kD protein concentrators (Millipore), used for protein assays or crystallization or stored
at -80 °C.



Table S1. Crystallographic data collection and refinement statistics?

Crystal TEAS W273E alkylated TEAS W273E nonalkylated
pdb code 5DHK 5DHI
Data collection
Wavelength (A) 1.12949 1.00004
Resolution range (A) 50.42 - 2.43 (2.52 - 2.43) 56.48 - 2.25 (2.33 - 2.25)
Space group P4:2:2 P4.2:2
Unit-cell parameters:
a (A 126.7 126.3
b (A) 126.7 126.3
c (A) 122 123.4
Unique reflections 36829 (3142) 46034 (3914)
Multiplicity 8.5 (3.2) 8.7 (4.4)
Completeness (%) 96.88 (84.19) 96.10 (83.06)
<l/cl> 32.44 (1.26) 12.84 (1.78)
Rmerge 0.1367 (1.018) 0.1282 (0.7686)
Refinement
Rwork 0.1942 (0.3157) 0.1907 (0.2981)
Riree 0.2327 (0.3402) 0.2271 (0.3659)

Resolution range (A)

50.42 - 2.43 (2.52 - 2.43)

56.48 - 2.25 (2.33 - 2.25)

Number of non-hydrogen

atoms 4479 4621
proteins 4344 4344
ligands FAR: 15, MG: 2 MG: 3
water 118 274

Protein residues 536 536

RMS (bonds) (A) 0.007 0.007

RMS (angles) (°) 0.84 0.81

Ramachandran favored (%) 95 98

Ramachandran outliers (%) 0.56 0.19

Average B-factor 53.6 45.6
protein 53.7 45.6
ligands 62.1 62.5
solvent 47.6 45.6

aValues in parentheses represent highest resolution shell.




Table S2. Primer sequences for site-specific mutagenesis

Protein Mutant Primer Primer sequence
TEAS W273C fwd GTTGAATGCTACTTTTCGGCATTAGGAGTTTATTTTGAGCCTC
rev GAGGCTCAAAATAAACTCCTAATGCCGAAAAGTAGCATTCAAC
W273E fwd GTTGAATGCTACTTTGAGGCATTAGGAGTTTATTTTGAGCCTC
rev GAGGCTCAAAATAAACTCCTAATGCCTCAAAGTAGCATTCAAC
W273F fwd GTTGAATGCTACTTTTTCGCATTAGGAGTTTATTTTGAGCCTC
rev GAGGCTCAAAATAAACTCCTAATGCGAAAAAGTAGCATTCAAC
V277L fwd CTTTTGGGCATTAGGACTTTATTTTGAGCCTCAATAC
rev GTATTGAGGCTCAAAATAAAGTCCTAATGCCCAAAAG
1294L fwd CATGCTCGTTAAGACCCTATCAATGATTTCGATTG
rev CAATCGAAATCATTGATAGGGTCTTAACGAGCATG
YA404C fwd CTAGCAACTACCACATGTTACTACCTCGCGACAAC
rev GTTGTCGCGAGGTAGTAACATGTGGTAGTTGCTAG
Y404F fwd CACTAGCAACTACCACATTTTACTACCTCGCGACAAC
rev GTTGTCGCGAGGTAGTAAAATGTGGTAGTTGCTAGTG
L4071 fwd CTACCACATATTACTACATCGCGACAACATCGTATTTGG
rev CCAAATACGATGTTGTCGCGATGTAGTAATATGTGGTAG
L407P fwd CTACCACATATTACTACCCCGCGACAACATCGTATTTGG
rev CCAAATACGATGTTGTCGCGGGGTAGTAATATGTGGTAG
L5121 fwd CTCCTATTCTCAATATTGCTCGTATTGTTGAGGTTAC
rev GTAACCTCAACAATACGAGCAATATTGAGAATAGGAG
HPS W280E fwd GCAGTTGAGTGCTACTTTGAGACGATGGGGGTGTATGC
rev GCATACACCCCCATCGTCTCAAAGTAGCACTCAACTGC
CvVS W273E fwd GTGGAGTTATATTTTGAGGATTTAGGGACATACTTCG
rev CGAAGTATGTCCCTAAATCCTCAAAATATAACTCCAC
ATAS Y61C fwd GGTAACGTGCCTGTGCTTTCCGAAGGCGCTGG
rev CCAGCGCCTTCGGAAAGCACAGGCACGTTACC
PAS W276E fwd GTGGAAAGCTATTTTGAGGCGAGCGGCAGC
rev GCTGCCGCTCGCCTCAAAATAGCTTTCCAC
Sspissy W293E fwd GCTGCAGAGTTACATGGAGTCCTGCGCCATCGCAAGC
rev GCTTGCGATGGCGCAGGACTCCATGTAACTCTGCAGC
YHS W315P fwd CGTGGAATTTTACTTCccGATGGCGGCGGCAATTAGC
rev GCTAATTGCCGCCGCCATCggGAAGTAAAATTCCACG

Abbreviations: TEAS — tobacco 5-epi-aristolochene synthase, HPS — Hyoscyamus muticus
premnaspirodiene synthase, ATAS — Aspergillus terreus aristolochene synthase, CVS — citrus
valencene synthase, SspiSSy — Santalum spicatum santalene synthase, yHS — y-humulene
synthase, PAS — patchoulol synthase, fwd — forward, rev — reverse.




Table S3. Estimation of alkylation rates of TEAS mutants W273E and Y404F based on kinetic parameters and
alkylation level estimation from proteomic analysis.

Alkylation level | Alkylation rate estimate
Mutant Kear [57'] K., [uM] | estimate (12h)* | (per substrate turnover)
TEAS W273E| 0.00039 + 0.00001| 4.3+0.4 50% 3%
TEAS Y404F 1.16 £0.04 10.6+1.1 5% 0.04%

* - based on proteomic analysis
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Figure S1. Structures, functions and biosynthesis of sesquiterpene natural products. (A) Structures of plant sesquiterpene
natural products and corresponding cyclic sesquiterpene scaffolds (B). (C) Biosynthesis of cyclic sesquiterpene structures by plant
sesquiterpene synthases via three different cyclization pathways from conventional sesquiterpene substrate (E,E)-farnesyl
diphosphate. Abbreviations: TEAS — tobacco 5-epi-aristolochene synthase, HPS — Hyoscyamus muticus premnaspirodiene
synthase, ADS — amorpha-4,11-diene synthase, CVS — citrus valencene synthase, SspiSSy — Santalum spicatum santalene
synthase, yHS — y-humulene synthase, PAS — patchoulol synthase. (D) Proposed biosynthetic mechanism of TEAS with cationic
intermediates highlighted in red and active site intermediates highlighted in grey.
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Figure S2. Alkylation analysis of TEAS active site mutant W273E by bottom-up proteomic LC-MS. (A) MS/MS analysis of
nonalkylated tryptic peptide V[442-453]K of TEAS W273E after reaction with (E,E)-FPP (1, Figure 2B). (B) MS/MS analysis of
alkylated tryptic peptide 1[515-532]K of TEAS W273E after reaction with (E,E)-FPP (2, Figure 2B).
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Figure S2. Alkylation analysis of TEAS active site mutants by bottom-up proteomic LC-MS. (C) MS/MS analysis of non-
alkylated tryptic peptide 1[515-532]K of TEAS W273E after reaction with (E,E)-FPP (3, Figure 2B).
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Figure S2. Alkylation analysis of TEAS active site mutants by bottom-up proteomic LCMS. (D) MS/MS analysis of alkylated
tryptic peptide 1[515-532]K of TEAS W273E after reaction with (E,E)-FPP (4, Figure 2B).
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Figure S3. Alkylation analysis of TEAS active site mutants by bottom-up proteomic LC-MS. LC-MS analysis of nonalkylated
and alkylated tryptic peptides V[442-453]K and 1[515-532]K of TEAS active site mutants after reaction with (E,E)-FPP. Nonalkylated
peptide BPCs are highlighted in black, monoalkylated peptide BPCs are highlighted in red. Single asteriks mark BPC peaks of non-
alkylated peptides, double asteriks mark BPC peaks of alkylated peptides.
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Figure S3. Alkylation analysis of TEAS active site mutants by bottom-up proteomic LC-MS. LC-MS analysis of nonalkylated
and alkylated tryptic peptides V[442-453]K and 1[515-532]K of TEAS active site mutants after reaction with (E,E)-FPP. Nonalkylated
peptide BPCs are highlighted in black, monoalkylated peptide BPCs are highlighted in red. Single asteriks mark BPC peaks of non-
alkylated peptides, double asteriks mark BPC peaks of alkylated peptides.
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Figure S3. Alkylation analysis of TEAS active site mutants by bottom-up proteomic LC-MS. LC-MS and MS analysis of non-
alkylated and alkylated tryptic peptide V[267-287]R of TEAS active site mutants W273C and W273E after reaction with (E,E)-FPP.
Nonalkylated peptide BPCs are highlighted in black, monoalkylated peptide BPCs are highlighted in red. Single asteriks mark BPC
peaks of nonalkylated peptides, double asteriks mark BPC peaks of alkylated peptides. No mass signals of nonalkylated or
alkylated tryptic peptide N[375-416]K of TEAS Y404C were detected by LC-MS (data not shown).



[ bundancef
T.Be07.

1. 4e+07

1.2e+07

Te+07.

2000000

6000000

4000000

2000000

TEel7

1.4e+007.

1.2e+07

1e+l7

8000000

6000000

4000000

2000000

f:bundance

700000

600000

500000

400000

300000

200000

100000

450000

400000

350000

200000

250000

200000

150000

100000

£00000
550000
500000
450000
400000
350000
200000
250000

200000
150000
100000

50000

Figure S4. GCMS analysis of product profiles of TEAS active site mutants after reaction with (E,E)-FPP. Total ion
chromatograms of hexane extracts of corresponding enzyme reactions are shown. Highlighted sesquiterpene products are B-
farnesene (1), 5-epi-aristolochene (2) and farnesol (3).
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Figure S4. GCMS analysis of product profiles of TEAS active site mutants after reaction with (E,E)-FPP. Total ion
chromatograms of hexane extracts of corresponding enzyme reactions are shown. Highlighted sesquiterpene products are B-
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Figure S4. GCMS analysis of product profiles of TEAS active site mutants after reaction with (E,E)-FPP. Total ion
chromatograms of hexane extracts of corresponding enzyme reactions are shown. Highlighted sesquiterpene products are B-
farnesene (1), 5-epi-aristolochene (2) and farnesol (3).
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Figure S5. Characterization of alkylation site in TEAS W273E by EThcD-MS/MS. (A) LC-MS analysis of nonalkylated tryptic
peptide V[442-453]K of TEAS W273E after reaction with (E,E)-FPP. (B) EThcD-MS/MS analysis of nonalkylated tryptic peptide

V[442-453]K of TEAS W273E after reaction with (E,E)-FPP.
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Figure S5. Characterization of alkylation site in TEAS W273E by EThcD-MS/MS. (C) LC-MS analysis of alkylated tryptic peptide
V[442-453]K of TEAS W273E after reaction with (E,E)-FPP. (D) EThcD-MS/MS analysis of alkylated tryptic peptide V[442-453]K of
TEAS W273E after reaction with (E,E)-FPP.
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Figure S5. Characterization of alkylation site in TEAS W273E by EThcD-MS/MS. (E) Comparison of tandem mass spectrometry
methods for characterization of alkylation modification on tryptic peptide V[442-453]K of TEAS W273E after reaction with (E,E)-FPP.
Abbreviations: CID — collision induced dissociation, ETD — electron transfer dissociation, EThcD — electron-transfer and higher-
energy collision dissociation, * - peptide fragment with alkyl mass shift (204.188 Da).
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Figure S6. Characteriztion of second alkylation site in tobacco 5-epi-aristolochene synthase (TEAS) through alkylation
analysis of TEAS homologue Hyoscyamus muticus premnaspirodiene synthase (HPS). (A) LC-MS analysis of alkylated 1[522-
528]K of HPS W280E after reaction with (E,E)-FPP. Single asteriks mark BPC peaks of nonalkylated peptides, double asteriks mark
BPC peaks of alkylated peptides. (B) MS analysis of nonalkylated (1) and alkylated (2) 1[522-528]K of HPS W280E after reaction
with FPP. (C) MS/MS analysis of nonalkylated (1) and alkylated (2) 1[522-528]K of HPS W280E after reaction with FPP.
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Figure S6. Characteriztion of second alkylation site in tobacco 5-epi-aristolochene synthase (TEAS) through alkylation
analysis of TEAS homologue Hyoscyamus muticus premnaspirodiene synthase (HPS). (D) Sequence alignment of TEAS and
HPS with highlighted W—->E mutation site (green) and the tryptic peptide (blue) with the putative second alkylation site (red).
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Figure S7. Genome mining of Nicotiana tabacum Basma Xanthi for self-alkylating TEAS gene homologues. (A) The
genome search revealed a gene of a N-terminally truncated, inactivated TEAS homologue with an active site mutation that
caused self-alkylation in the corresponding TEAS mutant (B). Single asteriks mark BPC peaks of nonalkylated peptides, double
asteriks mark BPC peaks of alkylated peptides.
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Figure S8. Alkylation analysis of wild-type TEAS with substrate analogues and with (E,E)-FPP at increased reaction
temperatures. (A) MS spectrum of alkylated tryptic peptide V[442-453]K of wild-type TEAS after reaction with SPP. (B) MS/MS
analysis of alkylated V[442-453]K of wild-type TEAS after reaction with sesquilavandulyl diphosphate (SPP). (C) MS spectrum of
alkylated tryptic peptide 1[515-532]K of wild-type TEAS after reaction with SPP.
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Figure S8. Alkylation analysis of wild-type TEAS with substrate analogues and with (E,E)-FPP at increased reaction
temperatures. (D) MS/MS analysis of alkylated 1[515-532]K of wild-type TEAS after reaction with SPP. (E) LC-MS analysis of non-
alkylated and alkylated tryptic peptides V[442-453]K and I[515-532]K of wild-type TEAS after reaction with (Z,E)-FPP. Single
asteriks mark BPC peaks of nonalkylated peptides, double asteriks mark BPC peaks of alkylated peptides.
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Figure S8. Alkylation analysis of wild-type TEAS with substrate analogues and with (E,E)-FPP at increased reaction
temperatures. (F) MS spectrum of alkylated 1[515-532]K of wild-type TEAS (1) after reaction with (Z,E)-FPP. (G) LC-MS analysis of
nonalkylated and alkylated V[442-453]K and [[515-532]K of wild-type TEAS after reaction with (E,E)-FPP at 25°C, at 37°C and at
42°C. Single asteriks mark BPC peaks of nonalkylated peptides, double asteriks mark BPC peaks of alkylated peptides.
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Figure S8. Alkylation analysis of wild-type TEAS with substrate analogues and with (E,E)-FPP at increased reaction
temperatures. (G, continued) LC-MS analysis of nonalkylated and alkylated V[442-453]K and I[515-532]K of wild-type TEAS after
reaction with (E,E)-FPP at 25°C, at 37°C and at 42°C. (H) MS spectrum of alkylated V[442-453]K of wild-type TEAS (2) after
reaction with (E,E)-FPP at 42°C reaction temperature. Single asteriks mark BPC peaks of nonalkylated peptides, double asteriks
mark BPC peaks of alkylated peptides.
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Figure S9. GC-MS analysis of wild-type TEAS activity depending on substrate or reaction temperature. (A) Wild-type TEAS
product profile after reaction with substrate analogues sesquilavandulyl diphosphate (SPP) and (Z,E)-FPP for 12 h at 25°C. (B)
Wild-type TEAS product profile after reaction with (E,E)-FPP for 12 h at 25°C, 37°C and 42°C.
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Figure S10. Multiple sequence alignment of sesquiterpene synthases investigated for self-alkylation. The active site tryptophan of TEAS
and corresponding homologous tryptophan residues of other synthases are highlighted in green. Tryptic peptides of alkylation sites in TEAS and
corresponding homologous peptides in other synthases are highlighted in yellow and blue. Abbreviations: TEAS — tobacco 5-epi-aristolochene
synthase, HPS — Hyoscyamus muticus premnaspirodiene synthase, CVS — citrus valencene synthase, PAS — patchoulol synthase, SspiSSy —
Santalum spicatum santalene synthase, yHS — y-humulene synthase.



Figure S11. Active site model of Aspergillus terreus aristolochene synthase (ATAS, PDB: 4KUX) with substrate mimic
farnesyl thiolodiphosphate (yellow). The residue Y61 (orange) was mutated for alkylation analysis due to its similar active site
position as tryptophan 273 in tobacco 5-epi-aristolochene synthase (Figure 1A). Mg?* cofactors are shown as grey spheres.
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Figure S12. Alkylation analysis of dominant-product sesquiterpene synthases Hyoscyamus muticus premnaspirodiene
synthase (HPS), citrus valencene synthase (CVS) and Aspergillus terreus aristolochene synthase (ATAS). (A) LC-MS
analysis of nonalkylated and alkylated V[449-460]K and 1[522-528]K of wild-type HPS after reaction with (E,E)-FPP. (B) LC-MS
analysis of nonalkylated and alkylated V[449-460]K and [[522-528]K of wild-type HPS after reaction with SPP. Single asteriks mark
BPC peaks of nonalkylated peptides, double asteriks mark BPC peaks of alkylated peptides. (C) LC-MS analysis of nonalkylated
and alkylated V[449-460]K and 1[522-528]K of HPS W280E after reaction with (E,E)-FPP.
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Figure S12. Alkylation analysis of dominant-product sesquiterpene synthases Hyoscyamus muticus premnaspirodiene
synthase (HPS), citrus valencene synthase (CVS) and Aspergillus terreus aristolochene synthase (ATAS). (D) MS analysis
of nonalkylated (1) and alkylated (2) V[449-460]K and nonalkylated (3) and alkylated (4) 1[522-528]K of wild-type HPS after reaction
with SPP. (E) MS/MS analysis of nonalkylated V[449-460]K (1) of wild-type HPS after reaction with SPP.
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Figure S12. Alkylation analysis of dominant-product sesquiterpene synthases Hyoscyamus muticus premnaspirodiene
synthase (HPS), citrus valencene synthase (CVS) and Aspergillus terreus aristolochene synthase (ATAS). (F) MS/MS
analysis of alkylated V[449-460]K (2) of wild-type HPS after reaction with SPP. (G) MS analysis of nonalkylated (5) and alkylated (6)
V[449-460]K and nonalkylated and alkylated I[522-528]K (see Figure S6) of HPS W280E after reaction with (E,E)-FPP.
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Figure S12. Alkylation analysis of dominant-product sesquiterpene synthases Hyoscyamus muticus premnaspirodiene
synthase (HPS), citrus valencene synthase (CVS) and Aspergillus terreus aristolochene synthase (ATAS). (H) MS/MS
analysis of alkylated V[449-460]K (6) of HPS W280E after reaction with FPP. (I) LC-MS analysis of nonalkylated and alkylated
V[449-460]K and I[522-528]K of wild-type HPS after reaction with (Z,E)-FPP. (J) MS analysis of nonalkylated (7) and alkylated (8)
V[449-460]K of wild-type HPS after reaction with (Z,E)-FPP.
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Figure S12. Alkylation analysis of dominant-product sesquiterpene synthases Hyoscyamus muticus premnaspirodiene
synthase (HPS), citrus valencene synthase (CVS) and Aspergillus terreus aristolochene synthase (ATAS). (K) LC-MS
analysis of nonalkylated and alkylated L[443-455]K and A[517-535]K of wild-type CVS after reaction with (E,E)-FPP. (L) LC-MS
analysis of nonalkylated and alkylated L[443-455]K and A[517-535]K of CVS W273E after reaction with (E,E)-FPP. Single asteriks
mark BPC peaks of nonalkylated peptides, double asteriks mark BPC peaks of alkylated peptides. (M) MS analysis of nonalkylated
(9) and alkylated (10) A[517-535]K of CVS W273E after reaction with (E,E)-FPP.
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Figure S12. Alkylation analysis of dominant-product sesquiterpene synthases Hyoscyamus muticus premnaspirodiene
synthase (HPS), citrus valencene synthase (CVS) and Aspergillus terreus aristolochene synthase (ATAS). (N) MS/MS
analysis of nonalkylated (9) A[517-535]K of CVS W273E after reaction with (E,E)-FPP.
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Figure S12. Alkylation analysis of dominant-product sesquiterpene synthases Hyoscyamus muticus premnaspirodiene
synthase (HPS), citrus valencene synthase (CVS) and Aspergillus terreus aristolochene synthase (ATAS). (O) MS/MS
analysis of alkylated A[517-535]K (10) of CVS W273E after reaction with (E,E)-FPP.
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Figure S12. Alkylation analysis of dominant-product sesquiterpene synthases Hyoscyamus muticus premnaspirodiene
synthase (HPS), citrus valencene synthase (CVS) and Aspergillus terreus aristolochene synthase (ATAS). (P) LC-MS
analysis of nonalkylated and alkylated tryptic peptides H[214-226]K and L[280-314]R of wild-type ATAS after reaction with (E,E)-
FPP. (Q) LC-MS analysis of nonalkylated and alkylated tryptic peptides H[214-226]K and L[280-314]R of wild-type ATAS after
reaction with (E,E)-FPP. Single asteriks mark BPC peaks of nonalkylated peptides, double asteriks mark BPC peaks of alkylated
peptides. (R) MS analysis of nonalkylated (11) and alkylated (12) tryptic peptides H[214-226]K of ATAS Y61C after reaction with
(E,E)-FPP.
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Figure S12. Alkylation analysis of dominant-product sesquiterpene synthases Hyoscyamus muticus premnaspirodiene
synthase (HPS), citrus valencene synthase (CVS) and Aspergillus terreus aristolochene synthase (ATAS). (S) MS/MS
analysis of nonalkylated tryptic peptide H[214-226]K (11) of ATAS Y61C after reaction with (E,E)-FPP. (T) MS/MS analysis of
alkylated tryptic peptide H[214-226]K (12) of ATAS Y61C after reaction with (E,E)-FPP.
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Figure S13. GC-MS analysis of product profiles of wild-type and active site mutants of sesquiterpene synthases after
reaction with (E,E)-FPP. Total ion chromatograms of hexane extracts of corresponding enzyme reactions and GC-MS spectra of
main products are shown.
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Figure S13. GC-MS analysis of product profiles of wild-type and active site mutants of sesquiterpene synthases after
reaction with (E,E)-FPP. Total ion chromatograms of hexane extracts of corresponding enzyme reactions and GC-MS spectra of
main products are shown.
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Figure S13. GC-MS analysis of product profiles of wild-type and active site mutants of sesquiterpene synthases after

reaction with (E,E)-FPP. Total ion chromatograms of hexane extracts of corresponding enzyme reactions and GC-MS spectra of
main products are shown.
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Figure S14. Alkylation analysis of multiproduct sesquiterpene synthases Santalum spicatum santalene synthase
(SspiSSy), Abies grandis y-humulene synthase (yHS) and Pogostemon cablin patchoulol synthase (PAS). (A) LC-MS
analysis of nonalkylated and alkylated L[461-474]R and G[534-553]K of wild-type SspiSSy after reaction with (E,E)-FPP. (B) LC-MS
analysis of nonalkylated and alkylated L[461-474]R and G[534-553]K of wild-type SspiSSy after reaction with SPP. (C) LC-MS
analysis of nonalkylated and alkylated L[461-474]R and G[534-553]K of SspiSSy W293E after reaction with (E,E)-PP. Single
asteriks mark BPC peaks of nonalkylated peptides, double asteriks mark BPC peaks of alkylated peptides.
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Figure S14. Alkylation analysis of multiproduct sesquiterpene synthases Santalum spicatum santalene synthase
(SspiSSy), Abies grandis y-humulene synthase (yHS) and Pogostemon cablin patchoulol synthase (PAS). (D) MS analysis of
nonalkylated L[461-474]R (1) and G[534-553]K (2) of wild-type SspiSSy after reaction with (E,E)-FPP. (E) MS/MS analysis of
nonalkylated L[461-474]R (1) of wild-type SspiSSy after reaction with (E,E)-FPP.
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Figure S14. Alkylation analysis of multiproduct sesquiterpene synthases Santalum spicatum santalene synthase
(SspiSSy), Abies grandis y-humulene synthase (yHS) and Pogostemon cablin patchoulol synthase (PAS). (F) MS/MS
analysis of nonalkylated G[534-553]K (2) of wild-type SspiSSy after reaction with (E,E)-FPP. (G) LC-MS analysis of nonalkylated
and alkylated L[486-497]K and S[561-577]K of wild-type yHS after reaction with (E,E)-FPP. Single asteriks mark BPC peaks of non-
alkylated peptides, double asteriks mark BPC peaks of alkylated peptides.
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Figure S14. Alkylation analysis of multiproduct sesquiterpene synthases Santalum spicatum santalene synthase
(SspiSSy), Abies grandis y-humulene synthase (yHS) and Pogostemon cablin patchoulol synthase (PAS). (H) LC-MS
analysis of nonalkylated and alkylated L[486-497]K and S[561-577]K of yHS W315P after reaction with (E,E)-FPP. (I) LC-MS
analysis of nonalkylated and alkylated S[561-577]K of wild-type yHS after reaction with SPP. Single asteriks mark BPC peaks of
nonalkylated peptides, double asteriks mark BPC peaks of alkylated peptides. (J) MS/MS analysis of nonalkylated S[561-577]K of
wild-type yHS after reaction with (E,E)-FPP.
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Figure S14. Alkylation analysis of multiproduct sesquiterpene synthases Santalum spicatum santalene synthase
(SspiSSy), Abies grandis y-humulene synthase (yHS) and Pogostemon cablin patchoulol synthase (PAS). (K) MS analysis of
nonalkylated L[486-497]K of yHS W315P after reaction with (E,E)-FPP. (L) MS/MS analysis of nonalkylated L[486-497]K of yHS
W315P after reaction with (E,E)-FPP.
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Figure S14. Alkylation analysis of multiproduct sesquiterpene synthases Santalum spicatum santalene synthase
(SspiSSy), Abies grandis y-humulene synthase (yHS) and Pogostemon cablin patchoulol synthase (PAS). (M) LC-MS
analysis of nonalkylated and alkylated L[447-458]K and T[519-543]K of wild-type PAS after reaction with (E,E)-FPP. Single asteriks
mark BPC peaks of nonalkylated peptides, double asteriks mark BPC peaks of alkylated peptides. (N) LC-MS analysis of non-
alkylated and alkylated L[447-458]K and T[519-543]K of wild-type PAS after reaction with SPP. (O) LC-MS analysis of nonalkylated
and alkylated L[447-458]K and T[519-543]K of PAS W276E after reaction with (E,E)-FPP. Single asteriks mark BPC peaks of non-

alkylated peptides, double asteriks mark BPC peaks of alkylated peptides.
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Figure S14. Alkylation analysis of multiproduct sesquiterpene synthases Santalum spicatum santalene synthase
(SspiSSy), Abies grandis y-humulene synthase (yHS) and Pogostemon cablin patchoulol synthase (PAS).

(N) LC-MS analysis of nonalkylated and alkylated L[447-458]K and T[519-543]K of wild-type PAS after reaction with SPP. (O) LC-
MS analysis of nonalkylated and alkylated L[447-458]K and T[519-543]K of PAS W276E after reaction with (E,E)-FPP. Single

asteriks mark BPC peaks of nonalkylated peptides, double asteriks mark BPC peaks of alkylated peptides. (P) MS/MS analysis of
alkylated L[447-458]K (5) of wild-type PAS after reaction with SPP.
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Figure S14 | Alkylation analysis of multiproduct sesquiterpene synthases Santalum spicatum santalene synthase
(SspiSSy), Abies grandis y-humulene synthase (yHS) and Pogostemon cablin patchoulol synthase (PAS). (P) MS/MS
analysis of alkylated L[447-458]K (5) of wild-type PAS after reaction with SPP. (Q) MS/MS analysis of nonalkylated L[447-458]K (6)
of PAS W276E after reaction with (E,E)-FPP. (R) MS/MS analysis of nonalkylated T[519-543]K (7) of PAS W276E after reaction

with (E,E)-FPP.



