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' Konferenca NAK — za ucitelje naravoslovnih predmetov

Crevesni biom in fermentirana Zivila

Doc. dr. Neza Cadez

Univerza v Ljubljani, Biotehniska fakulteta, Oddelek za
zivilstvo

4. konferenca uciteljev naravoslovnih predmetov — NAK 2017
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MIKROBIOTA CREVESJA VPLIVA NA:

/ Kdaj in kaj naj jemo

~ Ucinkovitost izrabe hranil

Zdravje
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Definicija Crevesne mikrobiote in mikrobioma

Koliko, kaj in zakaj bakterije v nasem prebavnem sistemu

Vpliv prehrane na mikrobioto in posledi¢no na nase zdravje

Fermentirana zivila in nase raziskave
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Vsebina ¢revesa ni prazna, temvec napolnjena z bakterijami...

MIKROBIOTA

Vsi mikroorganizmi, ki zZivijo v doloéenem okolju (npr. debelo ¢revo).

MIKROBIOM

Celoten nabor genov vseh mikroorganizmov, ki so vezani na dolo¢enega gostitelja.
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Kako majhne so bakterije?

Foto: Konica Sivanke Sirine 20 um
Bakterija: 1 x 5um

THE HUMAN MICRORIOME PROJECT S&¥S THE HUMAN BODY @
HAS 100 TRILLION MICROSCOPIC L1EE FORMS LIVING IN IT.
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1014 bakterij v nasem crevesu

V enem centimetru debelega Crevesja je vec celic bakterij kot je ljudi kdakarkoli

zivelo na Zemliji.

V enem centimetru debelega Crevesja je vec celic bakterij kot v celotnem telesu.

Kot mikrobiom: na vsakih 300 genov v nasem telesu, je en gen Cloveski.



Lastnosti crevesne mikrobiote

Ps

e
Volumen 60 % mase iztrebka 1-4 | plina/dnevno
CH,OH
CH,0H CH;OH
o) o~ _H o O. OH
a8 H HO OH
HO OH HO CHZOH
OH
of! o A D-galactose
glucose fructose

Shema tisoca vrst v mikrobiomu in njihovih medsebojnih

Figarn 3] 5 i——— interakcij (Vir: Svetovni projekt ,,Mikrobiom*)
individuals of the cohart. ?cii,k‘w&ﬁni‘linnnl'bullnduhhhplnL

T 500-1000 razliénih vrst bakterij
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iew similar images

Crevesna mikrobiota: 20-40% vrst kultivabilnih
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Crevesni mikrobiom — zadetki po letih v knjiznici PubMed

5,000

454 sekvenator:
450 miljonov bp v 8-ih urah

4,000

NGS:
pirosekvenciranje
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2,000

1,000
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- 9‘ 9’* A‘L ?e 1? Front. Cell. Infect. Microbiol., 02 November 2012
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Metodologija dolocanja cloveskega mikrobioma

Enterobakteraceae

v

{38 15873 3 15350000 [ 5l 03 (23 Bl
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Escherichia
Klebsiella

Enterobacter

Alfa proteobakterije
Rhizobium

5 Bradyrhizobium
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Clovekova (osnovna) érevesna mikrobiota

A human gut microbial gene catalogue
established by metagenomic sequencing

Vsak posameznik ima svojo lastno sestavo mikrobiote (prstni odtis).

Druzinski ¢lani imajo bolj sorodno sestavo mikrobiote kot nepovezani
posamezniki.

 Mikrobiota dvojaj¢nih in enojajénih dvojckov je podobna — nanjo najbolj
vpliva okolje v prvih mesecih Zivljenja.
e Osnovna mikrobiota je skupna vsem in je neodvisna od spola, starosti, rase
in geografske lokacije:
e 75 vrst je skupno > 50 % ljudem
e 57 vrst je skupnih >90 % ljudem
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Ni pomembno kdo je tam, ampak kaj je njegova vloga....

Sinteza esencialnih mascobnih kislin

Crevesje kot bioreaktor... —ee
Vir aminokislin in vitaminov

®
i.o .,.\1 Zauziti ogljikovi-hidrati

monosaccharide polysaccharide

) é o l A
o : : :
monesaccharide host absorption of Dvanajstermk
transporiers simple sugars *
l 20
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Y. 7 | 4
Nerazgrajeni Gjikani : Tanko &revo
polisahardidi gostitelj :
e - \ 4
/ Bakterijska | 260 \
razgradnja . &
polisaharidov genov :
® g
Bakterijska v
fermentacija | i Debelo ¢revo
Kratkoverizne Fvorba beatk
mascobne kisline magéobnih kislin
o o Absorhbcija gostitelja :
predstavljajo 30 % < A :
. . v
vira energije

ostitelja
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Ko se rodimo, imamo sterilno Crevo...

fecas

107

Osk
neg

Log number of Bacleria per gr
g 8 * 2

Baclerdidas, aubactena and anaarobed Sireploéoeo
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Bifidobacteria

§ Colilorm bacieria
[ and anberoooaa

Lactobacill

lF_l
| |
| Welch's bacils
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Athith  Waaning ADULT Old-Age

Change in Intestinal Flora with Age
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Vpliv prehrane na naso mikrobioto

..Kdo koga doloca?
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Hipoteza: Nasa mikrobiota doloca kaj jemo?

Ali je res:

- Sestava bakterij v Crevesju je dolocena glede

na hranila, ki jih zauzijemo?
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Kdo smo (geni) in kajjemo,-dolo¢a nago mikrobioto



Kaj jemo v prvi
vrsti doloca
nas
mikrobiom.
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o Prevotella
» Xylanibacter

:l Bactercidetes

® Acetitomaculum
® Faecalibacterium | Firmicutes

Subdoligranulum

Others

Alistipes Bacteroidetes
W Bacteroides

W Acetitomaculum

® Faecalibacterium

u Roseburia
Subdoligranulum
Others

Firmicutes



Hipoteza: Nasa mikrobiota doloca kaj jemo?

Ali je res:

- Mikrobiota nasega Crevesja doloca
fiziologijo gostitelja in vpliva na apetit in na

izbiro zivil?



Normal gut microbiota modulates brain development

and behavior

Rochellys Diaz Heijtz*™", Shugui Wang", Farhana Anuar®, Yu Qian™”, Britta Bjérkholm®, Annika Samuelsson®,
Martin L. Hibberd®, Hans Forssberg™®, and Sven Pettersson~"'

Departments of “Neuroscience, and “Microbialogy, Cell and Tumaor Biology, Karolinska Institutet, 171 77 Stockholm, Sweden; ®stockholm Brain Institute, 171
T Stockholm, Sweden; “Genome Institute of Singapore, 02-01 Genome 138672, Singapore; and “Department of Women's and Childrens Health, Karolinska

Institutet, 171 76 Stockholm, Sweden

Edited by Arturo Zychlinsky, Max Plandk Institute for Infection Biology, Berlin, Germany, and accepted by the Editorial Board January 4, 2011 (received for

review August 11, 2010

Microbial colonization of mammals is an evolution-driven process
that modulate host physioclogy, many of which are associated with
immunity and nutrient intake. Here, we report that colonization
by gut microbiota impacts mammalian brain development and
subsequent adult behavior. Using measures of motor activity and
anxiety-like behavior, we demonstrate that germ free [GF) mice
display increased motor activity and reduced anxiety, compared
with specific pathogen free (SPF) mice with a normal gut micro-
biota. This behavioral phenotype is associated with altered expres-
sion of genes known to be involved in second messenger pathways
and synaptic long-term potentiation in brain regions implicated in
motor contral and anxiety-like behavior. GF mice exposed to gut
microbiota early in life display similar characteristics as 5PF mice,
including reduced expression of PSD-95 and synaptophysin in the
striatum. Hence, our results suggest that the microbial colonization
process initiates signaling mechanisms that affect neuronal circuits
invalved in motor control and anxiety behavior.

developmental programming | microbiome | basal ganglia | cognitive
behavior | synapse

Ear]}' life environmental influences have a profound impact on the
nrn\an}'s‘m‘i later develonment stmcinre and function. This

X ¥oe %

Resulis

Germ Free (GF) Mice Display Increased Motor Activity and Reduced
Anxiety-Like Behavior. In the first set of experiments, we subjected
adult GF and specific pathogen free (SPF) mice with a normal
gut microbiota to a battery of tests for exploratory activity and
anxiety. GF and SPF mice were placed in a novel, open-field
activity box. Their spontaneous motor activity, including loco-
motor and rearing activities, were measured for 60 min. GF mice
showed greater total distance traveled and more exploration of
the center of the open field (P < 0.05; Fig. L4). There was also
a trend for GF to display higher levels of rearing activity com-
pared with SPF (GF vs. SPF, 489 + 43 vs. 369 £ 50, P = 0.088).
Both GF and SPF mice displayed similar locomotor activity (Fig.
18) during the initial open field exposure, indicating that the
increased locomotor activity in GF mice was not triggered by
novelty. Instead, significant differences between groups were
detected in habituation over time (repeated measures ANOVA,
main effect Fy ay = 6.28, P < 0.03). Thus, GF mice traveled
a significantly longer distance (Fig. 1 B and C) and spent sig-
nificantly (P < 0.05) more time in both slow and fast locomotion
(Fig. 107) during the 20- to 6l-min interval of testing,

(siven that certain microbial pathogens have been reported to
mdu:::e anxiety-like behavior in animal models (10<12), we
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- B O

U DU - O - [ -

EVROPSKI UNIJA
EvRoPsx

b LHERE
waL n:m\ v \'A.f.: PRINDONTDET

REPUBLIKA SLOVENI|A
MINISTRSTVO ZA IZOBRAZEVANJE,
ZNANOST IN SPORT




o ok 3
T S
gokk

Nedavno: POvezava mikrobiote z avtizmom

Tretiranje modelne misi z avtizmom s probiotiki
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Mikrobiota in debelost
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Mikrobiota Crevesja vpliva na zaloge mascobe

The gut microbiota as an environmental factor that
regulates fat storage

Fredrik Backhed*'*, Hao Ding*%", Ting Wangl, Lora V. Hooper'**, Gou Young Koh'!, Andras Nagy®**,
Clay F. Semenkovich®®, and Jeffrey I. Gordon*'71

(DNAS |

Dejstvo: Normalne miske imajo 40 % vec zalog mascob kot enako hranjene
gnotobioticne misi.

Eksperiment: Mikrobioto iz normalnih misi so transplantirali v gnotobioticne
misSi in jih enako hranili naprej.

Rezultat: v Stirinajstih dneh se jim je povecala zaloga mascob za 60 %.

Sklep: Sestava Crevesne mikrobiote vpliva na kolic¢ino energije, ki jo absorbiramo
iz hrane.
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Transplantant mikrobiote lahko vpliva na
debelost
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* Fermentirana Zivila so naravna funkcionalna zivila z
mikroorganizmi ,,in situ”

« Se vedno je 90% fermentiranih Zivil v razli¢nih driavah
pripravljenih po tradicionalnih postopkih. A teamwork of microbial consortia

* Bogata z:

Zdravju koristne
bioaktivne snovi

Izboljsajo biolosko
dostopnost Zivil

Funkcionalni MO

Izboljsajo senzori¢no
kakovost

Ne-funkcionalni MO
Delujejo kot nar.avni
konzervansi

Skodljivi MO

Tvoji protimikrobne Razgradijo toksicne
in antioksidativne ali neprebavljive
spojine komponente Zivil

g REPUBLIKA SLOVE
MINISTRSTVO ZA |
ZNANOST IN SPOI

McGee, 2013, A festive ferment, Nature



Probioticni mikroorganizmi so ujeti v matriks
fermentiranih zivil
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Pestre mikrobne zdruzbe mlecno-ksilniskih
bakterij in kvasovk

Serb

ia

A

Croatia
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® Lb. plantarum
® Lb. casei
® Lb. sucicola
® Lb. rhamnosus
Lb. helveticus
® Lc. lactis
Lc. garviae
® Ln. mesenteroides
® Ln. pseudomes.
® Ec. durans
® Ec. faecalis
® Ec. faecium
© Str. bovis
Str. thermophilus

Cheese samples
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BGGOS5 BGGO7 BGGOL1l BGLEL BGALZ BGAL3 BGVL1 BGBUL BGRE2Z ZGPR1 ZGPR2 ZGPR3 ZGBP4 ZGBPS ZGBP6 ZGZA7 ZGZIAB ZIGZIA9

® Candida deformans

® Candida parapsil

® Pichia exigua

® Metschnikowia sp.

® Pichia fer

© Wickerhamom.

5 3 4 3 4 3 1<) 4 5 5 4 3 4 5 El 4 3 2 3
H', o7s 0.51 0.32 0.43 0.4 045 0.56 0.27 044 046 041 040 04y 029 043 037 022 0.36 i
[+ 0.22 0.34 0.54 016 091 014 027 0.02 0.25 042 040 046 039 058 027 049 1.1/ 046
T

Candida pararugosa
® Candida zeylanoides ‘ 29.2 21.8 ‘
® Cryptococcus curvatus
® Debaryomyces hansenii 4}.-5—‘—‘—‘—2‘2—‘—‘—.
® Galactomyces geotrichum .';
® Kluyveromyces lactis

11.5 435

® Rhodotorula mucilaginosa
® Saccharomyces cerevisiae
® Torulasporula delbrueckii 3
® Torulasporula quercuum

Trichosporon spp.

Yarrowia lipolytica I —68.9— — 100.093.6
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Galactose ferm.
Lipoiytc actviy 0%

Citrate assim

Rhodotonla muciagingsa
Rhodotorula muciaginosa
Pichia exigua

Candida zaylancides
Debaryomyces hansani
Debaryornyces hanseni
Candida reylanoides
Candida zaylancides
Candida zeylancides
Candida zeylancides
Debaryomyces hansent
Debaryomyces hansant
Debaryomyces hanseni
Torulaspora delbrueckii
Cryplococcus curvalus
Trichosporon factis
Trichosporon ovaides
Trichasponon gracile
Kiuyveromyces faclis
Yarrowia ipofytica
Yarrowia Kpolytica
Yarrowia lipofytica
Yarrowia fpolytica
Yarrowa ipofytica
Yarrowia lipofylica
Metschnikowia chrysoperae
Rhodotorula mucitaginasa
Trichosporon ovaides
Kluyvereomyces iaclis
Kiuyveromyces lactis
Kluyveromyces lactis
Candida zaylanoides
Tondaspora detbrueckii
Candida paransgosa
Candicla pararugosa
Candida pararugosa
Pichia fermentans

Pichia mambranifaciens
Yarrowia lipofytica
Candida deformans
Fichia exigua

Yarrowia lipofytica
Yarrowia ipolytica
Galaclomyces geofrichum
Galaclomyces geofrichum
Tondaspora quarcuum
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BGLE1-¥19
BGALZ-Y32
BGGOT-Y102
BGLE1-YZ2
BGALZ-YZS
BGGO5-YE8
BGGOT-YBT
BGGOT-Yo2
ZGT-Y176
BGAL3-Y44
BGAL3-Y45
BGGOS5-YT4
BGVLI-Y114
BGRE2-Y138
BGALZ-Y2E
ZIM 2455
ZG3-Y169
BGLE1-¥11
BGAL3-Y49
BGGOS-YTT
BGGOT-YBY
BGAL3-YST
BGGOT-Y&3
ZG3-Y152
BGGOT-Y35
BGAL2-YI1
BGAL3-YSE
BGREZ-Y147
2ZIM 2452
ZIM 2456
2G3-Y154
BGRE2-¥132
ZIM 2458
BGREZ-Y130
BGRE2-Y148
BGGO11-Y113
BGLE-Y18
BGGOT-¥a1
BGBU1-¥129
BGLE1-YE
BGGOT-Y&S
BGGOT-YB4
BGEO11.Y 108
ZG3-Y158
ZGT-Y174
BGGO5-YTE

Goli¢ et al., 2013, Int. J. Food Microbiol.



Probioticni potencial kvasovk

1. Prezivetje pri pH 2 z dodanim pepsinom

2. Prezivetje v prisotnosti zolcnih soli

3. Zmoznost rasti v debelem crevesju

M pH 2, pepsin M Bile salts M CMGH medium
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Covice Tanent Tawosss Taveser Lamzice Tomess Towaeor abeiz Lamzis | awatio Tawasr Lamzes

o Suryival gate
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o o o

©
N
o

0.00

Growth (Alog) Kluyveromyces lactis Torulaspora delbrueckii T. D.hansenii
quercum geotnchu cerevisiae
m
pH 2, pepsin -1.1 -1.2 -0.6 -0.7 -1.0 -0.2 -0.9 -1.1 -0.6 -0.7 -2.9 -3.4
2. -0.4 0.0 0.0 0.7 0.7 -0.2 0.6 0.6 11 -0.6 -1.0 -0.8
9 CMGH medium 0.9 -0.1 1.6 1.2 0.1 0.0 0.8 0.4 0.2 0.3 -0.9 -0.3
e ¥ooa e N Wy 9 mwsmvomusonrewe MM N
e X M A Yo Zivkovi¢ et al., 2015, J. Intercult. Ethnopharmacol.



/moznost adhezije na celice Crevesa in sposobnost dviga
imunskega sistema (povecanje stevila GALT celic)
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Povzetek

100-1000 vrst v nasem cCrevesju, ki imajo 300 x vec razlicnih genov kot
Clovek

Za vecino vrst vemo kdo so, in ne kaj je njihova funkcija in interakcije med
nami in drugimi bakterijami.

Mikrobiota vpliva na sposobnost absorbcije hranil in posledi¢no na
debelost.

Pokazane so bile korelacije med mikrobioto in pojavnostjo bolezni.

Z uzivanjem fermentiranih zivil zauzijemo Zzive bakterije, ki lahko
spreminjajo sestavo nase mikrobiote.
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