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Metagenomic analysis revealed the potential role of gut microbiome in gout

Supplementary document

Supplementary Methods

DNA library construction

1.5 pg DNA was fragmented by Covaris E210 (Covaris, USA). The fragmented DNAs were
tested by Gel-Electrophotometric. The fragmented DNAs were combined with End Repair Mix,
incubated at 20 °C for 30 min. The end-repaired DNA was purified with QIAquick PCR
Purification Kit (QIAGEN, Germany), then A-Tailing Mix was added and incubated at 37 °C
for 30 min. The purified Adenylate 3’-Ends DNA was combined Adapter and Ligation Mix,
incubated the ligation reaction at 20 °C for 15 min. Adapter-ligated DNA was selected by
running a 2% agarose gel to recover the target fragments. The gel was purified with QIAquick
Gel Extraction Kit (QIAGEN, Germany). Several rounds of PCR amplification with PCR
Primer Cocktail and PCR Master Mix were performed to enrich the Adapter-ligated DNA
fragments. Then the PCR products were selected by running 2% agarose gel to recover the

target fragments. The gel was purified with QIAquick Gel Extraction Kit (QIAGEN, Germany).
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Supplementary Data 1. The supplementary data 1 contains below information as data
tables.

Supplementary Table 1. Phenotype of all participants.

Supplementary Table 2. Alterations in clinical characteristics after drug treatment in gout
patients.

Supplementary Table 3. Gout associated phyla.

Supplementary Table 4. Gout associated genera.

Supplementary Table 5. Gout associated species.

Supplementary Table 6. Gout associated taxa detected by MetaPhlAn3.

Supplementary Table 7. Gout associated KOs.

Supplementary Table 8. Gout associated pathways and modules.

Supplementary Table 9. Spearman’s rank correlation between Urate degradation-associated
KOs and genera.

Supplementary Table 10. Urate degradation-associated species in KEGG database.
Supplementary Table 11. PERMANOVA for the influence of gout. Bray Curtis distance and
9,999 permutations.

Supplementary Table 12. The 3 gene markers was identified to discriminate healthy controls
and gout patients base on a random forest model.

Supplementary Table 13. The probability of gout was predicted in discovery samples and
validation cohort according to the 3 microbial gene biomarkers selected by random forest
model.

Supplementary Table 14. Dietary pattern of the discovery cohort.

Supplementary Table 15. Data production, quality control and IGC database alignment.
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The alpha and beta diversity, differential species and pathways in

1

Supplementary Figure
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validation cohort. (a) Box and whisker plot of gene count in the healthy controls and gout

¢) Box and whisker plots of alpha diversity (Shannon index) and beta diversity

patients. (b,

46

(Bray-Curtis distance) at the gene level. Wilcoxon rank-sum test was used to determine

47
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significance. ‘*’ denotes P < 0.05; “**’ denotes P <0.01; ns denotes no significant. (d) Principal
component analysis (PCA) based on the gene abundance profile. (e) The relative abundance of
bacterial species which showed in Figure 1i in validation cohort. ‘*’ denotes species with P <
0.05 in both discovery and validation cohort. (f) Reporter score of pathways in validation
cohort. ‘*’ denotes pathways with [reporter score| > 1.65 both in discovery and validation cohort.
For all box and whisker plots, the center line represents median. The bounds of box represent
the first and third quartiles. The upper whisker extends from the hinge to the largest value no
further than 1.5 * interquartile range (IQR) from the hinge. The lower whisker extends from
the hinge to the smallest value at most 1.5 * IQR of the hinge. The notch represents a confidence

interval around the median as the median +/- 1.58*IQR/sqrt(n).
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Supplementary Figure 2. Identification of gut enterotypes in gout patients and healthy
controls. (a) Two enterotypes were identified by PCA at the genus level. Predominant genera
in enterotypel and enterotype2 were Bacteroides and Prevotella, respectively. (b) Distribution

of enterotypes in gout patients and healthy controls. P = 0.8541, fisher’s exact test.
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Supplementary Figure 3. Gut microbial composition of gout patients and healthy controls.

The relative abundance of major phyla (a) and genera (b) were shown and the unclassified taxa

were not included.
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Supplementary Figure 4. The top 4, 30 and 30 differentially abundant (a) phylum-, (b) genus-
and (c¢) species-level taxa between gout and controls as obtained using MetaPhlAn3 analysis.
For all box and whisker plots, the center line represents median. The bounds of box represent
the first and third quartiles. The upper whisker extends from the hinge to the largest value no
further than 1.5 * interquartile range (IQR) from the hinge. The lower whisker extends from
the hinge to the smallest value at most 1.5 * IQR of the hinge. The notch represents a confidence

interval around the median as the median +/- 1.58*IQR/sqrt(n).



82
83

84
85
86
87
88
89
90
91

]

d Lipopolysaccharide biosynthesis, KDO2-lipid A

= Control o
o Gout ol o o
o

0.1 > °s %,

0.04%,°

PC2 (16.14%)

-]

%

%

o loo
L
L]

o

Y-

=
[-]

o
PERMANOVA Biotin

e ChpA-ChpBIPIIGH (chemosensory) twe- o
o & Reductive citrate cyclé (Aon® Buchanan :y:led

ome, archaea

°
° Aminoacyl-tRNA bmsynthesls prokaryotes
@ Tryptophan bmsénlhasws chansmale => (lypln han

rug resistance, efflux pump YkkCD

NADH:quinone oxidoreductase, prokaryotes

neye/zmc lvans&ar( system
system
erase hacte

hotosystem
Succinate dehyﬂm&gnss{e) np‘»nasl;% em
0]

Mce transport s¥sx=m[
° Menaquinane bicsynthesis, charisma menaqumcne

DP-L-rhamnose biosynthesis

Nucleotide sngsrb\os nthesis, eukaryotes

Ciirate cycle (TCA cycle_Krebs cycle)
b»usynlhes\s p|me\ub % 'CoA => biotin
e(hy\asparlate cycle

R?=0.036
P <0.001 08
-0.1 0.0 0.1
PC1 (23.64%)

-0.1 1

-0.2

-, Citrate ¢ gele: second carbon oxidation, 2-oxogl
Biotin biosynthesis, Biol pathway, long—chain—acy|-ACP = >.I:|
PTS system, galactitol-specific Il component

Multidrug resistance, efflux pump Me;

e transport system
Dica rbaxy

ate cycle

Multidrug resmame%(mnspgrter
Proling biasynthesis, glutamate => proline
utarate => oxaloacetate
imeloyl-ACP => biotin

Photosystem |

P!
Expsome, archaea
chreme d ubiguinal oxidase

Biotin bigsynthesis, BioW pathway, pimsate => pimeloyi-CoA => bioti
Gilrate cycle, a

Incomplete redu rve

AIgE-type Mannuronan C- 5

td Cycle, acety|-CoR = oroglutarale
system gnls se-specific || component
imerase transport system [BR:ko02:

i o0
Multidrug resistance, efflux pump WexEF-Tol

NAD(P)H-quinone

0.1
0.0 1 ~
(@]

o
-0.14

_02 -

C1
]
axXo
P
SI3 o o
o o s
1 A1 L

Lipt
HydH-HydG (metal tojerange) two-component reguiaioty system

niothenale biosyrihests, vaiei-aspartate > parioihonate
o FixL-FixJ (mlregan ﬁxsnon}

LiaS-LiaR (cell wall slr!ss .espunsa}
Multidr
a\oha Hemo\ysm/cvclolysm uansgor(
n ransport

LuxQNICasS-LuxU-LuxO (auorum senslng} el
colysis (Embden-Heyerhof pathway) glucose => pyruale

radalion, leucie > sceloacstale + acelyi-CoA

PTS system, frumnsa—;pemﬂc
Formaldehyde assimiation, serin

Glycolysis, core. modu\e invalving three-carban compounds
BarA-UvrY (central carbon metab

ystei
DR (membrans lpid ity guiaton; Mot

apolysaccharide export system

ponent
tracycline reswslxrme TotABIAE) oo porter
je shock protein hnmﬂ\o LiaH
-wmpvnenl ulatory
Glutam: L Irans wrts
itidrug resistance

system
stem
nsporter
system

unlnnlnne lrxnsfnr( system

Hyd mxypmplnns(e bi-cycle
Il component
ichaeal proteasome

am resistance. Amo(fsysxem
Mul Iudvug leslslance efflux pump AmeABC

ism) two-componen regulatory system
M (Crassuiacean acid matabolism, dark
Nucleunde sugar biosyniness, prokaryotes
e bosynlhess melhonine ° cysieine

> ) \S ) Satt.aSEKSaeR staphylococcal virulence regulation) two- ulator 5 stem
0(\ o 00 @ (Staphy mranyimfolate o%syn.né‘i,?s GTg 4
) @) Thiamine AR=
Cumate degradation, p-cumate -> + 2-meth rnp:nasle

SasA-RpaAB (circadian timing mewanng wo-component regulatory system
Flfé)-Pn’A (intracellular multi \écghgﬂ;
yste:

Starch and sucrose metabolism

Amino sugar and nuclectide sugar metabolism
Lipopolysaccharide biosynthesis
Aminoacyl-tRNA biosynthesis

RNA degradation

Qther glycan degradation

Sphmgollﬁ\d metabolism

polymerase

Streptomycin blos nthesis

Alanine, aspartate and glutamate metabolism
acterial invasion of epithelial cells

Citrate cycle (TCA cycle)

Carbapenem blosynlhesws

Polyketide sugar unit biosynthesis

Shigellosis

Fructose and mannose metabolism
Tuberculosis

Staphylococcus aureus infection

Carbon fixation in dpholos ynthetic organisms
Acarbose ans vahdamycm biosynthesis
beta-Lactam resistance

Carbon fixation pathways in prokaryotes
Oxidative phosphorylation

egionellosis

Folate biosynthesis

Carotenoid biosynthesis

. Salmonella infection

penoid and triterp i biosynthesis

Flucrobenzoate degradation

Porphynn and chlorophyll metabolism

Gyrcsme metabolism
lycerophospholipid metabolism

Pyrimidine metabolism

Biosynthesis of unsatura(ed fatty acids

Bacterial secretion syste

Benzoate degradation

Bacterial chemotaxis

Phenylalanine metabolism

Flagellar assembly

AB transporlers

T T T T 1
-50 -25 0.0 25 5.0
Pathway reporter score
Bl Control HE Gout

‘dfH-Ydfl two-component regulaf P‘Puw system

two-component u\atury sys1em
, ascorbate-specific || co

Glucoseimannose transport system
Benzoate degradation, benzoate => catechol / methylbenzoate => methyicatechol
Taurine transport systém
Purme degmdanen xanthme =>urea
ic acid-specific |
Kn D deE (Rofassium transpart) two. componenl regulatory system
thionine transport system

CllA CitB (citrate: lermen tion) two-component regulatory system
PTS system, glucose-specific || compenent
Cy: sﬂne transport sy \ern
Demlnfcat\un nitrate => nitro; 098 rl

cosamine transport
Pulanvel |amme lmnspnrlsys(am [ER kﬂOZD(l(l] .

PTS syst z ) I
eC Cret ospnate regu\almn) fwo-compenent regulatory system
Multiple su S araon
ocin C transport s stem
Mumu va resistance, SmdAB/Md \AB tra nspune

mania => nitre => itrate

nihesis, prokary

]
[
E—
P — bic:
Arg}\(mns |ranspu¥t system
transport system
L-Avbinose transport systam
Cationic peptide transport system
Mullldrug res\stanoz efflux pump MAtABC
Type IV secretion system
F'lll ysem arbutin-, oe\lobwosr and salicin-specific Il component
Vitamin B12 transport syst
Putative aldouronate Vanspon system
Ieicholc acid transport system
D-Allose tra Sf 1 syst
NIITﬂTauT fami lrar\Spnrt system SBR‘kHﬂZUBU]
Cobalamin musymhssls cobinamide => cobalamin
Hugﬁ;jy!ne transporteystem
ansport system
Malmm?ma\mexmn trangnmnv stem
GInK-GInL (glutamine utilization Iwo-componem regulatory system
Ly swnefal%'nm!umnmne fransport system
thntn\ ransport s
Pu ative glutamine transcuvt system
umuvr\: ocavachuata degradation, =2 Pl
Jpe\i secretion system
utative simple sugar fransport system o
it le sug: : BRk002000]
GABA b\asgclhesws prokaryotes, ﬁulmﬂ:lne => GAI
Putative ABC transport system [B 000]
Cytochrome o ubiquino| oxidase
nositol transport system
Eutative multipe sUgar ransport sys [BR K002000]
\ype ATPase, profaryotes andc oru
3I|gogala cturonide trarsport sys
Phosphonate. Irensuolt system
Dllguvsp\lu transport systerm
ched-chain amm\; acid lranspvr\ system
degra => acetyl-GoA
Type Il general secretion syslem

—2 —4 0 2 4
Module reporter score
BN Control EE Gout

Supplementary Figure 5. Gut microbial gene functions between healthy controls and gout

patients in discovery cohort. (a) PCA based on the KOs relative abundance profile (green,

healthy control, n = 63; red, gout patient,

n = 77). PERMANOVA calculation based on the

Bray-Curtis distance. (b) The distribution of healthy controls and gout patients along PC1 and

PC2 were shown on the boxes and whisker plots. Healthy controls were significantly different

from gout patients based on Wilcoxon rank-sum test (‘**’, P <0.01; “***’/ P <0.001). (c, d)

Different pathways or modules in healthy controls and gout patients. Pathways or modules

were shown if reporter score > 1.65 or < -1.65. Green, enriched in healthy controls; red,

enriched in gout patients. For all box and whisker plots, the center line represents median. The



92
93
94
95
96

bounds of box represent the first and third quartiles. The upper whisker extends from the hinge
to the largest value no further than 1.5 * interquartile range (IQR) from the hinge. The lower
whisker extends from the hinge to the smallest value at most 1.5 * IQR of the hinge. The notch

represents a confidence interval around the median as the median +/- 1.58*IQR/sqrt(n).
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98  Supplementary Figure 6. The associations for Enterobacteriaceae and Klebsiella with SUA

99  within gout patients and healthy controls.
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Supplementary Figure 7. Urate degradation gene in bacteria. The tree represents 1,135
species which contain at least one urate degradation gene in KEGG database (v79). Species
belonging to Enterobacteriaceae were labeled in the middle ring. Green color in the out ring

denotes the presence of the genes in the species alongside the tree.
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Supplementary Figure 8. Relative abundance of genes related to acetate, propionate and
butyrate in healthy controls and gout patients. Wilcoxon rank-sum test was used to determine
significance, ‘*’ denotes P <0.05; “**’ denotes P <0.01; “***’* denotes P <0.001. Abbreviation:
acs, O dehydrogenase/acetyl-CoA synthase complex; fhs, formate-tetrahydrofolate ligase;
PCoAt, propionate CoA-transferase/propionyl-CoA:succinate-CoA transferase; BCoAt,
butyryl-CoA transferase. For all box and whisker plots, the center line represents median. The
bounds of box represent the first and third quartiles. The upper whisker extends from the hinge
to the largest value no further than 1.5 * interquartile range (IQR) from the hinge. The lower
whisker extends from the hinge to the smallest value at most 1.5 * IQR of the hinge. The notch

represents a confidence interval around the median as the median +/- 1.58*IQR/sqrt(n).
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Supplementary Figure 9. Gout-associated microbial genes related to lipid A biosynthesis. (a)
Module for lipid A biosynthesis. (b) Relative abundance of KOs involved in lipid A
biosynthesis. Significantly enriched KOs were identified by Wilcoxon rank-sum test and the
boxes or KO names were colored according to the direction of enrichment. Green and light
green, enriched in healthy control (Green, FDR < 0.05; light green, P < 0.05); Red and light
red, enriched in gout patients (Red, FDR < 0.05; light red, P < 0.05); Boxes with no color or
KO names with black, no difference; Boxes with grey, not detected in samples. (c)
Contributions of species to lipid A biosynthesis. Species with mean relative abundance more
than 0.00001 in the patient or healthy control group were shown. Species with significantly
different relative abundance were marked with ‘+’ or ‘- (P < 0.05), which was also

corresponding to healthy control-enriched or gout patient-enriched, respectively. For all box
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and whisker plots, the center line represents median. The bounds of box represent the first and
third quartiles. The upper whisker extends from the hinge to the largest value no further than
1.5 * interquartile range (IQR) from the hinge. The lower whisker extends from the hinge to
the smallest value at most 1.5 * IQR of the hinge. The notch represents a confidence interval
around the median as the median +/- 1.58*IQR/sqrt(n). Abbreviations: kdsD, kpsF, arabinose-
S5-phosphate isomerase; kdsA, 2-dehydro-3-deoxyphosphooctonate aldolase; kdsC, 3-deoxy-
D-manno-octulosonate  8-phosphate phosphatase; kdsB, 3-deoxy-manno-octulosonate
cytidylyltransferase; IpxA, UDP-N-acetylglucosamine acyltransferase; lpxC, UDP-3-O-[3-
hydroxymyristoyl] N-acetylglucosamine deacetylase; lpxD, UDP-3-O-[3-hydroxymyristoyl]
glucosamine  N-acyltransferase; IpxC-fabZ, = UDP-3-O-[3-hydroxymyristoyl] =~ N-
acetylglucosamine deacetylase / 3-hydroxyacyl-[acyl-carrier-protein] dehydratase; lpxH,
UDP-2,3-diacylglucosamine hydrolase; IpxB, lipid-A-disaccharide synthase; IpxK,
tetraacyldisaccharide 4'-kinase; kdtA, waaA, 3-deoxy-D-manno-octulosonic-acid transferase;
IpxL, trB, Kdo2-lipid IVA lauroyltransferase; IpxM, sbB, lauroyl-Kdo2-lipid IVA

myristoyltransferase.
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Supplementary Figure 10. Classification of gout by relative abundance of bacterial species.
(a) Distribution of 5 trials of 10-fold cross-validation error in random forest classification of
gout as the number of gene increases. The model was trained using the relative abundance of
the genes in discovery cohort. The black curve indicates the average error of the five trials
(gray lines). The red line marks the number of gene in the optimal set. (b) Relative abundance
of 13 bacterial species markers in discovery cohorts. (¢) Receiver operating curve (ROC) for
the discovery samples. (d) ROC for the validation samples (healthy control, n = 23; gout patient,
n = 25). For all box and whisker plots, the center line represents median. The bounds of box
represent the first and third quartiles. The upper whisker extends from the hinge to the largest
value no further than 1.5 * interquartile range (IQR) from the hinge. The lower whisker extends
from the hinge to the smallest value at most 1.5 * IQR of the hinge. The notch represents a

confidence interval around the median as the median +/- 1.58*IQR/sqrt(n).
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Supplementary Figure 11. Alternation of gut microbiota by therapeutic intervention in gout.
(a) Medication and sample collection at different time points of 77 gout patients (2W, n = 61;
4W, n = 38; 24W, n = 7). Rows and columns represent individuals and drugs, respectively. Red
and white color denote individuals using drugs or not, and gray denotes fecal samples that were
not collected for metagenomics sequencing. (b, ¢) Box and whisker plot of gene count (B) and
alpha-diversity (Shannon index) (C) in gout patients before and after treatment. (d) PCoA based
on Bray-Curtis distance at gene level of 5 gout patients whose fecal samples were collected at
four time points. (e) Box and whisker plot of Beta diversity between before and after treatment
of 5 gout patients. Wilcoxon rank-sum test: ‘*’ denotes P < 0.05. For all box and whisker plots,

the center line represents median. The bounds of box represent the first and third quartiles. The
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upper whisker extends from the hinge to the largest value no further than 1.5 * interquartile
range (IQR) from the hinge. The lower whisker extends from the hinge to the smallest value at
most 1.5 * IQR of the hinge. The notch represents a confidence interval around the median as

the median +/- 1.58*IQR/sqrt(n).
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Supplementary Figure 12. The distribution of P-values for the differential genes in gout
cohort in the presented study as well as four additional public case-control metagenomic
datasets. Sample size of OB, AS, T2D and RA was the same as gout with 63 healthy controls

and 77 patients, respectively.
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187  Supplementary Figure 13. Comparison of gut microbial functions and species between gout

188  and other auto-immune and metabolic diseases. (a) Comparison of differential species in AS,
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gout, OB, RA and T2D. Purple, enriched in healthy controls; red, enriched in patients. (b)
Comparison of microbial gene functions in AS, gout, OB, RA and T2D. Purple, enriched in
healthy controls; red, enriched in patients. ‘*’ denotes reporter score of pathways > 1.65 or < -

1.65.
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Supplementary Figure 14. A hypothetical model of gut microbes influencing the development

of gout based on the findings of the presented study. Green text denotes depleted species or

functions in gout patients; red text denotes enriched species or functions in gout patients.

Abbreviation: MSU, monosodium urate; TLR4, Toll-like receptor 4; TLRS, Toll-like receptor

5; GPR41, G protein-coupled receptor 41; GPR109, G protein-coupled receptor 109A; HDAC,
histone deacetylases; Th17, T-helper 17 cells; IL-1p, interleukin-1f; IL-23, interleukin-23; IL-

22, interleukin-22.



