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Experimental procedure for the synthesis of compounds 15-18

To a solution of 1 (3 g) in dry DCM (10 mL) was added imidazole (0.756 g, 1.2 eq.) in three
portions. After 5 min TBSCI (1.675 g, 1.1 eg.) was added and stirring continued for 2 h. The reaction
mixture was diluted with H,O (10 mL) and extracted with DCM (200 mL x 2). Removal of the solvent
by evaporation gave a crude mixture, which was chromatographed on silica gel using 10% EtOAc in
hexanes to afford compound 13 (4.02 g, 99%) as a colorless liquid; *H NMR (CDCls, 400 MHz) & 8.20
(2H, d, J = 8.6 Hz), 7.56 (2H, d, J = 8.6 Hz), 7.20 (1H, d, J = 9.4 Hz, NH), 5.80 (1H, s, CHCl,), 5.30
(1H, brs, H-1), 4.14 (1H, m), 4.01 (2H, m, H-2, 3a), 3.94 (1H, m, H-3b), 0.94 [9H, s, (CH3)sC-Si)], 0.14
[6H, s, (CH3)>-Si]; *C NMR (CDCls, 100 MHz) 6 164.2, 147.7, 147.6, 126.8, 123.7, 74.0, 66.3, 65.2,
55.1,25.9,18.2, -5.4,-5.5.

To a solution of 13 (50 mg) in dry DCM (3 mL) was added pyridine (0.02 mL, 1.2 eg.) and an
acyl reagent (acetic anhydride, propanoic anhydride, p-nitrobenzoyl chloride, and cinnamoyl chloride)
(1.2 eq.). After stirring at room temperature for 4 h, the solvents were removed from the reaction
mixture by evaporation. The resultant residue was chromatographed on silica gel using 10% EtOAc in
hexanes to afford compounds 14a—14d in a yield of approximately 95%.

1-Acetyl-3-tert-butyldimethylsilychloramphenicol (14a): colorless liquid; *H NMR (CDCls, 400
MHz) 5 8.24 (2H, d, J = 8.6 Hz), 7.58 (2H, d, J = 8.6 Hz), 6.97 (1H, d, J = 9.4 Hz, NH), 6.12 (1H, d, J =
7.8 Hz, H-1), 5.91 (1H, s, CHCL), 4.34 (1H, m, H-2), 3.62 (1H, dd, J = 10.9, 4.7 Hz, H-3a), 3.42 (1H,
dd, J = 10.9, 2.3 Hz, H-3b), 2.12 (3H, s), 0.93 [9H, s, (CH3)sC-Si], 0.06 (3H, s, CH3-Si), 0.05 (3H, s,
CHs-Si); **C NMR (CDCls, 100 MHz) § 170.1, 164.1, 148.2, 144.3, 128.3, 124.1, 73.6, 66.4, 61.5, 55.1,
25.9,21.1,18.3,-5.4,-5.5.

1-Propanoyl-3-tert-butyldimethylsilychloramphenicol (14b): colorless liquid; *H NMR (CDCls,

400 MHz) 6 8.19 (2H, d, J = Hz), 7.55 (2H, d, J = Hz), 6.99 (1H, d, J = 9.4 Hz, NH), 6.10 (1H, d, J =
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7.8 Hz, H-1), 5.90 (1H, s, CHCI,), 4.30 (1H, m, H-2), 3.59 (1H, dd, J = 10.9, 4.7 Hz, H-3a), 3.39 (1H, d,
J=10.9, 3.1 Hz, H-3b), 2.37 (2H, m), 1.08 (3H, t, J = 7.8 Hz), 0.89 [9H, s, (CH3)3C-Si], 0.02 (3H, s,
CHs5-Si), 0.01 (3H, s, CH3-Si); *C NMR (CDCls, 100 MHz) § 173.5, 164.0, 148.0, 144.4, 128.1, 123.9,
73.3,66.3,61.4, 55.1, 27.6, 25.8, 18.2, 8.9, -5.5, -5.6.

1-Cinnamoyl-3-tert-butyldimethylsilylchloramphenicol (14c): colorless liquid; 'H NMR (CDCl,
400 MHz) 6 8.26 (2H, d, J = 8.6 Hz), 7.73 (1H, d, J = 15.6 Hz), 7.64 (2H, d, J = 9.4 Hz), 7.54 (2H, m),
7.40 (3H, m), 7.07 (1H, d, J = 9.4 Hz, NH), 6.46 (1H, d, J = 15.6 Hz), 6.21 (1H, d, J = 7.8 Hz, H-1),
5.91 (1H, s, CHCI,), 4.43 (1H, m, H-2), 3.67 (1H, dd, J = 10.9, 3.9 Hz, H-3a), 3.46 (1H, dd, J = 10.9,
2.3 Hz, H-3b), 0.94 [9H, s, (CH3)3C-Si], 0.07 (3H, s, CHs-Si), 0.06 (3H, s, CH3s-Si); *C NMR (CDCl;,
100 MHz) 6 165.9, 163.9, 148.1, 146.8, 144.4, 133.9, 130.8, 128.9, 128.3, 128.1, 123.9, 116.6, 73.7,
66.4, 61.4, 55.0, 25.9, 18.3, -5.4, -5.5.

1-p-Nitrobenzoyl-3-tert-butyldimethylsilylchloramphenicol (14d): colorless liquid; *H NMR
(CDCls, 400 MHz) 6 8.29 (4H, d, J = 7.8 Hz), 8.21 (2H, d, J = 8.6 Hz), 7.71 (2H, d, J = 8.6 Hz), 7.18
(1H, d, J = 9.4 Hz, NH), 6.25 (1H, d, J = 9.4 Hz, H-1), 5.89 (1H, s, CHCl,), 4.56 (1H, m, H-2), 3.68 (1H,
dd, J=10.9, 3.1 Hz, H-3a), 3.44 (1H, br d, J = 10.9 Hz, H-3b), 0.96 [9H, s, (CH3)3C-Si)], 0.08 [6H, br s,
(CHa)2-Si]; *C NMR (CDCls, 100 MHz) 6 164.1, 163.9, 150.9, 148.4, 143.4, 134.4, 131.1, 128.4, 124.2,
123.7,75.9, 66.2, 61.3, 54.6, 25.8, -5.5, -5.7; HRESIMS m/z 586.1170/588.1148 (calcd for
[C24H20N3C1L,06Si + H]*, 586.1174/588.1144).

To a solution of a compound in 14a, 14b, or 14c (30 mg) in H,O-THF (1:4, 3 mL) was added
PTSA (0.1 eq) in two portions. After stirring at room temperature for overnight, the reaction mixture
was diluted with H,O (5 mL) and extracted with EtOAc (20 mL x 2). The organic layer was
concentrated to dryness to give a residue, which was chromatographed on silica gel using 30% EtOAc in

hexanes to give the target compound.
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1-Acetylchloramphenicol (15): yield, 60% from 14a, white solid; [a]p +30.7 (c 0.35, EtOH); *H
and *C NMR data matching the reported values in literature (Gross, F.; Lewis, E. A.; Piraee, M.; van
Pee, K. H.; Vining, L. C.; White, R. L. Bioorg. Med. Chem. Lett. 2002, 12, 283-286); HRESIMS m/z
387.0125/389.0096 [M + Na]" (calcd for [CrsH1aN,Cl,0s + Na]*™ 387.0121/389.0092).

1-Propanoylchloramphenicol (16): yield, 60% from 14b, white solid; [0]*° —5.6 (¢ 0.6, DCM);
'H and *C NMR data matching reported values in literature (Gross, F.; Lewis, E. A.; Pirace, M.; van
Pee, K. H.; Vining, L. C.; White, R. L. Bioorg. Med. Chem. Lett. 2002, 12, 283-286); HRESIMS m/z
401.0287/403.0256 [M + Na]* (calcd for [C1aH16N,Cl,0¢ + Na]* 401.0278.0458/403.0248).

1-Cinnamoylchloramphenicol (17): yield, 85% from 14c, white solid; [0]*°p +31.2 (c 0.16,
EtOH): 'H NMR (CDCls, 400 MHz) 6 8.23 (2H, d, J = 8.6 Hz), 7.76 (1H, d, J = 15.6 Hz), 7.65 (2H, d, J
= 8.6 Hz), 7.53 (2H, m), 7.40 (3H, m), 7.09 (1H, d, J = 8.6 Hz, NH), 6.50 (LH, d, J = 15.6 Hz), 6.33 (LH,
d, J = 6.3 Hz, C-1), 5.89 (1H, s, CHCl,), 4.47 (1H, m, H-2), 3.74 (1H, dd, J = 10.9, 4.7 Hz, H-3a), 3.59
(1H, dd, J = 10.9, 3.1 Hz, H-3b); *C NMR (CDCls, 100 MHz) 6 166.2, 164.5, 148.2, 147.4, 144.3,
133.9, 131.1, 129.2, 128.5, 128.0, 124.1, 116.5, 73.3, 66.4, 61.2, 55.6; HRESIMS m/z
451.0477/453.0450 (calcd for [CaoH1sNoCl,0s— H]~ 451.0469/453.0440),

1-p-Nitrobenzoylchloramphenicol (18): yield, 82% from 14d, white solid; [0]*°p + 51.5 (c 0.16,
EtOH): 'H NMR (MeOH-d,/CDCls, 400 MHZz) & 8.27 (6H, m), 7.75 (2H, d, J = 8.6 Hz), 6.31 (1H, d, J =
6.3 Hz, H-1), 6.03 (1H, s, CHCL,), 4.55 (1H, m, H-2), 3.68 (1H, dd, J = 10.9, 5.4 Hz, H-3a), 3.47 (1H,
dd, J = 10.9, 3.2 Hz, H-3b); *C NMR (acetone-ds, 100 MHz) J 164.9, 164.5, 151.9, 148.9, 145.8, 135.8,
132.1,129.1, 124.5, 76.2, 67.5, 61.1, 56.3; HRESIMS m/z 472.0307/474.0276 (calcd for

[C1sH1sN3Cl,0g + H]" 472.0309/474.0279).
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Table S1. Characterization of metagenomic clone-derived bioactivity inhibiting MRSA growth.

MRSA strain EAMC30 was used as the tester strain in all bioassays. Clones that were observed

to produce Cm derivatives are in bold. ®Percent inhibition values were calculated in comparison

with the corresponding empty vector negative control by measuring the fluorescence of reduced

resazurin.
Clone ID | Predicted phylum of | %% MRSA % % % Inhibition | % Inhibition
origin Inhibition | Inhibition | Inhibition | after 10 min | in <3 kDa
in the cell in the at fraction
lysate supernatant 100 °C
P2P12 Bacteroidetes 52+45 [346x80| 48+45 56.7+1.9 596+ 1.6
P3A13 Acidobacteria 8.1+0.2 89+ 0.5 91.9%0.2 86.4+0.5 38.7+9.8
P5A4 Proteobacteria 63.7+6.1 | 36+0.1 | 36.3x6.1 | 24.7+3.7 522+ 0.5
P5C24 Acidobacteria 178+1.6 | 842+14 | 822+1.6 68.7 + 3.3 65+ 6.3
P6B5 Proteobacteria 43.1+05 [56.9+21] 193+£05 | 922+0.6 765+ 3.4
P6L4 Unknown 75+04 [883+£0.1| 92504 89.1+0.1 85415
P6L5 Proteobacteria 257+18 | 68+£42 | 74318 | 149+£6.0 544+ 3.8
PIL21 Unknown 78+03 | 5717 | 922+03 | 584+1.3 718+ 2.8
P1401 Planctomycetes 752+6.1 | 126+3.7 | 248+6.1 | -21+3.0 36.7+0.9
P18N22 | Proteobacteria 108+0.3 | 59+49 | 89.2+0.3 60.8 +4.8 723+0.0
P2016 Acidobacteria 11.4+0.6 | 55.1+3.0 | 88.6+0.6 785+1.7 | 229+15.2
P22C4 Acidobacteria 605+19 | 24+£0.8 395+19 -3.1+7.2 39.1+3.9
P22E10 | Proteobacteria 53.4+05| 76+49 | 466+05 | 71.7£35 549+ 2.3
P23K15 | Proteobacteria 77+03 [86.7+£1.8| 923+0.3 86.5+ 0.7 81.0+35
P27K16 | Gemmatimonadetes | 11.6+0.1 | 152+49 | 88.4+0.1 83x54 528+54
P27M10 | Acidobacteria 7.7x0.0 87+04 | 923+0.0 88.3+0.4 82.7+0.5
P28H1 Firmicutes 86+0.1 [86.8+0.6| 91401 | 80.8+0.6 765+ 1.0
P2817 Acidobacteria 82+0.1 [728+1.4| 918+0.1 | 844+04 81.3+0.9
P28L21 | Acidobacteria 84+0.1 [70.7+£09| 916+0.1 | 75.6+3.4 78.7+ 0.6
P31G24 | Acidobacteria 83x0.1 [879+0.1| 91.7+£0.1 86.3+0.4 73.3+7.8
P35B14 | Proteobacteria 396+21|349+53 | 604+£21 | -69+126 | 482+4.1
P36M1 Acidobacteria 56+20 | 55+0.8 | 440+£20 | 89%x14.2 55.8+ 3.7
P37A11 | Planctomycetes 505+11)156+39| 405+1.1 70x0.5 537+ 2.2
P37010 | Proteobacteria 41.2+64 |(588+1.8| 29.1+6.4 | 90.0+1.1 16.0£ 3.7
P43A3 Unknown 66.5+1.2| 38+3.1 | 335+1.2 | 285+7.8 46.2+ 0.5
P46024 | Bacteroidetes 86+0.2 [50.1+£52| 914+0.2 | 55.0+6.7 65.7+ 1.8
P49M4 Proteobacteria 100+0.6 | 29.7+7.6 | 90.0+0.6 74+7.2 55.7+ 2.4
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Table S2. Antibacterial Activity of Compounds 1-7, 10-12, and 15-18.

ICs?/MIC® (ng/mL)

Compound M. intracellulare M. tuberculosis
ATCC 23068 ATCC 25177
1 (chloramphenicol) 17.2+£0.02/25.0+0 67.6+16.7/-°
2 189+12/250+0 ——
3 323 £9.1/75.0+35.3 ——
4 126 £05/25.0+0 ——
5 —— ——
6 23.8 £25/25.0+0 ——
7 —— ——
10 202+42/375+£17.7 29.9+25/50.0+0
11 453+0.1/50.0+0 -
12 40.7+11.7/50.0+0 57.0+7.0/100.0 £ 0
15 154+14/250+0 -
16 322+20/50.0+0 ——
17 27.5+x2.0/500+0 87.7£24/—
18 6.8+0.2/125+0 274+6.2/50.0+0
ciprofloxacin 08+0.2/1.0+ 0 09+0.04/25+0

streptomycin

rifampin

18 £0.06/3.1+ 0

¢

33+x08/63x0

-

350% inhibition of bacterial growth. "Minimum inhibitory concentration (the lowest concentration

that allows no detectable growth). °Not active at the highest test concentration 100 pg/mL.
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Table S3. List of plasmids used in this study.

Plasmid name Relevant characteristics? Source or
reference
pSmartBAC-S CmR, conjugative, integrative, inducible-copy This study

pSMART HC Amp

AmpR, high copy number plamid

Lucigen Corp, WI

pSMART HC trfA cloned into pSMART HC Amp This study
Amp:trfA

pRham N-His Vector for expressing recombinant proteins Lucigen Corp, WI
pRham-esterase Esterase gene cloned into pRham vector This study
pRham- Carboxylesterase gene cloned into pRham vector | This study
carboxyesterase

2 Abbreviations: CmR, chloramphenicol resistant;
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Table S4. List of oligonucleotides used in this study.

Primer ID Sequences

SR4F 5-GGAGAAGTACCGCAAGCTGTCG-3'
SR5R 5-CGTCATAGTTCCTCGCGTGTCG-3'
SR4R 5-TCTTGGTCGTCATAGTTCCTCG-3'
SL2F 5-AAGATCGAGCGCGACAGCGT-3
SR3F(R) 5-AATCCGATCCGCACATGAGG-3
SL1 5-CAGTCCAGTTACGCTGGAGTC-3'
SR2 5-GGTCAGGTATGATTTAAATGGTCAGT-3'
9 _SR6F 5-GGTGATCTTCACGTCCTTGTTG-3'

9 SR6R 5-CTTGTTCGATATTGCGCCGTGG-3'
TRA-IntF 5-GGAACTATGACGACCAAGAAGC-3
TRA- IntR 5- GCTCGATCTTGGCCGTAGCTT-3'
PE-F 5’- GCG CGATGGTCTTCTTTTAGT-3’
PE-R 5’-TTAAGCGAAAGCGTCGCCGGG-3’
ME-F 5’-ATCTATGGCGTCAAAAAGGTA-3’
ME-R 5’- CGGTGCCGCCCGCAGCGTAAT-3’
PCE-F 5’- CCTTTGCTGCATCAGTTCTAC-3’
PCE-R 5’- TTCATGGTGCAGCCCTCGGAA-3’
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Figure S3. Multiple alignment of a putative esterase (clone P6L.4; ORF12) compared to esterase amino acid sequences obtained from GenBank. The multiple alignment was conducted using
MUSCLE and visualized using MVIEW. The sequence derived from metagenomic clone P6L4 is marked by a red arrow.
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Figure S4. Multiple alignment of a putative carboxylesterase (clone P6L4; ORF35) compared to esterase amino acid sequences obtained from GenBank. The multiple alignment was
conducted using MUSCLE and visualized using MVIEW. The sequence derived from metagenomic clone P6L4 is marked by a red arrow.
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Figure S5. Multiple alignment of a putative metallophosphoesterase (clone P6L4; ORF35) compared to esterase amino acid sequences obtained from GenBank. The multiple alignment
was conducted using MUSCLE and visualized using MVIEW. The sequence derived from metagenomic clone P6L4 is marked by a red arrow.
-
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Figure S6. Maximum likelihood analysis of predicted esterase sequences. The tree with the highest log likelihood (-
9571.0445) is shown. The percentage of trees in which the associated taxa clustered together is shown next to the
branches. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioNJ
algorithms to a matrix of pairwise distances estimated using a JTT model, and then selecting the topology with superior
log likelihood value. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site.
The analysis involved 28 amino acid sequences. All positions containing gaps and missing data were eliminated. There
were a total of 271 positions in the final dataset. Evolutionary analyses were conducted in MEGA?7. The predicted
esterase derived from metagenomic clone P6L4 is marked by a red arrow.

99 1 O0C56147.1 hypothetical protein NOSIN 21865 Nocardiopsis sinuspersici

WP 077692584.1 enterochelin esterase Nocardiopsis sinuspersici

WP 053619943.1 enterochelin esterase Nocardiopsis sp. NRRL B-16309 KOX08890.1 hypothetical protein ADL05 27690 Nocardiopsis sp. NRRL B-16309
WP 078510950.1 enterochelin esterase Streptomyces sp. TAA486

OLB44702.1 hypothetical protein AUHO5 04345 Ktedonobacter sp. 13 2 20CM 53 11

WP 007918782.1 enterochelin esterase Ktedonobacter racemifer EFH81418.1 putative esterase Ktedonobacter racemifer DSM 44963

WP 007910209.1 enterochelin esterase Ktedonobacter racemifer EFH86152.1 putative esterase Ktedonobacter racemifer DSM 44963
55

WP 073487538.1 enterochelin esterase Streptoalloteichus hindustanus SHG43133.1 enterochelin esterase Streptoalloteichus hindustanus

ABJ82765.1 putative esterase Candidatus Solibacter usitatus Ellin6076
99

100 'WP 083783663.1 DUF3327 domain-containing protein Candidatus Solibacter usitatus

100 [WP 060965334.1 esterase family protein Pseudomonas aeruginosa KXE90326.1 enterochelin esterase Pseudomonas aeruginosa
WP 079868140.1 esterase family protein partial Pseudomonas aeruginosa

55 KYG09650.1 hypothetical protein BE21 16695 Sorangium cellulosum
53
100 KYF59881.1 hypothetical protein BE04 04740 Sorangium cellulosum
ea| WP 080682583.1 DUF3327 domain-containing protein Sorangium cellulosum

72 AGP40998.1 hypothetical protein SCE1572 44790 Sorangium cellulosum So0157-2

[ WP 011955872.1 DUF3327 domain-containing protein Roseiflexus sp. RS-1 ABQ89519.1 putative esterase Roseiflexus sp. RS-1
100 L PMP80195.1 esterase Roseiflexus castenholzii

ﬁ WP 068613518.1 esterase Woeseia oceani ANO50598.1 esterase Woeseia oceani
100 L(j 0OIP31490.1 hypothetical protein AUK47 22320 Deltaproteobacteria bacterium CG2 30 63 29 PJB34223.1 enterochelin esterase Deltaproteobacteria bacterium CG 4 9 14 3 um filter 63 12

72 KPK61344.1 hypothetical protein AMJ59 02710 Gammaproteobacteria bacterium SG8 31

—  KXK22648.1 putative esterase Chloroflexi bacterium OLB15

gene 12|GeneMark.hmm|394 aa|+|10020|11204 insert from clone P6L4 «

PJF41302.1 hypothetical protein CUN54 02095 Chloroflexi bacterium

PJF22797.1 hypothetical protein CUN56 04195 Chloroflexi bacterium

PJF32598.1 hypothetical protein CUN52 00885 Chloroflexi bacterium

KXK52969.1 putative esterase Chloroflexi bacterium OLB13

100 1 OQY84301.1 hypothetical protein B6D42 05600 Anaerolineae bacterium UTCFX5

100

0.20
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Figure S7. Maximum likelihood analysis of predicted carboxylesterase sequences. The tree with the highest log
likelihood (-12477.0427) is shown. The percentage of trees in which the associated taxa clustered together is shown
next to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and
BioNJ algorithms to a matrix of pairwise distances estimated using a JTT model, and then selecting the topology with
superior log likelihood value. The tree is drawn to scale, with branch lengths measured in the number of substitutions
per site. The analysis involved 41 amino acid sequences. All positions containing gaps and missing data were
eliminated. There were a total of 240 positions in the final dataset. Evolutionary analyses were conducted in MEGA7.
The predicted esterase derived from metagenomic clone P6L.4 is marked by a red arrow.

100 — WP 088866107.1 phospholipase Thermococcus radiotolerans ASJ13902.1 hypothetical protein A3L10 01660 Thermococcus radiotolerans

WP 088180530.1 phospholipase Thermococcus sp. 5-4 ASA77645.1 phospholipase Thermococcus sp. 5-4

WP 058937961.1 hypothetical protein Thermococcus celericrescens KUH34526.1 hypothetical protein APY94 01525 Thermococcus celericrescens
0GS24968.1 hypothetical protein A2314 00165 Elusimicrobia bacterium RIFOXYB2 FULL 50 12

WP 008084008.1 phospholipase Aciduliprofundum boonei EDY35805.1 phospholipase/carboxylesterase family Aciduliprofundum boonei T469 ADD09207.1 phospholipase/Carb Acidt

ip dum boonei T49
OFY36160.1 hypothetical protein A2W91 05075 Bacteroidetes bacterium GWF2 38 335 OFY79797.1 hypothetical protein A2281 10345 Bacteroidetes bacterium RIFOXYA12 FULL 38 20
PKP21237.1 phospholipase Bacteroidetes bacterium HGW-Bacteroidetes-21
OIN97363.1 hypothetical protein AUJ66 03605 Candidatus Desantisbacteria bacterium CG1 02 38 46
OGF50273.1 hypothetical protein A2044 05455 Candidatus Firestonebacteria bacterium GWA2 43 8
100 | PN61805.1 hypothetical protein V513 04100 Mesotoga sp. H07.pep.5.3
WP 099771798.1 phospholipase Mesotoga sp. H07.pep.5.3

2 0GX33592.1 hypothetical protein A3#3 01350 Omnitrophica WOR 2 bacterium RIFCSPLOWO2 02 FULL 50 19
OFY37597.1 hypothetical protein A2Z69 01170 Bacteroidetes bacterium RBG 13 44 24
— % OFY71052.1 hypothetical protein A2Y71 02805 Bacteroidetes bacterium RBG 13 42 15

100 L OFY77857.1 hypothetical protein A2V46 04900 Bacteroidetes bacterium RBG 19FT COMBO 42 7
100 [ OFZ70805.1 hypothetical protein A2Z01 10470 Betaproteobacteria bacterium RBG 16 58 11
OFZ97407.1 hypothetical protein A2Z44 10360 Betaproteobacteria bacterium RBG 19FT COMBO 58 11
OGF63650.1 hypothetical protein A2Y62 02040 Candidatus Fischerbacteria bacterium RBG 13 37 8
OGHK4382.1 hypothetical protein A2150 06050 Candidatus Muproteobacteria bacterium RBG 16 64 11
OGW860075.1 hypothetical protein A2V83 11230 Nitrospirae bacterium RBG 16 64 22
OGP77132.1 hypothetical protein A2V86 09965 Deltaproteobacteria bacterium RBG 16 49 23
OHD62137.1 hypothetical protein A2096 13175 Spirochaetes bacterium GWF1 41 5
OGF46285.1 hypothetical protein A2231 08565 Candidatus Firestonebacteria bacterium RIFOXYA2 FULL 40 8
KYK35392.1 hypothetical protein AYK19 02040 Theionarchaea archaeon DG-70-1
OGN93287.1 hypothetical protein A2Z75 00310 Chloroflexi bacterium RBG 13 50 10
WP 038340759.1 hypothetical protein delta proteobacterium PSCGC 5451
WP 049808850.1 hypothetical protein delta proteobacterium PSCGC 5342
KPK13523.1 hypothetical protein AMJ67 17350 Betaproteobacteria bacterium SG8 41
0GS52054.1 hypothetical protein A3J79 00935 Elusimicrobia bacterium RIFOXYB2 FULL 62 6
100 JOGF64557,1 hypothetical protein A2661 01140 partial Candidatus Giovannonibacteria bacterium RIFCSPHIGHO2 01 FULL 45 24

‘OGF87307.1 hypothetical protein A3B19 03735 Candidatus Giovannonibacteria bacterium RIFCSPLOWO2 01 FULL 46 32
KNZ31745.1 hypothetical protein AD742 17130 Methylibium sp. NZG
100 [ WP 051891812.1 MULTISPECIES: hypothetical protein Arenibacter

L WP 093978098.1 hypothetical protein Arenibacter algicola

OHD65713.1 hypothetical protein A2176 13850 Spirochaetes bacterium RBG 13 51 14
gene 35|G k.hmm|278 aal-[35192(36028 insert from clone P6L4 «

100 JWP 029315312.1 esterase Acaryochloris sp. CCMEE 5410

100

L WP 012164719.1 esterase Acaryochloris marina ABW29397.1 esterase putative Acaryochloris marina MBIC11017

18 KRT77820.1 esterase polyhydroxybutyrate depolymerase Armatimonadetes bacterium CSP1-3
497(:'? 0OLD52952.1 hypothetical protein AUIB3 09180 Armatimonadetes bacterium 13 1 40CM 3 65 7
100

OFX14798.1 hypothetical protein A2V59 00425 Armatimonadetes bacterium RBG 19FT COMBO 69 19
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Figure S8. Maximum likelihood analysis of predicted metallophosphoesterase sequences. The tree with the highest log
likelihood (-10240.6863) is shown. The percentage of trees in which the associated taxa clustered together is shown
next to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and
BioNJ algorithms to a matrix of pairwise distances estimated using a JTT model, and then selecting the topology with
superior log likelihood value. The tree is drawn to scale, with branch lengths measured in the number of substitutions
per site. The analysis involved 42 amino acid sequences. All positions containing gaps and missing data were
eliminated. There were a total of 252 positions in the final dataset. Evolutionary analyses were conducted in MEGA7.
The predicted esterase derived from metagenomic clone P6L.4 is marked by a red arrow.

100  GBE91321.1 metallophosphoesterase Nostoc cycadae WK-1

WP 096580969.1 metallophospt Anabaenopsis circularis BAY17764.1 putative Ser/Thr protein phosphatase family protein Anabaenopsis circularis NIES-21
WP 015112944.1 metallophosphoesterase Nostoc sp. PCC 7107 AFY42728.1 metallophosphoesterase Nostoc sp. PCC 7107

WP 083468904.1 metallophosphoesterase Nostoc piscinale

100 | ALF53741.1 serine/threonine protein phosphatase Nostoc piscinale CENA21

BAZ50935.1 putative Ser/Thr protein phosphatase family protein Nostoc sp. NIES-4103

WP 015139683.1 metallophosphoesterase Nostoc sp. PCC 7524 AFY49253.1 putative phosphohydrolase Nostoc sp. PCC 7524

WP 082727286.1 metallophosphoesterase Nostoc sp. NIES-3756 BAT55089.1 Ser/Thr protein phosphatase family protein putative Nostoc sp. NIES-3756
100 L WP 096679543.1 metallophosphoesterase Nostoc sp. NIES-2111 BAY37127.1 putative Ser/Thr protein phosphatase family protein Nostoc sp. NIES-2111
BAY08063.1 putative Ser/Thr protein phosphatase family protein Calothrix sp. NIES-2098

BAZ31673.1 putative Ser/Thr protein phosphatase family protein Cylindrospermum sp. NIES-4074

WP 015206774.1 Cyli um stagnale AFZ23518.1 putative phosphohydrolase Cylindrospermum stagnale PCC 7417

WP 016876205.1 metallophosphoesterase Chlorogloeopsis fritschii

100 | KST67425.1 serine/threonine protein phosphatase Mastigocoleus testarum BC008
WP 082650565.1 i leus testarum

WP 015121857.1 metallophosphoesterase Rivularia sp. PCC 7116 AFY58305.1 putative phosphohydrolase Rivularia sp. PCC 7116
WP 088242443.1 Calothrix rhi
CDN13846.1 phosphoesterase(EC:3.1.-) Richelia intracellularis.

9

26
100

WP 015197240.1 metallophosphoesterase Calothrix parietina AFZ00592.1 metallophosphoesterase Calothrix sp. PCC 6303
99 WP 096615653.1 metallophosphoesterase Calothrix sp. NIES-4101 BAZ38644.1 putative Ser/Thr protein phosphatase family protein Calothrix sp. NIES-4101
{ WP 095722007.1 metallophosphoesterase Calothrix elsteri PAX54314.1 serine/threonine protein phosphatase Calothrix elsteri CCALA 953
® 99 WP 096685131.1 MULTISPECIES: metallophosphoesterase Calothrix BAZ09636.1 putative Ser/Thr protein phosphatase family protein Calothrix sp. NIES-4071 BAZ55783.1 putative Ser/Thr protein phosphatase fa5
100 OKH51751.1 serine/threonine protein phosphatase Calothrix sp. HK-06
34 99 WP 026092783.1 metallophosphoesterase Calothrix sp. PCC 7103
WP 015190402.1 metallophosphoesterase Gloeocapsa sp. PCC 7428 AFZ32534.1 metallophospt Gl sp. PCC 7428
gene 77|GeneMark.hmm|273 aal-|73400[74221 insert from clone P6L4 «
ﬂXK%WBJ metallophosphoesterase Chloroflexi bacterium OLB15
56 PJF25889.1 serinefthreonine protein phosphatase Chloroflexi bacterium
WP 084709347.1 metallophospt R aplysinae

PJF40307.1 serine/threonine protein phosphatase Chloroflexi bacterium
0G063846.1 hypothetical protein A2Z45 01705 Chloroflexi bacterium RBG 19FT COMBO 55 16

100 | WP 084790049.1 esterase Methanc ium congolense
86 SCG86788.1 putative metallophospt YKUE Meth ium congolense
54 98 WP 013826831.1 metallophospt Methar ium paludis AEG19332.1 metallophospt Methar ium paludis
‘WP 048191956.1 metallophosphoesterase Methanobacterium sp. SMA-27
9 WP 013643761.1 Methar ium lacus ADZ08410.1 Mett ium lacus
100 100 - WP 048082606.1 MULTISPECIES: Metf ium
WP 069585717.1 MULTISPECIES: metallophospt Methar ium OEC84416.1 metallophosphatase Methanobacterium sp. A39 PAV05585.1 Methar ium bryantii

WP 040682302.1 metallophosphoesterase Methanobrevibacter boviskoreani
WP 023991527.1 »sphoesterase Methanc ium sp. MB1 CDG64491.1 metallophospt Methar ium sp. MB1

WP 048071780.1 Mett ium formicicum CEA12430.1 metallophospt Methar ium formicicum AIS32688.1 Methar ium formicicum CEL24123.m
100 | KUK75234.1 Metallophosphoesterase Methanobacterium sp. 42 16
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Figure S9. Induced expression of esterase genes subcloned from clone P64 using the Expresso
Rhamnose SUMO system. The SDS-PAGE gel indicates protein bands observed in the E. coli
cultures of the subcloned esterase or carboxylesterase in the absence of rhamnose (uninduced;
Un) or in the presence of rhamnose to induce expression (induced; In). Bands corresponding to

the respective recombinant proteins can be observed after induction.

Esterase Carboxylesterase

— e

Marker Un In Un In
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Figure S10. ESI-MS Spectrum of Compound 1
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Figure S11. 'H NMR Spectrum of Compound 1 in Acetone-dg

S28


Xing-Cong
Typewritten Text
S28


Compoungl 1-13C-in acetone-d6
Std Carbt% experiment

7500

164.46
— 151.36
— 147.99
— 128.09
—123.85

29.65

7.92
f59

N\ 67.47
_-62.20

7116

7000

OH OH
- 6500

Cl

HN L 6000
O,N %m I

O - 5500
- 5000
4500
4000
- 3500
3000
2500
- 2000
- 1500
- 1000
500
| L
MWNWWWWMMWWWM L«wmwwwwwmmm -0

--500

T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm}

Figure S12. 3*CNMR Spectrum of Compound 1 in Acetone-ds
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Figure S13. DEPT-135 Spectrum of Compound 1 in Acetone-ds
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Figure S14. HRESI-MS Spectrum of Compound 2
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Figure S16. 13C NMR spectrum of Compound 2 in CDCl;
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Figure S17. HRESI-MS Spectrum of Compound 3

S34


Xing-Cong
Typewritten Text
S34


400
- 380

- 360
- 340
320
- 300
- 280
- 260
- 240
220
- 200
- 180
- 160
- 140
120
- 100
-80

-60

40

20

-0

- -20

09TT'T
9€CT'T W
8EST'T

958€°7 ~_
L5062

5096°€

£L00TY /

89¢CY

AV a4
NE

0€9C'y
8E9EY ~

+06E't
€90v'v
LOEPY

8280'S —

£508°'S —

0L —
0490 7
T68C°L—
66€S'L\ |
609S°L —

compound-3-1H-in CDCI3
Std Proton parameters

0
OH OJ\/
cl
HN\H)\Cl
o)
-
7

O,N

ﬂ\/
|

re

1€

e

- J@l&.o

) — L6'T

0.0 -0.5

6.0 5.5 5.0 " (4.5 N 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
ppm
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Figure S19. 13C NMR Spectrum of Compound 3 in CDCl;
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Figure S20. HRESI-MS Spectrum of Compound 4
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Figure S22. 13C NMR Spectrum of Compound 4 in CDCl;
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Figure S23. HRESI-MS Spectrum of Compound 5
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Figure S24. 'H NMR Spectrum of Compound 5 in CDCl;
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Figure S25. BC NMR Spectrum of Compound 5 in CDCl3
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Figure S26. HRESI-MS Spectrum of Compound 6
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Figure S28. 13C NMR Spectrum of Compound 6 in CDCl;
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Figure S29. HRESI-MS Spectrum of Compound 7
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Figure S31. 3C NMR Spectrum of Compound 7 in CDCl;
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Figure S32. DEPT 135° Spectrum of Compound 7
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Figure S33. HMBC Spectrum of Compound 7 in CDCl;
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Figure S36. HRESI-MS Spectrum of Compound 8
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Figure S38. 3C NMR Spectrum of Compound 8 in CDCl;
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Figure S41. HRESI-MS Spectrum of Compound 9
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Figure S42. HRESI-MS Spectrum of Compound 9
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Figure S44. Negative HRESI-MS Spectrum of Compound 10
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Figure S45. Positive HRESI-MS Spectrum of Compound 10
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Figure S47. 13C NMR Spectrum of Compound 10 in CDCl;
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Figure S48. HRESI-MS Spectrum of Compound 11
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Figure S50. 13C NMR Spectrum of Compound 11 in CDCl;
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Figure S51. HRESI-MS Spectrum of Compound 12

S638


Xing-Cong
Typewritten Text
S68


3200

3000

2800

2600

2400

2200
-— 2000
- 1800
1600
1400
1200
1000

800
600
400

200

--200

b1€6°0
66v6°0
9926°0
1566°0 ~&

T9CT'T v
6vPT'T
8€9T'T .\-
9679'T
8L¥9'T

79991
8789'T
9TeL'T

[{\r4°n4
¥8EET ”/
TLS€C—F¢
19€C
1S6€°C
SEOP'T
T

6990t
8780t
1960t
[44384
ST8T'H
weT'v “/.
S0TZ'v
€T
0609t
[4%4°R4
vLEIY
L9v9't
6099t
89

9€68'S ~
8580°9
66609

$088'9 ~_
8£06'9~"

0£28°L~
98vs L~

Compound 12-1H in CDCI3
Std Proton parameters

Cl
Cl

HN
O,N

//

Sf

69

Feee

Eirr
Foso

Bso

Freo
Feso

Fest

1.0

8.5

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5

4.5

f1 (ppm)
Figure S52. 'H NMR Spectrum of Compound 12 in CDCl;

6.0 5.5 5.0

6.5

7.0

7.5

8.0

9.0

9.5

S69


Xing-Cong
Typewritten Text
S69


Compound 12-13C ir@CB @ 3 E 3 g\ NN N o~ o o} © ™ w0
Std Carbon experimeitR kS ® @ ISR N Sedl 8 o & s = PR
\ | [ [l N T AN
(@) e 3500
/\)J\ o OJK/
Cl 3000
HN
O,N Cl
0]

2500

2000

- 1500

- 1000

| |
| 500
|
|
il Lo
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

Figure S53. 13C NMR Spectrum of Compound 12 in CDCl;
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Figure  S54. Comparison "H NMR (in CDCl;) spectra of natural and synthetic compounds 9, 11 and 12
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Figure S55. 'H NMR Spectrum of Compound 13 in CDCl;
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Figure S56. BC NMR spectrum of Compound 13 in CDCl;
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Figure S58. 13C NMR spectrum of Compound 14a in CDCl;
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Figure S60. BC NMR Spectrum of Compound 14b in CDCl;
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Figure S64. HRESI-MS Spectrum of Compound 14d
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Figure S66. 13*C NMR Spectrum of Compound 14d in CDCl3
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Figure S67. DEPT 135° Spectrum of Compound 14d
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Figure S68. HRESI-MS Spectrum of Compound 15
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Figure S69. '"H NMR Spectrum of Compound 15 in CDCl;
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Figure S70. BC NMR Spectrum of Compound 15 in CDCl;
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Figure S71. HRESI-MS spectrum of Compound 16
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Figure S72. '"H NMR Spectrum of Compound 16 in CDCl;
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Figure S73. 13C NMR Spectrum of Compound 16 in CDCl;
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Figure S74. HRESI-MS Spectrum of Compound 17
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Figure S75. '"H NMR Spectrum of Compound 17 in CDCl;
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Figure S76. 13C NMR Spectrum of Compound 17 in CDCl;
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Figure S77. HRESI-MS Spectrum of Compound 18
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Figure S78. "H NMR Spectrum of Compound 18 in MeOH-ds + CDCl;
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Figure S79. >C NMR Spectrum of Compound 18 in Acetone-ds
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