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Aim of project

 To characterize the protein component of

new/alternative protein sources using proteomics

 To predict functionality of protein sources using

bioinformatics

 To assess functional properties of new/alternative

protein sources using animal models (mice and pigs)

WAGENINGEN
For quality of life



Topics of today’s presentation

 To characterize the protein component of

new/alternative protein sources using proteomics

 To predict functionality of protein sources using

bioinformatics

 To assess functional properties of new/alternative

protein sources using animal models (mice and pigs)
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In vivo digestion process
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Previous study: Mice

[ Adaptation period Experimental diets:

I Daily feed intake measurement
¥ Weekly body weight measurement

A Sampling of ileal tissue and content SBM: Soybean Meal

® Sampling of blood CAS: Casein (feed grade)
DWP: Delactosed Whey
Powder

] {

I I I
— —
Timeline & ¢——¢ ¢ < gl SDPP: Spray Dried

@ AR
Experimental days -7 0 7 14 21 28 Plasma Protein
Age of mice (days) 21 28 35 42 49 56 WGM: Wheat G|Uten Meal
YMW: Yellow Meal Worm

Local effect : lleum

Gene expression : | mTOR signalling pathways SBM

Microbiota: 1 abundance of Bacteroidales Family S24-7 SBM

Systemic effect: Serum & Urine

Cytokines and chemokines: ‘ granulocyte-colony stimulating factor (G-CSF) SBM
Biogenic amines metabolites: * 1-Methylhistidine vymw
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Pig study: Experimental design & set-up

(] HHHH(IH'

— Age: 10-11 weeks
\ Average Body weight: 33 = 0.5 kg
Blocking: Litter (8 sows and 5 barrows were distributed over 5
dietary groups)
Housing: Individually

Number of animals/group: 8

T — e

Genetic background: Topigs 20 x Tempo
Sex: Male
Status: Specific pathogen free (SPF)

@ Weekly body weight measurement
A Sampling of intestinal tissue and digesta

Run-in diet B Sampling of blood and urine
for 5 days

Timeline

d L ¢ AN
Experimental week 0 2 3

Age of pigs (weeks) 11 13 14
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Pig study: Experimental diet

Diet
SBM WGM RSM SDPP BSF

- - Ingredients, g/kg
Experimental diet: Maize starch

Protein sources included in the
experimental diets at a level of

requirement for energy 'S-O;Q;r;;ogqh;r:

. Wheat gluten meal
B Ad libitum water Rape seed meal
Proglobulin 80 P
Black-soilder fly (larvae)
Total
Composition, g/kg
Dry matter

50

150-500 g/kg in a way that the '§& 30
; . . Finely grounded chalk 51

crude protein content of the diets is | ||igumy ohospahte 46
about 160 g/kg. Salt 4
Sodium bicarbonate 1.2

Calcium carbonate 0

Calcium chloride 0

Premix (growth) 5

[ ; : Titanium di-oxide 5
Twice a day in equal amount L Lysine HCI .

= . . DL-Methionine 0
2.5 times the maintenance L-Threonine 0

0

0

0

o
[00)
©

o O o

WAGENINGEN
For quality of life




Pig study: Nutritional, clinical, systemic signhatures

Nutritionally associated clinical signatures

e 15 serum biomarkers: no signs of pathological symptoms

Gross clinical signs and symptoms

e Animals appeared to be healthy D
¢ No significant differences in body weight gain D

Cytokines and chemokines

e No significant effects on nine measured blood immune parameters

]
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Pig study: Intestinal gene expression

Analysis method: Microarrays
SBM used as reference
Gene set enrichment analysis (GSEA)

Location: Jejunum and lleum

Diets with | Number of Number of

Niimber of core Niimber of core
jenes
1lated

 #leum BSF
 # | leum.sDPP

lleum.RSM
lleum.SBM
lleum.WGM

Jejunum.BSF
Jejunum.SDPP
Jejunum.RSM
Jejunum.SBM
I
100

I [
-50 50

® lleum A Jejunum

Jejunum WGM
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Pig study: Intestinal gene expression

CONCLUSION

e Jejunum is more responsive than ileum.

Diets with Number Number of
. Number of core | Number of core
. different of Gene- Gene-sets . .
Tissue ] enriched genes enriched genes
protein sets up- down- N
up-regulated down-regulated

sources regulated regulated
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Pig study: Intestinal gene expression

CONCLUSION

e Jejunum is more responsive than ileum.

SDPP and RSM deviate from SBM in jejunum, not in ileum.

Diets with Number Number of

Number of core | Number of core
different of Gene- Gene-sets

Tissue enriched genes enriched genes
up-regulated” down-regulated

protein sets up- down-
sources regu lated regulated
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Pig study: Intestinal gene expression

CONCLUSION

e Jejunum is more responsive than ileum.

SDPP and RSM deviate from SBM in jejunum, not in ileum.

e Compared to SBM, more down-regulated genes in jejunum.

Diets with Number Number of
. Number of core | Number of core
) different of Gene- Gene-sets . .
Tissue ; enriched genes enriched genes
protein sets up- down- N
up-regulated down-regulated
sources regulated regulated

| BsF | 1 | 1 | 6 | 118 |
| sopp | o0 | 36 | 0 | 340 |

W TReM [ 3 [ o | 12 [0
wem | 8 | o [ 9 | o |
| BsF | 2 | 8 [ 31 | 85 |

oo L0PP | 0 o | o | o |
| R | o | o [ o | o |

WAGENINGEN
For quality of life




Pig study: Intestinal gene expression

CONCLUSION

e Jejunum is more responsive than ileum.

SDPP and RSM deviate from SBM in jejunum, not in ileum.

e Compared to SBM, more down-regulated genes in jejunum.

Functionalities of SDPP and BSF down-regulated genes: barrier functions and
Immune signalling

Diets with Number Number of
. Number of core | Number of core
. different of Gene- Gene-sets . .
Tissue . enriched genes enriched genes
protein sets up- down- .
up-regulated down-regulated
sources regulated regulated

[ BsF | 1 | m | 6 | 118 |
[ sopp | o | 36 | o | 340 |

wow [ 8 | o | e | o0
e [ 2 | s [ m [ wm
n-_-_-_
e [ o | o [ o [ o
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Pig study: Intestinal gene expression

CONCLUSION

e Jejunum is more responsive than ileum.

SDPP and RSM deviate from SBM in jejunum, not in ileum.

e Compared to SBM, more down-regulated genes in jejunum.

Functionalities of SDPP and BSF down-regulated genes: barrier functions and
iImmune signalling

e Functionalities of RSM and WGM up-regulated genes: metabolism of bio-
molecules (xenobiotics, retinol and tryptophan)

Diets with Number Number of
. Number of core | Number of core
. different of Gene- Gene-sets . .
Tissue . enriched genes enriched genes
protein Sets up- down- up-regulated” | down-regulated
sources regulated regulated p-reg 9

| B | 1 | m [ 6 | 18 |

| sopp | o0 | 36 | 0 | 340 |

WM TReM [ 3 [ o [ 12 [ o0
wem | 8 | o [ 9 | o |
| BSF | 2 | 8 | 31 | 55 |

GE! jeun LS0PP |0 o o | o |

For quality of if | R | o | o | o | 0 |
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Intestinal gene expression: Mice vs Pigs

Comparison of salient results of mice and pigs study

e Mice:

e SBM deviated strongly from the other diets: down-regulation of mTOR
pathway genes

e Pigs:
e Diet-specific effects

= Jejunum is more responsive than ileum
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Pig study: Intestinal microbiota

Analysis method:

Location:

WAGENINGEN
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Community scale analysis by 16S RNA gene sequencing
SBM used as the reference

Jejunum and lleum
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Pig study: Intestinal microbiota

RESULTS AND CONCLUSION e« Clear separation of location by hierarchical

Bacteria;p__Firmicutes
Bacteria;p__Actinobacteria
Unassigned; Other )
Bacteria;p__Proteobacteria
Bacteria;p__Bacteroidetes
Bacteria;p__ .
Bacteria;p__Fusobacteria
k__Bacteria;p Chlamzdnae
k__Bacteria;p__WPS-
k__Bacteria;p__Tenericutes

k_
k

k__
k_
k_
K

k__Bacteria;p__Cyanobacteria
k__Bacteria;p__Verrucomicrobia
k__Bacteria;p__Spirochaetes
Bacteria;p__Planctomycetes
Bacteria;p__0D1

Co0EEEOC0OEEEEOO0O0

k_
K

lle_RSM

lle_WGM

Jej_RSM
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Pig study: Intestinal microbiota

RESULTS AND CONCLUSION

Treatment

e sbmt
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Clear separation of location by hierarchical
clustering

 BSF clusters separately

 Higher diversity in comparison to all the
other treatments (in both location) by
chaol (alpha diversity): BSF
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Pig study: Intestinal microbiota

RESULTS AND CONCLUSION « Clear separation of location by hierarchical
clustering

» BSF clusters separately

p__Actinobacteria
 Higher diversity in comparison to all the

other treatments (in both location) by
chaol (alpha diversity): BSF

 Higher abundance of Actinobacteria for
BSF
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Pig study: Intestinal microbiota

RESULTS AND CONCLUSION < Clear separation of location by hierarchical clustering

 BSF clusters separately

p__Actinobacteria;c__Actinobacteria; . . . . :
 Higher diversity in comparison to all the

other treatments (in both location) by
chaol (alpha diversity): BSF

f_Corynebacteriaceae;g__Corynebacterium

 Higher abundance of Actinobacteria for
BSF

 Higher abundance of Corynebacterium
for BSF
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Intestinal microbiota: Mice vs Pigs

Comparison of salient results of mice and pigs study

e Mice:

e SBM deviated strongly from the other diets: {1 abundance of Bacteroidales Family S24-7

e Pigs:
e BSF deviated strongly from the other diets at both the small intestinal location

diversity and abundance of Actinobacteria especially Corynebacterium
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Overall conclusion

1) Host responses of dietary protein sources, as measured in
mice, do not predict responses of pigs

For example: SBM induced inhibition of mTOR regulated immune
parameters, as seen in mice, totally absent in pigs

2) Host systemic immune response to dietary protein sources

Mice: Present (modulation of G-CSF, IFNy, Eotaxin, GM-CSF, IL6, IL2, IL 12p70,
IL13, MCP, MIP 1b)
Pigs: Totally absent

3) Dietary proteins affect microbial composition and diversity

Mice: SBM deviates strongly (‘ abundance of Bacteroidales Family S24-7)
Pigs: BSF deviates strongly in both jejunum and ileum (* diversity and
abundance of Actinobacteria Genus Corynebacterium)

4) Effect on metabolites in blood and urine
Mice: YMW (* 1-Methylhistidine )
Pigs: Results awaiting
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Take away home message

Changes Iin gut microbiota and mucosal gene
expression might have short-term and/or long-
term consequences for (intestinal) health.

Therefore, the potential health effects of
protein sources apart from their nutritional
values, should be taken iInto account when
preparing animal diets.
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Bonus slide:
Upcoming
conference

Conference name: Protein for life

Date: 2311 — 26t of Oct 2016

Venue: Ede, The Netherlands

For more information,
visit the official
website
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Home Protein for life

Congress

Protein for life

Future trends in nutrition for both humans and animals
show that the formulation of food and feed products will
face an increasing challenge of a global protein
shortage. Solutions to this challenge require a multi-
targeted approach including efficient use of existing
protein sources, and development of new protein
sources for human and animal consumption. The Protein
for Life conference will explore potential solutions
combining the broad expertise of industry and
knowledge institutes!

Organised Wageningen UR Food & Biobased
by Research, Wageningen UR

Date Sun 23 October 2016 until Wed 26
October 2016

Venue De Reehorst, Ede, the Netherlands

= mailen || G+ 4E|
Conference themes

Keynote speakers

Qrganising Committee

Scientific Committee

Programme

Registration fee - terms of payment
Practical information

Publication conference abstracts in a NJAS

& mailen || G+ 41'

Education & Research & Expertise &
Programmes Results Services

Contact

HS (Hedy) Wess

Contact form

Important dates

* 15-08-2016

zls-van Blijenburgh

Deadline abstract oral presentations

* 25-08-2016

Motification of abstract acceptance

® 15-09-2016
Deadline abstract posters

Submission abstract
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