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LIPIDS-ARE STORED IN LIPID DROPLETS (LDs)

Mammals
Homo sapiens

From Asterix official website

Bacteria
Streptomyces sp.
Pae® T —

Fron Thompson et al. Genome Biology 2002
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Unicellular eukaryotes
Saccharomyces cerevisiae
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Plants
Brassica napus

Jean WEBER / © INRA




LIPIDS ARE STORED IN LIPID DROPLETS (LD)

Plants
Arabidopsis thaliana / Brassica napus
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seed lipid droplet = oleosome

From Hsieh et al. (2004) Plant Physiol

Predicted structure = tri-block organization

= variable N- and C- termini

= hydrophobic central domain
Lipid core =

triacylglycerols
and sterol esters

phospholipid
monolayer
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WHY-STUDYING LDs?

Understanding the dynamics

= Qils for food, biofuel and green chemistry are
extracted from LDs

BUT

= | Ds have a crucial role in diseases with increasing
prevalence (obesity, diabetes).

filling mobilization

= stabilization .04
2 INRA .
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WHY STUDYING LDs AND ASSOCIATED PROTEINS?

Valorization of LDs and associated proteins

= food processing industry, cosmetic and health : LDs
are natural emulsions and nanovectors, and oleosins
can form suprastructures

BUT

= Oleosins (from peanut and hazelnut) are allergens Bt Preg 2005, 21, 12571301

Elevating Bioavailability of Cyclosporine A via Encapsulation in
Artificial Oil Bodies Stabilized by Caleosin

Miles C. M. Chen,’ Jui-Ling Wang,* and Jason T. C. Tzen*'

Graduate institute of Biotechnology, National Chung-Hsing University, Taichung, Taiwan, and Department of
Physiology, National Yang-Ming University, Medical College, Taipei, Taiwan

Self-assembly of tunable protein suprastructures
from recombinant oleosin

Kevin B. Vargo®, Ranganath Parthasarathy®, and Daniel A, Hammer®®?

>

Fimcet |
| FBTS 1 yisicies

“Chemical and Biomolecular Engineering, University of Pennsylvania, Philadelphia, PA 19104; and "Bi i i University of
Philadelphia, PA 19104

Edited by* David A. Tirrell, California Institute of Technology, Pasadena, CA, and approved June 5, 2012 (received for review April 3, 2012)

Using recombinant amphiphilic proteins to self-assemble supras-  although the direct visualization of a bilayer membrane or vesi-
tructures would allow precise control over surfactant chemistry  cular encapsulation has not been explicitly shown (12).

and the facile incorporation of biological functionality. We used ‘While a number of naturally occurring proteins, such as hydro-
cryo-TEM to confirm self-assembled structures from recombinantly ~ phobins (13), olcosins (14). latherin (15), and ranaspumin (16),

produced mutants of the naturally occurring sunflower protein, are known to stabilize interfaces, only oleosins are structurally
oleosin. We studied the phase behavior of protein self-assembly  reminiscent of a chain surfactant. Oleosins are a family of plant
20 40 60 80 100 120 140
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WHY STUDYING LDs AND ASSOCIATED PROTEINS?

Valorization of LDs and associated proteins '
= food processing industry, cosmetic and health : LDs ATHN OLA

are natural emulsions and nanovectors, and oleosins
can form suprastructures

T. Chardot talk
Structural studies of proteins inserted in a half membrane
using SOLEIL synchrotron Light

from recombinant oleosin

Kevin B. Vargo®, Ranganath Parthasarathy?®, and Daniel A. Hammer®?? A 60
“Chemical and Biomolecular Engineering, University of Pennsylvania, Philadelphia, PA 19104; and “Bioengineering, University of Pennsylvania, g 55 ~v 2T
Philadelphia, PA 19104 c
S 50
Edited by* David A. Tirrell, California Institute of Technology, Pasadena, CA, and approved June 5, 2012 (received for review April 3, 2012) 8
£
b ———— — — —
Using recombinant amphiphilic proteins to self-assemble supras-  although the direct visualization of a bilayer membrane or vesi- L %
tructures would allow precise control over surfactant chemistry  cular encapsulation has not been explicitly shown (12). lg %
and the facile incorporation of biological functionality. We used ‘While a number of naturally occurring proteins, such as hydro- o s
cryo-TEM to confirm self-assembled structures from recombinantly ~ phobins (13), oleosins (14), latherin (15), and ranaspumin (16), :S 25
produced mutants of the naturally occurring sunflower protein, —are known to stabilize interfaces, only oleosins are structurally =~ | ~— — — — — — ™ 06
oleosin. We studied the phase behavior of protein self-assembly  reminiscent of a chain surfactant. Oleosins are a family of plant 30 .
0 20 40 60 80 100 120 140 160
—— Marine FROISSARD / INRA-SOLEIL 2015 / Synchrotron SOLEIL / JANUARY 21 lonic Strength (M)

SCIENCE & IMPACT



Valorizati

= fq
arer

can i

WHY STUDYING LDs AND ASSOCIATED PROTEINS?

EXPRESSION OF CALEOSIN IN
RECOMBINANT OLEAGINOUS
MICROORGANISMS TO INCREASE OIL
CONTENT THEREIN

[0001]  This application claims the benefit of 11.5. Provi-
sional Application No. 61/490.337, filed May 26, 2011,
which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] This invention is in the field of biotechnology. More
specifically, this invention pertains 1o recombinant oleagi-
nous microorganisms that are capable of producing more il
due to the expression ol a caleosin polypeptide.

BACKGROUND OF THE INVENTION
[0003]  Microorganisms such as filamentous fungi. yeast

Ll el DIELsLLIE o Sinls L M L Ll S AT [
and the facile incorporation of biological functionality. We used

While a number of naturally occurring proteins, such as hydro-

However, there is still a need for recombinant oleaginous
microorganisms having increased oil content relative to the
oil of cuwrrently known strains.

[0006] 115, Pat. No. 7.256.014 discloses that the expres-
sion of at least one plant oleosin gene in a microbial cell
engineered to produce a hyvdrophobic/lipophilic compound,
such as a carotenoid. significantly increases the overall titer of
the compound.

[0007]  Froissard et al. (FEMS Yeast Res. 3:428-438, 2009)
disclose that the non-oleaginous yeast, Saccharomyees cer-
evisige, transformed with a heterologous gene encoding a
caleosin  polypeptide (drabidopsis thaliawa caleosin 1,
AtClol ), exhibited an increase in the number and size of lipid
bodies and accumulated more fatty acids than the parent
strain.

|0008]  However, there are no reports of recombinant ole-
aginous microorganisms transformed with a gene encoding a
caleosin polypeptide to increase the oil content of such
recombinant microbial cells.

Department of

‘= cryo-TEM to confirm self-assembled structures from recombinantly ~ phobins (13), olcosins (14). latherin (15), and ranaspumin (16),
produced mutants of the naturally occurring sunflower protein, ~are known to stabilize interfaces, only oleosins are structurally
oleosin. We studied the phase behavior of protein self-assembly  reminiscent of a chain surfactant. Oleosins are a family of plant
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Olel and Clo1 oleosins are targeted to LDs in yeast

Nomarski Erg6p-RFP AtClo1-GFP
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Oleosins induce LD proliferation

HETEROLOGOUS EXPRESSION OF OLEOSINS IN YEAST

oleosins induce triacylglycerols (TG) and
steryl esters (SE) accumulation
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M pGAL-OLELI-GFP W pGAL-CLO1-GFP

Froissard et al. 2009. FEMS Yeast Research
Boulard and Froissard. 2012. Techniques de I'Ingénieur. re209

.09
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METABOLISM EXPLORATION USING SYNCHROTRON FTIR

High level

of AtClo1-GFP

But population is heterogeneous

No AtClo1-GFP

Global metabolic
changes?

Metabolism
heterogeneity at
single cell level ?

Lipid accumulation
Min and Max ?

Low level
:-Efz IN?A of AtClo1-GFP
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METABOLISM EXPLORATION USING SYNCHROTRON FTIR

= Spectroscopie et Microscopie Infrarouge avec Synchrotron

SULEIL

SYNCHROTRON

FTIR = Vibrational spectroscopy Brightness of Synchrotron Light

ral fingerprin f biological macromol | .
Spectral fingerprints o. bio oglcaj acromolecules + ZnSe hemisphere
®» Cell metabolism overview

Lipid Protein Nucleic acid Carbohydrate

high spectral and spatial resolution

o
o
L

Absorbance (a.u.)
o
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METABOLISM EXPLORATION USING SYNCHROTRON FTIR

Spectra baseline deformation due to light scattering
* Round shape of cells

L3
 Small size of cells 4 N

* Wavelenght range of mid-infrared £ .012
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METABOLISM EXPLORATION USING SYNCHROTRON FTIR
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Population separation among Factor 1 e lipids and less carbphydrates
in AtCLO1-GFP expressing cells
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METABOLISM EXPLORATION USING SYNCHROTRON FTIR

Metabolic modifications were confirmed using biochemical analysis

¢HZOH Glycogen HOH
o Slycogen TV

H pGAL-GFP

W pGAL-OLEL-GFP

a-amyloglucosidase *

at57° C # pGAL-CLO1-GFP

PE Elucose.mg-1 dawv.

Free glucose

Quantification by high-performance
anion-exchange chromatography with
pulse amperometric detection W L
(HPAEC-PAD)

=1 )\ 014
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ADDITIONAL INFORMATION

INRA communication

SOLEIL communication

ARTENAIRES | LIENS
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SYNCHRDTRON
» SOURCES et ACCELERATEURS

Disco

Huiles végétales et dérivés. Etude structurale d’'une

oléosine, protéine au centre d'enjeux énergétiques et

meédicaux 1

000

ActuaLTES

rectErcHER sUR LE siTE [N 23 PLAN DU SITE | ACCES | ANNUAIRE | CONTACTS | PARTENAIRES | LIENS

% . » RECHERCHE » INSTRUMENTATION . 3 Soleil ou la merveilleuse histoire d'un systéme innovant
| P INDUSTRIE et VALORISATION » LA SOCIETE SOLEIL amme2, 1.0, Vindigni® de production de lipides dintérét chez la levure

-

M ession d . hez une levure induit une sur.
P SOURCES et ACCELERATEURS tut Jean-Pierre Bourgin, INRA AgroParis- ans ls contexte actuel d'épuisement de ron Solei, les chercheur
rance 2 perspect

napmoon

Sommaire de la société SOLEIL / Toute Factusité / Actuniités 201) S‘;ﬁ. E
-
g/

SINCHROTRON
Dans e contexte actuel d'épuisement des ressources .
des huiles Issues de la biomasse et Ia chimie verte prl
remplaceront un jour les produits d'origine fossile. SMIS
L'équipe DYSCOL (Dynamique et Structure des Cor P o : svnil
Versailles) travaille 4 identifier des facteurs influant s Chimie verte : la lumiére infrarouge dévoile le . - o e)
icroorganjemes, rats suse 3 hvdonser Jo développent métabolisme cellulaire des levures, mini-usines de pLelt. Gifma:Voette, France ;mmﬁm o :‘- _‘chwmw-l vm; fwf-r_m:r_n ::; ! i
‘environnement. La technique de dichroisme circulaire iDi 3 n effet, ces huiles et leurs dérivés biot Jrac
des conditions physiologiques, des données sur a strf production de lipides a fagon sentent un intérét grandissant en remplacem
huiles chez les plantes oléagineuses. TR o oduits d's t
gin, Versailles produits d'origine fossile. Deux sources sont
Wersailles.inra.fr gées, calle des huiles végételes déja bien implant
celle des huiles de microorganicmes (algues et le
actusllement en plein essor. C'est dans ce cadr
nanoo positionnent nos recherches visant & ident
tours influent sur la qualité ot la quantits de li

fans 2 p
INRA, Nantes, France strol n % de Iénergie, lam

Sommaire de Ia société SOLEIL / Toute 'actualité / Actualités 2014 / SIS - Chimie verte

Lutilisation comhmée du 'als:eau synchrotron de a ligne smis et d'hémisphére en ZnSe a permis aux chercheurs de ITNRA INRA en lumiére, 5 ans de partenariat avec SOLEIL
d'obtenir des spect ouge sur des levures uniques. L'analyse comparative de spectres infrarouge de levures riches ou

pauvres en hulle a ruvele G fortes modifications du métabolisme entre Souches ayant une capacité variable de stockage des

lipides. Ce travail permet de comprendre les mécanismes cellulaires mis en jeu lors du stockage de I'huile, afin de développer

des levures performantes pour des applications en chimie verte.
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=" SCIENCE & IMPACT Marine FROISSARD / INRA-SOLEIL 2015 / Synchrotron SOLEIL / JANUARY 21



THANKSTO

YW
SOLEIL S“DLEI L

'SYNCHROTRON

DISCO

Matthieu REFREGIERS (Beamline leader)
Frédéric JAMME

Alexandre GIULIANI

Frank WIEN

Valérie ROUAM

Bertrand CINQUIN

Institut Jean-Pierre Bourgin

Dynamique et Structure des Corps Lipidiques (Actual
Thierry CHARDOT, INRA (Head)
Pierre BRIOZZO, AgroParisTech
Pascale JOLIVET, INRA

Sabine D’ANDREA, AgroParisTech
Yann GOHON, AgroParisTech
Isabelle BOUCHEZ, INRA

Carine DERUYFFELAERE, INRA
Franjo JAGIC, INRA

Michel CANONGE, AgroParisTech
Roselyne TACHE, INRA

Bernard CINTRAT, AgroParisTech
Zita PURKRTOVA CDD CAER DGA
Jean-David VINDIGNI (PhD, past)

SMIS
Paul DUMAS (Beamline leader)
Frédéric JAMME

and SOLEIL staff

Différentiation et Polarité Cellulaire

Jean-Denis FAURE, AgroParisTech (Head) Funding

DGA .016

|NR/AN

SCIENCE & IMPACT Marine FROISSARD / INRA-SOLEIL 2015 / Synchrotron SOLEIL / JANUARY 21



