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Why is it important to know
the human microbiota?
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Changes in the life-style, endangered microbiota
and appearance of chronic diseases
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Gut bacteria influence the nutritional content of our
food in ways that are not understood
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How to feed your gut microbiota?

Diet sources
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Your gut microbes play a key part in food craving,
influencing your brain ?!

https://www.gutxy.com/blog/



Blood BBB Brain

That Gut Feeling !
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The Microbiota—Gut—Brain Axis: Hype or Revolution?
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Gut Bacteria and Neurotransmitters:
Verifying Production Claims
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Host-Microbiome Metabolic Interactions

Levodopa/ 5-HTP

TyDrp

12



Host-Microbiome Metabolic Intera_ctions
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Theoretical brain level of levodopa

Parkinson’s Disease Treatment

Disease progression
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Levodopa Conversion-l: Decarboxylation by Small Intestinal Bacteria
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Parkinson’s Disease Patients Vary in Dosage Regimen Requirement
Possible Impact of Small Intestinal Microbiota?

Fecal samples In vivo using WTG rats
12 r=0.66 0.5 7
=-0.68
A2=044 ¢ rRZ: 046 ¢ Blood (plasma)
- P=0.021
10{ P=0.037 04 | . . ’
5 © 1
8 8 g .
=) 5 037 o 401
£ = .
8 6 S g
= < o
= S 02 2
Y a S 301
2 4 I S
© ) < "
= 0.1 a
2 Q 204
3 m
0 0.0 T T ) - n
0 2% 107 4x 107 6x 1097 8 x 10 2x10% 3x10% 4x10%° 5x10% 104
251 r-o0s82 200 1 r=-0.57 .
R’=0.33 — —
R2=0.68 ] L4 P=0.017 E. faecalis E. faecalis
204 P=0.003 o Atdc wild type
§ g 150 1
> S
s 154 2
[ S
5 2 100 1
2 104 8
2 I
o sl 50 1 blood (plasma
L-DOPA
o * tdc-gene *
0 2x10% 4x10% 6x 107 8x 1077 2%1005 3x10% 4105 53] 0%

tdc gene abundance tdc gene abundance van Kessel S., et al. Nat Comm., 10 (1), 310, 2019



Small Intestinal Microbiota:
A Key Factor in Levodopa Treatment for Parkinson’s Disease
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Tdc-Gene Abundance Increases Over Time in
Parkinson’s Disease Patients
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Small Intestinal Microbiota: A Key Factor in
Levodopa Treatment for Parkinson’s Disease
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Parkinson’s Disease Medication Alters Small Intestinal
Motility in Healthy Rats
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Small Intestine Bacterial Overgrowth in the Healthy Rats

Treated with Parkinson's Disease Medication

Healthy SIBO infected
intestinal tract intestinal tract

Table 1 - Bacterial counts from rat small intestine

Aerobic (CFU/mL, median (IQR))

Anaerobic (CFU/mL, median (IQR))

Jejunum

Tleum

Jejunum

Tleum

1.7B+7 (3.1E+6 — 1.5E+6)
2.4E+7 (1.5E+7 — 2.2E+6)
1.0B+7 (4.6E+6 — 1.3E+6)
VH  3.5B+7 (9.5E+6 —2.6E+6)

3.6E+7 (2.5E+7 — 4.2E+6)
5.6E+7 (2.5E+7 — 1.4E+7)
1.8E+8 (7.5E+7 — 3.6E+7)*
24E+7 (2.1E+7 — 7.0B+6)

42E+7 (1.6E+7 - 2.3E+6)
6.2E+7 (3.8E+7 — 4.6E+6)
2.7E+7 (1.0E+7 — 3.9E+6)
6.9E+7 (2.8E+7 — 3.85+6)

5.9F+7 (4.1E+7 — 1.4E+7)
3.4E+8 (6.8E+7 — 2.1E+7)#
2.8E+8 (1.2E+8 — 4.4E+7)*
7.0E+7 (4.8E+7 — 3.4B+7)

van Kessel S., et al. mSystems 7 (1), e01191-21, 2022



Dopamine Agonists Increase Lactobacillus abundance
in the Small Intestine of Healthy Rats

Dopamine

Top 10 Genus: lleum

Genus

f_Lachnospiraceas spp.
f_Muribaculaceao spp.
a_Alobacatm sp.
9 Entarorhabdus spp.

500 9__Lachnaspiracess_NKAA136 spp.
g_Lactabacilus s00.
2_Romboutsis 3o
@__Ruminococcacess_UCG-014 spp.
@_Streptococcus spp.
g_Turicbacter spp.

D P R VH

Ropinirole

g__lleibacterium (OTU_34)
|| g__Allobaculum (OTU_759)
g__Lactobacillus (OTU_4006)
| g__Roseburia (OTU_849)

van Kessel S., et al. mSystems 7 (1), e01191-21, 2022

f__Lachnospiraceae (OTU_917)
g__Lachnospiraceae_NK4A136 (OTU_890)
]__Ruminiclostridium_5 (OTU_1226)
f__Muribaculaceae (OTU_343)
f__Erysipelotrichaceae (OTU_154)

g L bacillus (OTU_1935]

g__Prevotellaceae_UCG-001 (OTU_110)
g__Dubosiella (OTU_129)
f__Muribaculaceae(OTU_162)
f__Muribaculaceae (OTU_206)

f Muribaculaceae (OTU_119)
f__Muribaculaceae (OTU_539)
f__Muribaculaceae (OTU_2675)
f__Eggerthellaceae Enterorhabdus (OTU_269)
f__Muribaculaceae (OTU_343)
f__Muribaculaceae (OTU_72)
g__Allobaculum (OTU_759)
f__Lachnospiraceae (OTU_84)
g__Lachnospiraceae_NK4A136 (OTU_150)
|__Acetitomaculum (OTU_202)
g_Lactobac:Ilus (OTU_1935)
g__Lactobacillus (OTU_882)
g__Lactobacillus (OTU_822)
g__Lactobacillus (OTU_1482)
g__Lactobacillus (OTU_4006)
g__Lactobacillus (OTU_2761)

g__Allobaculum (OTU_46)
]__Allobaculum (OTU_759)
g__lleibacterium (OTU_34)
g__Lactobacillus (OTU_771)
g__Lactobacillus (OTU_4006)
g__Lactobacillus (OTU_1482)
g__Lactobacillus (OTU_2761)
g__Bifidobacterium (OTU_1589)
g__Ruminococcaceae_UCG-005 (OTU_91)
g__Prevotellaceae_UCG-001 (OTU_110)
g__Dubosiella (OTU_129)
f__Muribaculaceae (OTU_162)
f__Muribaculaceae (OTU_119)
g__Parasutterella (OTU_124)
f__Muribaculaceae (OTU_164)
f__Muribaculaceae (OTU_206)
f__Muribaculaceae (OTU_343)
f__Muribaculaceae (OTU_72)
f__Muribaculaceae (OTU_539)
g__Lactobacillus (OTU_1)




Microbiota imbalance in Parkinson’s disease
Patients

Comparing 13 different studies:
= 54% (7/13) of the studies report an increase of Lactobacillaceae or Lactobacillus

Which are associated with increase in tyramine (or downstream metabolites) and important as they
could potentially contribute to decarboxylation of levodopa.

van Kessel & El Aidy, J. of Parkinson’s Disease, 9(2), $359-S370, 2019



LD/CD in plasma

Lactobacillus taxa Linked to Lower Levodopa Levels
in Blood samples of Healthy Rats

OTUs from Lactobacillus genus

OTU_168 oTU_4 OTU_174 OTU_822 OTU_882 OTU_4006 OTU_1482
R=-052,p=0.0014 R=-042 p=0.011 R=-04,p=0.017 R=-039,p=0.02 R=-0.36, p=0.03 R=-0.35p=0.039 R=-0.33, p=0.047
L] L]
[ ] L ]
L L ]

van Kessel S.,. mSystems 7 (1), e01191-21, 2022



When Gut Bacteria Encounter Unabsorbed Levodopa Residues...
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Levodopa Conversion-ll: deamination by Colonic Bacteria
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Higher levels of levodopa deamination products in

DHPPA 3-HPPA 0

Parkinson's Disease patients
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Implications of Levodopa deamination Metabolites
on Parkinson's Disease Patients

Table 1. Prevalence of gastrointestinal symptoms in
patients with Parkinson’s disease affected by SIBO
versus those without SIBO

SIBO SIBO
positive, negative,
% (n=26 % (=22 OR (Cl)

Abdominal discomfort 30.8 27.3 ns

Bloating 69.2 318 2.07 (1.42-16.40)

Flatulence 65.4 36.4 1.74 (1.01-10.83)
* Constipation 7341 818 ns

Diarrhea 19.2 9.1 ns

Gabrielli et al. Movement Disorders, Vol. 26, No. 5, 2011

Test the effect on gut transit time in animal models

Affected gut contractibility in rat intestine
Aviello et al. Eur J Pharmacol. 2010

HO

NS o

HO

phenethyl (E)-3-(3,4-dihydroxyphenyl)acrylate

HO
OH

3-hydroxy-3-(3-hydroxyphenyl)propanoic acid

Negatively associated with gut transit time
Roagger et al. Nat Microbiol. 2016
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Dynamic stimulation

Gut microbiota-motility inter-regulation
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Healthy
controls Diseased

From Bench to Bedside

APPROACH DESCRIPTION
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Average increase (uM) / hour

TDC Activity as a Stratification Tool
to Enhance Medication Response in Parkinson's Disease Patients
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Summary

» The small intestinal microbiota, despite its low number of resident
bacteria, high flow rate, and short transit time, has the potential
to impact drug bioavailability.

» The primary PD medications could potentially alter the
composition of the microbiota and generate a state of SIBO by
affecting small intestinal motility, the primary site of drug
absorption.

» The unabsorbed residues of levodopa can be metabolized by

colonic bacteria into different compounds that can influence
intestinal motility.

The site of absorption in the gut plays a crucial role in

the gut bacteria-driven chemical transformation of drugs




Gut Bacteria and Neurotransmitters:
Verifying Production Claims
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Host-Microbiome Metabolic Interactions

Levodopa/ 5-HTP

TypKrp
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Host-Microbiome Metabolic Interactions
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Gut microbiota converts 5-hydroxytryptophan to
5-hydroxyindole

High Converters Intermediate Converters Non-Converters

5-HI 5-HTP SHI

A N

5-HTP
5-HTP

— ___0h e on oh
50 55 60 65110 115 120 50 55 60 6511.0 115 120 50 55 60 65110 115 120
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Bacterial tryptophanase is responsible for the conversion of 5-HTP
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Bacterial production of 5-hydroxyindole is dependent
on microbiota composition

18,7% 1,1%

S-HI

5-HTP
24h

50 55 60 65110 115 120

High Converters

High Converters

80,2%

: I 1
Time (min) 0  Relativeabundance % 100
Intermediate Converters
- 10.87% Bacteroides (tnaA-enconding)
77% Bacteroid -thaA- dir
5.HI 106% 9,7% B 2on avsipes )
8 0.96% Lachnospiraceae

5-HTP

-

50 55 60 6511.0 115 120
Time (min)

5.HTP

4h

_—
50 55 60 65110 115 120
Time (min)

1 0.59% Bifidobacterium
B 0.25% Odoribacter
W 0.10% Escherichia

B 007% Citrobacter
79,7% I 0.04% Anaerotruncus
[ 2.27e-003% Desulfitobacterium
S 1.14e-003% Fusobacterium

T 1
o Relative abundance % 100

Non-Converters

6,2%

57,3%

r 1
[} Relative abundance % 100

[l tnaA-encoding
¥ Bifidobacteria

Other non-tnaA encoding

Intermediate Converters

3 9.47% Bifidobacterium
0.82% Bacteroides (tnaA-enconding)

.58% Bacteroides (non-tnaA-enconding)
.04% Lachnospiraceae

44% Alistipes

.06% Odoribacter

.01% Anaerotruncus

o 7 7e008% uapacter

Waclawikovd B., Bullock A., Schwalbe M., Aranzamendi C., Nelemans SA., van Dijk GJ., El Aidy S (2021) PLoS Biol 19(1): e3001070

Non-Converters

25.40% Bifidobacterium
353% Bacteroides (inaA-enconding)
800% Bacteroides (non-tnaA-enconding)
202% Lachnospiraceae

0.42% Alstipes
0.
2
6

oREEDOmEm

820.004% Fusobacterium



Reduction in pH results in a complete inhibition
of the production of 5-hydroxyindole
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5-hydroxyindole is a potent stimulator of gut contractility /n vivo
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L-Type Voltage-Gated Calcium Channels Mediate
the Gut Motility-Stimulating Effects of 5-Hydroxyindole
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5-Hydroxyindole Confirmed to Bind to al Subunit
of L-Type Calcium Channels

Y Wt
\ \l TWRRERTAY]
I IV

5-hydroxyindole

no stimulatory/inhibitory effect stimulatory effect



Summary

» Gut bacterial metabolic product; 5-hydroxyindole, plays an important role in inducing
gut contractility, a comorbidity of various diseases as shown by in vivo, ex vivo
experiments

» 5-hydroxyindole functions through the activation of L-type voltage dependent Ca?*
channels.

» 5-hydroxyindole may prove as a therapeutic targeted at modulating LVCCs function. So
far, only 3 synthetic compounds are known to work as LVCCs agonists, none of which is
approved clinically.



5-HT Conversion by Intestinal Bacteria
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Serotonin Degradation by P. fluorescens;
Possible Link to Celiac disease?
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Beyond the Liver: Gut Microbiota and Drug Processing

Examples from the Lab

Small (Bioactive) Molecules

Microbiota
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Towards Precision medicine

Identifying Microbiota Types
Current & interaction with medication

By mapping the different
microbiome worldwide

Future
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And linking them to

. . medications ..
Medication Precision

fits all medicine

Adapted after Veige et al., 2020
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Microbial metabolic-host interactions

~2,000.000
Microbial genes
with (?) protein families
Drug dose involved in drug
bioa\?;ilgbility ® 100% metabolism
derived from 200-500
bacterial species

~23,000

Human genes

with ~30 protein families
involved in drug
metabolism

https://www.amnh.org/explore/science-topics/

First-Pass Metabolism after
oral administration of
a drug > Why would the microbiota harbor genes to metabolize drugs??



