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Fig. S1: Structural comparison of CymQ with tBHQ/tBQ and CymQ chemical reactivity towards NAC. (4)
Structures of tBHQ and its oxidation product tBQ. (B) Reactions of CymQ (5) with N-acetylcysteine (NAC) and
Keapl showing mechanisms for formation of different CymQ-adducts.
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Fig. S2. Keapl mutant analysis. Cymopol (1) and NP extract demonstrate some reactivity towards Keapl Cys-
151. Cells transfected with either mock cDNA-RFP or Keap1-CBD, or Keap1-C151S-CBD and HA-Cul3 or HA-
Nrf2 or Gal4-Neh2 and HA-Ub and treated with DMSO control, tBHQ, or increasing concentrations of 1 or the
NP extract. Whole cell lysates or protein eluted from pull-down assays (chitin pull down or Gal-4 pull down)
were evaluated for changes in binding patterns of the Nrf2/Keap1 pathway. (4) Cymopol (1) and (B) NP extract
increase binding of Keapl-Cul3 interaction in a dose response manner. This effect is affected by Cys-151
mutation, indicating the role of this residue in Keap1-Cul3 interaction. In the whole cell lysate, it is seen that 1
and NP extract increase dimerization, and that the effect is decreased in Keap1-C1518S, suggesting that cymopols
promote dimerization of Keapl via Cys-151. (C,D) Cymopol (1) and NP increase dimerization of Keapl in a
dose-response manner. The whole cell lysates indicate that this is dependent on Cys-151, as the mutants do not
have an increased dimerization. (E/F) To determine whether cymopols reduce ubiquitination of Nr2, cells were
transfected with HA-Ub and Gal4-Neh2 and subjected to 24 h treatment with cymopols. Results on ubiquitination
trend of Nrf2 remain inconclusive. Since Keapl was not knocked down before transfections, the effects of the
endogenous wild-type Keapl cannot be ruled out.
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Fig. S3. Potential Keapl mass tags identified by proteomics and rationale for adduct formation. Scaffold (version
Scaffold 4.2.1, Proteome Software Inc., Portland, OR) was used to validate MS/MS based peptide and protein
identifications. Peptide identifications were accepted if they could be established at greater than 95.0%
probability. Two major mass tags [M+H]" corresponding to CymQ(+242) and CymQ(+322) were recognized for
the most dominant modifications resulting from conjugate (Michael) addition (4) and addition-elimination (B)
reactions.
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Fig. S4. Representative mass spectra of the four major CymQ-modifications observed for Cys613 (CymQ+242)

and Cys38 (CymQ+244, +320, +322)
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Fig. SS5. Ngol activity in MEFs. Cymopol (1) and the NP extract increase Nqol activity in wild-type MEF cells
to a greater extent than in Nrf2”~ and Keap1” MEFs. Asterisks indicate p<0.05 which correlate to the indicated
color. Significant values indicated with the black asterisk indicate concentrations which are increased over DMSO
control in the same cell line. MEF cells were chemically induced by pre-treating with IFN-y and TNF-a. Of note,
this assay may be prone to artefacts since it utilizes an enzymatically (Nqol)-generated hydroquinone (from
menadione) that is structurally similar to cymopol to function as a reducing agent of MTT, thus forming formazan,
the purple dye from which we detect enzyme activity. Cymopol may act as a substrate.
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Fig. S6. Estimation of functional equivalents for cymopol and the NP extract and rationale for doses used in the
tissue distribution studies. Based on percent yield, the non-polar extract contains ~10% cymopols by weight (0.1
g/kg bw of cymopols in high dose NP extract and 0.03g/kg bw of cymopols in low dose NP extract).
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Fig. S7. Ngol transcript levels in various tissues. Mice were gavaged daily with cymopol or NP extract (two
different doses each) for 3 days and tissues harvested 12 h after the last treatment. mRNA levels were analyzed
by RT-qPCR by TagMan (endogenous control beta actin) (* indicates p-value < 0.05; ** indicates p-value <
0.005; *** indicates p-values < 0.0005).
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Fig. S8. Hmox1 transcript levels in various tissues. Mice were gavaged daily with cymopol or NP extract (two
different doses each) for 3 days and tissues harvested 12 h after the last treatment. mRNA levels were analyzed
by RT-qPCR by TagMan (endogenous control beta actin) (* indicates p-value < 0.05; ** indicates p-value <

0.005; *** indicates p-values < 0.0005).
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Fig. S9. Dose optimization of NP extract concentration for DSS model. Age-matched WT C57B1/6 mice (6-8
weeks old) received daily doses of 1.0, 1.5 or 2.0 mg/kg NP extract for 3 days, and cecum and large intestines
were harvested 12 h after the last dose. Ngol and HmoxI mRNA levels were analyzed by RT-qPCR by TagMan
(endogenous control B-actin).



0.06 1 control A
2 NP High
8 003 A
wn
-
o~
<° 0.00
S ®
& 003
A
-0.05 0.00 0.05 0.10
PCoA 1 71.22%
s 0000 ®
o @
o
o 70025 Group
g Control
Low
8—0.050
1
A NP
-0.05 000  0.05
PCoA 1 71.74%
G s g
2 0.04 .
<
n
©
N 0.02d
o~
Group :
‘é Control
© 000, Low
- °
2 N
-0.02 . NP
-0.025 0.000 0.025

PCoA 1 50.02%

0.050

Vo)

PCoA 2 11.77%

m

PCoA 2 13.49%

I

PCoA 2 13.17%

Control m E
0.02 14 High
0.01
0.00
-0.01 %
-0.02
-0.03
[
-0.025 0.00 0.025 0.050
PCoA 1 69.92%
A
0.050
0.025 A
Group
Control
0.000 L High
\d 1
-0.025 H NP
A
-0.05 0.00 0.05 0.10
PCoA 1 62.87%
A
0.02, u
0.004 ‘
| o
Group
-0.02 {A Control
High
1
-0.04 A NP

(@)

PCoA 2 21.3%

M

PCoA 2 10.54%

PCoA 2 13.82%

0.050 | A
A
0.025 | 1 High
NP High
0.000 |
|
-0.025 | A -
[l
-0.05 0.00 0.05
PCoA 1 53.35%
O
0.04
e A
Group
0.00 High
Low ‘
@ 1 High
-0.04] A 1 LQ%V
NP High
rs 4 NP Low
-0.10 -0.05 0.00 0.05
PCoA 1 67.75%
0.06 .
0.04] Group
High
Low
@
0.02 ®1 High
1 Low A
NP High
0.00{ | @ NP Low @
A
-0.02 .; A

-0.050 -0.025 0.000 0.025 0.050

PCoA 1 58.24%

-0.050-0.025 0.000 0.025 0.050 0.075

PCoA 1 52.6%

512

Fig. S10. Analysis of the microbiome in the large intestines using 16S sequences extracted from RNA-seq data.
The extract and cymopol (1) administration changed the composition of mouse gut microbiota. PCoA analysis
using QIIME close-reference OTUs generated from the forward reads shows significant shift in microbial
composition between (4) control and NP high PCoAl FDR p = 0.02 but not between (B) control and 1 high
PCoA1 FDR p =0.05 or (C) NP high and 1 high PCoA1 FDR p =0.18. PCoA analysis on QIIME close-reference
OTUs generated from the reverse reads shows significant shift in bacterial composition between (D) control and
low groups PCoA1 FDR p = 1.01e-08, (E) control and high groups, PCoA1 FDR p = 0.04 and (F) high and low
groups, PCoA1 FDR p = 2.84e-06. The same shift in microbial composition is also detected using centrifuge
classified reads (G) control and low groups PCoA1 FDR p =3.62e-06, (H) control and high groups, PCoA1 FDR
p =0.03 and (/) high and low groups, PCoA1 FDR p = 3.1e-5.
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Fig. S11. Heatmap representing the mean logio normalized relative abundances of bacterial families that were
significantly different (FDR p < 0.05) between (A4) control and low groups, (B) control and high groups and (C)
high and low groups.
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Fig. S12. PCA analysis of microbial gene expression shows significant changes in microbial gene expression
between (A4) control and NP high, PC1 FDR p = 0.001, (B) control and 1 high, PC1 FDR p = 0.009 and (C) NP
high and 1 high, PC1 FDR p = 0.03. Heatmaps showing the mean log2 edgeR normalized gene expression of
representative significantly differentially (FDR p < 0.05) expressed genes between (D) control and NP high, (F)
control and 1 high. No significantly differentially expressed genes between NP high and 1 high were detected.
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Table S1. Genus-level comparisons between the control, low-dose (1, NP) and high-dose (1, NP) groups

rou; rou change rou rou change rou rou change
Genus lg;val b §‘DRP Contfol/Low Genus ;gwal ’ 1g7DRp Contfol/High Genus ival ’ §DRp High%Low
Ethanoligenens 9.16E-06  3.39E-04 8.08E-01 Clostridium 1.51E-03 2.79E-02 7.84E-01 Sharpea 1.78E-05 6.57E-04 7.19E-01
Peptococcus 1.80E-04 3.09E-03 1.34E+00 Coprobacillus 8.54E-04 2.79E-02 5.87E-01 Marvinbryantia 1.25E-04 2.30E-03 7.75E-01
Roseburia 2.51E-04 3.09E-03 1.22E+00 Turicibacter 2.76E-03 3.41E-02 7.63E-01 Lachnospira 5.54E-04 5.13E-03 | 1.84E+00
Anaerotruncus 1.71E-03  1.26E-02 1.34E+00 Pseudobutyrivibrio 1.09E-02 1.00E-01 1.48E+00 Pseudobutyrivibrio 5.35E-04  5.13E-03  6.68E-01
Sharpea 1.40E-03 1.26E-02 7.57E-01 Adlercreutzia 1.39E-02 1.03E-01 8.93E-01 Clostridium 1.18E-03 7.28E-03 1.16E+00
Clostridium 2.64E-03 1.40E-02 9.07E-01 Dehalobacterium  1.81E-02 1.12E-01 1.72E+00 Coprobacillus 9.85E-04 7.28E-03 1.39E+00
Gracilibacter 2.29E-03 1.40E-02 1.05E+00 Lactobacillus 2.32E-02 1.15E-01 6.03E-01 Dehalobacterium  1.76E-03  9.30E-03  5.91E-01
Lachnospira 5.55E-03 2.57E-02 1.57E+00 Moryella 248E-02 1.15E-01 8.44E-01 Ethanoligenens 243E-03 1.12E-02 6.64E-01
Lactobacillus 6.26E-03 2.57E-02 6.55E-01 Leucobacter 3.38E-02 1.39E-01 1.37E+00 Anaerotruncus 4.11E-03 1.69E-02  1.32E+00
Moryella 9.04E-03 3.34E-02 6.93E-01 Citrobacter 4.06E-02 1.50E-01 1.16E+00 Leucobacter 1.02E-02 3.77E-02 7.54E-01
Finegoldia 1.51E-02  5.07E-02 1.08E+00 Butyrivibrio 6.30E-02 1.60E-01 | 1.09E+00 Oscillospira 1.35E-02 4.53E-02 9.22E-01
Marvinbryantia 1.72E-02 5.31E-02 8.43E-01 Oscillospira 6.62E-02  1.60E-01  1.09E+00 Anaeroplasma 2.03E-02 6.26E-02 7.71E-01
Anaeroplasma 2.37E-02  6.02E-02 8.73E-01 Roseburia 5.73E-02 1.60E-01 1.14E+00 Moryella 243E-02 691E-02 8.29E-01
Bifidobacterium 244E-02  6.02E-02 2.46E-01 Serratia 6.74E-02  1.60E-01 1.16E+00 Adlercreutzia 2.89E-02 7.64E-02  1.09E+00
Blautia 2.28E-02 6.02E-02 1.04E+00 Trabulsiella 6.72E-02  1.60E-01  1.14E+00 Coprococcus 3.11E-02 7.66E-02 9.70E-01
Coprobacillus 3.43E-02 7.94E-02 8.08E-01 WHI8 6.90E-02 1.60E-01 1.07E+00 Butyrivibrio 5.38E-02 1.24E-01 9.37E-01
Oribacterium 3.88E-02 821E-02 1.13E+00 Gracilibacter 1.08E-01 2.22E-01 1.12E+00 Shuttleworthia 7.48E-02 1.63E-01 1.09E+00
Shuttleworthia 3.99E-02 8.21E-02 1.10E+00 Oribacterium 1.04E-01 2.22E-01 1.49E+00 Oribacterium 1.11E-01  2.20E-01 7.55E-01
Ruminococcus 9.60E-02 1.87E-01 1.02E+00 Finegoldia 1.29E-01 2.52E-01 1.15E+00 Turicibacter 1.13E-01  2.20E-01 1.12E+00
Anaerostipes 1.05E-01 1.94E-01 8.85E-01 Blautia 1.41E-01 2.61E-01 1.04E+00 Papillibacter 1.34E-01 2.48E-01 8.91E-01
Turicibacter 1.22E-01 2.14E-01 8.50E-01 Papillibacter 1.67E-01 2.95E-01 1.16E+00 Citrobacter 1.80E-01 3.15E-01 8.46E-01
Coprococcus 1.66E-01 2.80E-01 9.76E-01 Bifidobacterium 2.01E-01 3.38E-01 2.36E-01 Gracilibacter 1.87E-01 3.15E-01 9.41E-01
Butyricimonas 2.45E-01 3.95E-01 9.08E-01 Lachnospira 2.23E-01 3.58E-01 8.44E-01 Dorea 2.36E-01 3.64E-01 9.62E-01
Dehalobacterium  2.61E-01 4.03E-01 1.02E+00 Marvinbryantia 2.40E-01 3.70E-01 1.09E+00 Lachnobacterium 226E-01 3.64E-01 9.05E-01
Butyrivibrio 3.08E-01 4.42E-01 1.02E+00 Peptococcus 2.52E-01 3.72E-01 1.19E+00 Sphingomonas 2.51E-01 3.71E-01 1.20E+00
Sphingomonas 3.11E-01 4.42E-01 1.22E+00 Ethanoligenens 2.73E-01 3.89E-01 1.22E+00 Finegoldia 2.77E-01 3.75E-01 9.36E-01
Papillibacter 3.39E-01 4.65E-01 1.03E+00 Dorea 3.69E-01 5.06E-01 1.04E+00 Roseburia 2.64E-01 3.75E-01 1.06E+00
Leucobacter 5.00E-01 6.60E-01 1.03E+00 [Anaeroplasma 4.04E-01 5.28E-01 1.13E+00 Serratia 2.92E-01 3.75E-01 8.63E-01
Adlercreutzia 5.63E-01 6.94E-01 9.72E-01 Lachnobacterium 4.14E-01 5.28E-01 1.10E+00 Trabulsiella 2.94E-01 3.75E-01 8.77E-01
WHI18 5.54E-01 6.94E-01 1.03E+00 Sharpea 4.41E-01 5.44E-01 1.06E+00 Ruminococcus 3.24E-01 4.00E-01 1.01E+00
Oscillospira 6.76E-01 8.07E-01 1.00E+00 [Ruminococcus 6.56E-01 7.83E-01 1.01E+00 Anaerostipes 3.51E-01 4.06E-01 8.67E-01
Dorea 8.37E-01 9.60E-01 1.00E+00 Coprococcus 7.03E-01 8.13E-01 1.01E+00 [Peptococcus 3.43E-01 4.06E-01 1.12E+00
Pseudobutyrivibrio 8.56E-01  9.60E-01 9.92E-01 Shuttleworthia 8.32E-01 9.32E-01 1.01E+00 WHI18 3.77E-01 4.23E-01 9.66E-01
Lachnobacterium  8.84E-01  9.62E-01 9.94E-01 Anaerostipes 9.19E-01 9.62E-01 1.02E+00 Lactobacillus 3.96E-01 4.31E-01 1.10E+00
Citrobacter 9.23E-01 9.76E-01 9.84E-01 Anaerotruncus 9.12E-01 9.62E-01 1.01E+00 Butyricimonas 5.57E-01 5.89E-01 9.12E-01
Serratia 991E-01 9.91E-01 1.00E+00 Sphingomonas 9.36E-01 9.62E-01 1.01E+00 Blautia 7.41E-01 7.61E-01 9.94E-01
Trabulsiella 9.88E-01 9.91E-01 9.97E-01 Butyricimonas 9.89E-01 9.89E-01 9.97E-01 Bifidobacterium  8.06E-01 8.06E-01 1.11E+00




Table S2. Family-level comparisons between the control, low-dose (1, NP) and high-dose (1, NP) groups

treatment treatment change

treatment treatment change

treatment treatment change

Family pwal FDR  Control/Low [F2mily pyal FDR  Control/High [F2mily pwal FDR  High/Low
f Peptococcaceae 3.10E-05 7.44E-04 1.36E+00 f Erysipelotrichaceae 2.00E-04 5.00E-03  6.56E-01 f Erysipelotrichaceae 1.03E-05 2.57E-04  1.39E+00
f Bamesiellaceae 3.56E-04 427E-03 3.41E-01 f Coriobacteriaceae 2.16E-03  2.02E-02  7.50E-01 f Coriobacteriaceae 8.06E-05 1.01E-03 1.32E+00
f Veillonellaceae 543E-04 434E-03 8.18E-01 f Turicibacteraceae 242E-03 2.02E-02 7.48E-01 f Dehalobacteriaceae 2.63E-03 1.67E-02 6.10E-01
f Erysipelotrichaceae 379E-03  1.82E-02 9.11E-01 f Paenibacillaceae 349E-03 2.18E-02 6.47E-01 f Veillonellaceae 2.68E-03 1.67E-02 6.31E-01
f Tactobacillaceae 376E-03  1.82E-02 6.61E-01 f Tactobacillaceae 1.52E-02  7.60E-02 5.84E-01 f Bamesiellaceae 1.0S8E-02  5.39E-02 5.62E-01
f Anaeroplasmataceae 1.14E-02  436E-02 8.79E-01 f Dehalobacteriaceae 2.04E-02 8.49E-02 1.69E+00 f Microbacteriaceae 1.75E-02  7.30E-02  7.81E-01
f Bacteroidaceae 1.27E-02  4.36E-02  8.53E-0l f Tachnospiraceae 439E-02 1.39E-01  1.02E+00 f Anaeroplasmataceae 3.00E-02 1.07E-01  7.90E-0l
f Aurantimonadaceae 2.54E-02  6.58E-02  1.23E+00 f Microbacteriaceae 445E-02 1.39E-01 1.33E+00 f Paenibacillaceae 4.65E-02 145E-01 1.20E+00
f Bifidobacteriaceae 230E-02 6.58E-02 2.52E-01 f Enterobacteriaceae 745E-02 2.07E-01 1.07E+00 f Ruminococcaceae 6.48E-02 1.62E-01 9.51E-01
f Gracilibacteraceae 2.74E-02  6.58E-02  1.06E+00 f Aurantimonadaceae 8.80E-02 222E-01 1.28E+00 f Turicibacteraceae 6.02E-02  1.62E-01  1.15E+00
f Tissierellaceae 3.56E-02  7.77E-02  1.09E+00 f Acidaminobacteraceae 1.44E-01  3.12E-01 1.05E+00 f Sphingomonadaceae 1.57E-01  3.56E-01 1.25E+00
f Paenibacillaceae 4.55E-02  9.10E-02  7.76E-01 f Bifidobacteriaceae 1.87E-01  3.12E-01 2.19E-01 f Peptococcaceae 1.98E-01  4.13E-01 1.16E+00
f Turicibacteraceae 1.23E-01 2.28E-01  8.56E-01 f Gracilibacteraceae 1.85E-01  3.12E-01  1.10E+00 f Tactobacillaceae 2.37E-01  449E-01 1.14E+00
f S247 1.68E-01 2.89E-01  9.52E-01 f Ruminococcaceae 1.76E-01  3.12E-01  1.05E+00 f Paraprevotellaceae 2.51E-01  4.49E-01  3.60E+00
f Dehalobacteriaceae 2.66E-01  3.55E-01 1.03E+00 f Tissierellaceae 1.57E-01  3.12E-01 1.12E+00 f Clostridiaceae 2.76E-01  4.61E-01  1.15E+00
f TLachnospiraceae 230E-01 3.55E-01 1.02E+00 f Veillonellaceae 2.03E-01 3.18E-01 1.29E+00 f Enterobacteriaceae 3.00E-01 4.68E-01 9.30E-01
f Odoribacteraceae 2.56E-01  3.55E-01 9.18E-01 f Bamesiellaceae 2.62E-01 3.86E-01 6.11E-01 f Bacteroidaceae 4.19E-01  6.17E-01 8.94E-01
f Sphingomonadaceae  2.48E-01 3.55E-01 1.24E+00 f Peptococcaceae 3.01E-01 4.18E-01 1.17E+00 f Gracilibacteraceae 5.15E-01  7.15E-01 9.69E-01
f Acidaminobacteraceae 2.98E-01  3.58E-01  1.04E+00 f Paraprevotellaceae 3.22E-01 424E-01 9.64E-02 f Tissierellaceae 5.84E-01  7.69E-01 9.70E-01
f Microbacteriaceae 2.94E-01 3.58E-01  1.04E+00 f Anaeroplasmataceae ~ 4.79E-01  5.71E-01  1.11E+00 f Aurantimonadaceae  6.78E-01  7.82E-01 9.65E-01
f Clostridiaceae 6.78E-01  7.74E-01  1.05E+00 f S247 4.80E-01 5.71E-01 9.59E-01 f _Bifidobacteriaceae 7.19E-01  7.82E-01  1.17E+00
f Coriobacteriaceae 7.15E-01  7.80E-01 9.87E-01 f Clostridiaceae 5.31E-01 6.03E-01 9.16E-01 f Tachnospiraceae 7.01E-01  7.82E-01  1.00E+00
f Ruminococcaceae 8.32E-01  8.68E-01  9.96E-01 f Bacteroidaceae 8.30E-01 9.03E-01 9.55E-01 f Odoribacteraceae 7.05E-01  7.82E-01 9.46E-01
f Enterobacteriaceae 9.30E-01  9.30E-01 9.91E-01 f Odoribacteraceae 8.88E-01 9.25E-01 9.70E-01 f Acidaminobacteraceae 8.39E-01  8.74E-01  9.94E-01
f Sphingomonadaceae  9.34E-01  9.34E-01 9.86E-01 f S247 8.80E-01 8.80E-01 9.93E-01
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"H NMR Spectrum of Cymopol (1) in CDCl; (400 MHz) at 25 °C
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BC NMR Spectrum of Cymopol (1) in CDCl; (100 MHz) at 25 °C
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"H NMR Spectrum of 7-Hydroxycymopol (2) in CDCl; (400 MHz) at 25 °C

OH
OH
Br

OH

80 ' 75 '~ 70 ' 65 ' 60 ' 55 ' 50 ' 45 ' 40 ' 35 30 ' 25 ' 20 ' 15 10 ' 05 ' 00
f1 (ppm)



3BC NMR Spectrum of 7-Hydroxycymopol (2) in CDCl; (100 MHz) at 25 °C
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"H NMR Spectrum of Cymobarbatol (3) in CDCI; (400 MHz) at 25 °C
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3BC NMR Spectrum of Cymobarbatol (3) in CDCIl; (100 MHz) at 25 °C
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"H NMR Spectrum of Cyclocymopol Monomethyl Ether (4) in CDCIl; (400 MHz) at 25 °C
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13C NMR Spectrum of Cyclocymopol Monomethyl Ether (4) in CDCl; (400 MHz) at 25 °C
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"H NMR Spectrum of Cymopol Quinone (5) in ds-DMSO (600 MHz) at 25 °C
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BC NMR Spectrum of Cymopol quinone (5) in ds-DMSO (150 MHz) at 25 °C
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SI — Appendix Legends
Movie S1. Neutrophil migration in zebrafish near the injury site (DMSO control)

Movie S2. Neutrophil migration in zebrafish near the injury site (treated with NP extract)



