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A purified membrane protein from Akkermansia
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A. muciniphila is a Gram-negative, strictly anaerobic, non-motile, non-
spore-forming, oval-shaped bacterium. Its type strain is MucT (=ATCC
BAA-835T =CIP 107961T). A. muciniphila is able to use mucin as its sole
source of carbon and nitrogen, is culturable under anaerobic conditions on
medium containing gastric mucin, and is able to colonize the
gastrointestinal tracts of a number of animal species.
Recently, A. muciniphila strain Urmite became the first (evidently)
unculturable bacterial strain to be sequenced in its entirety from a human

stool sample.

Akkermansia muciniphila

Scientific classification
Kingdom: Bacteria
Phylum: Verrucomicrobia
Class: Verrucomicrobiae
Order:  Verrucomicrobiales
Family: Verrucomicrobiaceae
Genus: Akkermansia
Species: A. muciniphila

Binomial name

Akkermansia muciniphila
Derrien et al 2004

International Journal of Systematic and Evolutionary Microbiology (2004), 54, 1469-1476 DOI 10.1099/ijs.0.02873-0

Akkermansia muciniphila gen. nov., sp. nov.,
a human intestinal mucin-degrading bacterium
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Fig. 3. EM images of strain Muc”. (a) SEM image. Bar, 1 um. (b) TEM image of a negatively stained preparation. Note the

Muriel Derrien Wageningen, The Netherlands I thickened but extensive capsule fibres of the cells. Bar, 0-5 pm.
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Daily administration of live A. muciniphila grown on a mucusbased
medium can counteract the development of high-fat diet (HFD)-
induced obesity and gut barrier dysfunction.

Everard, A. et al. Proc. Natl. Acad. Sci. USA 110, 9066-9071 (2013)

The current growth requirements of A. muciniphila and its oxygen sensitivity

render this bacterium unsuitable for human investigations and putative ﬁ 'f §
INEIY 7S

therapeutic opportunities.

Derrien, M., Vaughan, E.E., Plugge, C.M. & de Vos, W.M. Int. J. Syst. Evol. Microbiol. 54, 1469-1476 (2004)
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METHODS |8

Culture and pasteurization of Akkermansia muciniphila.

A. muciniphila MucT (ATTC BAA-835)

‘ 16 g/1 soy-peptone
B AAKHB mucin =====) 4 g/] threonine,
a mix of glucose and N-acetylglucosamine (25 mM each)

+ik. KE Anaerobic PBS with 25% (vol/vol) glycerol

Pasteurization for 30 min at 70 °C.
Cultures were then immediately frozen and stored at —80 °C.

F A8 1 £ Plate counting using mucin media containing 1% agarose
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METHODS |8
Mice.

Cohorts of 10- to 11-week-old male C57BL/6J mice

Normal chow diet (ND)
High-fat diet (HFD)

12 h daylight cycle, lights off at 6 p.m.

Body weight, food and water intake were recorded once weekly.

Body composition

7.5 MHz time domainnuclear magnetic resonance (TD-NMR)
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METHODS |8

Experiment 1 mice
ND HFD HFD Akk M HFD Akk S HFD Akk P
4 weeks Oral gavage
Experiment 2 Experiment 3
mice mice
ND HFD HFD Akk S HFD Akk P ND HFD HFD Akk S HFD Akk P
5 weeks Oral gavage S weeks Oral gavage

HFD Amuc_1100*
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METHODS |8

also excluded. Finally, for all analyses and for each group, any exclusion decision
was supported by the use of the [GEUBBSIESE for outlier detection. Moreover,
during the second experiment, two mice from the same cage in the group HFD

Akk S were excluded from analysis of the OGTT and insulin data displayed in
Supplementary Figure 1d-g, because of @ggiessivenessandfighting throughout

the OGTT leading to abnormal blood glucose and insulin values.

Oral glucose tolerance test.

6h-fasted mice

Oral gavage

2 g glucose per kg body weight

0, 15, 30, 60, 90 and 120 min

glucose meter (Accu Check, Roche, Switzerland)
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METHODS | .

Insulin resistance index.

ELISA kit (Mercodia, Uppsala, Sweden)

Both blood glucose (—30 to 120 min)

Plasma insulin (—30 and 15 min)

Tissue sampling.
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METHODS | .

Histological analyses.

S nm ileal paraffin sections

P

SAT Ileal tissue
i Periodic Acid Schiff (PAS) Staining
P
4% paraformaldehyde  24h o
H.E. counter-Staining

n =

ethanol 100% 24h Determine goblet cell density

Villus length > 5 villi
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METHODS | .

Urinary metabolomics analyses.

i Spectrometer (Bruker) 600.22 MHz 1H

UPLC-MS/MS determination of plasma TMA and TMAO concentrations.

Supplemental table 4: Primers used in this study.

: e : Gene Forward primer sequence (5'-3") Reverse primer sequence (5'-3')

RNA prep‘a"'rat!’"on and real- tlme qPCR anaIYSISo Rpl19 GAAGGTCAAAGGGAATGTGTTCA CCTTGTCTGCCTTCAGCTTGT
Fmo3 GGAACTTGCACTTTGCCTTC TAGGAGATTGGGCTTTGCAC
Cnrl CTGATGTTCTGGATCGGAGTC TCTGAGGTGTGAATGATGATGC
Cldn3 TCATCGGCAGCAGCATCATCAC ACGATGGTGATCTTGGCCTTGG
Ocln ATGTCCGGCCGATGCTCTC TTITGGCTGCTCTTGGGTCTGTAT
Napepld TTCTTTGCTGGGGATACTGG GCAAGGTCAAAAGGACCAAA
Naaa ATTATGACCATTGGAAGCCTGCA CGCTCATCACTGTAGTATAAATTGTGTAG
Lyz1 GCCAAGGTCTACAATCGTTGTGAGTTG CAGTCAGCCAGCTTGACACCACG
DefA GGTGATCATCAGACCCCAGCATCAGT  AAGAGACTAAAACTGAGGAGCAGC
Reg3g TTCCTGTCCTCCATGATCAAA CATCCACCTCTGTTGGGTTC
Pla2g2 AGGATTCCCCCAAGGATGCCAC CAGCCGTTTCTGACAGGAGTTCTGG
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METHODS |
Production of Amuc_1100* protein.

pET-26b E. coli XLL1Blue (Novagen, Merck Millipore, MA, USA)

Primer sequences

JE kL pET-26b-1100 il E. coli BL21 (DE3) — LB}EFHE (RIER, 50 pg/ml)
G P 56E D l

S K 220 rpm at 37 °C, 3h
IREETTIE, -20°CIRFF «— 5000g, B 10min
l 1 mM IPTG (mid-exponential )

mpEL, WEsm, —» B0, BEE —— Hagithk —— WEERTE, -20°C K7
AT b3
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METHODS |
Extraction of A. muciniphila LPS.

Hot phenol-water extraction method Zhang, L. & Skurnik, M. J. Bacteriol. 176, 17561760 (1994).

Dynamic light scattering analysis.

Heat induced aggregation of Amuc_1100* was measured by light scattering on a Carry Eclipse Fluorescence
spectrophotometer (Agilent Biosciences, Santa Clara, CA, USA) equipped with Cary temperature controller
and thermophobes. Amuc_1100* (at the concentration of 15 nM) was heated in presence of PBS (pH 7.4) at a
constant rate of 1 ° C/min from 30 ° C to 100 ° C. The light scattering at 350 nm was measured with
excitation and emission slits at 2.5 nm.

Fast protein liquid chromatography.

Plasma total cholesterol and triglycerides (TG) lipoproteins
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METHODS | .

Western blotting.

p-IRP (1:1,000; sc-25103, Santa Cruz, CA, USA),
p-AktThr308 (1:1,000; #2965L, Cell Signaling, Danvers, MA, USA)
p-AktSer473 (1:1,000; #4060L, Cell Signaling).

p-actin (1:10,000; ab6276).

Plasma LPS analysis.
Endosafe-Multi-Cartridge System (Charles River Laboratories, MA, USA)

Everard, A. et al. Acad. Sci. USA 110, 90669071 (2013).
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METHODS | .

Safety assessment of live and pasteurized A. muciniphila.

Sterile PBS containing glycerol

101° CFU live A. muciniphila (AKK S - 1010)

10° CFU live A. muciniphila (AKK S - 10°)

101° CFU pasteurized A. muciniphila (AKk P - 1019)

Statistical analysis.
mean * s.e.m.
one-way ANOVA Tukey post-hoc test two-way ANOVA Bonferonni post-hoc test
Kruskal-Wallis test = ciieeiiieiieciiinnneens
Dunnett post-hoc test *P<0.05; **,P<0.01; *** P<0.001
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Figure 1 Pasteurization enhances A. muciniphila—mediated effects on high-fat diet-induced obesity.
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Supplemental figure 1: Increased protection against HFD-induced obesity in mice receiving pasteurized A. muciniphila for 5 weeks.
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Figure 2 Pasteurized A. muciniphila modulates adipose tissue physiology, intestinal energy absorption and urinary metabolome.
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PRBARE 74 RESULTS | .

(e) Orthogonal partial least-squares discriminant analysis (OPLS-DA) predictive score (f) Projection of all treatment groups on the first predictive score of the
plot for urine metabolic profiles representing predictive component 1 (Tpred1) versus OPLS-DA model.
Tpred?2. (g) Empirical assessment of the significance of O-PLS goodness-of-fit
parameters.
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Supplemental figure 6: Uncropped western blots for Figure 3m.

Supplemental figure 7: Uncropped western blots for Figure 3n.
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RESULTS |8

Supplemental table 1: Descriptive characteristics at the beginning of treatment for all subjects

included in the clinical study.

Supplemental table 2: Clinical parameters measured in all groups during the clinical study (mean + SD).

Placebo Live Akk Synthetic - 101° | Live Akk Synthetic - 10° | Pasteurized Akk - 10"
|Sex (M/W) Inflammation & Hematology Baseline Safety Baseline Safety Baseline Safety Baseline Safety
e (Years) (C-reactive protein (mg dI?) 3,60+1,67 4,40+2,07 5,20+5,17 7.80+7,12 6,60+5,18 6,40 +6,07 11,40+14,33 | 15,20+17,38
White blood cells (103 i) 6,43+1,49 7,07 +1,68 6,67 +1,69 7.94+2,29 7,91+4,08 8,36+4,17 6,89+2,44 8,20+1,61
BOdy weight "‘El |Prothrombin time (sec) 11,3810.55 111
. Liver enzymes Baseline s; Supplemental table 3: Proportion of subjects experiencing self-reported adverse effects.
BOdy mass inde) Alanine aminotransferase activity (1U %) 24,00+14,82 | 23,2
|“’aiSt circumfere Aspartate aminotransferase activity (IU I'2) 17.00+633 | 166
|Fasting_glycaemi' [y-Glutamyltransferase activity (IU ) 22,40+15,76 | 23,6( : :
Kidney function Baseline Sz Placebo Live Akk Live Akk Pasteuriz;d
Urea (mg di!) 35,20410,26 | 30,0 Synthetic - 10'° | Synthetic - 10° Akk -10
" Creatinine (mg dI) 0,73+0,11 0,7 INausea 1/5 0 2/5 1/5
Glomerular filtration rate (ml mint 1,73m2) 92,20+22,52 | 95,2 IFIatu lence 0 1/5 3/5 1/5
Muscle enzymes Baseline Sa [Bloating 1/5 1/5 0 0
(Creatinine kinase activity (IU I!) 78,80+25,37 | 79,4 [Cramps 1/5 1/5 0 1/5
Lactate dehydrogenase activity (1U ) 176,60+19,86 | 167,2 lBorborygmi 0 3/5 3/5 0
IGastric reflux 1/5 0 1/5 0

2017/08/20




DISCUSSION |IB

WEIT RERE AR F AR RS,
2. Fr—RuEEREPRTE—FRE

3. MAFER—KZHiE S U

4. BERKHEWIA. muciniphila X837 BINHE 3 ;
5.
6

1. A. muciniphila

. A. muciniphila JMNEE Hamuc 1100 X557 EE RE/EH;

B ERRKEENE RARINE LB EHTRRAmuciniphilaI X EHHE, iFiE
— PR

E RAREE —FHHREEENGT TERNEIHFT T

8. P EMNMEEXLFHRMAE (MER) HIF=WX ARRE R R HIRTT <1RA 7 Bh;

9. EEIEFE FEEFRIME K KEKIA. muciniphila 3 NJFERK 2 240 HE.

o

2017/08/20



5\-

, (\\“

(A



