OMICS Group International iIs an amalgamation of

and worldwide international science conferences and events.
Established in the year 2007 with the sole aim of making the information on
Sciences and technology ‘Open Access’, OMICS Group publishes 500 online
open access In all aspects of
Science, Engineering, Management and Technology journals. OMICS Group
has been instrumental in taking the knowledge on Science & technology to the
doorsteps of ordinary men and women. Research
Scholars, Students, Libraries, Educational Institutions, Research centers and
the industry are main stakeholders that benefitted greatly from this knowledge
dissemination. OMICS International also organizes 500

annually across the globe, where knowledge transfer takes place
through debates, round table discussions, poster
presentations, workshops, symposia and exhibitions.


http://www.omicsonline.org/open-access-publication.php
http://www.omicsonline.org/open-access-publication.php
http://www.omicsonline.org/open-access-publication.php
http://www.omicsonline.org/open-access-publication.php
http://www.omicsonline.org/open-access-publication.php
http://www.omicsonline.org/scholarly-journals.php
http://www.omicsonline.org/scholarly-journals.php
http://www.omicsonline.org/scholarly-journals.php
http://www.omicsonline.org/international-scientific-conferences/
http://www.omicsonline.org/international-scientific-conferences/
http://www.omicsonline.org/international-scientific-conferences/

OMICS International is a pioneer and leading science event organizer, which
publishes around 500 open access journals and conducts over 300

Medical, Clinical, Engineering, Life Sciences, Pharma scientific

conferences all over the globe annually with the support of more than

1000 scientific associations and 30,000 editorial board members and 3.5
million followers to its credit.

OMICS International has organized 500 conferences, workshops and
national symposiums across the major cities including San Francisco, Las
Vegas, San Antonio, Omaha, Orlando, Raleigh, Santa
Clara, Chicago, Philadelphia, Baltimore, United

Kingdom, Valencia, Dubai, Beijing, Hyderabad, Bengaluru and Mumbai.
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Metabolomics of xylose-fermenting yeast for increasing

efficiency in the production of second generation ethanol
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EMBRAPA: BRAZILIAN AGRICULTURAL RESEARCH CORPORATION E’"@"ﬂ
Agroenergia

23> MISSION »»D Scientific Cooperation

“To provide feasible solutions for the sustainable

development of Brazilian agribusiness through knowledge »  Labex United States............... USA

and technology generation and transfer.” »  Labex Europe....................... France, UK, Germany
»> INSTITUTIONAL PROFILE » Labex Korea.......................... South Korea
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Created in 1973
9.795 employees, 2.427 researchers, 74% PhDs 20> Technical Cooperation

47 RD&I and Service Centers

>

v

Embrapa Africa : TT Projects

International Agenda: Americas, Europe, Asia and Africa . )
»  Embrapa Americas : TT Projects
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EMBRAPA AGROENERGY: National Research and Development Center in Agroenergy Em'aoa

Agroenergia

Brazihian
AZTroenergy To produce and transfer knowledge and technology that contribute
— Plan “~'* to the sustainable production of energy from agriculture

20060 —=2011

ENVIRONMENT

SOCIAL

Energetic
Forests

ECONOMICS Biodiesel

Residuals

Ethanol "

I

»The guidelines of the Brazilian Agroenergy Plan:

\

REGIONAL DIFERENCES

» Development of Agricultural Technology (sustainable production
systems),

»Development of Industrial Technology (efficient conversion
processes), and

»>Transversal Studies (public policies, environment, socio-
economic, markets, etc.)
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EMBRAPA AGROENERGY: National Research and Development Center in Agroenergy Em'ﬁoa

Agroenergia

Y Established: May 24 th, 2006 Y)Y Mission: To enable innovative technological solutions for
sustainable development of the agroenergy business in

Brazil, for the benefit of the society

2> Team:

* Planned: 150 employees
* Actual: 90 employees

22> Goals:
1) Coordinate Embrapa”s R,D&I actions in Agroenergy
2) Execution of R,D&I projects
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https://www.embrapa.br/agroenergia



EMBRAPA AGROENERGY: LABORATORIES EmT‘Ena
" Agroenergia

1. Laboratory of Genetics and Biotecnology

Advanced Biology Lab;
Bioinformatics Lab.

2. Laboratory of Energy Processes

Biochemical Process Lab;
Chemical Process Lab;

3. Laboratory of Biomass and Biofuel Chemistry

4. Pilot Plant in Agroenergy Industrial Operations
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EMBRAPA AGROENERGY: LABORATORY OF BIOMASS AND BIOFUEL CHEMISTRY Emg

Agroenergia

Laboratory of Biomass and Biofuel Chemistry

1. Characterization of biomarkers in
arrays of bioenergy

N

2. ldentification of

metabolites with high added
- value

3. Synthesis of

~ 4. lity of biofuel
catalysts and biofuels Quality of biofuels

/ \

5. Characterization of biomass 6. Metabolomics
for biofuel production (plant and microbial)

5 Researchers
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4 R&D support
ha curcas PP )
is spp. 4 g
Grad, MSc, PhD, Pos
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Laboratory of Biomass and Biofuel Chemistry E’"E"""

Agroenergia

GC-MS (Pyrolysis probe)
GC-MS

lon trap

FT-NIRS

HPLC-PDA-RID
UPLC

1 UPLC -PDA-ELSD
1 UPLC -PDA-FLR

>
o0
i°)
2
(s}
(7))
£
(V]
)
7
>
(V)]
o3
(7}
S
S
o
o
Q2
©
i)
()
=
c
o
c
9
=
=
i =
x
Ll
©
c
(1}
()
Q
c
()
S
()
(el
c
o
(&)
©
c
9
)
(1}
c
S
()
whd
E
=
)
<

Triplo Quadrupolo (QqQ) Q-ToF MALDI-TOF/TOF
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Agroenergia

Metabolomics of xylose-fermenting yeast for increasing efficiency in the

production of second generation ethanol
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ETHANOL

Ethanol:

-Renewable fuel

-Brazil: Ethanol from sugarcane

W)

Evolution of Brazilian ethanol
production from 1948 to 2011

Agroenergia

Figura 1, Evolugdo da produgao teasiera de etanol endre 1548 ¢ 2011
Adaptada de: UNIAD DA INDUSTRIA DA CANA-DE-AGUCAR, 2012

- Bagasse: 2G Ethanol

Workflow for the Ethanol production from sugarcane

BAGASSE

{'Aguadeimbee-:J
M | b CM:“D
”""27 ey - Recaele/ s e * N (Moagemoy | Caldem |
v ‘[ Mﬂ ——

Pesagem b -3 (Picador/desfidrador)

Cana-de-Agucar Caldo Y
Decantacy )54 ) B
w > @ ~Im“>» Tratamento Quimico/ | Fitracso W
Csea ™ e "__"":-"' _}‘4*’—~1 ————
T Crome de Caldo
4 Leveduras ‘ <
| evedorsa || Conviugcbo ) | Fermesmclo | {00y |
- vl"m )
| Lo y s
Acido | 1 T
J—— e
, Destiacio
| Winhsga |\ Destisho | > Rewfiosgho | > DestiacloExtrathe/

Figura 24. Fuxograma de producao de etanol a partir da cana-de-acucar,

*Adapted from: Microrganismos na producdo de biocombustiveis liquidos / Editora técnica, Cristina Maria Monteiro Machado - Brasilia, DF: Embrapa, 2013, 319 p.




2G ETHANOL Emzpa
Agroenergia

Steps of ethanol production from different feedstocks*

Saccharine feedstock Starch feedstock Cellulosic feedstock
1
Grind
Grind [
. Chemical Pretreatment
Extraction I
Saccharification Enzymatic Hydrolysis

Fermentation

Distillation

Ethanol

2G Ethanol
Lignocelulosic Ethanol
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*Adapted from: Microrganismos na producdo de biocombustiveis liquidos / Editora técnica, Cristina Maria Monteiro Machado - Brasilia, DF: Embrapa, 2013, 319 p.



2G ETHANOL Em gpa
Agroenergia

2G Ethanol

.O_:: "4
[
R i
37
== )
rﬂ'rfr P
o~
Harvest
Pretreatment SuS

Hydrolysis / Fermentation
Transformation
Distillation

Distribution
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LIGNOCELULOSIC BIOMASS COMPOSITION

Hemi-
Cellulose cellulose

33% 28%%

Other Lignin
15% 24%

Cellulosic Biomass Composition
http://newenergyandfuel.com/http:/newenergyandfuel/com/
2009/01/09/the-leading-cellulosic-ethanol-process

20%

Agroenergia

43%

other
ash

extractives

27%

Figure 1. Typical composition of a softwood tree, in this case hybrid poplar
http://crf.sandia.gov/index.php/thermochemical-integration-key-to-
improving-the-efficiency-of-bio-ethanol-production/#.Ulg8qz_fPOU

Table 4
Composition of various types Wbiﬂmss materials {% dry weight).
Material Cellulase(HemicellulaseQ Lignin  Ash Extractives
Algae (green) 20-40 208 - - -
Cotton, flax, 80-95 5-20 - - -
etc.
Grasses 25-40 ,@. 10-30 -
Hardwoods 45+2 T 20+4 06+02 5+3
Hardwood 22-40 20-38 30-55 08+02 bB6x2
barks
Softwoods 42 +32 272 28+3 05x01 3+2
Softwood 18-38 15-33 30-60 08+02 4*2
barks
Cornstalks 39-47 26-31 3-5 12-16 1-3
Wheat straw  37-41 27-32 13-15 11-14 T+2
Newspapers  40-55 25-40 18-30 - -
Chemical 60-80 20-30 2-10 = =
pulps

Balat, M. Energy Conversion and Management, 2011, 52, 858-875.



2G ETHANOL PRODUCTION STEPS Emgpa

Agroenergia

- SSF- - .

SSF: Simultaneous saccharification and fermentation

“Ideal” Microorganism

Glucose

Mannose

§ |Breaking the calwall potymers »  (3alactose Farmantution sl sugars Ethanol

Xylose

Arabinose
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*Adapted from: Microrganismos na producdo de biocombustiveis liquidos / Editora técnica, Cristina Maria Monteiro Machado - Brasilia, DF: Embrapa, 2013, 319 p.



CHALLENGES IN THE PRODUCTION OF 2G ETHANOL Emgpa
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Microorganism Challenges

Environmental factors Yeast challenges Genetic factors
Feedstock
__— Pentoses, phenolics, carboxylic
SSE 1 Arabinose pathway

Activation of PPP
Hydrolysis ensk . Sal [from neutralization) :D <:|
1 Hexogses Sugar transporiers
: By-product minkmization
I High temparature [S55F)
Ferimentation |ssyes«p Hutrent depletion
1 Ethanal

[Rp—— I et i Microbial contamination

Co-factor regeneration (xylose & arabinose pathways & aldehyde reduction)

ATP demand [weak acid & transport)
—
Process Separation Ethanol Compatition
wealer

Cell growth (maintaining fAux rates)

l Ethanol tolerance
Temperature tolerance _
Lignin & ather residues Dsmotic stress & compatible solute formation Saccharom yces cerevisiae
Dther toxic effects . .
ﬂ is not a xylose-fermenting yeast
Decreased yield or productivity ¢

Figume 1. Challenges faced by the yeast 5 cesvisioe during the production ofethanol from lignocellulbosic leedstocks.

Xylose ~30% of sugars -
sugarcane bagasse

v

Increase in the ethanol production
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Almeida, J. R. M. et al. Biotechnol. J. 2011, 6, 286-299.
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XYLOSE CONVERTION TO ETHANOL

——Furaldehydes

-+ Furfuryl alcohols

Glucose Xyfitol L-AribltOI Arabinose
A |
: v - XR L]
Glucose ~Xylose NMI;‘Nabltol +=—=Arabinose
NAD(P)H- ) NAD(P|+ NAD|FIH
ATP- NALYP}> XR NADH 47| LAD Al
nCP + NADE NADH ;
.__/ 14
4 Xylitol e == L.Xyluloge L-Rib
LXR
Glucose-6P
NAD+ - XDH ATP = RK
NADH <+ ADF+’
X MC j«m X
 J : - _Ri
Fru-6P +— ——= Xylulose XK l RE L-Rib-5P
.\rp.> | omd_ah'vg_rPP » Xyhlose-5P
ADP #
NADP«  NADPH Furaidehydes <
Fru-1,6 bisP nan-oxidative PPP oxido- NADIPH
reductases NAD(F)+
GA3R = ’
-NAD+
DH'AP NADH Furfuryl alcohols ——
—ALP = A
“NADH »ATE /
NAD+ {
Pyruvata ----------- +| TCAcyde |
v ‘ \ ]
e Acet: :mohym- \“}
NADH NADP-
NAD-+ (»NAUFH H+ + Ac-
Glycerol E:hano) Aceiate t ATP
v |
Glycerol Acetate HAc

Figum 2. Xylose and arabinose pathways expressed in
recombinant 5 cerevigae, The utilization of cofactors and ATP
in the central carbon metabolism isdepicted schematically.

Almeida, J. R. M. et al. Biotechnol. J. 2011, 6, 286-299.

Enpo

Agroenergia

1) Recombinant S. cerevisiae
2) MO pentose-fermenting

v

MO pentose-fermenting

\

New molecular targets importants to
xylose metabolism

V

Recombinant S. cerivisae

V

INCREASE EFFICIENCY IN THE
PRODUCTION OF SECOND
GENERATION ETHANOL




INCREASE EFFICIENCY IN THE PRODUCTION OF 2G ETHANOL E’"E"a
Agroenergia

Embrapa Agronergy project:

Functional genomics, transcriptomics and metabolomics, of xylose-fermenting yeast for increasing

efficiency in the production of second generation ethanol (Dr. Patricia V. Abdelnur)

En@a

Systems Biology

=3
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Metabolites

Metabolomics

Transcriptomics

Genomics

——————

Phenotype/Function
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METABOLIC ENGINEERING




METABOLOMICS APPROACHES Emgpa
Agroenergia

- METABOLOMICS BASED ON MASS SPECTROMETRY:

Term Definition
Metabolome The complete complement of small molecules present in an organism
Metabolomics The technology geared towards providing an essentially unbiased, comprehensive qualitative and

quantitative overview of the metabolites present in an organism

Hall, R. D. New Phytologist, 2005.

Metabolomics

Metabolomics

Metabolites
ID

Metabolic
pathways

Quantitative analysis Qualitative analysis
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WORKFLOW Em gpa
Agroenergia

[ A ~ X t
XYLOSE YEAST Ondebe | |
FERMENTATION PROCESS s & 'T_ f—“’ﬁl jkw
1 | i r” 0 . \ —:-;T Oxido-reductive xylose assimilation
Gn.?“_/ﬂ . B . L T \,":\f\\ Goe
DEVELOPMENT OF
METABOLITE ID METHOD
LC-MS/MS (MRM)

!

OPTIMIZATION OF
SAMPLE PREP TO YEASTS

!

METABOLITES ID - YEASTS
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Figure | See e

Bergdahl, B. et al. Biotechnol. For Biofuels. 2012,5 ,34.



METABOLITES FROM XYLOSE CONVERSION PATHWAY E’"E"a
Agroenergia

T i chi ¢ i KO lIlil 0 X
H o o o 0 CHe
ACALD AKG L-MAL OAA PEP
o OH
OH O o HO -||=!—-'::- HO-P~0 HO a OH
Osp-H A0 HDH#,LHHJ,CI—F‘—DH on o gy R e A OH
ad he OH } L/ "aH | :,Ex
Ho™ T TOH O L OH  OH S
OH OH
GAP DHAP

G6P F6P RU5SP

OH OH O._.OH od oM Or
: ' = 3 HsC. L H-::-”\T”'\UH
Op O -OH r . HO. A~ . _OH T TONa
HO O T i

Y s oH
S OH O EI;YR
RSP XYLOSE XYLITOL o GLYCEROL
MH
HO B
£5H o o , Y i M ~—=
1 o HCL OH ] i N . 0-F
H .___.-'“ e \||-| = -\._Tr__ 5.\_\______,- .._\_N _.J'I-.._\_\__J_.-—\-.._H }LHLI-"'- '-\.___.--D ;’p‘ .i_:l N "‘"\. .-'I\l- =
HO il ' 0 K\DH O H H o &n LM Lﬂ$
B oo ACOOA —
GLUCOSE XYLULOSE R0 M
%]

>
oo
k)
2
o
(7]
£
()
ohd
(7]
>
(%)
]
(7]
S
€
9
o
0
(1]
L d
(<))
=
c
(o]
c
9
=
=
i =
b
Ll
©
c
©
Q
(S}
c
()
S
(<))
(el
c
o
o
©
c
9
L 4
©
c
S
()]
)
E
L=
whd
<




DEVELOPMENT OF ANALYTICAL METHOD: MS E’"E"a

Agroenergia

v MASS SPECTROMETRY (MS)

DIMS (Direct Infusion Mass Spectrometry)
ESI-(+)-MS and ESI-(-)-MS

v

Optimization of MS parameters for each
metabolite

Vv
Metabolite ID (m/z)

Tandem MS

ESI-(+)-MS/MS e ESI-(-)-MS/MS
v

Opmization of cone voltage for each
metabolite

\ /

MRM (Multiple Reaction Monitoring)
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MS: TQD Xevo (Waters)




DEVELOPMENT OF ANALYTICAL METHOD: LC E’"E"a
Agroenergia

v LIQUID CHROMATOGRAPHY (LC)

e ULTRA HIGH PRESSURE LIQUID CROMATOGRAPHY (UHPLC)
- LC Columns
lon Pair Chromatography (IPC): BEH-amide (Waters)
Hydrophilic Interaction Chromatography (HILIC): HSS-T3 (Waters)
Aminex (Bio-Rad)
- Mobile Phase

- Temperature
- pH
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UHPLC-MS: Acquity Xevo TQD (Waters)




SAMPLE PREPARATION OF YEASTS Emgpa
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v' FERMENTATION

» Scheffersomyces stipitis

» Spathaspora passalidarum

* Samples were collected at 20-40 hours of fermentation

* Different sample volumes were collected: 1 mL, 2 mLe 5 mL

Microaerobic fermentation of Scheffersomyces stipitis

Scheffersomyces stipitis

- 10

== Xylose

Xylose (g/L)
()]
Ethanol(g/L

== Ethanol
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SAMPLE PREPARATION STEPS Emgpa
Agroenergia

1) Quenching step

|
Yeast - | 2~ 5000 rpm
Sample — 9° C
= 5 min
MeOH:H,0
60% -
40° C

2) Metabolites extraction step

\/- o Speed
Boiling I3

vacuum
e~
Ethanol :
| —) ——
— — /
3 min - 5000 rpm
Pellet Vortex o ) o
" 85° (,- -9° C,3 min -80° C
10T freezer

3) LC-MS/MS analysis
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v HO
Ultra » -ir ~.
pure C_) ‘ = s
— » i @ —) —) & | — UHPLC-MS/MS
-‘ - | 1 analysis
5 min, rt 13400 rpm 3
5 min
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METABOLITE IDENTIFICATION - DIMS Emgpa

Agroenergia

v' DEVELOPMENT OF ANALYTICAL METHOD: MASS SPECTROMETRY (MS)

DIMS
ESI(-)-MS of metabolite standards solution

100+ 133 3.25e5

Accoa

404 808

809

397

400 450 500 550 600 650 700 750 800
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MS/MS EXPERIMENTS EnTpa
Agroenergia

DIMS
ESI(-)-MS and ESI(-)-MS/MS of standards Cj - Ms/Ms-z.rsg--Hr

MRM experiments — selectivity

MRM 259 - 97

Q1 Q2 Q3 |
.® A :

0," — — 3

() 'O \ )

>
o0
i°)
2
(s}
(7))
£
(<))
)
7
>
(V)]
]
(7}
e
S
o
o
Q2
©
i)
()
=
c
o
c
9
=
2
i =
x
Ll
©
c
(1}
()
Q
c
()
S
()
(el
c
o
(&)
©
c
9
)
(1}
c
S
()
whd
E
=
)
<

Peptide Fragmentation Fragment
o Selecton




MRM METHODS Emgpa

E Agroenergia
I

[aa]

(7]

§ MRM channels and collision energy optimized for each metabolite
(7]

&

2

o

£ Metabolite Q1 (m/z) Q3 (m/z) Collision energy (eV)
(o]

2 ACCOA 808.1 408 40

g AKG 144.6 56.8 15

= L-MAL 132.6 114.8 10

2 Oaa 130.8 86.8 6

2 Acald 59.7 - ' -

2 DHAP 169 97 18

= F6P 258.6 96.8 18

T PEP 166.6 78.8 10

© G6P 258.7 96.8 20

2 Glicerol 91.0 59.1 18

2 GAP 168.8 96.8 18

= Glicose 179.1 58.9 18

S PYR 86.8 42,8 8

© R5P 228.8 96.8 20

= RU5SP 228.8 79.0 20

g Xilose 148.9 59.0 14

7 Xilitol 151.0 58.9 20

= Xylu 149.0 59.0 14

<




UHPLC-MS/MS USING HILIC Emgpa
Agroenergia

v' DEVELOPMENT OF ANALYTICAL METHOD: LIQUID CHROMATOGRAPHY (LC)

DHAP o
GAP, PYR
. HILIC
ou a
W (Hydrophilic Interaction
(EGSPE’OU Xilose ou Xylu Chromatography)
Xilitol
Xilose gu Xylu / Slicose
Glicero\\an v o / HSS'T3 (WaterS)
DHAP GAP + °
+ Lo RsP  FoP ou 14 metabolites
/ PEP (b)
i F6P ou
Xilose ou Xylu ‘ coP
AKG
e xilitol Mobile Phase:
\ Glicosé l

JJ_}{ (a) A: NH,0OH 0,1%
050 ' 1.00 Y50 200 | 250 | 300 ;e.:L'- u;:; - G s s 5o 600 650 ‘77}:0 750 8.00 'm' i B: ACN + NH4OH 0,1%

aaaaa

© (b) A: ACN/H,0 90/10 + AcNH4 10mM
B:. ACN/H,0 50/50 + AcNH4 10mM

(c) A: ACN/H,0 90/10 + FormNH, 5mM

. : +NH,OH 0.1%
M\J A B: ACN/H,0 10/90 + FormNH4 5mM +
TR TS T AT S R S NH40H 0.1%.
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UHPLC-MS/MS USING HILIC

UHPLC-MS: glucose, xylitol, xylulose, xylose and glycerol - HILIC

15_05_::_03_r'v'1i3-:_grup0 2 R4 Sm (Mn, 3x3)

MREM of 5 Channels ES-
555 179.1 = 58.9 (Glicose)
7 glucose 1.40e4
=]
o LI LJLELELE BRI WL B LR LR UL | T TrrirrT T T T T T LRI RLEL B LA
1.00 2.00 3.00 4. 00 5.00 6500 700 5.00 900 10.00 11.00
15 02|03 Mix_grupo 2_R4 Sm (Mn, 3x3) MRM of 5 Channels ES-
484 . 151 = 589 (Xilitol)
] xylitol 2 38e4
==
O T T T T T T 1 T 1 T T T T 1
1.00 2.00 3.00 400 5.00 600 700 5.00 900 10.00 11.00
15 02|03 _Mix_grupo 2_R4 Sm (Mn, 3x3) MRM of 5 Channels ES-
_ A G2 149 = 59 (D-xilulose)
xylulose 1.25e4
=] N.sa
3.43
D 1 1 1 T T 1 1 T 1 1 T 1 T 1
1.00 2.00 3.00 400 5.00 600 F.00 500 Q.00 10.00 11.00
15 02|03 _Mix_grupo 2_R4 Sm (Mn, 3x3) MRM of 5 Channels ES-
4 52 1489 = 59 (xilose)
. /xylose ilose)
=] 3.94
3.36
D 1 1 1 1 1 T 1 1 1 1 1 1 1 T 1
1.00 2.00 3.00 4 00 5.00 600 T.00 &.00 9.00 10.00 11.00
15 02|03 Mix_grupo 2. R4 8Sm (Mn, 3x3) MRM of & Channels ES-
345 91 = 59.1 (Glicerol)
] glycerol 7 51e3
- ] /
o T T T T T T T T T T T T T T T T T T Time
1.00 2 00 3. 00 4 00 500 6. 00 700 &5 00 9 00 10.00 1100

Agroenergia



UHPLC-MS/MS USING IPC Emgpa
Agroenergia

@)
o IPC
lon Pair Chromatography
GeP FepP
. DHAP .
N[ Lonr vy S BEH-Amide (Waters)
4
o 8 metabolites

L-MAL

DHAP

G6P
PEP
- /GAP ,/ Mobile Phase:

200 sbo | 4bo | sbo | wbo | 7bo | 8bo | 800 | 10000 | 1100 1200 1300 1400 1500 1600 700 iso0 o006 (a) TBA 2mM + acetic acid
100 918 3mM, pH = 5-1

o (b) TBA 2mM + acetic acid
4mM, pH =4.8

. .‘/GAP DHAP / 1 (c) TBA 2mM + Ammonium
/ oo acetate 5 mM, pH = 6,2.

N A o

T T T T T T T T T T T T T T T 7 T T T T T T T T T T T T T T 1 Time
2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00
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UHPLC-MS/MS USING IPC

UHPLC-MS: F6P, G6P, R5P, DHAP, GAP, L-MAL, AKG, PEP, PYR - IPC

Agroenergia

ix grupo! S0Ugim 10 padross sem acido oxaloacetico FM: SmH TBA +10ml AA

19,0290 M grpo!_Spacioes R1 Sm (n, 53]

1R 010 Channels ES-

f - PEP
v
L ||
I
n e
B L L L L L L B L R el B L R I L R LR ) LA LA R RN L
200 4 600 Ll 100 20 H0 100 B A0 20 A0
19,0290 M grpo!_Spacioes R1 Sm (n, 3] RM of 10 Chamels ES-
£ 145> 568 (Acido afacetoghtarco)
1t F 153
AKG
A H z//
1 Jl
S L L B L L L L L R L R Rl R A R L) RN RN R N LAY RAREY AR RALRN L
200 i) 600 i 100 200 0 100 w0 A0 20 M0
19,0290 M grupod_Spacioes RA Sm (ln, ) R of 10 Channels ES-
N 1326 1148 (Acido malico)
1o ' L- 210
/\ .~ MAL
|
!
I
I o,
B L L L L L L B R L R Ll R R L) RN RERRE EER) ML LAY LR AR RALRE LA
20 i) &0 i 100 200 u0 100 w0 20 0 20 M0
19,0290 i grpo!_Spacioes R1 Sm (n, 33 R of 10 Channels ES-
i 88> 428 (Acido piwico)
1o / PYR n
H
r . W
mowm o oun g M alle o pd® o
R P b .
e T T LR SR R LA T EAUALRI RN T aal [l

B T

o oAn

Mix grupo! S0Ugim 10 padroes sem acido oxaloacetica FI: Sl TBA +10m AR
150210 Mix rupo! Spedroes RY Sm {Mn, 3c3)

1R of 10 Channels ES-

i G6P 2587068 (Glcose s
’\enaz
1\ ﬁbt
D L L B L L L R L L I R ) B L L R R LA L R R R LR AL LA
20 400 600 800 0 200 Mo 6K B0 A0 20 Al
19,0210 M grupo!_Spadoes R Sm{n, ) R of 10 Chemnels E5-
57 F6P 505 > 05 (Finse s
L / 134
1]
¢ [1\
|
il
B L L R L L R R B L I R ) R L L Rl R LAl LR R R RARLY LA AL L
200 400 600 800 o0 200 M0 600 B0 A0 20 AW
15,0210 Mixqrupot_Spadroes R Sm (n, 3¢3) R5P RI of 10 Chamels ES-
i 2265 %8 (Ribose-£-nsfa)
e I 393
[
I
!
B L L L L L L Ll L L R L R L L) R L AL LR LA RELR) KL RN
20 400 60 800 0 20 oo 60 B0 A0 20 4l
19.02.10 Mix grupod pedroes RY Sm (M, 3c3) R of 10 Cremnels E5-
m DHAP
00 [
‘\
' 7|
L AN I
R L R L L B R L L R B L I B L Rl R LR LR L) R RN R R
20 400 600 800 0 200 Mo 6K B0 A0 20 AW
19,0290 M grpo!_Spadroes R Sm{n, 3c) R of 0 Chamnels E3-
w  GAP 108> 8. (Seeraei-Histen)
e A i)
; 14 f
o
U”‘w"w”'\ 'w'”|'”'|”""\'T""\'_:'w'\ L AL L e s s paasa s pand -
200 400 600 800 000 200 00 600 M0 N0 RN AW




UHPLC-MS/MS USING AMINEX Emgpa
Agroenergia

AMINEX (BIORAD)

8 metabolites

(a) (b)

o

100 200 300 400 $00 600 700 800 W W0 1100 100 10 C 100 200 300 400 800 600 700 800 900 1000 1100 1200 1300 _

MP: Formic acid 0,1%. (a) 45° C (b) 65° C.
Peak 1: DHAP, G6P, F6P, PEP, GAP, R5P

Peak 2: AKG

Peak 3: L-MAL
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METABOLITES DETECTED BY UHPLC-MS/MS

A

sy

o oo

PG

Oxidative PPP

Xylose assimlation via isomerization

# Xylose b
- AL
-

. 1 Xyt r
'_L_/W Oxido-reductive xylose assimilation
aw .
——

Enpe

Agroenergia

HILIC
(5 METABOLITES)

B e

(9 METABOLITES)

B o




YEAST ANALYSIS BY UHPLC-MS/MS - IPC Emgpa

Agroenergia

MRM of Scheffersomyces stipitis MRM of Spathaspora passalidarum

Amosira_3AP_grupa 1 _14_08_26 5m (Mn, 213) L-MAL NRM of 8 Chamels ES- dmosta_245_ gnpa 14 03_36 5 (Mn_ 2] MAW o1 B C3annes E5-
§ b U ERTRIE

560 1228 > 115 AC. Walco) o 85 07 (Ghgonse-5- g
0 / 803 100 I G6 o
= 4
# A/
\ Ll K3
T I I 1 T i 1 T U 1 1 T T T T U T 1 T 1 T U T I T |
20 400 B0 800 1000 1200 400 1600 1800 A 200 2400 XN 200 I o
Amosir 4P qripo 1 14,08 265m Nn, 26 NRH 07 Chame K BH
- 546 166.9> 9.2 (Fox piruvato) g e k™
PEP 12863 e R ) / 600 1800 n o EN 0 mm
Amoeka 245 prpat 14 4 _6 5 263
4 in ;
159 , |
% |/ 2L A1
T T T T Isi1 T I T T T 1 T T T T T J - T T T ; T T T T T T T FGP
20 40 S0 800 000 1200 100 1600 1800 20 200 200 %0 200
Amesim_3AP_qrpo 1 _14.08_265m (Mn. 23 I H - /
2580 !
" E-?a F6P - : i
/ Y, ¥ u iR
# "539 1 L L YLV
F o 08 am b BN AN WD izl W0 W00 | RGO 200 @b b0 M m
Ui { ng R 3 L 2 o
I 5 .
e R L e T —— 166
200 400 600 B0 1000 1200 00 1600 1800 200 200 2400 %0 200
Amosira_3AP_grupo 1 _14.08_265m (M, 24 L-MAL
. 8%
G6P \ 1 /
F2
1 ‘Eas
I
[ Y
e e e e e T ¥ — T
200 400 600 B0 1000 1200 1400 1600 1800 200 200 400 %0 200 10 4B GM AW 000 fz0) | W0 fR00 {800 MM @00 MK ¥ Re0

Metabolites detected: a) malic acid (L-MAL); b) Metabolites detected: a) glucose-6-phosphate (G6P);

phospho(enol)pyruvate (PEP); c) frutose-6- b) frutose-6-phosphate (F6P); c) malic acid (L-MAL).
phosphate (F6P); d) glucose-6-phosphate (G6P).
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YEAST ANALYSIS BY UHPLC-MS/MS - HILIC Emgpa

Agroenergia

MRM of Scheffersomyces stipitis MRM of Spathaspora passalidarum

VIR of & Channely E5-

o XylltOl 161 354 0 (Vi
f » 106 / xylose

T I i i T a0 owe 1
5 ANGEDE &P 55§ A 3 1 Sman 5 v
xylulose W 1 N 30 i 5 Bl 0 1 i
/ 1 : i
103 i
m i | / xylitol
190 im I im im (01 m am {1 fam " i
: . Xylose O i s
| 4T 4al
-
. | 1w i o &l i 0 i
L a4 i o T a0 we o omwo 0w o 1%
15,016 APUSE3_§TIC_ 551431 S, 353 VR 5 e E5- | |
N 14§ #1231 [Ghcem) cero
I'| glycerol 7] P
|
I ’
|| i
" m i
1 m im m (301 (i1 am [l i i
— ™
1 m im m 600 m am 1] 00 1

Metabolites detected: a) xylitol; b) xylulose; c)

Metabolites detected: a) xylose; b) xylitol; c) glycerol.
xylose; d) glycerol.
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YEAST METABOLITES DETECTION BY UHPLC-MS/MS METHODS E’"wa

Agroenergia

v’ Scheffersomyces stipitis and Spathaspora passalidarum

Xylose asximiation

Oxido-reductive xylose assimilation
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CONCLUSIONS Eng:pa
Agroenergia

- Development of LC-MS/MS method — 14 METABOLITES
- There is no one method for all metabolites — 2 methods
- HILIC: glucose, xylitol, xylulose, xylose, glycerol

- IPC: F6P, G6P, R5P, DHAP, GAP, L-MAL, AKG, PEP, PYR

- Optimization of sample preparation steps
- Quenching

- Metabolites extraction

- Yeast samples analysis
- Scheffersomyces stipitis - 8 metabolites
- Spathaspora passalidarum - 6 metabolites

- Microaerobic condition — TCA cycle

>
b0
o
2
[aa]
(7]
£
(V)
)
(7]
>
(V5]
o
wv
S
S
o
(o]
Q0
(1]
i)
(V]
=
c
(o]
c
9
=
2
i =
x
Ll
©
c
(y°]
(V]
(8]
c
(J]
[l
(V]
(el
c
()
(®)
©
c
9
)
(1]
c
[
(V]
)
E
L
)
<




PERSPECTIVES Eni'gpa
Agroenergia

- Fermentation of yeasts using anaerobic condition

- Metabolomics method validation

- Metabolomics of other yeasts

- Transcriptomics Strain Selection and Evolution Omics and Flux Analysis

- Genomics

D ¢ | Characterization
- Flux Analysis -
Metaholic Evolution Transcriptomics Proteomics
- Targets identification ,, m

- Metabolic engineering

sy & L1 8&‘- € shans
@Am’w des

Gene M'In"érgets
(from Thrust 1)

Strain Selection and
Transformation
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- Powerful yeast strains to convert xylose to ethanol http://www.chirc.iastate.edu
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www.metabolomicsconference.com
www.conferenceseries.com

http://www.conferenceseries.com/clinical-
research-conferences.php
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