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A multidisciplinary and multiscale approach,
reinforced by two high-calibre facilities:

Biological Resource Centre

Dairy Platform

O Structuration / destructuration mechanisms of food matrix:
from structural characterization to digestion

O Dairy processing and cheese making:
toward sustainable dairy systems

O Microbial interaction:
food matrix and host cell

Please visit http://wwweé.rennes.inra.fr/stlo_eng



Context

Food products have
a complex
composition

Evolution of the
composition

Proteolysis Food protein properties &
leﬁtlc.ﬁs _ emulsifying / foaming / gelling / texture

functionalities

< Relationship between a DH and functionality

g Relationship between peptide characteristics (pHi, size,
hydropathy, charges, secondary structure) and fu nctionality?
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Aim & Strategy

Stretchability |:> Texture quality of cheese

The stretchability of cheese depends on its gross composition, pH, mineralisation and proteolysis.

What are the physico-chemical and structural characteristics of peptides involved
in the stretchability of cheese?

—> From the identification of peptides in the agueous extract of cheese:

c 1/ Calculation of their size, charges, hydropathy,
aliphatic index, pHi, secondary structure

2/ Establish the relationship between these characteristics
and the stretchability of cheese
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In silico approach

D1: identification of peptides
D41: identification of peptides
Q00 -
™ 3
Swi h 05 o Proteolytic activities:
Wwiss-type cheeses ano D13: ldentlj"lcatlon LH77 LH1 > LH77
= = -+ 1 of peptides
retst (Aets I:> E 2 ‘ LH1
LH1 or LH77 300 1 6 cheeses
200 4 cold room (12°C) warm room (24°C) LH 1_D1 LH77_D1
100 ' — . : —— : - LH1-D13 LH77-D13
0 5 10 15 20 25 30 35 40 45
Time of ripening (d) LH1-D41 LH77-D41

(Sadat-Mekmene et al., 2013)
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In silico approach

Variables factor map (PCA) Ch
31 Principal Component Analysis : eese
characteristics
(microbiological, biochemical and
technofunctional)
9] (NCM-NPN)/NCN (%) Stretdhability (mm)
v-CN (%)
Fraction.C
cion The stretchability is
5 B-CN (% \ racion correlated with the
58 e | per proteolysis of caseins.
5 w' ().
_ NPN (%) Casein as1-(f24-199)
Fraction. .
9 NT (9) has softening
properties (Borsting et al.
2012, Brickley et al. 2007, Creamer
et Olson 1982).

2 -1 0 1 2
Dim 1 (73.29%) (Sadat-Mekmene et al., 2013)
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In silico approach

Individuals factor map (PCA)

7| H77
LH1 ;
F1: Fabrication 1 Proteolysis rate
~ | F2: Fabrication 2 : F2_LH77_D41 ,
F1 LH77 D27 F2LH77_D27 and protease’s
, FlTLH77_D41
: nature affect the
_ stretchability of
F1_LH77_DI F2_LH77_D13 cheese.
g F1 LH1 D1 ) ;
S o D R
£ |
£
F2_LH1 D27 _
o ’ F1_LH1_D27 LH77-D41
F2_LH77_D1 : 5 _ generates the best
F2 LH1 D13 ! ope
- F2_LH1_D41 stretchability.
! F1 LH1 D41
6 -4 -2 0 2 4 6

Dim 1 (73.29%)

|N?A CAMBES 15th Food Colloid Conference — Lelia.Lacou@rennes.inra.fr — 04/14/2014 .07

" SCIENCE & IMPACT



In silico approach

Aqueous extract of cheese matrix
c Identification of peptides
Peptides in agueous extract are more accessible to our

identification technique and are a part of information on
the stretchability of the cheeses.

R Solid extract =
F-'\ 5 . .
Cheese matrix after extraction of
8 S aqueous extract
’?V' \{ c Deduction of cleavage sites
‘ ~ c

Deduction of peptides that can
be produced
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Peptides in aqueous extract of cheese

2 B b.CN.75.107. b.CN.69.107. b.CN.62.69. b.CN.37.52. |
CA factor map b.CN.199.204. b.CN.80.86. DCN.8S97. ,CN.195 204, b.CN.63.69, bs2.CN 163,18
€/CN.78.105. b.CN.74.86. k.CN.149.169. as2.CN.14.24. b.CN.62.68. b.CN.36i52. b.CN.60.69. 09
£s2.CN.124.150. b.CN.60.67. b.CN.85.95. b.CN.31.52. asSLl.CN. 1022 b.CN.73199. b.CN.69.105. as1.CN.41.63.
b.CN.78.99.b.CN.34.52. as1.CN.6.23. as1.CN.4.16.
b.CN.30.55. b.CN.129.136. as1 CN.114 1%50\‘ e B.CN.20168. b.CN.32.48. b.CN.29.53. as1.CN.8.22. as1,CN.15.22
b.CN.34.56. 451 CN.182.199. APCN-29.68.5 <\ 724753 "b.CN.29. b.CN.31.56. as1.CN.9.19. as1.CN.16.21.
b.CN.78.97. b.CN.107.125. as2.CN.116.123. as2.CN.123.150. as1.CN.180,199. DCN 29.55. P.CN.178.189. as1.CN.103.124, 252-CN.129.149. 551 CN.178.199.
b.CN.69.99, as2.CN.191 197, as1.CN.181.197 bCN.28.48, aSL.CN.16.2 N6 o as2.CN.137.149. as1.CN.24.36.
o b.CN.109.118, as2.CN.163.162, as2.CN.123.149"as1.CN.11.22, b.CN.29.57. as2.CN.187.199. 451 CN 24.42.
- D ON. 728 09125, aS2.CN.148.162. aSLCN.26.36. asL.ON.112 124. A as2.CN.129. D.CN-33.56. b.CN.83.105. 557 CN191.196. 401 cn.25.92 E a C h C h e e s e
as1.CN.112.123. b.CN.2852. LH77-D13 b.CN.60.72. as2. CN 123.142. :é?:‘l;g-lﬂozs b.CN.78.101. 55 N 148,161, SLON 2532
b.CN.111.125. b.CN.28.72.  ® as1.CN.25.30. b.CN. 4],52 as1CN.1322 nggfjg 2S2ENASTIS0. ) o oa,
as2.CN.6.24. as1.CN.181.199. b.CN.40.52 bONIOTIIS. A bap N ion o oL IeE 1 h a S a u n | u e
| as1.ON.13.21.551 CN.7.23. as1.CN.7.16 q
as1.CN.8.20.
b.CN.73.105. E LH77 D41 as1.CN.8L gi 3‘11%211356 124 )
0 4 H b.CN.78.107. p rofl | e Of
e ash.CN.850162. ' b.CN.30.58. as1.CN.14.23
abZIBNL BBEL 983 4 ! A asLCN.2834. )
y LH77.D1 | bCNZ956. bON 2972 as1.CN.25.36, as1.CN.27.34. eptides
. as2.CN.151 8E55182.62. | QCN.29.48. as1.CN.26.34, as1.CN.9.23. as2.CN.100.115. p p °
b.CN.94.105. b.c 191 209, b.CN.30.72.as2.CN.153.163.as2.CN.105.114.
b.CN.85.107. 4 A
S0 | CXC AL /- - S, Aég & O S as1.CN,11.23, B.CN.74.88. b.CN.191.206. as2 CN.150.161. __
S5 EN TRL >
go 4 A amellIJ!l b.CN.74.91. b.CN.107.119. b.CN.74.81. b.CN.190.209.as1.CN.9.22.
< b.CN &ngs BQ?N 183.192. as2.CN.151.161, @s2.CN.197.203.as2.CN.176.182.as1.CN.9.16.
o~ LHl D1 DB 289’ &EQH 46.52. as1.CN.8.16. as1.CN.8.17. as1.CN.8.21. as1.CN.8.23.
E thCW 5 108). b.CN.26.34 8s1.CN.16.23. 451 CN.24.34. as1.CN.24.37. as1.CN.25.34. S I
e 4 i ffocnsoor benaoeats. as1.CN.13.23. as1.CN.15.23. as1.CN.14.22. evera
0
s 7 b.CN.73.107. : .
s peptides are
|
1 b.CN.192.206.
b.CN.85.96 b.CN.32.68. b.CN.32.72.
b.CN.129.139. b.CN.196.119 as1.CN.102.110, &4 aS1.ON.111.121. t 2
b'CN'§7 6 A b C[\:| 186.182 as1.CN.131.142b.CN.83.91b.CN.82.91. CO I n I n O n O
3 LH1-D13 b’cN -19 as1.ON.110.121. p CN.57.77. p.CN.74.87. b.CN.32.47.
o b.ONLA5.52. b CN.A3.72. o - as1.CN.9.17. b.CN.53.68. b.CN.30.56. b.CN.31.46.
' b.CN.167.182. b ON 45 56 asZ.CN.14 as1.CN.83.98. b.CN.199.207. b.CN.193.207. O r | | I O re
azen, o DCNATS6 boN3Ss, b.CN.166.175. as1.CN.83.93. b.CN.177.189, -CN.166.200
b.CN.4356. b.CN.57.82. b,CN.58.68, D.CN.9.14. b. ON 80.96. e s2.CN.155.164
b.CN.90.96. as1.CN.26.38. b.CN.43.51.b.CN.64.72. b. CN 75.98. DON.164.175. a51.CN.27.85. D.CN.LGGLOL. 0 o e
b.CN.84.96.b.CN.166.176. b.CN.35.56. / as1.CN.24.38. b.CN.113.119. b CN.164.191, 200~ 25 % h
b.CN.82.88. b.CN.167.175. j cN .26.33. b.ON58.72 b. CN 64.77. as1.CN.24.35. p CN.164.190. asazzcchlmliélliga C e e S e S .
b.CN.75.97. b.CN.107.123. 4 .CN.129.142. b.CN.59.68 as1.CN.25.38. as2.CN.153.164]
0 b.CN.75.96. as1.CN.106.114. b.CN.157.163 b.CN.57.68, a51.ON.25.35. as2.CN. 166,174, 352.CN146.162.
— ] b.CN.73.82. b.CN.80.87. h,CN.129.154, sty 100 b.CN.183.209. as2.CN.154.165. b.CN.166.192
[ CN.67.72.b.CN.75.82. b.CN.134.141. b.CN.32.56. b.ON.166.200. b.CN.134.139.
b.CN.164.182. as1.CN.108.114. 21 ON.83.92.
CN.124.131.h.CN.111.123. bcr\!2846
b.CN.135.142.b.CN.111.12; b.CN.103.119.
T T T T T T
i 0/
4 3 2 _q Dim 1 (25.52%) 0 1 >
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Analysis of the peptides present in aqueous extract for each time

D1
b.CN.84.93.=0
b.CN.74.82.=0
b.CN.53.72.=0
b.CN.35.52.=0
b.CN.32.52.=0
b.CN.30.52.=0
b.CN.29.52.=0
b.CN.195.206.=0
b.CN.194.208.=1
b.CN.185.192.=1
b.CN.111.119.=0
b.CN.103.113.=0
as2.CN.101.114.=0
as1.CN.24.30.=0
as1.CN.17.23.=0

CAMPUS

SCIENCE & IMPACT

D13
b.CN.80.90.=1
b.CN.47.52.=1
b.CN.32.58.=1
b.CN.195.207.=1
b.CN.195.202.=1
b.CN.194.207.=1
b.CN.194.206.=1
b.CN.167.176.=1
b.CN.135.141.=1
b.CN.126.133.=1
as2.CN.101.115.=1
as1.CN.181.189.=1
as1.CN.10.23.=0

AGRO

OUEST

D41
b.CN.74.88.=1
b.CN.74.81.=1
b.CN.30.72.=1
b.CN.191.206.=1
b.CN.190.209.=1
b.CN.129.141.=0
b.CN.107.119.=1
as2.CN.197.203.=1
as2.CN.176.182.=1
as2.CN.153.163.=1
as2.CN.151.161.=1
as2.CN.150.161.=1
as2.CN.105.114.=1
as2.CN.100.115.=1

D41
asl.CN.9.23.=1
asl.CN.9.22.=1
asl.CN.9.16.=1
asl.CN.8.23.=1
asl.CN.8.21.=1
asl.CN.8.17.=1
as1l.CN.8.16.=1
asl.CN.27.34.=1
as1l.CN.25.36.=1
asl.CN.25.34.=1
asl.CN.24.37.=1
asl.CN.24.34.=1
as1l.CN.16.23.=1
asl.CN.15.23.=1
asl.CN.14.22.=1
asl.CN.13.23.=1
asl.CN.1.13.=0
asl.CN.11.23.=1

15th Food Colloid Conference — Lelia.Lacou@rennes.inra.fr—04/14/2014

In silico approach

1 = peptide presents only at this time
0 = peptide absents only at this time

=> Only peptides that are different
between the days of ripening.

Peptides are significatively different
at D1, D13 and D41.

Proteolysis is the main factor which
modulate the stretchability.
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$I®  To verify our strategy...

a &8 & : § g g g
Cheese at J13 338 § § 3 & & 3
% § 4 b4 b b b b
- 5 5 5 & § 3 8 &8
Water + crushing : X § g R OE & B
v T“ N S M A lot of peptides are not
g‘w B '—< g NEE
Centrifugation :> W = J B 13 ﬁ:fi s extracted by water and are
v ater extract == trapped in the «cheese
97000 - - matrix».
i 23 T
Pellet g 0000 -
S _
g 45000 b= .
EDTA 150mM + crushin s - N
’ 2w ] e 11 (R SRS =
v 3 3000 = »‘L' Casein as1-(f24-199)
Centrifugation EDTA extract S Jot00. . / . possesses some texture
v = o 017 | e oo o, properties (Borsting et al. 2012,
Pellet 14400_; e e o % Brickley et al. 2007, Creamer et Olson
1982).
v | ')
Urea 6M + crushing -
Centrifugation |:> Urea extract SDS-PAGE LH77-D13
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From the cleavage sites: deduction of peptides into the cheese matrix

CA factor map
~
asl.CN.190.199, D.CN.183.192. Each cheese
LH1-D13 |
as1.CN.115.179. 4 -
asL.CN.A1.105.  as2.CN 151.207. as? CN.1.100, POSSEssesS a
different peptide
profile.
A
as2.CN,116.140. At D1,
g . .
& - the peptide
S b.CN.109. 128 b.CN.142.182. . .
S b.ch108. 116, (mCN-142.184D.CN.156. asL.CON.125.179,  D-CN-A77:193. profiles are similar.
€ as2.CN. 163 207 b. CN 1.72.b.CN.65.72. b.CN.142.166.
= as2.CN.1.148.tH1: ,D,lA':,H,??,9}3??20,(';!,\]1,?41,2%7; ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
as.
as1.CN.24.199. as2.CN 164,190, 352.CN.25.100.
as1.CN.143.199. | as2.CN.198.207. At D41
as2.CN.183.196.  LHLDAL b.CN140.163. ,
b.CN.120.128. as1.CN.122.130. asl.CN.418 the majority of
as2.CN.199., peptides is derived
— - .
- : from asl-casein
asLCN.125.177. LH77-D41 as2.CN.164.175. q .
asl.CN.94.102. as2.CN.183.186. | and as2-casein.
asLCN.64.80.  aspcN.116.122. -CNA26.177.
T T y T T
-2 0 Dim 1 (21.82%) 2 4
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Number of amino-acids

In silico approach

LH1 1H77 | Relationship between cheese stretchability and peptide characteristics (D41)
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Advantages/Disadvantages

Advantages / Disadvantages

v" From the peptide identification

to establish a relationship between
proteolysis and the enhancement of the functional
properties of protein.

v" To have information on peptide profile that can
be involved on the stretchability of cheese.

v' To have a comprehensive view of data already
obtained.

v' The study lacks the quantification of peptides in
the aqueous extract.

v No information on the distribution of peptides
between aqueous extract and cheese matrix.




Conclusion & Perspectives

Conclusion & Perspectives

To recap:
vari i Calculate the peptide
Identification of — Deduction of Multivariated analysis e the pep
eptides in aqueous = Identification of = rides in ch characteristics in each pool
pep cleavage sites peptides in cheese = y to connect these
extract of cheese matrix

pools of peptides characteristics with the
related to stretchability stretchability of cheese

Can be applied to other types of peptides and
others functionalities

To select enzymes to produce peptides related
to the targeted functionality

Potential of this approach
to establish the
relationship between
characteristics of peptides
and their functionality in
complex matrices
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