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Table S1: The number of helices (N},) and turns (N,) calculated using the COUDES' program versus the number determined
experimentally for 10 terpene synthases. The numbers of helices and turns predicted for two bacterial diterpene cyclases (B.

Jjaponicum CPS, M. tuberculosis Rv3377c) and one plant diterpene cyclase (AgABS) are also shown.

Nj, (calc) N (cacl) N;, (expt) N, (expt)
3sqc SHC 24 31 27 33
1wok OSC 26 35 28 34
lkzo Farnesyl transferase 31 29 31 28
3dra Geranylgeranyl transferase | 28 20 30 21
3dss Geranylgeranyl transferase 11 27 19 26 22
2a73 complement C3 3 subunit 12 7 13 9
218z FPPS 14 9 13 11
2980 GGPPS 14 10 12 7
lezf SQS 13 8 14 11
2zcq S. aureus CrtM 11 5 12 6
B. japonicum CPS 23 19
M. tuberculosis Rv3377c 19 26
AgABS 34 32
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Table S2: CoMSIA training and test set predictions for AgABS Inhibition using GGPP as the substrate

Experimental Test Set pICso (M)™ €
Compound” ICso (UM) plCsy (M)b Training 1 2 3 4 5 6 Predicted  Residual
Aza-GGPP 0.01 7.9 7.8 7.9 8 7.9 7.9 7.9 7.9 7.9 0
BPH-916 0.15 6.8 6.7 6.8 6.8 6.7 6.7 6.8 6.8 6.7 0.1
BPH-882 0.19 6.7 6.7 6.7 6.7 6.8 6.7 5.6 6.7 5.6 1.1
BPH-890 0.24 6.6 6.6 6.7 6.7 6.7 6.7 6 6.6 6 0.6
BPH-922 0.25 6.6 6.6 6.6 6.5 6.7 6.6 6.6 6.5 6.5 0.1
BPH-901 0.29 6.5 6.5 6.5 6.2 6.5 6.6 6.7 6.5 6.2 0.3
BPH-899 0.35 6.5 6.5 6.5 6.6 6.5 6.4 6.5 6.4 6.4 0.1
BPH-921 0.48 6.3 6.2 6.1 6.1 6.1 6.1 5.9 6.2 59 0.4
BPH-892 0.53 6.3 6.3 6.4 6.2 6.3 6.3 6.3 6.3 6.4 -0.1
BPH-917 0.77 6.1 6.1 6.1 6.1 6 6.2 6.1 6.1 6 0.1
BPH-907 0.94 6 6 6 6 5.9 6 6 6 5.9 0.1
BPH-909 1.02 6 6.1 6.3 6 6.1 6 6 6.1 6.3 -0.3
BPH-908 1.08 6 6 6 5.9 6 6 5.9 5.9 5.9 0.1
BPH-924 1.18 5.9 6.2 6.1 6.1 6.2 6.1 5.9 6.2 59 0
BPH-896 1.45 5.8 5.7 5.8 5.6 5.7 5.8 5.5 5.4 5.4 0.4
BPH-863 1.72 5.7 5.7 5.8 5.6 5.7 5.7 5.8 5.5 5.5 0.2
BPH-923 1.94 5.7 5.8 6.2 5.7 5.7 5.7 5.7 5.7 6.2 -0.5
BPH-905 2.47 5.6 5.5 5.6 5.6 5.5 5.3 5.5 5.5 5.3 0.3
BPH-902 3 5.5 5.6 5.5 5 54 55 5.6 5.6 5 0.5
BPH-661 10.68 5 5 5 5 5 5.2 51 5 5.2 -0.2
BPH-904 12.58 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 0
BPH-913 15 4.8 4.8 4.9 4.6 4.8 4.8 4.7 4.8 4.6 0.2
BPH-918 30.34 4.5 4.5 4.5 4.4 4.5 5.3 4.5 4.5 5.3 -0.8
BPH-876 41.63 4.4 4.4 4.4 4.6 4.4 4.4 4.5 5 5 -0.6
BPH-891 41.72 4.4 4.3 4.4 4.3 5.6 4.3 4.4 4.3 5.6 -1.2
BPH-883 67.7 4.2 4.2 4.1 4.2 4.2 5.6 4.2 4.2 5.6 -1.4
BPH-673 175.68 3.8 3.7 3.7 5.2 3.8 3.7 3.8 3.7 5.2 -1.4
BPH-914 274 3.6 3.6 4.4 3.6 3.6 3.5 3.6 3.6 4.4 -0.8
q 0.67 0.56 0.59 0.59 0.64 0.59 0.60
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1 0.99 0.99 0.99 0.99 0.99 0.99 0.99

N 6 6 5 6 5 6 6
F 734 474 503 503 602 603 916

n 28 23 23 23 23 24 24
%Steric  0.17 0.18 0.16 0.17 0.17 0.15 0.14
%Electrostatic ~ 0.18 0.19 0.20 0.22 0.20 0.25 0.18
%Donor  0.33 0.31 0.33 0.31 0.37 0.37 0.34
%Acceptor  0.31 0.32 0.29 0.32 0.25 0.29 0.33

N = number of components; n = Number of training set compounds

* the structures of all inhibitors shown in Figure S4.

® pICsp=-logoICso[M]

“bold values indicated compounds not included in training set.
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Table S3. Distance matrix for 20 terpene synthase structures obtained by using the Protein Structure Alignment by SSM program®.
The values shown are the normalized C* rmsd values (1000* (C* rmsd (A)/N), where N is the number of aligned residues in structures
i and j). The letters shown are the PDB file designations.”

1IJFG 1DI1 5SEAS INIB 20NG IPSI 2F7M 2HER 2IHI 1YHK 2FOR 1UBV 2EWG IRQI 1RTR 2EST 2J10 2Q80 2ZCP 1EZF
1JFG® - 17.4 13.1 14.7 14.9 15.6 17.4 19.0 199 17.7 21.1 17.4 18.2 199 202  20.0 214 211 18 19.9
1DI1 17.4 - 249 15.3 13.7 11.3 212 202 209 198 224 211 19.7 221 250 257 27.8 255 205 221
5EAS 13.1 249 - 43 4.0 12.0 15.6 16.2 16.6 15.1 19.7 15.0 15.5 178 199 145 199 145 172 169
INIB 14.7 153 43 - 2.5 11.9 15.5 16.7 16.6  16.0 20.9 16.5 16.2 20.8 203 15.5 200 162 18.6 182
20NG 14.9 13.7 4.0 2.5 - 11.2 14.8 16.4 149 149 19.9 15.6 18.7 17.8 202 15.1 20.7 156 17 17.3
1PS1 15.6 11.3 12.0 11.9 11.2 - 16.9 17.5 183 165 22.5 17.1 16.2 213 218 17.5 230 167 176 181
2F7M 17.4 21.2 15.6 15.5 14.8 16.9 - 7.0 5.1 59 10.8 2.7 5.8 10.8 105 95 121 103 19.1 18
2HER 19.0 20.2 16.2 16.7 16.4 17.5 7.0 - 5.1 5.7 11.8 7.5 5.4 1.1 119 103 139 10.0 20.1 17.2
21HI 19.9 20.9 16.6 16.6 14.9 18.3 5.1 5.1 - 4.0 104 5.7 4.7 9.1 10.7 10.0 123 9.6 19.7 182
1YHK 17.7 19.8 15.1 16.0 14.9 16.5 59 5.7 4.0 - 10.4 5.8 2.7 9.6 10.9  10.2 124 101 196 174
2FOR 21.1 224 19.7 209 19.9 22.5 10.8 11.8 104 104 - 11.1 10.3 3.8 4.8 18.5 5.8 10.8 19.6 187
1UBV 17.4 21.1 15.0 16.5 15.6 17.1 2.7 7.5 5.7 5.8 11.1 - 6.0 11.0 105 9.1 123 105 199 188
2EWG | 182 19.7 15.5 16.2 18.7 16.2 5.8 54 4.7 2.7 10.3 6.0 - 83 113 93 12.7 8.9 19 16.3
1RQI 19.9 22.1 17.8  20.8 17.8 213 10.8 11.1 9.1 9.6 3.8 11.0 8.3 - 6.2 9.7 7.4 8.8 186 175
IRTR 20.2 25.0 199 203 20.2 21.8 10.5 11.9 10.7 109 4.8 10.5 11.3 6.2 - 11.8 6.3 114 181 19
2E8T 20.0 25.7 14.5 15.5 15.1 17.5 9.5 10.3 10.0 10.2 18.5 9.1 9.3 9.7 11.8 - 19.2 48 20.3 18.6
2J10 214 27.8 19.9 200 20.7 23.0 12.1 13.9 123 124 5.8 12.3 12.7 7.4 6.3 19.2 - 164 213 23
2Q80 21.1 25.5 14.5 16.2 15.6 16.7 10.3 10,0 9.6 10.1 10.8 10.5 8.9 8.8 114 48 164 - 17.8 15.7
2ZCP 18 20.5 17.2 18.6 17 17.6 19.1 20.1 19.7  19.6 19.6 19.9 19 186 181 203 213 178 - 10.8
1EZF 19.9 22.1 16.9 18.2 17.3 18.1 18 17.2 182 174 18.7 18.8 16.3 175 19 18.6 23 157 108 -
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“These normalized C* rmsd values were used to construct the phylogenic tree shown in Fig 6a.

°1JFG: Fusarium sporotrichioides trichodiene synthase
IDI1: Penicillium roqueforti aristolochene synthase
SEAS: Nicotiana tabacum 5-epi-aristolochene synthase
IN1B: Salvia officinalis (+)-bornyl diphosphate Synthase
20NG: Mentha spicata 4S-limonene synthase
1PS1: Streptomyces sp. pentalenene synthase
2F7M: Homo sapiens farnesyl diphosphate synthase (FPPS)
2HER: Cryptosporidium parvum FPPS
2IHI: Plasmodium vivax FPPS
1YHK: Trypanosoma cruzi FPPS
2FOR: Shigella flexneri FPPS
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LUBV: Gallus gallus FPPS

2EWG: Trypanosoma brucei FPPS
1RQI:Escherichia coli FPPS
IRTR:Staphylococcus aureus FPPS

2E8T: Saccharomyces cerevisiae geranylgeranyl
diphosphate synthase (GGPPS)

2J10: Sinapis alba GGPPS

2Q80: Homo sapiens GGPPS

27ZCP: S. aureus dehydrosqualene synthase (crtM)
1EZF: Homo sapiens squalene synthase



Table S4: Distance matrix for 20 terpene synthase structures obtained by using the Protein Structure Alignment by Incremental
Combinatorial Extension (CE) program’. The values shown are the normalized C* rmsd values (1000* (C* rmsd (A)/N), where N is

the number of aligned residues in structures i and j). The letters shown are the PDB file designations.”

1IJFG 1DI1  5EAS INIB 20NG 1PS1 2F/M 2HER 2IHI 1YHK 2FOR 1UBV 2EWG 1RQI 1IRTR 2E8T 2J10 2Qs0 lEZF 2ZCP

1UFG® | - 20.0 13.8 14.8 154 13.1 16.9 16.0 331 159 17.4 16.8 16.5 20.8 16.6 18.7 18.4 234 20.4 19.7
1DI1 200 - 13.8 15.7 143 10.3 18.3 16.6 328  20.6 35.0 22.6 22.7 18.8 23.2 20.7 235 22.5 204 17.9
5EAS 13.8 13.8 - 4.2 4.0 13.4 14.5 18.6 142 138 16.8 13.9 14.8 16.5 15.7 16.7 18.1 17.3 16.4 15.1
INIB 14.8 157 42 - 2.6 15.4 14.5 20.0 17.0  16.7 20.0 16.6 16.7 19.3 20.4 16.0 19.4 17.0 17.3 17.4
20NG | 154 143 4.0 2.6 - 14.2 16.3 19.5 18.0 16.0 19.5 15.9 16.0 18.6 17.8 16.8 23.1 18.0 17.1 16.9
1PS1 13.1 10.3 134 154 14.2 - 18.8 17.3 19.0 16.8 224 18.2 16.9 20.8 20.1 21.5 22.7 18.2 17.4 17.1
2FIM | 169 18.3 14.5 14.5 16.3 18.8 - 6.3 4.5 5.0 9.9 5.1 53 9.0 9.7 9.3 11.5 9.0 16.9 17.8
2HER | 16.0 16.6 18.6 20.0 19.5 17.3 6.3 - 59 6.0 9.9 8.9 59 9.2 9.8 9.7 11.1 8.8 17.6 19.2
21HI 33.1 32.8 14.2 17.0 18.0 19.0 4.5 59 - 4.9 8.9 5.8 4.7 8.5 8.7 8.8 10.5 9.3 17 17.6
IYHK | 159  20.6 13.8 16.7 16.0 16.8 5.0 6.0 4.9 - 9.2 6.4 2.5 7.6 9.8 9.1 10.9 8.9 17.1 18.3
2FOR | 174 350 16.8 20.0 19.5 22.4 9.9 9.9 8.9 9.2 - 9.8 9.2 3.4 5.6 10.4 9.3 9.7 21.1 19.6
IUBV | 168 226 13.9 16.6 15.9 18.2 5.1 8.9 5.8 6.4 9.8 - 6.4 9.8 8.7 9.5 10.6 9.8 17.1 17.8
2EWG | 165 227 14.8 16.7 16.0 16.9 53 59 4.7 2.5 9.2 6.4 - 7.9 9.2 9.1 10.9 8.5 19.3 19.2
IRQI 20.8 18.8 16.5 19.3 18.6 20.8 9.0 9.2 8.5 7.6 34 9.8 7.9 - 6.7 10.7 12.9 8.5 21.2 20.6
IRTR | 166 232 15.7 20.4 17.8 20.1 9.7 9.8 8.7 9.8 5.6 8.7 9.2 6.7 - 10.9 9.6 104 20.3 20
2E8T 18.7  20.7 16.7 16.0 16.8 21.5 93 9.7 8.8 9.1 10.4 9.5 9.1 10.7 10.9 - 12.7 4.5 19.6 21.8
2J10 184 235 18.1 19.4 23.1 22.7 11.5 11.1 10.5 109 9.3 10.6 10.9 12.9 9.6 12.7 - 16.5 23.8 21
2Q80 234 225 17.3 17.0 18.0 18.2 9.0 8.8 9.3 8.9 9.7 9.8 8.5 8.5 10.4 4.5 16.5 - 16.5 17.8
1EZF 204 204 16.4 17.3 17.1 17.4 16.9 17.6 17 17.1 21.1 17.1 19.3 21.2 20.3 19.6 23.8 16.5 - 11.4
27ZCP 19.7 17.9 15.1 17.4 16.9 17.1 17.8 19.2 17.6 183 19.6 17.8 19.2 20.6 20 21.8 21 17.8 11.4 -
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“These normalized C* rmsd values were used to construct the phylogenic tree shown in Fig S5.

°1JFG: Fusarium sporotrichioides trichodiene synthase
IDI1: Penicillium roqueforti aristolochene synthase
SEAS: Nicotiana tabacum 5-epi-aristolochene synthase
IN1B: Salvia officinalis (+)-bornyl diphosphate Synthase
20NG: Mentha spicata 4S-limonene synthase
1PS1: Streptomyces sp. pentalenene synthase
2F7M: Homo sapiens farnesyl diphosphate synthase (FPPS)
2HER: Cryptosporidium parvum FPPS
2IHI: Plasmodium vivax FPPS
1YHK: Trypanosoma cruzi FPPS
2FOR: Shigella flexneri FPPS
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LUBV: Gallus gallus FPPS

2EWG: Trypanosoma brucei FPPS
IRQI:Escherichia coli FPPS
IRTR:Staphylococcus aureus FPPS

2E8T: Saccharomyces cerevisiae geranylgeranyl
diphosphate synthase (GGPPS)

2J10: Sinapis alba GGPPS

2Q80: Homo sapiens GGPPS

2ZCP: S. aureus dehydrosqualene synthase (crtM)
1EZF: Homo sapiens squalene synthase



Figure S1: Clustal W output showing comparison between bacterial diterpene cyclases and two
triterpene cyclases (SHC, OSC), the QW motifs and DXDD motif are highlighted in red box.

l%‘gaponlcum CPS
oryzae cyclase
B.multivorans cyclase
S. cellulosum cyclase
M.tuberculosis cyclase
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Human OSC
Consensus

?Haponlcum CPS
oryzae cyclase
B.multivorans cyclase
S. cellulosum cyclase
M.tuberculosis cyclase
S.clavuligerus cyclase
K.griseola cyclase
A.acidocaldarius SHC
Human OSC
Consensus

)/apomcum CPS
oryzae cyclase
B.multivorans cyclase
S. cellulosum cyclase
M.tuberculosis cyclase
S.clavuligerus cyclase
K.griseola cyclase
A.acidocaldarius SHC
Human OSC
Consensus

?/apon/cum CPS
oryzae cyclase
B.multivorans cyclase
S. cellulosum cyclase
M.tuberculosis cyclase
S.clavuligerus cyclase
K.griseola cyclase
A.acidocaldarius SHC
Human OSC
Consensus

%/apon/cum CPS
oryzae cyclase
B.multivorans cyclase
S. cellulosum cyclase
M.tuberculosis cyclase
S.clavuligerus cyclase
K.griseola cyclase
A.acidocaldarius SHC
Human OSC
Consensus

)Japon/cum CPS
oryzae cyclase
B.multivorans cyclase
S. cellulosum cyclase
M.tuberculosis cyclase
S.clavuligerus cyclase
K.griseola cyclase
A.acidocaldarius SHC
Human OSC
Consensus

l ~-c-emcmama MNALSEHILSELRRLLSEMS-DGGSVGPSVYDTAQALRFHGNVTGR- -
1l —-emmmmemam - MNALCEQIFAELRHLLGETH-NGGAVGPSVYDTARVLWFHHAPADL- -
1l --MMDDRPESAGQDSLADALVSELRRLVTGLP-DDGRTAASVYETALVLCYQPAIGDR- -
1 ------- MNTSPHSSPSDHALAVLRELVAELGRGGGLVSPSVYDTATVLMFDVFPGAR- -
e METFRTLLAKAALGNG-ISSTAYDTAWVAKLGQLDDELS -
A e MDGDPWGRTSPTVYETARVHAWAPHLPGR- -
D e e e e e = MEKDRAADPVTKFSPSPYETGQFLRISERADVG- -

1l --MAEQLVEAPAYARTLDRAVEYLLSCREKDEGYWWGPLLSNVTMEAEYVLLCHILDRVDR
61 KNYFKDLPKAHTAFEGALNGMTFYVGLQAEDGHWTGDYGGPLFLLPGLLITCHVARIPLP
----------------- e--1l--1lr-ll-e-g---g-v-psvydta-vl-f----=-=----
FPLFRHAPTWAALLALQRADP-LPGAADAV

FPLFRHAPTWAAWLALQRAGACIPGAAAAL
YPKFRIASSLAALLALHRAGD--PRYRAAT

46
46
56
52
39
30
33
59
121
121

QT =-===-=- ATRFLQRQPDPYAHAVP- -EDAPIGAELILP--------- QFCGEAASLLGGV
EA----- ATAFLERQPDPYARAVP--DDAPIGAELILP--------- ALSGEAAALSNGA
DA----- GCAFLDRQDPYWRSATL--DDIPVGLEIIWP--------- RLQADAQRAGLRF
EG----- GLAFLRNQAAHWETSLP--DDIPVGLELLMP--------- RLLDRASSLGLGV
KB----- LLALKNLTSGAFEGPQLDIKDATVGFELIAP--------- TLMAEAARLGLATI
LGGR--LAAAVAAGLDTLHGLSHHDPLPDTAAVELLVP--=---=---- GLITEVNDRLDATI
AV-=-=-=-- ARACEKLWELALGEGGLPKLPDTVASEIIVP----=--=--- SLIDLLSEVLQRH
QSQGGIESSRVFTRMWLALVGEYPWEKVPMVPPEIMFLGKRMPLNIYEFGSWARATVVAL
HKKGGAVAIPSWGKFWLAVLNVYSWEGLNTLFPEMWLFPDWAPAHPSTLWCHCRQVYLPM
-—a----- a-a---Y----y-------- d--vg-Elilp---------- l--ea--1l-1lgv

96
97
105
103
92
80
81
118
181
181

AFPR---=-=-=-=-=-- HPALLPLRQACLVKLG----AVAMLPSGHPLLHSWEAWG---- -~ TS
AFPR--=-=-=-=-==-- HPALWPLRQARLAKLA----KGTSLPSGHPLLHSWEAWG---~- -~ P2
SLSP---=-=-=-=-=-- PATLNAIGQARLAKLS----RATALPAGHPALHCWEAWG------ sV
DWGP--=--=----- YRALIALGERRRALIG----KAR-PAAGSAASHSWEGWG------ SG
CHEESI------- LGELVGVREQKLRKLGGSKINKHITAAFSVELAGQDGVG------ ML
DPEAAH------- PALAPVPHGRRLTAVHGIPALPRHRLAERLARFARLPVK------ LH
RPAVG---=-=--~-~ GKAGQEQEFPSPPGANAELWRQLSDRIARGQAIPKTAWH--~-~- -~ TL
SIVMSR---=-=--- QPVFPLPERARVPELYETDVPPRRRGAKGGGGWIFDALDR- -~ -~ AL
SYCYAVRLSAAEDPLVQSLRQELYVEDFASIDWLAQRNNVAPDELYTPHSWLLRVVYALL
l1--1---rl--1lg--=-=-=-==-=-=-- ag---l--weawg------- v

140
141
149
147
138
129
127
178
241
241

PTTACPDDDGSIGISPAATAAWR----AQAVTRGSTPQVGRADAYLQMASRATRS - --- -
PASACPDEDGSIGISPAATAAWR----AQALQQGDTLQAGRAAAYLQAAARATRS - --- -
PVAASLGPEGSLAISPSATAAWLR- - -AAHEHELDSALIERASTYLREASRASEA-----
PSPDLLDVSGGVGHSPAATAAWLH- - -ASRDKVGLAAARAAAREYLLRASDATEV- - -- -
DVDNLQETNGSVKYSPSASAYFAL---HVK------ PGDKRALAYISSIIQAGDG-----
HCFEALAPVCPPGLVPARPDHLLGSSSAATAAWLATATAAPGAPGLDRLLRSTAA- ----
EAFHPLPKQFAATVTPAADGAVTCS--PSSTAAWLSAVGTDAGASTRAYLDEAQS-----
HGYQKLSVHPFRRAAEIRALDWLLERQAGDGSWGGIQPPWFYALIALKILDMTQHPAFIK
NLYEHHHSAHLRQRAVQKLYEHIVADDRFTKSISIGPISKTINMLVRWYVDGPASTAFQE
----- l1---g-igispaataawl----a-------t-----a--yl---i-at-------

181
182
190
187
185
176
173
226
301
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gg.‘aponicum CPS
oryzae cyclase
B.multivorans cyclase
S. cellulosum cyclase
M.tuberculosis cyclase
S.clavuligerus cyclase
K.griseola cyclase
A.acidocaldarius SHC
Human OSC
Consensus

?J{aponicum CPS
.oryzae cyclase
B.multivorans cyclase
S. cellulosum cyclase
M.tuberculosis cyclase
S.clavuligerus cyclase
K.griseola cyclase
A.acidocaldarius SHC
Human OSC
Consensus

B.japonicum CPS
‘oryzae cyclase
B.multivorans cyclase
S. cellulosum cyclase
M.tuberculosis cyclase
S.clavuligerus cyclase
K.griseola cyclase
A.acidocaldarius SHC
Human OSC
Consensus

?J.‘aponicum CPS
‘oryzae cyclase
B.multivorans cyclase
S. cellulosum cyclase
M.tuberculosis cyclase
S.clavuligerus cyclase
K.griseola cyclase
A.acidocaldarius SHC
Human OSC
Consensus

B.japonicum CPS
.oryzae cyclase
B.multivorans cyclase
S. cellulosum cyclase
M.tuberculosis cyclase
S.clavuligerus cyclase
K.griseola cyclase
A.acidocaldarius SHC
Human OSC
Consensus

%‘Japonicum CPS
.oryzae cyclase
B.multivorans cyclase
S. cellulosum cyclase
M.tuberculosis cyclase
S.clavuligerus cyclase
K.griseola cyclase
A.acidocaldarius SHC
Human OSC
Consensus

?:japmfmm CPS 503
OryEaS Cyclase 504
B.muftivarans cyclase 511
5. cellulosum cyclase 508

M tuberculosis cyclase 499 SNQ-

S.claviligerus cyclase 499

K.gnseola cyclase 499 Y

g
Aacidocaldanus SHC 622
Human OSC 717
Consensus 721

232 ----mcceea-- GIEGVFPNVWPINVFEPCWSLYTLHLAGLFAHPALAEAVRVIVAQLDA
233 —--m=mmimoiome GIEGIVPNVWPINVFEPAWSLYTLHLAGLFAHPALAEAVRATVAPLARA
242 ------cmmimmo AVPGVFPYVWPLDVFECAYVLYSLGLGGLAAHPALTEPIARTATFLGA
239 ------------ GIPGVVPTVWPIGRFEQAWVLYALRAFDLLDHPRLGDVARPQLLDLGA
231 ------------ GAP----AFYQAEIFEIVWSLWNLSRTDIDLSDPEIVRTYLPYLDHVE
231 ------------ RYGGLFPETARITVFERLWVLTTLHRAGLLAT--FEPLARRWVSALAA
226 ------------ RYGGAIPMGSSMPYFEVLWVLN---- - LVLKYFPDVPIPREIIEEIAA

286 GWEGLELYGVELDYGGWMFQASISPVWDTGLAVLALRAAGLPADHDRLVKAGEWLLDRQI
361 HVSRIPDYLWMGLDGMKMQGTNGSQIWDTAFAIQALLEAGGHHRPEFSSCLQKAHEFLRL
36l ------------ g--gvvp--w-i-vfe-aw-ly-l--agl-a-p------ r--v--laa

280 RLG----==-==-==c=-==- VHGLGP----- ALHFAA VALCVLHLAGRDPAVDALRH

281 RMS8----=--=--=c--=-- ARGLGP----- ALHFAA VVLSVLHLAGRAPTADALRQ
290 RET------=---=-=-==-- ERGASF---- - AAGFNP VAIAALSMAGAATSCHSLAH
287 ALR------=-------- PEGIGM----- SDAFTQ TVIATLGELAAPRAIEALRR

275 QHW------eooomma- VREGRGVG--WTGNSTLEDCDTTSVAYDVLSKFGRSPDIGAVLQ
277 PGG---=------e-a- VPEVPG-----=--- FEPDADDTAVTLHLATELGVPYRPEVLDP
269 GFS8------c-o-n-na-- DSGIGG----- GPGLPPDGDDTAYANLAGDKLGAPTHPEILMK
346 TVPGD----WAVKRPNLKPGGFAF--QFDNVYYPDVDDTAVVVWALNTLRLPDERRRRDA
421 SQVPDNPPDYQKYYRQMRKGGFSFSTLDCGWIVSDCTAEALKAVLLLQEKCPHVTEHIPR
421 -1-----=-=-=-=-=-==-=-==-=--= Glg------ a--f--Daddtav-1l-vl---g-p---d-1--
321 FEIGELFVTFPGERN------c---ccceccemmeccececcaaean ASVSTNIHALHA
322 FERGALFVTFPGERN-----c-o oo oo m e e e e e e e oo ASVSTNIHALHA
331 FASDGVYATCPGERN-------- - e mm e e e e e e e e o - PSLSTTVHAMHA
328 FERGGMFITYANELQ-------------mmccmmmmmmmmm e mmm PSLTTNAHAMHA
319 FEDADWFRTYFHEVG-----------mmmmm e mmmmc e mmm e e e e o PSISTNVHVLGA
315 FRTGDHFACYLGEDT-----------ccmmcccmmccmcccaaaoom- GSVSTNAHVLLA
310 FWAEDHFVSYPGEQT-----------ccmmccmmcccocecaaaoo- PSETVNAHALEY
400 MTKGFRWIVGMOSSNGGWGAYDVDNTSDLPNHIPFCDFGEV----TDPPSEDVTAHVLEC
481 ERLCDAVAVLLNMRNPDGGFATYETKRGGHLLELLNPSEVFGDIMIDYTYVECTSAVMQA
481 f--ge-fvtf-ge-n--------c-mmmmmmr e rr e s e - psvstn-hal-a
348 LRLLGK--PAAGASA---------- YVEANRNPHGLWDNEKWHVSWLYPTAHAVARLAQG
349 LRLLGE--PAVATRT---------- YVETNRNPEGVWGNEKWHVSWLYPTAHAIAALAQG
358 LRLQRE--PRTVASA---------- HVLAKRDADGLWRGDKWHVSPFFLTCHAVAALDHD
355 LASRGE--KASEPAR---------- YLLERQQPDGRWVGDKWHSSWLYTTSQVILALSHE
346 LKQAGY--DKCHPRVR----- KVLEFIRSSKEPGRFCWRDKWHRSAYYTTAHLICAASN -

342 LGTWTR--HHPDTADHGNTIRLLGRWLVERQHGDGHWD-DKWHASPYYATAKVTAALSRH
337 LNHLRM--RRGITEFG-AVEDACAEWVISQQTEDGCWY-DKWNVSPYYSTAACVEALLDA

456 FGSFGY--DDAWKVIR----- RAVEYLKREDKPDGSWFG-RWGVNYLYGTGAVVSALKAV
541 LKYFHKRFPEHRAAEIRETLTQGLEFCRRQQRADGSWEGS-WGVCFTYGTWFGLEAFACM
541 lr--g----=---;-c-ecmcmomnn- yv---g-pdg-w--dkWhvsw-y-Ta--v-Al---
396 K------- PQWRDERALAALLQ GR-GSTFEETAYALFALHVMDG-SEEAT
397 H---=-=--- PRWRDECALAALLQAQQADGGWGAGS -APTFEETAYALFALHAVDS -GETPE
406 E------- VDRHGAQTLEGLLACQRADGGWAGTG-TPNFEETAYAVLTIDRLCARGPMPP
403 G------- QLPAVKRGLEALLRAQRGDGGWGAGG-APTAAETAYAVLALRAARRNRELES
398 Y------- DDALCSDAIGWILNTQRPDGSWGFFDGQATAEETAYCIQALAHWQRHSGTSL
399 GGPE----AADALRRAARWVRETRRTDGSWGIWG--GTAEETAYAAQILLDAPEPP----

393 RKQDEP--QLDSLRRAREWLLR
508 G--IDT--REPYIQKALDWVEQ
600 GQTYRDGTACAEVSRACDFLLSR

DC--RSYEDPAYAGKGASTPSQTAWALM
DF --ESCEERRYVQSAQSQIHNTCWAMM

601 ------------ v-ralewll--gqr-dGgWg------ t-eetaYal-al--------=---
447 GRRR----IAQVVARALEWMLARHAAHGLPQTPLWIGKELYCPTRVVRVAELAGLWLALR
448 ARRL----IAQAVAQARAWMLARYVPHALPQTTLWIGKELYCPLLVVRVTELAGLWLALQ
458 AAR------- TSLLEAFRLMRDCYRSPRAQASMLWINKELSRPTRVVRAVELAGLWVAHR
455 MAR------- GAWRRGRDWLMSNHDIGAGQEDLRWIGKELYCPARVDRAWVLGALLASQP
451 8-----=---- AQISRAGGWLSQHCEPPYAP---LWIAKTLYCSATVVKAAILSALRLVDE
449 ---------- TDVLGCAHAHLTARADDDGPPPALWHDKTLFAPDAIVRAEVLSTLRRLDR
448 --------- AEECAAAISRAKEFFTDESRENPPLWMGKDLYTPFRIVDVTVMCGRAVVGR

562 ALIAGGRAESEAARRGVQYLVETQRPDGGWDEPYYTGTGFPGDFYLGYTMYRHVFPTLAL
658 GLMAVRHPDIEAQERGVRCLLEKQLPNGDWPQENIAG-VFNKSCAISYTSYRNIFPIWAL
661l g-----=-=-=-=-=-- v-ra--wml------ ga----lwigkely-p--vvr---1-gl-1---

WGRRVLA- - EGAGAAP- - - - -
WEQRAADGY THT GAAFP- - - - -
RAEALEAACC-----------
SWES- - - - - - - oo oo oo

GRYKOQAI ERR
GRFSQOLYPERALAGHP- - - - -
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Figure S2: Graph showing correlation between the number of predicted helices (red) (COUDES
program)' and turns (blue) versus number seen experimentally in SHC, OSC, FTase I, GGTase I,
GGTase II, FPPS, GGPPS, SQS and CrtM (> 5 helical residues define a helix; > 4 turn residues
define a turn).
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target sequence (at the top of the output) is abietadiene synthase from Abies grand.
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Figure S3 (continued).
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Figure S3 (continued).

S26



3
AWGTCWKWWKWWKWCHWAIKQCKSRIHWICHHHHHWHKWHWHHWTWHHHHWFKWWKHKRWHRHKHKWHHHTHWHQHHHWRYH vSvroovore

II>T-XITIZITITIITu>0OC>00TuOICITT eTuToooocu>T LITLIQTTITLo0®OAZa
@> > ZJulovo dr e dzolo oo — o) Ol S| DO COoo_>ul]
aoooan <ocoao PPPPPPPPPPPSPPPPPPPPPPGASPPPPPPPPPPPCSPPPPAPA
Tu> oo sy > DMMNR (TN ——— ol= -l

<oCxoooxwz

ASLAACSSAASCAAASEGAAAAAASEAASAAAAASAASASSAAESGAAATAASAAArrAAAASSAASATANEAASSASAAAAASAA
HNVVQQHHHHHHYYDHHANHVNNHKHHNNCNNCHHIEHNHHHHQHQNHHRARH454], rxrIndTolo CONNIITZEOXZZ

SKESTHHSLKGDEGHEHDKHKHKKHESDHLKSNHSNSQKEEEKTSETDAT.CNEEDASDDDKKTDQKEHENMESOAK E
wol i JdaJnare<cdicx oo dccncddcnsconca dddccaccrunconcnn<an <<y el ou << <u>ul <o mﬁ
i

Za>TUNNIZNAIXWHZWWA_[TTnAT aZanZaZC-noZ aaaOI<>=wawn
<wFZaOCoWwwZaorwZzaxaxoon Zo owen 0Z ¥> W o>o<eaw WIo o<Iaoniwe<<-ond nno

<HZonuOnoa<wy Zv Zuwx wWon an ¥ ZaxXW>ZOZXXW 0O XNZ 00ZaxOunax wwo
YW T3> [a
<~ [ zuw
w = @
z x n x
N4 - [¢)
= o] T v -
m » - O
o = o ¢ o o< T w w oo
ITGGGSGH = [ NQS - o [d orw o o« [oldo
CONWR WS wwrao O ZZOWT WE<O XFWkeR g w z x woO zZOFo
<rwo<<unx< Buaon  vo<waowx c<xwuwwowo< w o« (<] SSAAD wroxe

So>odxol ] <wlz <ruw c > <
>> | ] 17 g —— ESMIM
Connnnnn<wun o0 nF-n O DRSAHET (%] 1710 7)
WwYwwxowr< wxw>kyx QHKKEEHNEEIlIEEKK
| ) J

VHVV-QHFSHHFKYVHCNFHHVHYHHHHHHCHRYHFRHEYFHRVQLVYHHHHRLF I XIOVIII>CNI I>IZIX [>< QNHHRHNHSHHHKR
KNMEQSKKAKKSEENKKASTNTDSAKTYNR_MVRKKNSKNEHKKAKSNHHHKSNPNYPSSKHHTNARQRHMYNYA
FORC > Z > a o - e nrexcove-or-a WECCnOEFrrr Y Jn<Ee-C--—Ta-rocw
F <O LD - CLOD D <) - < << DD DD <D <DD O D << - <DC <DL CD

WHOTOONOXIOWE OXNOXXWWZY
XWXZXZOOWNHE —Hwowwwx e

(TR TR TR TR T TN TIPS TR TR TR TR TR TR T S TR TR TR TR TR TR T n TR TR TR TR T TR TR TR TR TR TR TR TR TR T T TR TR TR TR TR TR TN [PRTRTRTRTRTRTR TR TR TR |
wolJ<oocu<Joaccnuncs-<z Gluncounasnnno>uoska>a>o<alon xooroona>>ororocna w<wuJnoc<wcco

2
8 ccorwe e/ Jor ol oc ol oo/ dex>h xvSea o) o> Jeru oo e el u | < T s o al - =< Jol—

AAAAEMAAATAAAAAA St I LTI LI L LLLLLILLLLLLLL
Owwwl_jul n

oocwoa
. , J

——>>Z| kX _>> 00 _a>_____

LI LU LS LU O L0 L4 L0 003 40 L0 L L O3 L L3 0 L L L L L 0L 0 L L L L L L L W L L W L W WL W 1100 LU L0 L L3 L0 LU L L L L0 L O L L W W W g
WHOO_0CCCnooECaCCatcEEaEoutLOTGHECCE0LC00_0Ca00ZZ0-0CNCOGEXEOCCEEEACOZNICOCHAZEOCOX-CECCOGG
QWEoAXTWWIOWTIAAAXNA TWo WTWWoaaITo TIWTWWTWWECWIWET TTWHA X0 T >-CITCTCWIOIa o -TCTITwwo -THW--To00TET

N [>] > [
o
e A i T

> T Ww>Cu L T TWWTLO00>Z0Tu> T I T T I T I>TU>ZUTU>>>T>T LI ZITOL>>>>ZZO0TN>TOLT> T YT TO0>uZTIT T ZWIO>TT>TOT
DLODNDLNDNDDLDNDLD-DLDNDLDDDNDLLC—LLLDLCNDD-DDNDDLD I LLDD - NNLLDLLLLLLLNDLLLNLLLLLLNDDLCLLDDLCLLLLDCLL
Clraccacccttr g C < <Rl L CC L LA LN O L L L L (L L L L L CL L L L L L L L CLLLDLLLLLL L LLLL L LLLLDL
LU L O O L L L L L g L e 08 O/ W 08 0 L L O W W W W W W Z W Z Z W Z W W W W W Z Z Wl W Z ZZU0 ZZWZWWZZZOUWZUZZUUMUWZ WWWWZ ZZWWWZ
YFFLYYYYVYYVLFYVVVYVSYFYVVYYFVTTVYYYYVFVYYVYYVFYYYVYYV VYYVHYYYVYYYYVFYVYVYYFTTVYYFVVYYYYVVY

1 PP 7 i P o | i , , o |
ONQNSSSQQNSQRSTQQNNSSSSSSSSSQQAEQTSQSSQEQSSNSQSE OF SSNSSSGSSSQSTSNQSSGSSEEASSSESASSSSCSS
sLLLLuiWLLLLLi LLLLLivILLLLLLLLLLLVLLLLLLLLLVLLLLLLLLVLLL\F P : S RS

S=>=5 == SSso>S_aaSo>>a 555> 0050 N - ) v,,] S = = =

HOONOEEOOEEUNOCUSKEC0CET BOEA
—rxra>0 xxrx Oxor < I x2 xoolS|
=>=—>_>] =] >>5] C>>_Sua<da
ocowcoo o orwo ww Orz oo DNE w 0z woooooo oo 0z 0oowo w oo Z
OxOxaxxn XX¥¥XOXWO Ox x xO Zx00zZzxwwxe XWX OZZ Zx00 x0O@rz X ZZXZOoOowo Z x P qal X @oCT
<woxr + - uBlwocxz < -3 IA -PT-MT- ITA wre <k <GBl o zorrBawed O - F <<<<- <0
>dozlJoo zxa a + caz>ad] L4 a5a T odd cco>on as<
WwZwaooowo ouwzoo Lo0zZonow o wwn < Vwl Z00 F»n wal-

z oFx<z o< ]| o<n o -MDTA oo >

>LuTun SONZn
OHOWO <xCoWWZNH W ZOWE <

DGGSGGAGGGGGGGAGGVGGGSEGGSGDAGGSEGGCGSGGDGSSGDAGGGGGGSGGGGGG

ZETOFOXZOON_LT C<OZOFOI®O o 00
WX WY TWOOWTOO Oxw NP
ZNUNEXZULYXOLXOL ZY| v <x zo xo  wxxuwl Jzs[ )« [CJox- =z
[T o T T T PR P T T T TR P I T e PR T PO AR , [T 0 & wuuLLbL LbLLL LLLL ul
ZEOXXOOFXWHZXOra_uxOOOXZZNOXEZOIOXONEQONA Z OX NNZZ<W OCNZZOTNOXZ QEZFIXXXFOZFZZXOWONZNOnZXXa
COCOCCOCCCCCECCCUGECCCECICCCICTACEECCCCABOIC-CG © SICIeIE} COCBACWECOCCCCEOCCa
ZOZZOXWZZFNXZZOXOOZWZOOZN®N¥OOWWAOOXWOXWIIOZHW-X00WaZY wozuzdooww
BuIuzzuw<woowwLWOXWYOCHOXWWSZWOUWAWY ZUOWX> X FUOOWEOOXOXX0QZnu

UPI0000162AD9

Figure S3 (continued).
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Figure S4: Structures of Abies grandis abietadiene synthase inhibitors investigated using GGPP
as substrate. Structures are shown in order of decreasing potency (top left is the most potent).
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head-to-head synthases (CrtM, SQS)

Head-to-Tail Synthases (FPPS, GGPPS)
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Figure S5: Structure dendrogram for o and off proteins showing strong clustering of
GGPPS/FPPS, separate from that seen with the monoterpene and sesquiterpene cyclases. This
dendrogram was generated from the structural alignments obtained by using the Incremental
Combinatorial Extension (CE) Program’.
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Figure S6 (continued).
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Figure S6 (continued).

S43



AQ S o] RRRKG uxvPySoesyzey
LLLLA < —>=EC L]
DUWOWOFOSF< > WWZWS<<r X [Zo<x
OUZZOOVZOOOTNZZZOOZZOWOV NIy
OXFO<CO0COIWOOZX<ZOCHOO ONOO
CWOLLWLLWLLOLLLIWOFNOLLNLOFNOO
Oroxowowwworelezz0x0zZe<Wwond
Ooxxyxguxrex33xvaxu3xveo33x3033 w
cunwwzwoCurZZwzwEEwodzuw:E S« Ywrwi
o0 xrrrrrrrrI>oovarrOurru x>0 nxry

MCTKWSKEKTILIH

Lrun <uuly
o T BuEraxec->x
MY Y Y Y YOO Y Y Y LY M E Y Y WYY YD

<< Juc < x < o e H— Jecor ]
OANDNDERDRRRlluchLERA iGol<d_lcoBurwo

oo
0 LOOLLOLLLOYLLLOTLLOOCLOWT
- va<nooxnXz I ¥OIu +0OO

=]

[LlsssDPSAFTPQLIENLIAKF

Llscl]

Orrrrrrrrrr Sreerd are>CLy va-z0ree -
S>> > 22> 22 2|0 > ul > 2> (o> > >0

s

85> aa>anaao>>aaa> > drleaol>ao>>> 000>
T222222222212222222212021212 tozo=
i > ul] So> 00> > <ou>
ZEEEEEEEEEEZZEZEZZEEZZVWEZESZZEZZZEZ
TGGGGDGGGGGSAGDGTAGPTASASSSTDTSSST
OFFFFF R R E OO OO ZE - OWO LD

LO000X00000aaClOFn0aaa Taxar QXXX
©0Z+-ZHOH-HZ00OFOFTOFZFD OOZOTHOZZZT
BO00VOO-OOONNEENFOFENOEEXOEL -0 ww -

WwOOC00C0000WWOCOWWOWWWWEWIWWOWSOT W

PQs[VISVING NV

VOOOOOOOVOONVVOV>NOVX
<BlaoSa>>Sorbaddonaon o w -]
Frwu wul ur e >rru > > S o> > L 0w > D> 000>
O<FFOOOFFOOOS
wurruue ofPe e
[P T T TP VAT VTN TR - T T
OWN UYL WW W T TWOWT TFY>TTWINTTOZOWwWT
20000VZ00O0V0V00ZO0-=z00z2x=0200T
JoworowoooooxeOWZWWoOOW Joxceuw<noouw
FYNOXOYYYYYOOZOXEFYY Iy <00rao0000x
LU L4 L0 L L L0 L L0 0L L 0 L 0 0 3 L O AT L LS L L WIS L
3 et [ b
HNHRDKKMDHHMNMRNENKN% LroIYoryT

Jz <oz juxol| djcc-<Sx

eoseae

o Y TN

<
T

wwu>ZE>>>>>Z3u>u
EZZZZ=TT2222222Z
©OVNONDNNODNDDD N
COOOOVOOVOVOOVOO
cwooooooooooooao

PDGSWF

0oL
oo
XxOx
wu<w YwoOZOWo WY YW
XOOXOWXWWEX XEOWT D
MMHEKMUCEM
TSy o]

OO _|¥BToru>zO0YuzZwz_ju
VOXCOFOXCEOF-NOXYX
©wOZE0odo<or o <o-=z>]
2331 0u3r-2330u0x]

OTXINEOY HODXXEX>

0VOOXxO>|
b=

wgoCro0zxYonoo <
o wwwww« e O oww
[efelefelelelofe oo e elelofe o]
i oo 2w [ [ wJw
MZCOXEYENEYOXYE
Mo jwyey L Juowerews

wrOxooowYwodLrn
Ealds—d> <a>>_J=<d
<LLIILLOLOLO0LNO
MEvyvYrrevoverexe
Ywowr crudurwox<

_HmﬂADAm_R ——>

REE[IJECIIKKAAKFMEKI]QI]SDGS WY

Yzozaxx WO <o <O<O OO
wo<o QurawXwYOoraoa
w ronao B ey o
—fTol-o LWUT>-TWwowooow-
Yoord YOOI ZUCWOOWWY
w>Sw< wxOx¥orr<rooaw
n>=Z> 000 ZC<XOCESOXHrrrEzZe
go 5> rxT>>wdTwr w T
(O qalal Ok 40) woa 0<00000I00 - O
a<e<a—Joaa caa ooa

FKDHDTASSRF
uﬂ Lz 600
x> RNMKQKKHX
00O EVEMGSSY 2 RF
<5 oo < wwwJoGuGuT
<> RKEC MEHVYHQQQ D>>ECLND>+O
X000 K CITrO OOZNO00 4<< 0000 _00LLLOLOOL-C
OO 0 Py o P o i PR = I~ S yarmrrr sy
Do 200w o o |C<CCCLEEL CCLLE-C IS CCECOLU CE
wurez o juwuowbry  rooo 0 wwodwwowdnd<lndo

S S sy Sl NS N o Y o sy g M

>>> [y

rxzZzZOzZSw

pyda>>anlddooldoa>>]  <oblo < deSlpEobnodzSoco
DOXZ>ZFZITNZOZrLZEIZTrry <33Xriqrrrrdrqrree
xx<>00xoJze] 0YHO0OCO<C NOVVLHNOVOVBLNVOOLN

FEESWZEZZE > <2 R 000 0FF FOO0FFZFEFOFFEFOOFRF®
oddoS<o<HIaPo oo —> JooL>>5 ono>S- o> > JoFo>>S0]
OZOHFOOOOXZIOFrO 0OWWOOO0O0 WWWOO<WODOOWOWAOoWwD
- < ol <l
DO < FRE>
<O0o<n® OCa ><aaCoon 0O0QAZW>0000A0>00000
zO0zzr0O [Jz0zzaOOrooa »0O000GAOnOOZoQQOA>O

rrex GSLRADRR DKK ox>>aas_jooooooo
GDDM\LVLMDLLL\L

DNRVGGFYVYDGGGDSGDD
s EO00F>TIruLaa<Zo0C>>Ww>n0><<ud
FFFFFFWFFFFFYFYTEKTTPQHFETTTFLDFFKQWFFFHFFTH
00 WZXZZLLB-ZWLWILZISOra--Z00FF0aww
oo ozozz _Jozzzo«d__|zouwzzzzo Juzl__J<=z
<CWZW< ¥00L0OVOOIN00UWON0aC00Z0<I00WAOZCO<TIal
wurrus <Jowwxzz KRRDPASDNQQRDSPKKPADNPAN%NA
wwewcwuSo<owaLdozzowaoL JonozzocwozozaL ]
> w e > e Zu e O www Oufuw >

OTa0Tero0r0rr<22 oL o< Euo JahMucacc<ag] ADDEA

oT
YASSSNKK U lrwocoxc00<3Eo<00LEZT 00 W00 <> <w <X ]o

SodFouZuuTuwwEE 2 KKWFMLWWWWWW wLooZ2

O>>>5>>>>>>_] GVVVAMVVCYPEMERVVAVVVA oz0wa ool a

WOOOWOVWHHOO0BOTOXO00K<Ha <000 O>>/0
ghltaccnacannaccocacg

gpenséeee

<an<noanJocaoaarznnnnnaunn0nono>-SHo>bcnnnaconazrecooraneroET>zzo0<0J0<<OZ

NEOEEZ 00 <ol Jo<>| NGGGGRG vozZ<O

BOOFOONNNVNDBDNONNALBONTODONNNNONDNDNDDEFADNDTONNNADNONDOVOCHOHLNWPOXUWENITNNOOOO>BNXNNOOCOATON

>>>>>>>>>>>> 0> > - XS SBUE HBaESS B> SSSHES SRS >>>>> >SS v svvCPPPSSAMUEECGJRSSSSjSGRTAGs

Oo00CWZZ0ZOoNAAWZ0rez0aa0Z0ZICO0NZIZXNX<O00WO0AWIOCO00aC0NOXZUOZa>0andnnn
L= 3= 3= T 3= T m 3= 3= QX 3= 3= T 3= MO 3 0m 0 00 03 m 3 03 3 3 3m 3 3 3 3m U 3 2 3 3 3 3 3 3m O e >3- (0= ST Z>->- T

a2 J«<0a Gr0000aozaxand
oT¥>>Sv>JS5SSuSuevozs

VOOOOOVVOOOZOVOOOROOVVOLOVXVVOOEEEOVOOVVOVOOOVOOVOVVVVVOOZOV GGGGRGGFGGGNSGGACGENGGAGGNDGGNG

Qrrzzuzz>rrr Jrrross->jorfloTurzrrerrzrrzwslb jzz<zzz<zrdzb<zzT [
IO« s L fE oo rwl oo JzSrobEY SIS E55q«> ST =55 [ S H
ARRRRRRRRRRSSKRRMNRRDNARTRDARSRRRQRRNRRRRRDERRSRR& HzrzTeceow

EA

<zZljongowsu>> Snonxos|
o> _jww ]SO ooe oo oo Je

ﬁRNSSADDDRMCCQSHANKHLLDSHHHSA

oo aaaa> aaaaaaaa 0o a0 I o

oo o] MMLLLLLLLLLLLMTVMLLLLLL

Refo0_Q5B878

Ref90_QOAJE4

QUERY
Uni

R P P g g g o A LAAMLATTLTLAATVLLLALLVLLVMLATL |ma o> o - JEH o Lo << g e g g < C - <L C < F

:

Ref30_Q7S1N5

7
g
g
5
o
2
&

Figure S6 (continue

Ref90_QB9DS8

d).

S44



410

480

450

o w o
] = ]
< < <
w < 0
o < w o
< (] 7] o <«
o a - - x
a o o w 12
o o @ ER
[} (] T w T
o 3 o o
© o o < <
» E
w T z O
< < ¥ <
=) +4 =
= < - <
E o -
=] ] =
< o < <
> > > >
o < < <
12 = = =
< w woow
w w woow
o < <« o«
I} - @
o o z o
I a 12 T
2 w » =
0 w o z
(<] © z o
a H =
o 2] 0 0
@ o [CRCY
a =] z o
o 12 a
o z =z
o s o
- - O

ENVID

<
o
o
=
-
<
-
>
o

0L OLILOODE

i | N

o
-
o
=]
S
«
w
d
o
w
<
=]
o
o
=]
o
ES
=
=]
[0)
>
>
W
o

ANMIR

o
<
-
o
w
o
D
w
o

[2]
=
5
i
o
<
<
=
=]
(o}
?
z
<
-
o
(2]
o
-
»
(6]
u
w
o
H
O
O
[=]
z
=
o
o

CQRADGGWGTGTPNFEETAYANVLITLICARGPMPPAARTS[LL
ESKREMTAYALLITLITP

HQHPDGGWGI TIRSTTVIETAYANLIALIQNLIREAGLLIDDDDIIH

SQKDDGSW

LA

=]
<]

EG[L

YKTAMKEANA
EAIJPKI LIAHTMN
ROA GEDMQQPYTIRKANVIGWLIAS

NYTIY G Tws

N

T
o
<
o
b
p
=}
>/
W
o
T
[=}
o
<
<
Bl
<
T
o
-
=
my
«
o
©
B
T
z
<
0]

=z
ZZZEEZ2S222222222222222222022 =z
NN aaaaauN e, T
[s]a]alals]alalalala]alalalala]a]a]alalalala]a]ala]-da]s) o

] 3

< s

o I © o

- 0 0s o

P RS R P IR PR L e
BRoNcaNT RN aa SIS0V 202S55 800 saxon
AR tobe Rt e Rt et b b el e A b
506336333665x3356535869568508333682820
DO RO ORI SOR RO ROK R S RO S SR SR X SO O
regess 222R222222200 2222
EEEEEE e e e e e eI 002088888
L XX ECEEEAECY
55555555555555555555555555555555555555

UniRef90_Q00G36
UniRef90_Q9FXV&
UniRef90_Q39548
UniRef90_Q2R4G&
UniRefd0_QOAJE4
UniRefo0_Q2PHF3
UniRef90_Q1SDQ3
UniRef0_AOUKPO
UniRef90_Q00G37
UniRef90_Q7XX63
UniRef90_Q673F9
UniRef90_QOLNA9
UniRef90_A2Q3S6
UniRef90_Q9SAK2
UniRef90_Q2GRK4
UniRef90_Q69DS8
UniRef90_Q8KLD5
UniRef90_Q0v2C7
UniRef90_QB5YY4

UniRefo0_Q5B8878
UniRef90_Q7S81N5
UniRef90_Q5GIAS
UniRef90_Q0JA81
UniRef90_A2ZE61

Fa g

ooow ow
0>>< O
ocon o

aala

zz T

>——>>>3
woal <<

TLCWWOT <COTCTETETW
T R g o -
cooond>n <<oa acoo<a
FoONOAXN®) < FOOoWY
a>>nIZe<< o_oo< o
[=]=T=NE q=T=]TT}-4 o>o o ow
a o

o zZo » Toxeoxr Teo
w  xoduy ozwoxw wwa
<oodc «= BlaEFHoco
OITww Cww>odwdwwwdw
GGGGGGGGGGGGGEGGGGG

DMMTATGAAAAAAEAAADA
GGIIGIIMMIIM ===
MMLLFLLLLLLLLQ [o -y

=oocnrg

PlEsa_ e

OESE-OCCHIOOLOLLOOLO
| wl S wl =L o oS oo
SC oo shaa > SELE
LOOTIH L LLITLILILLILLLL
Zxx33TITZTZIIZIZIZZZZZ
LOOLILLLOILONO IO
[T e e
=z Joo[>z000020z000=0
VDDSSDVSSSS S|o>|Twol>o
VAAPPVVPAPP <>la<a<a
T O TR - THTHS-TH
DOODOLODNDNDDWDDDDLD
Xoax0aro0aO><EZZWEO
DOCOFAVFFONOOOF-OND
L <€ < L L L L
VOOVEVVVOVVVOLVVVOV
SEZZZZEZZZ2T2Z2222222
VOOOOOOOOOOOOEOOOOVO
VOOOOOOOOVOOOOOOOOVO
©»O0000NON0DNONO0aNnD
aF~oawa o<
VONzZZOOZZZ
0000000000000 C0T000
vEsBosvTof_ _xBevva

DOVDOLDONNDDNDND-OLD®D

LVVLLLLVLLLLLLLLLLL

wrrgocw
<>

CILLOLLLC

UniRef90_Q84UU3
UniRef90_Q9ZPN4
UniRef90_Q11QvV9
UniRef90_A1AM25
UniRef90_A1AM25
UniRef90_UPI00006994E8
UniRef90_A1UXMS
UniRef90_UPI00003838E1
UniRef90_Q2DAQS

UniRef90_Q748E3

UniRef90_Q96376

w [ETe-3=Jvamy
DRRATNERNQEDTEDQNDD
ol — J<Zlol> Jc o o5oz S So)
LLILOOLLILLLILBOILL
NrEXOUX RN ZEXY
ruwuxor<rey prrreero

zZ>>z>Plzezorzozexvor-
ouwulvwxalu zroeTws
ALpuouwbon>o
DEXWOX-WWNZ
Xwwozaxoolu
GUJ\wRG 00O OLcCO
<< IZco LS

LOOL NILOILLLLIL V=L

LYXNDOSLNDFLLALDDALD
E<<E0<EE23058588235%
Rt dd ddaa
Vo000V VVOVVVOV0
D= 3= Q3= D= 3= 3= 3= 3= 3= 3= == > >- >
[ e e |
DL > >
ZZrOzzz40z0zzz0=Z
EE

VOzZCVVVVVVVVVOVO
sz ssszzz3z33252
N T
VOWOVOOVVVOVVVOO

UniRef90_Q2XPU6
UniRef90_QOYLD1
UniRef90_QOYLD1
UniRef90_Q1PVG7
UniRef90_Q8YYS1
UniRef90_Q5NM88
UniRef90_P38605

UniRef90_AOLLW2
UniRef90_Q0YKG3
UniRef90_AOFUB3
UniRef90_Q029M2
UniRef90_Q9SLW2
UniRef90_Q218A7
UniRef90_023909
UniRef90_Q4J480
UniRef90_Q1LF08
UniRef90_Q0BQ97
UniRef90_Q8VWY4
UniRef90_Q2RYC8

Figure S6 (continued).

S45



QUERY
UniRef90_Q38802
UniRef90_022667
UniRef90_Q9ST35
UniRef90_Q9ZTN8
UniRef90_QS0EK2
UniRef90_Q68BJ4
UniRef90_Q9ZTN7
UniRef90_Q41771
UniRef90_Q673G0
UniRef90_Q672R4
UniRef90_Q68V14
UniRef90_A1D1K6
UniRef90_QSLRB1
UniRef90_Q947C4
UniRef90_004408
UniRef90_Q4WWB3
UniRef90_UPI000021ADD4
UniRef90_QOMAX2
UniRef90_Q6E7D7
UniRef90_Q5KSN5
UniRef90_Q6F5E5
UniRef90_A2RACS
UniRef90_Q68CL9
UniRef90_013284
UniRef90_081086
UniRef90_UPI0000219AC9
UniRef90_Q2UIF6
UniRef90_Q93YA3
UniRef90_Q7D5L6
UniRef90_Q4QSN5
UniRef90_Q4QSN4
UniRef90_Q675L6
UniRef90_QSAQW6E
UniRef90_A3BXD9
UniRef90_Q9IXEH9
UniRef90_A2QWS7
UniRef90_Q2PHF1
UniRef90_Q00G36
UniRef90_Q9FXV8
UniRef90_Q39548
UniRef90_Q2R4G8
UniRef90_Q9AJE4
UniRef90_Q5B878
UniRef90_Q2PHF3
UniRef90_Q1SDQ3
UniRef90_AOUKPO
UniRef90_Q00G37
UniRef90_Q7XX63
UniRef90_Q673F9
UniRef90_QOLNA9
UniRef90_A2Q3S6
UniRef90_Q9SAK2
UniRef90_Q2GRK4
UniRef90_Q69DS8
UniRef90_Q7S1N5
UniRef90_Q8KLDS
UniRef90_Q5GIA8
UniRef90_Q0JA81
UniRef90_A2ZE61
UniRef90_Q748E3
UniRef90_Q84UU3
UniRef90_Q9ZPN4
UniRef90_Q1IQV9
UniRef90_A1AM25
UniRef90_A1AM25
UniRef90_UPI00006994E8
UniRef90_A1UXMS
UniRef90_UPI00003838E1
UniRef90_Q2DAQS
UniRef90_Q96376
UniRef90_Q2XPUB
UniRef90_QOYLD1
UniRef90_QOYLD1
UniRef90_Q1PVG7
UniRef90_Q8YYS1
UniRef90_Q5SNM88
UniRef90_P38605
UniRef90_AOLLW2
UniRef90_QOYKG3
UniRef90_AOFUB3
UniRef90_Q029M2
UniRef90_Q9SLW2
UniRef90_Q218A7
UniRef90_023909
UniRef90_Q4J480
UniRef90_Q1LF08
UniRef90_Q0BQ97
UniRef90_Q8VWY4
UniRef90_Q2RYC8

490 500 51
RGRAYLITEGTTAHDPGPPLIWHDKDLIYRPAM

KGIJaFLISKsQRSQTDDQLWLIDK TILIFALIP T

RGKQFLLIETWTMGQKPDRIWT 6KV LIHGIIsY

PPIWMGKDEYTPFR[PDIT!HCGR
RREDYVWIIE KNS YIS s FILIRKIV]Y TIVIA AllL]

R ANVIE[LIA G[L]

AKEF
GCGY

KAFRLIMRDCRSPRAQASMLIWIINKE[LISRP

RGYNWLIC[(JHYRPRMKEY QCWLINKE[JYCPQR[JDRAYE

| CWIEKMTYSSP

EKTYASP%EAYCAA
GKELJYCPTR RIVIJE [}

HRKEWREAERIWIIEKTVYGSPN

KAF[LNS

G NRDAWAKGRH
SGKAF[LIEAHKHDWKKGQY
ALIEWMLJARHEAHEPQTP

SQAYCLIAAM

RGVIRY DHQNQWGT WE EKHFTGTGF

R G[I A ENQKPN WWE

R G|l [E EEQEPF WF G

R G|l [E EEQEPF WF G

PAV|G QRIVIEE G FSK

R GV|D GTQREH WD

R GV|N RTQGADGIL W

R GlLIA SVJCEDDGS W

RAARY NAQMEN FPQQE[MGV]F NR

RG[IAY KEQEPF WFGRWG“NY Y G

RG|I |AY KEQEPF WF GRWGVINY[L]Y G

RG|l DF STQKEDGSWD

R G|l [NH STQQPDGSW

KALIDY SEQEAE WFGRWﬁPNEPYGTGA[PPA [CJA All]
RAARY NAQMEN FPQQENIMGNVIFNRNCMILIYAAYR
RG[IlQY RTQKRDGTWEE[L]

RGlVIQY ATQKSDGTWD

RG|l DY REQRDH WD

HGILIEY|LLIEETQRSDGS WD

RAAKLLIINSQCEN FPQEELMGNIF NKNCMLIY AAYR
R GVIEY STQTGKGLIWD

RA c NS QLJEN FPQ CMIJY AAYR
RGILIAF AcCQQTDGLIW

RGAAY DAQNEDGFE W

RGILJAY ATQKPDGE WD

RAAKE NMQME N FPQQE[JMGIVIF NKNCML]s
RG[RY EAPRDGGKW EEELJY

Figure S6 (continued).
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Figure S6 (continued).
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Figure S6 (continued).
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Figure S6 (continued).
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vl S0
Y2149 _BRAJA e =, | e— 210
YakT_RHISH e |, 121 95
Q989L7_RHILO e 7, 1195
JEKGYS_RHILO e | , 12195
BS02TS_RHIEG e |, e 50
QSKLOS_RHIEC e |, 7e-1 70
BOASTS_BURML ] 2 .Ge-67
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CPSES_P ] 5.3e-07
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Figure S7: FASTA® search program output alignment by using Bradyrhizobium japonicum vy-
domain only as the query. Note the high similarity to M. tuberculosis Rv3377c, rice and maize
CPS.
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Supporting Experimental Section:

Synthetic Aspects. All reagents used for synthesis were purchased from Aldrich (Milwaukee,
WI). The purities of all compounds were routinely monitored by using 'H and *'P NMR
spectroscopy at 400 or 500 MHz on Varian (Palo Alto, CA) Unity spectrometers using, in some
instances, absolute spin-count quantitative analyses. BPH-882 was purchased from Biomol
international (Plymouth Meeting, PA); BPH-863 was purchased from EMD Biosciences, Inc.
(San Diego, CA). BPH-891, BPH-854 were purchased from Sigma-Aldrich. The syntheses of
BPH-892, BPH-904, BPH-852, BPH-911, BPH-902 were reported previously’ . BPH-895
was a gift from Dr. L.L. Gundersen. BPH-850 was prepared using the procedure reported'' .
BPH-261 (Minodronate), BPH-661, BPH-673 were available from our previous work'% 13,
General procedure for BPH-554 and BPH-557. An amine (3 mmol), triethyl orthoformate (3.6
mmol), and diethyl phosphite (12 mmol) were heated to 140 °C under N, overnight. The mixture
was subjected to column chromatography to give the tetraethyl ester, which was then treated
with TMSBr (8 equiv) in acetonitrile for 8 h at room temperature. Upon removal of the solvent,
the residue was dissolved in ethanol or acetone to precipitate the substituted aminomethylene
bisphosphonate.
{[4-(2-Diethylamino-ethylcarbamoyl)-phenylamino]-phosphono-methyl}-phosphonic acid.
(BPH-557).

Anal. (C14H27N3Na,00P5) C, H, N. "H NMR (400 MHz, D,0): & 7.62 (d, 2H, J = 8.0Hz), 6.60 (d,
2H, J = 8.0Hz), 4.15-4.38 (m, 2H), 3.70 (t, 1H, J = 22Hz), 3.25-3.38 (m, 2H), 3.13 (t, 4H, J

=7.2Hz), 1.11 (t, 4H, J = 7.2Hz). *'P NMR (162 MHz, D,0): § 16.1.
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4-[(Bis-phosphono-methyl)-amino]-benzoic acid 2-diethylamino-ethyl ester. (BPH-554).
Anal. (C14H,7N3Na,00P,) C, H, N. "H NMR (400 MHz, D,0): § 7.47 (d, 2H, J = 8.0Hz), 6.64 (d,
2H, J = 8.0Hz), 3.89 (t, 1H, J = 21Hz), 3.45-3.60 (m, 2H), 3.00-3.19 (m, 4H), 1.15(t, 4H, J =
7.2Hz). *'P NMR (162 MHz, D,0): § 16.4.

BPH-876 was prepared by refluxing of 3, 4-dichlorobenzyl chloride (I mmol) and tributyl
phosphine (1 mmol) in acetone (5 mL). Removal of solvent gave BPH-876 as a white solid.
Yield 89%. Anal. (C1oH3,Cl:P) C, H. 'TH NMR (400 MHz, CDCl3): & 8.22 (d, 1H, J = 8.4Hz),
7.43 (s, 1H), 7.33 (d, 1H, J = 8.4 Hz), 4.56 (d, 2H, J = 12 Hz), 2.44-2.53 (m, 6H), 1.38-1.42 (m,
12H), 0.94 (t, 3H, J = 6.8 Hz).

BPH-916, BPH-922, BPH-901, BPH-899, BPH-905, BPH-904, BPH-913, BPH-918, BPH-
919, BPH-920 were prepared using a similar procedure to that previously reported, using
alkylbromides and methylallylamine as reactants'*.

16-(N-allyl-N-methylamino)hexadecanoic acid*hydrobromide (BPH-916).

Anal. (C5;Hy»BrNO,) C, H, N. "H NMR (400 MHz, CDCls): & 6.12-6.21 (m, 1H), 5.50-5.60 (m,
2H), 3.6-3.75 (m, 2H), 2.90-3.05 (m, 2H), 2.73 (s, 3H), 2.35 (t, 2H, J = 7.2 Hz), 1.80-1.98 (m,
2H), 1.61-1.69 (m, 2H), 1.20-1.40 (m, 22 H).

Methyl 16-(N-allyl-N-methylamino)hexadecanoatechydrobromide (BPH-922).

Anal. (C21H4/NO,Bre0.3H,0) C, H, N. '"H NMR (400 MHz, CDCl;): & 11.5 (s, 1H), 6.14-6.19
(m, 1H), 5.51-5.60 (m, 4H), 3.66 (s, 3H), 3.55-3.70 (m, 3H), 2.81-3.09 (m, 2H), 2.30 (s, 3H),
2.30 (t, 2H, J = 6.5Hz), 1.79-2.00 (m, 2H), 1.59 (t, 2H, J = 6.5Hz), 1.24-1.32 (m, 24H).
(4-(4-(N-allyl-N-methylamino)butoxy)phenyl)(phenyl)methanoneshydrobromide (BPH-

901).
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Anal. (C5;HyBrNO). C, H, N. '"H NMR (400 MHz, CDCl3): & 7.85 (d, 2H, J = 8 Hz), 7.69 (d,
2H, J="17.2Hz), 747 (t, IH, J=7.2Hz), 7.45 (t, 3H, J =7.2Hz), 6.10-6.21 (m, 2H), 5.52-5.64 (m,
2H), 3.90 (t, 2H, J = 6.4 Hz), 3.60-3.67 (m, 2H), 2.80-3.18 (m, 2H), 2.77 (s, 3H), 1.68-2.00 (m,
4H).

(4-(8-(N-allyl-N-methylamino)octyloxy)phenyl)(phenyl)methanone (BPH-899).

Anal. (C,5H34BrNOe0.3H,0) C, H, N. '"H NMR (400 MHz, CDCl;): & 7.83 (d, 2H, J = 8.8Hz),
7.74 (d, 2H, J=7.2Hz), 7.57 (t, 1H, J = 7.2Hz), 7.46 (t, 3H, J =7.2Hz), 6.14-6.21 (m, 2H), 5.51-
5.61 (m, 2H), 3.62-3.68 (m, 2H), 2.80-3.18 (m, 2H), 2.73 (s, 3H), 1.78-2.00 (m, 4H), 1.32-1.49
(m, 8H).

(4-(3-(methylallylamino)propoxy)phenyl)(phenyl)methanoneehydrobromide (BPH-905).
Anal. (CoH24BrNO») C, H, N. '"H NMR (400 MHz, CDCl3): & 11.8 (s, 1H), 8.04 (d, 2H, J=9.0
Hz), 7.7 (d, 2H, J = 9.0Hz), 7.59 (t, 1H, J = 7.5Hz), 7.56 (t, 2H, J = 7.5Hz), 6.92 (t, 2H, J =
9.0Hz), 6.19-6.23 (m, 1H), 5.56-5.65 (m, 2H), 4.18 (t, 3H, J = 4.8 Hz), 3.60-3.82 (m, 2H), 3.10-
3.42 (m, 2H), 2.81 (s, 3H), 2.4-2.60 (m, 2H).
(E)-N-allyl-5-((4aR,5R)-decahydro-1,1,4a-trimethylnaphthalen-5-yl)-N,3-dimethylpent-2-
en-1-amineehydrobromide (BPH-904). Anal. (C,sH4BrNO) C, H, N. '"H NMR (400 MHz,
CDCl): 6 6.12-6.20 (m, 1H), 5.42-5.80 (m, 4H), 3.4-3.75 (m, 4H), 2.65 (s, 3H), 0.6-2.4
6-(m-tolyloxy)-N-allyl-N-methylhexan-1-amine (BPH-913). Anal. (C;;H»NO) C, H, N. 'H
NMR (400 MHz, CDCl3): 6 7.18 (t, 2H, J = Hz), 6.82-6.87 (m, 3H), 5.8-6.0 (m, 1H), 5.11-5.21
(m, 2H), 3.96 (t, 2H, J = 6.8Hz), 3.00 (d, 2H, J = 6.4Hz), 2.31-2.35 (m, 5H), 2.21 (s, 3H), 1.76-
1.80 (m, 2H), 1.39-4.58 (m, 6H).

10-(N-allyl-N-methylamino)decanoic acidehydrobromide) (BPH-918). Anal. (C,4sH,3BrNO,)

C, H, N. "H NMR (400 MHz, CDCLy): & 6.12-6.20 (m, 1H), 5.52-5.60 (m, 2H), 3.6-3.75 (m, 2H),
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2.90-3.05 (m, 2H), 2.75 (s, 3H), 2.35 (t, 2H, J = 7.2 Hz), 1.80-1.98 (m, 2H), 1.61-1.69 (m, 2H),
1.20-1.40 (m, 10H).

N1, N6-diallyl-N1,N6-dimethylhexane-1,6-diamineeHydrobromide (BPH-919).
Anal.(C14H3Br;Ny) C, H, N. '"H NMR (400 MHz, CDCl;): & 10.81 (s, 2H), 6.08-6.17 (m, 2H),
5.54-5.59 (m, 4H), 3.43-3.78 (m, 4H), 3.16-3.18 (m, 4H), 3.02-3.04 (m, 4H), 2.7 (s, 6H), 1.87-
1.98 (m, 2H), 1.50-1.53 (m, 4H).

N1, N8-diallyl-N1, N8-dimethyloctane-1, 8-diamineehydrobromide (1:2) (BPH-920).
Anal.(Ci¢H34Br;Ny) C, H, N. '"H NMR (400 MHz, CDCl;): & 10.96 (s, 2H), 6.09-6.18 (m, 2H),
5.53-5.70 (m, 4H), 3.45-3.79 (m, 4H), 3.16-3.18 (m, 4H), 3.02-3.04 (m, 4H), 2.7 (s, 6H), 1.83-
1.98 (m, 2H), 1.34-1.53 (m, 8H).

BPH-890, BPH-921, BPH-917, BPH-907, BPH-909, BPH-908, BPH-924, BPH-896, BPH-923
were prepared by refluxing different alkyl bromides in pyridine followed by removal of solvent
and recrystallization from acetone.

[(4-phenylcarbonyl)-phenyoxyoctyl]pyridinium bromide (BPH-890). Anal. (CysH3BrNO»)
C, H, N. '"H NMR (400 MHz, CDCl3): § 9.54 (d, 2H, J = 5.6 Hz), 8.50 (t, 1H, J = 8 Hz), 8.10 (t,
2H, J=6.8 Hz), 7.80 (d, 2H, J = 6.8Hz), 7.60 (d, 2H, J = 6.8Hz), 7.55 (t, 1H, J = 7.6Hz), 7.50 (t,
2H, J=17.6 Hz), 6.95 (d, 2H, J = 8 Hz), 5.05 (t, 2H, J = 7.6 Hz), 4.02 (t, 2H, J = 6.4 Hz), 2.04-
2.08 (m, 2H), 1.74-1.82 (m, 2H), 1.36-1.46 (m, 8H).
[6-(4-(formylphenyl)(phenoxy))hexyl|pyridinium bromide (BPH-921). Anal. (C,4HcBrNO,)
C, H, N. '"H NMR (400 MHz, CDCls): § 9.60 (d, 2H, J = 5.6 Hz), 8.46 (t, 1H, J = 7.6Hz), 8.07 (t,
2H, J=17.2Hz), 7.64-7.17 (m, 4H), 7.50 (t, 1H, J = 7.8Hz), 7.42 (t, 2H, J = 7.8Hz), 6.90 (t, 2H, J
= 8.8Hz), 5.00 (t, 2H, J = 7.2 Hz), 3.95 (t, 2H, J = 6.0 Hz), 2.00- 2.07 (m, 2H), 1.73-1.78 (m,

2H), 1.43-1.47 (m, 4H).
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[1-carbamoylhexadecanyl]pyridinium chloride (BPH-917). Anal. (C;;H3cCINO,0.3H,0) C,
H, N. '"H NMR (400 MHz, CD30D): 8 9.56 (d, 2H, J = 5.6 Hz), 8.42 (t, 1H, J = 7.6 Hz), 8.01 (t,
2H, J = 6.8 Hz), 4.9 (t, 2H, J = 7.6 Hz), 2.60 (t, 2H, J = 7.2Hz), 2.2-2.4 (m, 2H), 1.30-2.4 (m,
24H).

[6-(4-(methoxycarbonyl)-3-hydroxyphenoxy)hexyl]-pyridinium bromide (BPH-907). Anal .
(C19H24BrNO4e1.4H,0) C, H, N. '"H NMR (400 MHz, D,0): & 8.74 (d, 2H, J = 6Hz), 8.35 (t,
1H, J =7 Hz), 7.82 (t, 2H, ] = 7Hz), 7.54 (d, 1H, J = 9Hz), 6.23 (d, 1H, J = 9Hz), 6.20 (s, 1H),
4.31 (t, 2H, J = 7.5Hz), 3.80 (t, 2H, J= 6Hz), 3.70 (s, 3H), 1.82-1.85 (m, 2H), 1.50-1.80 (m, 2H),
1.29-1.51 (m, 4H).

[8-(4-carbonyl)phenoxy)octyl] pyridinium bromide (BPH-909). Anal. (C;0H,sBrNOs) C, H,
N. '"H NMR (400 MHz, D,0): & 8.63 (d, 2H, J = 5.5Hz), 8.33 (t, 1H, J = 8 Hz), 7.82 (t, 2H, J =
6.5Hz), 7.78 (d, 1H, J=9Hz), 6.84 (d, 1H, J = 8.5Hz), 4.37 (t, 2H, J = 7.5Hz), 3.92 (t, 2H, J =
6.5Hz), 1.75-1.82 (m, 2H), 1.55-1.80 (m, 2H), 1.29-1.51 (m, 8H).
1-[8-(4-(methoxycarbonyl)phenoxy)octyl]-pyridinium  bromide (BPH-908). Anal
(C21HxsBrNO3eH,0) C, H, N. "H NMR (400 MHz, D,0): & 8.66 (d, 2H, J = 5.5Hz), 8.33 (t, 1H,
J=8Hz), 7.86 (t,2H, J= 6.5 Hz), 7.52 (d, 1H, J= 8.5 Hz), 6.52 (d, 1H, J= 8.5 Hz), 4.37 (t, 2H,
J=1.5 Hz), 3.66 (s, 3H), 3.51 (t, 2H, J = 6.5 Hz), 1.71-1.75 (m, 2H), 1.30-1.55 (m, 2H), 0.98-
1.20 (m, 8H).

[6-(4-(phenylcarbonyl)(phenoxy))propyl]pyridinium bromide (BPH-924).

Anal. (C,;HxNO,Br) C, H, N. '"H NMR (400 MHz, CDCl3): & 9.62 (d, 2H, J = 6 Hz), 8.48 (t,
1H, J= 8.0 Hz), 8.04 (t, 2H, J = 8.0 Hz), 7.60-7.63 (m, 4H), 7.48 (t, I1H, J= 7.5 Hz), 7.36 (t, 2H,
J=75Hz), 6.73 (d, 2H, J=7.5 Hz), 5.27 (t, 2H, J= 7.0 Hz), 4.23 (t, 2H, J = 5.5 Hz), 2.57-2.62

(m, 2H).
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[6-(4-(carboxy)-3-hydroxyphenoxy)hexyl]-pyridinium  chloride = (BPH-923A).  Anal.
(C18H22CINO4) C, H, N. 1H NMR (400 MHZ, DzO)I 0 8.64 (d, 2H, J= 6HZ), 8.32 (t, 1H, J=28
Hz), 7.82 (t, 2H, J = 7THz), 7.50 (d, 1H, J = 9Hz), 6.26(d, 1H, J = 9Hz), 6.18 (s, 1H), 4.41 (t, 2H,

J =17.5Hz), 3.80 (t, 2H, J= 6Hz), 1.80-1.84 (m, 2H), 1.49-1.80 (m, 2H), 1.19-1.51 (m, 4H).

General procedure for BPH-888 and BPH-914. To a solution of malonic acid, monoethyl ester
(1 mmol) were added N-ethyl-N-(3-dimethylaminopropyl)-carbodiimide (EDC) (1.5 mmol) and
I-hydroxybenzotriazole (1 mmol). After stirring for 2h at room temperature, 50 mL of ethyl
acetate was added and the reaction mixture washed successively with 1IN HCI (5 mL), water (5
mL) and saturated NaHCO; (5 mL), dried, and evaporated. The amide was purified using flash
chromatography.

N-[3-(3-Phenoxy-phenyl)-propyl]-melonic acid monoamide (BPH-888). 3-(3-phenoxy-
phenyl)-propylamine was coupled with monoethyl ester of malonic acid to give the ethyl ester of
BPH-888, which was then hydrolyzed with 3 equiv. of KOH in MeOH/H,O for 1h. The reaction
mixture was acidified, extracted with ethyl acetate, and the organic layer evaporated. The oily
residue was dissolved in methanol, neutralized with KOH and evaporated to give BPH-888 as a
white powder (250 mg, 66% overall yield). Anal . (C1sH sKNO40.5H,000.25KCl) C, H, N. 'H
NMR (400 MHz, D,0): & 6.70-7.40 (m, 9H), 3.33-3.40 (m, 2H), 3.32 (s, 2H,), 2.62 (t, 2H, J =
7.6 Hz), 1.80-1.90 (m, 2H).

(4-(6-bromohexyloxy)phenylcarbamoyl)methylphosphonic acid (BPH-914). 4-(6-
bromohexyl)aniline was coupled with dibenzyl phosphonoacetic acid, according to the general
method, to give the dibenzyl ester of BPH-914. The benzyl groups were removed by
hydrogenation for lhr, catalyzed with 5% Pd/C in methanol, followed by neutralization with
NaOH to give BPH-914 as a white powder (289 mg, 60%). Anal. (C14H;9NaNOse2.5H,0) C, H,
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N. 'H NMR (400 MHz, D,0): & 7.22 (d, 2H, J = 9Hz), 3.90 (t, 3H, J = 7Hz), 3.45 (t, 3H, J =

THz), 2.51 (d, 2H, J = 18.5Hz), 1.56-1.62 (m, 4H,), 1.28-1.32 (m, 4H).
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