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Lipid Analysis by NMR
spectroscopy and Mass
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Monitoring Biofuel
Conversion and Catalysis
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Microalgae are Photosynthetic Factories
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Methods and Barriers for Modulating and

Understanding Microalgae Lipid Metabolism

Lipid Analysis of P. tricornutum by LSCM Imaging

Day Normal Nitrogen Deficient

Nutrient limitation or “stress”

Heterotrophic growth conditions

Growth Analysis of P. tricornutum
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Chemical Genetic Approach to Modulate Algae

Lipid Production

Classical Genetics
Features of Chemical Genetics

1) Direct changes in real-time

2) Phenotype can be reversible

3) Concentration effects

4) Temporal effects

5) Synergistic compound effects

6) Combine for use with engineered strains

Phenotype
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Organic Molecules for Dynamic Information Flow
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Screening Approach

Phase I: microplate screening & Phase II: dose response screening
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Initial Screening Set

Primary target

<— Kinases/phosphorylases

<— Lipid metabolism

<— Lipid oxidation
[ | < Protein synthesis

<— Other
(e.g. phytohormones)
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Diverse Compound Screening Reveals

Small Molecule Modulators
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Diverse Compound Screening Reveals

g

Small Molecule Modulators SRARERERES

@ ’ . Compounds such as:
N. salina w N. oculata . .
% epigallocatechin gallate
PTP Inhibitor Il
CDK2 Inhibitor 2
MAP sb202190
quercetin
kinetin
cycloheximide

Lipid Increase

Legend

‘1, Growth Growth

Nannochloris sp.

Lipids Lipids

¢ Growth Growth

. AL R e ‘l,Lipids l,Lipids

55 50 45 40 3 30 25 20 15 -10 5 0 5 -45 -40 35 30 25 -20 -15 -10 5 0 5

Growth Increase Analysis performed with Spotfire




Chemical Triggers in 500 mL Cultures

Control 0.23 + 0.06 23.6 +9.0 47 +1.4
Quinacrine (40 nM) 0.25 + 0.02 26.5 + 3.9 45+1.0
EGCG (40 pM) 0.22 + 0.06 23.1 +10.6 6.3+22
DMSO (0.4%) 0.26 + 0.07 243+ 7.5 6.5+1.7
CcAMP (4 pM) 0.22 + 0.03 28.6 +10.7 79+34
EGCG (in water) (4 uM) 0.24 + 0.01 32.4 +0.1 71+1.2
BHA (4 nM) 0.23 + 0.00 28.8+11.4 8.1+0.6
Propyl gallate (40 nM) 0.23 + 0.00 259+11.4 83+1.7
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Cost Analysis for Lead Compounds ‘ Al

EGCG $1,200.00 4 mM 91.68 g $110,016.00
cAMP $107.00 4 mM 65.84 g $7,044.88
Forskolin $4,950.00 4 nM 0.0821 g $406.40
BHA $0.06 4 nM 0.036 g $0.002
Propyl gallate $0.09 40 nM 0.4244 g $0.04
DMSO $64.16/L 0.04% 20L $1,283.20

*crude source of chemical triggers?*

Franz, A. K.; Danielewicz, M. A.; Wong, D. M.; Anderson, L. A.; Boothe, J. R. ACS Chem. Biol. 2013, 8, 1053.
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What pathway are chemical triggers acting

through?

LS Pathways and targets:
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What metabolomics can tell us

What can happen

What appears to be
happening

Transcriptome B

What makes it happen | BUSIECIIER 1 < >

Proteins

!

What has happened and

is happening acids

Metabolome R [Sugars Nucleotides A Lipids ]

Metabolites - metabolic intermediates
- hormones and signaling molecules
- secondary metabolites (e.g. pigments)



Metabolomics Work Flow

. . - — Database curation and
Sample collection and preparation Data acquisition statistical analysis
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Pattern of regulated features was de’rec’red

according to nitrogen deficiency . ;\
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Lipidomics of P. fricornutum under nitrogen

deficiency displays distinct differences
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increase metabolites and lipids relating to antioxidant defense system,
membrane integrity, and osmoprotection, along with changes in TCA cycle
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Lipid Composition by '"H NMR Spectroscopy
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Hc—o)]\/\/\/\/A/\/\/\/c"I3 MUFA (C18:1)
(o]
H,C—O T T PUFA (C18:3)
Representative TAG
Olive Oil 15 85 6
Peanut Oil 14 86 2
N. salina 31 60 8
N. oculata 24 76 28
T. suecica 21 79 16
T. suecica (glycerol) 44 56 9
P. tricornutum 21 68 11

Anderson et al., unpublished
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Conclusions
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