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Sheep /Lamb derived edible by-products

M Blood Edible by-products lamb
M Brain

m Edible kill fat

M Feet

M Head

M Heart

M [ntestines

M Kidney

W Liver

B Lungs

* ). Animal Pro. Adv., 2015, 5, 6, 681-696
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BIOACTIVE PEPTIDE SOURCES

Schematic representation of the types of bioactive peptides that are known to date.

The bioactive peptides that are derived in the body have been grouped as the truly endogenous bioactive peptides (TEnBP),

while bioactive peptides that are generated in the GIT lumen are grouped as exogenous bioactive peptides (ExBP)

“BODYPROPER” (Any site in
the hody)

TRULY ENDOGENOUS
BIOACTIVE PEPTIDES
(TENBP)

derived bioactive
peptides

Thesepeptides are
derived from
precursor proteins
after proteolytic
cleavage of the N-
terminal signaling
sequence that plays a
role in the protein
secretory pathway.

BODY

Thebioactive peptides
exert their primary
function after being
processed from the

precursors.

Eg. The
gastroenteropancreatic
and neuroendocrine
peplides viz, Gastrin,
somatostatin, insulin,

enkephalin,

Biosynthetically

SR

Directly encoded
bioactive peptides

These bioactive
peptides lack the
signal peptide
sequences found in
previous class of
(biosynthetically
derived) bioactive
peptides and are
directly secreted into
the cytoplasm.

Eg. Micropeptides
encoded from small
open reading frames

(sORFs).

-

SR

Bioactive peptides
derived from
cryptome-proteins

These are latent
peptide sequences
encrypted in proteins
with a defined
primary function, but
are released upon its
proteolytic cleavage
after its primary
function is completed

Eg. Bioactive
peptides derived from
collagen and
haemoglobin namely
endostatin and
hemopressin
respeetively.

-/

OUTSIDE “BODYPROPER”
(Lumen of the gastrointestinal
tract which is external to the hody)

BIOACTIVE PEPTIDES

EXOGENOUS

(ExBP)

R

Dietary proteins-derived
hioactive peptides

These bioactive peptides are
sitnilar to the eryptome-derived
peptides as they are
proteolytically released from
parent proteins that have a
defined primary function,
namely the primary function of
dietary proteins being a source
of amino acids and calories for
the human body.

Eg. ACE-I inhibitory peptides
IPP and VPP from milk
proteins, antioxidant peptide
LAPSLPGKPKPD fromegg
yolk protein.

O

Gut endogenons proteins
(GEP)-derived hioactive
peplides

A potential souree of bioactive
peptides, similar to dietary and
cryptome derived proteins.

GEP such as mucin, serum
albumin, digestive enzymes,
and proteins from bacterial- and
epithelial-cells, after fulfilling
their primary functions, are
digested alongside dietary
proteins and may give nisc to
bioactive peptide sequences.
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HUMAN GUT ENDOGENOUS PROTEINS AS A
SOURCE OF BIOACTIVE PEPTIDES

* Bioactive peptides play a crucial role in regulation and modulatory functions.

* They can be broadly classified as being either truly endogenous or exogenous depending
on the site in the body where they originate and act.

*  Truly endogenous bioactive peptides can be defined as peptides produced from the
human proteome inside the “body proper” that may either play a role in physiological
regulation or exert a health benefit.

* Exogenous bioactive peptides are those that are generated outside the “body proper”
such as in the lumen of the GIT, which, in anatomical terms is considered to be external

to the body.
* Truly endogenous bioactive peptides can be further classified into three major types:

(1)  biosynthetically-derived bioactive peptides (2) directly encoded bioactive peptides and
(3) cryptome-protein derived bioactive peptides.

Reference: Dave, L.A., Hayes, M., Montoya, C. A., Rutherfurd, (2016), Human gut endogenous proteins as a

potential source of angiotensin-I-converting enzyme (ACE-I), renin and antioxidant peptides, Peptides, 76, 30-
44,
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FOOD DERIVED BIOACTIVE PEPTIDES -
EXOGENOUS BIOACTIVE PEPTIDES (EXBP)

* ExBP are bioactive peptides derived from food, such as peptides found in
sour milk, or generated from the digestion of dietary or host proteins in the
GIT.

* Food proteins are a well known source of ExBP and these may be
generated by hydrolysis of food proteins during food processing and/or
gastrointestinal digestion.

* They have a myriad of activities and health benefits including antioxidant,
antimicrobial, ACE-I inhibitory, renin inhibitory opioid activities.

Reference: Dave, L.A., Hayes, M., Montoya, C. A., Ruthertfurd, (2016), Human gut
endogenous proteins as a potenﬂal source of anglotensm -I-converting enzyme (ACE-I), renin
and antioxidant peptides, Peptides, 76, 30-44.
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Sources of dietary protein and bioactive
peptides
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FOOD DERIVED BIOACTIVE PEPTIDES -
EXOGENOUS BIOACTIVE PEPTIDES (EXBP)

Bioactive peptides are food-derived peptides that in addition to their nutritional value exert a
physiological effect in the body (*Vermeirssen et al. 2004).

These bioactive peptides are inactive within the original protein but once released, function as regulatory
compounds with hormone-like activity that is based on the inherent amino acid composition and sequence
(*Vermeirssen et al. 2004).

Digestive enzymes, naturally occurring enzymes in milk, and microbial enzymes — especially from
adventitious starter LAB, generate bioactive peptides during milk fermentation and cheese manufacture,
thereby enriching dairy products (*Gobbetti et al. 2004).

The size of active sequences may vary from two to thirty amino acid residues, and many peptides are
known to have multifunctional properties (*Meisel and FitzGerald, 2003).

Sources include Dairy, Egg, Fish, Cereals and Meat (Myosin and Actin) (*Kitts and Weiler, 2003).

International Journal of Dairy Technology 57:173-188.

*Vermeirssen, V., Van Camp, J. and Verstraete, W. (2004). Bioavailability of angiotensin | converting enzyme inhibitory peptides. British Journal
of Nutrition 92: 357-366.

*Kitts, D. D., Weiler, K. (2003) Bioactive proteins and peptides from food sources. Applications of Bioprocesses used in isolation and recovery.
Current Pharmaceutical Design, 9, 1309-1323.

*Meisel, H. and FitzGerald, R. J. (2003) Biofunctional peptides from milk proteins. Mineral binding and cytomodulatory effects. Current




METHODS FOR PEPTIDE
IDENTIFICATION
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SCREENING FOR BIOACTIVE PEPTIDES - IN SILICO
METHODOLOGIES

Step 1. Extraction of protein sequence

Serum albumin MKWVTFISLLFLFSSAYSRGVFRRDAHKSEVA
HRFKDLGEENFKALVLIAFAQYLQQCPFDHVKL
VNEVTEFAKTCVADESAENCDKSLHTLFGDKL
CTVATLRETYGEMADCCAKQEPERNECFLQH
KDDNPNLPRLVRPEVDVMCTAFHDNEETFLKK
YLYEIARRHPYFYAPELLFAKRYKAAFTECCQA
ADKAACLLPKLDELRDEGKASSAKQRLKCASL
QKFGERAFKAWAVARLSQRFPKAEFAEVSKLV
TDLTKVHTECCHGDLLECADDRADLAKYICEN
QDSISSKLKECCEKPLLEKSHCIAEVENDEM.....
AASQAALGL

/ID

UniProtKB - P02768 (ALBU
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SCREENING FOR BIOACTIVE PEPTIDES - IN SILICO
METHODOLOGIES

Step 2: Simulated in silico digestion

ESF NEPASY

PeptideCutter

PeptideCutter

PeptideCutter [references / documentation] predicts potential cleavage sites cleaved by proteases or chemicals in a given protein sequence. PeptideCutter returns the guery sequence with 1

and for a table of cleavage site positions.

Enter a UniProikB (Swiss-Prot or TTEMEL) protein identifier, ID (e.g. ALBU_HUMAM), or accession number, AC (e.g. P04406), or an amino acid sequence (2.g9. "SERVELAT'):

:ﬂ'ﬁ","l' FISLLFLF33AYSRGVERROAHESEVAHRFEDLGEENFEALVLIA
FACY Lo CPFDHVELVHEVIEFARTCVADESAENCDES LHTLEGDFELCTW
ATLRETYCEMADCCAROEPERNECFLOHEDDNPHLPRLVRPEVDVMCTAE
HONEETFLFEYLYEIARRHPYFYAPELLFARRYRARFTECCQARDFARCL
LEFLDELRDEGEASSARORLECASLOFFGERAFFANAVART SORFEEAEE
AEVSELVTIDLTEVETECCHGDLLECADDRADLAR Y ICENQDS ISSFLEEC
CEFPLLEESHCIAEVENDEM .. AASQARATCL

the cleavage of the protein. [ Reset | ihe fields.

Please, select
O all available enzymes and chemicals
® only the following selection of enzymes and chemicals

[ Arg-C proteinase
[0 BNPS-Skatole
[ Caspasel

[ Caspasef

e

ipain (Clostridiopeplidase B)

&1 Chymotrypsin-high specificity (C-term to [FYW], not before P)

[ Factor Xa

[ GranzymeB

O LysC

[ Meutrophil elastase
O Pepsin {(pH1.3)

[ Proteinase K

] Thermaolysin

[ Asp-N endopeptidase

[ Caspasel

[ Caspased

[ Caspase7

O Caspasel0

Chymotrypsin-low specificity (C-term to [FYWNL], not before FP)

1 CHBr

[ Formic acid

[ Hydroxylamine
I LysN

Pepsin (pH>=2)
S~&igphyloggesfl peptidase |
[ Thrombin

O

Oooad

Asp-MN endopeptidase + N-terminal Glu
Caspase?
Caspaseb
Caspased

Enterokinase

Glutamyl endopeplidase

lodesobenzoic acid

NTCE (2-nitro-5-thiocyanobenzoic acid)

Proline-endopeptidase
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SCREENING FOR BIOACTIVE PEPTIDES - IN SILICO

METHODOLOGIES

Step 3: Identification of known bioactive peptides

Chairlof Food Ny sy
- Biochemistry, 1

{13

~

_

b émammw =
s

BIOPEP: Profiles of proteins potential biological activity

Protein LK ’ \

ID Name of peptide Activity Number Sequence Location
8217 Antioxidative peptide antioxidative 1 LK 1-2]

N

MKWVTFISLLFLFSSAYSRGVFRRDAHKSEVAHRFKDLGEENFKALVLIAFAQYL

QQCPFDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVA#

DSISSKLKECCEKPLLEK.. CCK JSHCIAEVENDEM..VPK... AASQAALGL

Novel peptides
predicted to be
released after
in silico
digestion:

Bioactive?




Screening for bioactive peptides — in
silico methodologies

Step 4. Chemical synthesis of select peptides

Microwave-assisted o _ Mass spectrometry: Confirmation
] ) Purification using reversed-phase
solid phase peptide _ o of the molecular weight of
. high-pressure liqguid chromatography
synthesis peptides

Lo
A - i

Synthetic peptides



SCREENING FOR BIOACTIVE PEPTIDES - IN SILICO
METHODOLOGIES

Step 5: in vitro screening and identification of
antioxidant peptides

DPPH
inhibition

Synthetic peptides




In silico analysis for meat derived peptide generation

.
| IDENTIFICATION OF THE AMINO ACID SEQUENCE OF SELECTED PROTEINS

Profein databases
UniProt | hi
Pubmed | http
BIOPEP | hitp:/fwww.uwm.edu.plfbiochemia/index.php/pl/biopep

w uniprot.org/

Fwww.nichi.nim.nih.gov/pubmed

11
|— COMPARISON OF BOVINE AND PORCINE PROTEIN SEQUENCES

Praotein comparison
BLAST | hitp://blast ncbi.nlm.ni

Expasy ProtParam Tool | hittp:// rafprotparom/

Expasy SIM Alignment Tool | ht pasy.org/sim/

111
| ENZYME SELECTION BASED ON PUBLISHED LITERATURE AND /N SILICO CLEAVAGE ANALYSIS |

In silico hydrolysis
BIOPEP | hiip:/fvww.uwm.edu.pl/biochemia/index php/pl/biopep

Expasy PeplideCutter Tool | hifp://web.expasy ora/peplide_cutter/

DATABASE SEARCH OF KNOWN AND UNKNOWN BIOACTIVE PEPTIDES

Bioactive peplide databases
BIOPEP
PeptideDB| f
CAMP

IDENTIFICATION OF NOVEL PEPTIDES WITH POTENTIAL TO INHIBIT ACE-1, RENIN AND DPP-IV

|

VI
BIOACTIVITY PREDICTION IN SILICO

ioware ucd ie/~compass/blowareweb/Server_pages/p

l PeptideRanker| hifp

feranker.php

Vil
TOXICITY PREDICTION AND GASTROINTESTINAL DIGESTION SIMULATION

Toxicity prediction
ToxinPred | hitp://www.imtech.resin/ragh

Noxinpred/

Gastrointestinal digestion simulation

Expasy PeplideCutter Tool | hitp://web.expasy org/peplide_cutter/

Vil
CHEMICAL SYNTHESIS AND CONFIRMATION OF BIOACTIVITY IN VITRO

assays: ACE-, DPP-IV and Renin

ibition assays

DETERMINATION OF IC50 VALUES

Bloactivity tested at 1 mg/mL

100 4
Enzym\gtic hydrolysis using papain 1
Bioactivity assessment in vifro £ *
v 2
. o N & 40 4
Enrlcr\l’meni: MWCO filtration <
Bioactivity assessment in vitro ]
N
100 -
e W Control
d [ NUFH
B 1UFH
80 1 1 3UFH
I 10UFH
é}" d ad a :
E 40 4
BQ C
20 4 b
o4
ACE-I Renin DPP-IV

ACE-

I Control
3 NUFH
. 1UFH
[ 3UFH
. 10UFH

Renin DPP-IV
Bioactivity tested at 1 mg/mL

*Lafarga, T. Hayes, M. et al., (2016) Journal of Food Biochemistry doi:10.1111/jfbc.12259
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PEPTIDE GENERATION METHODS

Filtration Stabilisation

Fermentation

Enzym
—
. Filter throuah a 3-kD Freeze drier \
Partlallymkg;c‘icrolysed 'rf]';mbrfa“r?e ]"j‘“ter a
Q-TOF MS —am
[ un ~ Analytical Scale |
I i extraction ﬂ'
o Separation and —
purification ASE

Detection .. . High through-put
of peptides =S = screening
—
_— A
] ssays
Analytical Antioxidant
HPLC ACE-I-inhibitory

Anti-thrombotic
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COMMON MEAT PEPTIDES

+ Several endogenous
antioxidant peptides are
abundant in meats

-+ Carnosine (B-alanyl-L-
histidine)

- Anserine (N-fB-alanyl-1-
methyl-L-histidine)

- L-Carnitine (3-hydroxy-y-
trimethyl amino butyric acid)
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HISTIDYL DI-PEPTIDES

.
.
*

Antioxidant peptides <’ Histidyl di-peptides

COOH CH3

i
, Y . | |
E / H NHg — CHp — CHp — GONH — G — CHy — G —N

¥ 4 H HC OH
% f ne
o Anserine

LR e R R R L EE YRR ELLEEED X ."‘ <|>00H
> ORI NHg — CHp — CHz — CONH — C — CHa — C — NH
’ ’:’ ““ I!l Hﬂ 'L"
:; “‘ . \N//
> Carnosine
500 mg per Kg "
of chicken

2700 mg per Kg”bf“
pork shoulder
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FERMENTED MEAT-PRODUCTS & PEPTIDES

BIOACTIVE PEPTIDE CONTENT????
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ANTIOXIDANT ACTIVITIES OF HISTIDYL DI-PEPTIDES

COOH
COOH CHgz |

| | NHp — CHp — CHp — CONH — C — CHp — C — NH
NHp — CHg — GHp — GONH — G — GHg — G —N He 2 — Che | He T

i )
" A " r‘kﬂﬁ“
Anserine N Carnosine

« Antioxidant activity results from an ability to chelate transition
metals e.g., copper

« Prevention of disease and aging related to oxidative stresses.
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L-CARNITINE

Fmem

L-Carnitine

L-Carnitine

500

i
< Beef CH3 — N+ — CHp — CH — CHpy — GO0~
CHs OH

Energy sports drinks

B-hydroxy-y-trimethyl amino butyric acid is biosynthesised in the human body (liver and
kidneys).

It transports long-chain fatty acids across the inner mitochondrial membranes, f-oxidised to
produce energy.

Energy production in muscle — hard exercise.

Maintenance of stamina and fast recovery.



http://images.google.ie/imgres?imgurl=http://astronutrition.com/media/catalog/product/cache/6/image/5e06319eda06f020e43594a9c230972d/l/-/l-carnitine-500.jpg&imgrefurl=http://astronutrition.com/l-carnitine-500-supports-energy-production-from-fats.html&usg=__hshfEMoBsngIZm8lFXBE334NpTU=&h=500&w=500&sz=28&hl=en&start=10&tbnid=KfiN6-A51O6RxM:&tbnh=130&tbnw=130&prev=/images?q=L-Carnitine+energy+sports+drinks&gbv=2&hl=en
http://images.google.ie/imgres?imgurl=http://images.luckyvitamin.com/mgen/merchandizer:78675.jpg&imgrefurl=http://www.luckyvitamin.com/category/path/cPCSLVITA2_1X2X&usg=__j5_6n8JvptuivcfGcps4Zd_HRBM=&h=856&w=440&sz=38&hl=en&start=16&tbnid=5mb4WN0ELpTsrM:&tbnh=145&tbnw=75&prev=/images?q=L-Carnitine+energy+sports+drinks&gbv=2&hl=en

By-product and resource utilisation in the meat processing sector, FINS, Novi Sad, Serbia March 21° and 22" 2016

ANTIHYPERTENSIVE MEAT PEPTIDES

Angiotensin | Decapeptide
DRVYIHPF
[ ] [ ]
([ ] [ ]
AXE . s Cleaves
[ ] [
v v
) ) Octapeptide
Angiotensin |l DRVYIHPE

I

Blood
pressure
rises

@/[ﬁ—_‘“-__

Angiotensin Il
=" Angiotensin-

converting
enzyme

Angiotensin |

@
“=— Reni
enin @I-_

Angiotensinogen

Blood

pressure
falls

Meat peptide inhibitors of ACE-l enzyme

e

—
Saltretention
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FUNCTIONAL MEAT PRODUCTS

- Addition of proteins, fibres, antioxidants,

probiotics

- Nine FOSHU meat products have been
approved in Japan with added
components.

- Pork sausage containing indigestible
dextrin, water-soluble dietary fibre from
potato starch.

- Low fat sausage containing soy proteins
(good for cholesterol).

Pork sausages with soy protein

Av-25)

‘ .‘wll\b

@
oty

fg& <" Frankfurters with

HENS" dextrin

LT 3N
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CONJUGATED LINOLEIC ACID (CLA)

NN

COOH

- Identified as an anti-carcinogenic compound from grilled beef.
«  Geometric and positional isomers of octa-decadienoic acid.

« 3-8 mg of CLA per gram of beef fat.

- Affected by breed, age and feed composition.

- Increased by cooking, heating and processing.
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CONJUGATED LINOLEIC ACID (CLA)

N\ N"—" NN\

COOH

CLA isomer in beef is octadeca-c9, t11-dienoic acid

Diabetes

FORMATION COUPLING RESORPTION
{Osteoblasts) /\ {Osteoclasts)
(Serum) (Urine}
Osteocalcin (BGP) Hydroxyproline
ific alkali
sﬁgse;:?\pa?:sec alkaline Hydroxylysine glycosides

Procollagen peptides Pyridinium crosslinks

Other potentlal markers:

Tartrate resistant acid phosphatase; Bone sialoprotein (BSF);
Qsteopontin; Osteonectin; alpha 2-HS glycoproteln

Bone metabolism

Obesity control
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PROBIOTICS IN MEAT

Salami product containing three
intestinal lactic acid bacteria

(Germany)
Lactobacillus acidophilus gé‘ e LR
Lactobacillus casei X w’}gi}ﬂ‘“
Bifidobacterium spp. : Salami

Meat spread products (Japan) Meat spreads

Lactobacillus rhamnosus FERM P-15120
Fermented sausages

Lactobacillus paracasei
Fermented sausage
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CONCLUSION

Look at traditional
meat products to assess
these for bioactivities

Develop new fermented meats rich in bioactive components

Hurdles to development include
Education of consumer
Safety

Black pudding
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