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MODELIZATION PART
UTILISATION OF COSMO-RS
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MOLECULES MODEL FOR MODELISATION BY COSMO-RS
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COSMO-RS : CHOICE OF SOLVENTS

SUBSTITUTION OF POLAR SOLVENT
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Ethanol is as effective as methanol

SUBSTITUTION OF APOLAR SOLVENT

| TAG LLL | TAG LOO TAG 000 DAG LGLiDAG LGO} DAG OGO FRALE FFAIE ‘kra1s pcLL §PCOL | PELL ! PEOL LanosterolErgosterol Dllffadn iu::f:'adn

1ng n6 Chitine Glycerol H|st|d|ne§Arg|n|nE Glucosei

Chioraforme | 0,0000 00000 00000 00000 00000 0,0000 0,0000 X 0,0000 0,0000

0,0000 0,0000 0,0000
Echyl acerzte} 0,0000 0,0000 000000 00000 00000 0,0000 0,0000 0,0000 0,0000 0,0000

MeTHF | 0,0000 00000 0,0000 00000 00000 00000 00000 00000 00000 0,0000 0,0000 00000 00000  0,0000 0,0000

CPME | 0,0000 00000 00000 00000 00000 00000 00000 00000 00000 -0,9473 -0,2089 0,0000 0,0000 0,0000 0,0000
oMc  :-D1729 -0,1005 -0,1009 -0,1019 -0,2355 -0,1909 & -0,0995 & 00000 -0,1979 00000 00000 -0,6542 -0,2080 -00943 = -00619 -0,1709 00000 00000 00000 -0,2789 -0,1958  0,0000

Ethyl lactate --- oooco M ooss2 01553 00361 01368 00000 00000 00679 00368 00000
e ————————————— S ——————————————

aFinenz | 0,0000 0,0000 00000 00000 -0,1938 -0,1747 00000 00000 00000 IEMENEEEEN coco0 00000  0,0000

dlimonens | 0,0000 00000 00000 -01974 -00979 -03663 00000 00000 00000 [ ccoo oo 00732

p-Cymens | 0,0000 00000 00000 -01749 -01422 -0,1426  0,0000 00000 0,0000 - 00000 00000 -0,0381

—> Research of solvent which don’t solubilize polysaccharides, amino acids and glucose

Ethyl acetate



OBJECTIVE OF THE STUDY

CLASSICAL BLIGH & DYER GREEN BLIGH & DYER
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————
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=  To determine the role of each solvents for the extraction of:
» Lipids
> Proteins
» Sugars

= |nfluence of yields in classical system and alternative system in various conditions :
» Lipids
» Proteins
» Sugars



BIOMASS USED

Biomass : Yeast (Yarrowia lipolytica IFP29)

Caracteristics:

e 14,5% of lipids

* 0,33% of proteins
* 2,25% of sugars

* 10% of DM
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Comprehension of the

role of each solvent for

the extraction of sugar
and lipid proteins
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Comprehension of the
role of each solvent for
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+
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ROLE OF EACH SOLVENT
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- Bioproduction de lipides
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UNIVERSITE

ANALYSIS il

DAVIGHON

é Aqueous phase

Variable volumes Lﬁ Cells debris
Organic phase

Vortex 10 min

Water KCI c/M
—_— (0,58%)
Ethyl z:cetate or
chloz:form
— —> —> o
EXTRACTION SEPARATION
ANALYSIS
|
|  Aaueous pHase
ORGANIC PHASE
YIELDS of LIPIDS PROTEINS SUGARS
HPTLC
ae BRADFORD Enzymatic UV KIT
METHOD BY UV
WEIGHING

16



% o oBioS ROLE OF EACH SOLVENT
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EXTRACTION PROCEDURE
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EXTRACTION PROCEDURE
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EXTRACTION PROCEDURE
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EXTRACTION PROCEDURE

Variable volumeas
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EXTRACTION PROCEDURE
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ANALYTICAL PROCEDURE FOR LIPIDS
GAS CHROMATOGRAPHY

N\
| I . L I I . . ® . = L
i Yeasts ! ' Extraction of oil ! iTransesterificatiom ' Analysis by GC | ' Chromatogram | ' Treatments |
;L | - ;! 1| || I
e f e e e e " e o mm s mmor omm o o b s o o ommor omm o ommw - mm s mmon ommon o w — mm n omm s omm o omm s - e o w wmw
R,COOCH, HOCH, R,COOCH,
Catalyst
R,COOCH + 3CH,0H =—— HOCH + R,COOCH,
R,COOCH, HOCH, R,COOCH,
Triglyceride Glycerol Methyl

esters

Dry Lipid extract (20 mg)

+H,S0, 5% Methanol - 1.5ml NaCl 0.9% Hexane
J + 200 pl du C17 TAG (internal standard) / - 1ml hexane fraction
Centrifugation
& > >

- P Aqueous fraction



LIPIDS ANALYSIS OF BLIGH AND DYER

, D N \oé*"

V‘o‘o’\ N

QQ/
WITH WATER  WITHOUT WATER  BIPFHASIC,E

N

CLASSICAL BLIGH AND DYER

18
16
14

12
: 10
0 x 100 Methanol | |I

N v 2

Lipids yields (%) (g for
100 g of DM)

o N B OO

M Yields by GC ™ Gravimetric yields

* Yields ./ when the % of chloroform
= % of chloroform in point 8 is sufficient to extract lipids

= Biphasic systems are not efficient

0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00 80,00 90,00 100,00 24
Chloroform



LIPIDS ANALYSIS OF BLIGH AND DYER

GREEN BLIGH AND DYER

Ethyl acetate-ethanol-water system

18
16
14
12

| “ ‘l

Lipids yields (%) (g for
100 g of DM)

o N B OO ®

- © O . Q &« % © o ~ @ Q ,b(\b.
T T | — E——— \\@
WITH WATER WITHOUT WATER BIPHASIC &Q’
(\
&e
M Yields by GC  ® Gravimetric yields Qgsf&

= Yields 7" when the % of ethyl acetate
= % of ethyl acetate in point H is sufficient to extract lipids

= Biphasic systems are not efficient

0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00 80,00 90,00 100,00
Ethyl acetate



ANALYTICAL PROCEDURE

High Performance Thin Layer Chromatography

! the plate
SOLVENT
CHCls/MeOH

Cleaning and

" pretreatment | | !
' . sample spotor !

' 1 e Acetic acid

________________________________________________________________________________________
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! Conditioning of | |
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—>

Automatic
deposit of

Automatic
deposit

TR

Solvent :

' 1 * Hexane

.+ Diethylether

MAG, DAG,
FFA, TAG

Solvent :

. 1 * Primuline
. 1 * Acetone

' | Evaluation by |

Picture and |

densitometry I | Data processing I

e Lamp: Hg Co?api:ter
e A:366 nm o
L processing | 26

____________________________________________



ANALYTICAL PROCEDURE
High Performance Thin Layer Chromatography

CLASSICAL BLIGH & DYER

AQUEOUS PHASE
NEUTRAL LIPIDS

POLAR LIPIDS

Pl
PE

LYSO

123 4 5 6 7 8 9 10 11 12 13 14

1 2 3 4 5 6 7 8 9 10 11 12 13 14

* No spot of lipids in aquous phase ! = No spot of lipids in aquous phase




ANALYTICAL PROCEDURE
High Performance Thin Layer Chromatography

CLASSICAL BLIGH & DYER
AQUEOUS PHASE

NEUTRAL LIPIDS POLAR LIPIDS

TAG i
! Pl
FFA + PE
DAG . PC
MAG ' LYSO
1234567829 1011121314 E 1 2 3 45 6 7 89 10 11 12 13 14
* No spot of lipids in aquous phase ! * No spot of lipids in aquous phase Classical system
is efficient to
extract total
lipids in organic
NEUTRAL LIPIDS POLAR LIPIDS

hases
TAG p

Pl

°F LIPIDS
PC
LYSO

FFA

DAG

MAG

= Lipids present in organic phase
= Presence of sterols = Lipids present in organic phase



ANALYTICAL PROCEDURE
High Performance Thin Layer Chromatography

GREEN BLIGH & DYER

NEUTRAL LIPIDS POLAR LIPIDS
TAG i
i Pl

FFA E PE
DAG ! PC
VIAG ! LYSO

ABCDEFGHIJKLMNE AB CD E FGH I J KL MN

* Lipids present in organic phase ’ = Lipids present in organic phase \

= Presence of sterols \

LIPIDS




ANALYTICAL PROCEDURE
High Performance Thin Layer Chromatography

GREEN BLIGH & DYER

NEUTRAL LIPIDS ! POLAR LIPIDS
TAG
| Pl
FFA  PE
DAG i PC
MAG E H0
ABCDEFGHlJKLMNE AB CD E FGH IJ KL MN
* Lipids present in organic phase | = Lipids present in organic phase \ Green system is
= Presence of sterols N efficient to
LIPIDS
extract total
AQUEOUS PHASE lipids in organic
NEUTRAL LIPIDS : POLAR LIPIDS phases
TAG
FFA
DAG \ pC
MAG ' LYsO
AB CDETFGH J K L M N i A B C DE F G H |

= No spot of lipids in aquous phase = No spot of lipids in aquous phase



ANALYTICAL PROCEDURE
High Performance Thin Layer Chromatography

RELATIVE PROFIL OF LIPID CLASSES BY HPTLC
N ep=empEppEEEEE

80

60 -

Analyses by HPTLC

Relative % of LIPIDS

40 -

1 2 3 45 6 7 8 9 101112 13

WITH BIPHASIC

WATER

WITHOUT
WATER

RELATIVE PROFIL OF FATTY ACIDS BY GC

(0]
o
|

(o))
o

Analyses by GC

Relative %
of LIPIDS

D
o

N
o

o

1 23 456 7 8 91011121314

WITH
WATER

WITHOUT  BIPHASIC
WATER

OA

mPI
m PE
mPC
FFA
DAG
HTAG
A B CDEFGH 1l J KL MN
WITH WITHOUT BIPHASIC
WATER WATER
T -
mC18:2n6
m C18:1n9
mC18
mCl6e:1
mCl6
ABCDEFGHIJK_.LMN.
WITH  WITHOUT gipHASIC
WATER WATER

Mainly composed of FFA,
TAG and DAG

No selectivity between
extractions

Mainly composed of oleic
acid, linoleic acid and
palmitic acid

No selectivity between
extractions



ANALYTICAL PROCEDURE
PROTEINS AND SUGARS

GREEN BLIGH CLASSICAL BLIGH
AND DYER AND DYER

~ —> Organic phase Aqueous phase

F Aqueous phase Organic phase

0,1 ul of sample
+ 1 mL of Bradford reagent

PROTEINS
—_— 15 min
ORGANIC PHASE
+
AQUEOUSE 0,1 pl of sample —> CONCENTRATIONS
PHASE + 1mL of enzytic kit
SUGARS -
E min E

ABSORBANCE



DETERMINATION OF PROTEINS BY BRADFORD METHOD

CLASSICAL BLIGH AND DYER
= Few proteins are present in the organic phases
0 | WITHOUT |
. 0,35  WITH WATER | WATER | BIPHASIC ! = The quantity of proteins increased from points 4 to 7
;;DA 0,3 | N E
}% 0,25 E - i i : = The quantity of proteins extracted is the same for points
é uon 0,2 | ' ' ' 8to11.
o I 1 1 1
§5 o1 I : : !
£ 01 ! E i | = Biphasic systems are not efficient.
0,05 E | | '
. B | ! | - Ii * Chloroform doesn’t extract proteins.
T T L T I IR RN ) i&l’\\é
@\%‘% . . . .
GREEN BLIGH AND DYER & Few proteins are present in the organic phases
! | WITHOUT !
. 04 - E WITH WATER E WATER i BlpHAS|C: = The quantity of proteins increased from points D to G
::’D 0,35 - o o Ok E
§§ 03 - -~ i i i ! = The quantity of proteins extracted is the same for
£% 2 : I : ! points H to K
> 0.2 7 ! = B ! ! |
s § 0,15 - ! i ' !
J2 01 - ! i i I: = Biphasic systems are not efficient
0,05 - ' I ! ! E
o™ | | | ! ’ i
R N N L@ * Ethyl acetate doesn’t extract proteins
O
N
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DETERMINATION OF GLUCOSE BY ENZYMATIC METHOD

CLASSICAL BLIGH

>

2,5

2
1,5
1
0,5
, [l
N 1

GREEN BLIGH AND DYER

2,5 4

1,5 A

1 4

0,5

0 -
» 9 C

AND DYER
WITH WATER | WITHOUT i BIPHASIC
BIP !
1 1
! WATER ! !
1 1
. | :
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
- BT T B R S R A RN
e“ég
Q)\\O;(\
?&K
1
' WITH WATER }  WITHOUT v g oasic
! ! WATER ! !
1 1 1
1 1 | :
1 1 | 1
1 1 | 1
1 1 | 1
1 1 | 1
1 1 | 1
1 1 | 1
1 1 | 1
1 1 | 1
1 1 | 1
1 1 | 1
1 1 | 1
1 1 | 1
1 1 | 1
1 1 | 1
1 1 | 1
1 1 | 1
: 1 I 1
1 1
< \ ) \ s
190 < [CHERNY ‘{\| @ V\{)\\e

m Organic phase

m Aqueous phase

m Organic phase

B Aqueous phase

Few sugars are present in the organic phases

The quantity of sugars extracted is the same for
points 4 to 11

The quantities of methanol in all extractions are
enough to extract all sugars

Biphasic systems are not efficient

Chloroform is not efficient

Few sugars are present in the organic phases

The quantity of sugars extracted is the same for
points D to K

The quantities of ethanol in all extractions are
enough to extract all sugars

Biphasic systems are not efficient
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MODELIZATION PART
EXPERIMENTAL VS COSMO-RS

COMPARISON BETWEEN EXPERIMENTAL WITH COSMO-RS

/s

-~

Extraction

GREEN
BLIGH AND DYER

- @

-~

COSMO RS

Quantum mechanical calculation
of surface shielding charge
densities
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COSMO-RS VS EXPERIMENTAL
COSMO-RS Results

| TAG LLL { TAG LODiTAG 000 DAG LGL:DAG LGO|DAG OGO FFA181nD:FFA182n6iFFA16 PCLL | PCOL | PELL | PEOL LanosteroliErgosterol L6bd : 1,

: Chitine Glycerol Histidine: Arginine| Glucose
glucan :glucan : : 3

¢ e a0 oo 05 oooo oooo0 02826 [JESNGHGN 00000 00000 0,0000
-0,2306

Wet biomass

___________ _ 0000 00343 00813 0000 0000 00317 00000 00009 00000 00000 00000 00000 00000 00000
________________ 02454 01412 00000 00000 00000 0000 00000 00000 0000 GO0 00000 00000 0000 00000
0032 00551 00000 006% 00000 00000 00000 00000 00000 00000 00000 00000 00410 00000

04332 -0,1857 -0,2656

I o<1 02841 03857 00000 00000 01825 -0,1498

&
B
i3

Ethyl acetate-ethanol-water system

GREEN BLIGH

16 i
AND DYER iy ;
«’SA 12 !
g2 1 |
Experimental $= : |
part 27 ;
0 "
'b*‘b.-l

v ® C 9 % & O 2N Y % v R
s [ J L |_ ] i\
WITH WATER WITHOUT WATER BIPHASIC &Q’
(\
,\Qy
M Yields by GC W Gravimetric yields Q_é@'
water . . . . .
w00 £ e Mo Theory is similar with the experiment
0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00 80,00 90,00 100,00

Ethyl acetate
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COSMO-RS VS EXPERIMENTAL

COSMO-RS Results

PCOL :

PE LL

0,0000 -02325 0,0000 0,0000 00000 00000 O0000 0,0000 0,0000  0,0000
00000 -0,1642 -0&354 10,0000 10,0000 0.0000 00000 0.0000 0.0000  0.0000 0.0000 00000

S—
0,0000 00000 00000 -0,2064 -0,2721 0,0000 0,0000 00000 0,0000 0,0000 0,0000 U,MIII

Wet biomass

U H -0,0373 -0,0495 -0,0477 00000 -00698 00000 00000 00000 00000 0,0000 00000 00000 O0000 -00410 00000 00000 00000 00000 00000 00000 00000 O0,0000
Dry bl omass ... [ 0,0000 00000 -0,0943 -00819 00000 00000 -00317 00000 -0,0009 0,0000 0,0000 O,0000 O0,0000 00000 00000 00000 00000 00000 Q0000 00000 00000 00000
1 00000 -0p,2454 -0,1412 (00000 00000 00000 00000 00000 O,0000 00000 00000 00000 00000 @ O,0000 0,0000 00000 00000 00000 00000 00000 00000 O0,0000

e 00000 00932 00551 00000 -0,0698 00000 00000 00000 00000 00000 0,0000 0,0000 00000 _-0,0410 0.0000  0,0000 00000 00000 00000 00000 00000 0,0000

[ oo S o5 0281 038sT u,cmu 00000 -0,1845 -0,1498 (00000 00000 00000 0,0000 0,0000 0070 00000 0,0000

00272 00000 -00235 -04024 00279 02056  -0,0111 0,0000 0,0000 00000 -0,0430 0,0000 00000 00000 00000 00000 00000 0,000
S e e e e e W W o e 221z il oanl ol b
____F_.‘:_I'lf_rl_l_}_l____--- 00000 -00317 -0081 -D0009 00000 0,0000 0,0000 -0,2683 -0,1585 00000 00000 00000 00000 00000 00000 0,0000 0,0000

_gi_:p_\{l__a_l:_g]:_afg_ 0,0000 0,0000 0,0000 0,0000 00000 0,0000 0,0000 0,0000 ------ 0,0000
_____ " T S 5 S ) IO NSO 0 B <2 oo 00w omon oo

Ethyl acetate-ethanol-water system

100 Ethanol 18 |
GREEN BLIGH e e |
AND DYER o |
£ 1 |
g5 10 i
Experimental g e |
part : 4 |
3B
0 i

9 O % Vo o ,bobl

| ' T
WITH WATER WITHOUT WATER BIPHASIC

M Yields by GC Gravimetric yields g

Theory is similar with the experiment

Ethyl acetate
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COSMO-RS VS EXPERIMENTAL
COSMO-RS Results

PC LL : i PEOL

4bd

x 4

Lanosterol'ErDDsterol Chitine Glycerol Histidin .Arg'm'm Glucosei

] IS - (glucan iglucan _ _ __ __ __ ____ 5 ____ _ o
_________________ 0,0000 nmm—--— 00000 0,0000 00000 00000 00000 00000  0,0000
................. 0,0000 412325 00000 00000 00000 00000 00000 00000 Q0000 O,0000

0.0000

-0.1642 -0.1834 00000 10,0000 0.0000 00000 0.0000 0.0000  0.0000 0.0000 00000

p— S—
0,0000  0,0000 -0,2064 -0,2721 0,0000 0,0000 00000 0,0000 0,0000 0,0000 U,MIII

Wet biomass

0,0000
U H -00373 -00495 -0,0477 00000 -0,0698 00000 00000 00000 00000 00000 0,0000 00000 O0000  -0,0410 00000 00000 00000 00000 00000 00000 00000 O0,0000
Dry bl omass |- [ 00000 00000 -00843 -00B19 QO000 00000 -0,0317 00000 -00009 00000 00000 00000 00000 0,0000 0,0000 00000 00000 O0,0000 00000 00000 00000 0,0000
o 0,0000 -0,2454 -0,1412 00000 00000 00000 00000 00000 O,0000 00000 00000 00000 00000 0,0000 00000 00000 00000 00000 00000 00000 00000 O,0000
K 0,0000 00832 -0,0551 00000 -0,0688 00000 00000 00000 00000 0,0000 00000 00000 00000 -0,0410 00000 00000 00000 00000 00000 00000 00000 00000

EXt ra Ct i o n i n . -0, 4641 -0,2841 -0,3857 00000 uiDDDD -0,1845 -0,1458 U—i]]]] 0, 0000 Uim Uiﬂ]]] U'DDDD -0,0790 0. 0000 0, 0000
0,0000 0,0000 00000 00000 -0,0430 (00000 00000 00000 00000 00000 00000 00000 0,0000
biphasic part  _ wser 0,0000 JMGM 02152 00000 00000  0,0000 0,000

_________________ 0,0000 -0,2683 -0,1585 0,0000 0,0000 0,0000 00000 00000 00000 O,0000 0,0000

Eoyl acecate 10,0000 10,0000 0,0000 0,0000 00000 0,0000 0,000 0,0000 ------ 0,000
Water --------------- ooooo [ 02142 o000 00000 00000 00000

Ethyl acetate-ethanol-water system
18

GREEN BLIGH i |
{?‘_ 12 |
g2 10 i
Experimental e ° |
=S 6 |
part a a |
2 i
0 i
9% O O ¢ & o R T v >
L | i L | ] \Qo‘b
WITH WATER WITHOUT WATER ~ BIPHASIC o a
*@f‘e
Yields by GC Gravimetric yields o®
water
100 #

Theory is similar with the experiment

0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00 80,00 90,00 100,00
Ethyl acetate
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CONCLUSION

CLASSICAL BLIGH 07100 Methanol 0 7 100 Ethanol
AMND DYER GREEN BLIGH
AND DYER

——

e g

BIPHASIC

Water BIPHASIC

100 T T L T L T T ' x0 100 +— t t t t t t + ™ + 0
0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00 80,00 90,00 200,00 0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00 £0,00 090,00 100,00

Chloroform "Ig'lhyl acetate

= GREEN bligh and dyer is efficient to extract lipids in organic phase but also proteins
+ and sugars in aqueous phase

= The % of ethyl acetate to point E is sufficient to extract all lipids

THEORITICAL APPROACH

= Theory given with COSMO-RS matches with experiment
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