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Sandia National Laboratories
… four main mission areas

Recent Statistics
• 8,600 full-time employees

• 1,500 PhDs and 2,700 MS/MAs

• 2,200 on-site contractors

• $2.33 billion FY06 budget

• Nuclear Weapons

• Homeland Security and Defense

• Defense Systems and Assessments

• Energy, Resources, and Nonproliferation

… two major facilities sites… two major facilities sites
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Sandia Bioenergy-Related Activities
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Technical and Economic Modeling:
Science & Technology-based Insight for Investment and Policy Decision-Support

Algal Biomass & Biofuel
Production Systems,  
Process Engineering

& Other Sciences

Policy Analysis
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Interdependencies;
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Siting
-Land (cost, location,
tilt, geology, soil)
-Solar Insolation
-Temperatures
-Climate/Weather
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? ? ?

Systems Dynamics Applied to Complex and 
Dynamically Interdependent “MetaSystem”
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Demand & Price for Co-Products vs. their alternatives, etc. 
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Genomic information is key to understanding TAG 
formation 

• Aureococcus anophagefferens

• Chlamydomonas reinhardtii (complete)

• Cyanodishycon merolae

• Chlorella vulgaris

• Dunaliella salina

• Emiliania huxelyi (complete)

• Fragillariopsis cylindrus

• Micromonas pusillus

• Micromonas sp

• Monosiga brevicollis

• Ostreococcus tauri

• Ostreococcus lucimarinarus

• Phaeodactylum tricornutum (complete)

• Thalassiosira pseudonana (complete)

• Botryococcus braunii 

• Cyclotella cryptica

• Chlorella prothecoides

• Chlorella vulgaris

• Dunaliella bardawil

• Monallanthus salina

• Nannochloris sp.

• Nannochloropsis sp

• Navicuala sp

• Pleurochrysis carterae

• Phaeodactylum tricornutum

• Thalassiosira pseudonana

Biodiesel strains                      Genome projects 



Two model diatoms provide genetic systems and 
TAG metabolism

Thalassiosira pseudonana

Phaeodactylum tricornutum

Centric, Marine
31.3 Mbp
11390 gene models 
3000 additional transcripts
Biolistic transfection
North American model

Pennate, Euryhaline
Lightly silicified
High lipid strains
26.1 Mbp
10010 gene models 
Biolistic transfection
European model



Nutrient starvation induces Lipid 
production: the “Lipid Trigger”

Nitrate 
Phosphate
Silicate

Low temperature



The Genome: Key to the lipid trigger and controlling 
the flow of carbon
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Initial Target: 
UDPglucose:β-(1→3)-glucan-β-
glucosyltransferase (also known as 
chrysolaminarin  synthase),

Initial Target:
ATP citrate lyase
Acetyl coA carboxylase (ACCase)



Our Technical Approach
Integrates Several Disciplines

optimization of 
TAG production

Culture conditions

Expression 
Profiling: 

Proteomics & 
Transcriptomics

Metabolic flux
Analysis:

MS and NMR

Computational 
Analysis 

Pathway reconstruction

Genetic 
Engineering

Pathway pertubation

Iterative
Feedstock

Improvement

TAG  
Analysis

Chemical Composition



T. pseudonana - Nitrate Limited
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T. pseudonana - Silica Limited
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TAG accumulation is induced by 
nutrient starvation in model diatoms.

Yu et al 2009



Yu et al 2009

Characterization of wt TAG production 
by mass spectrometry
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TAG profile of nitrate-limited T. pseudonana 

DAY2

DAY3
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* TAG intensity ratios relative to internal TAG (51:3) standard
• time points taken from mid-log (032708) till 040408

Si starved T. pseudonana: 18% TAG

N starved T. pseudonana:  14% TAG

N starved P. tricornutum: 14% TAG

Yu et al 2009

TAG profile of nitrate starved T. pseudonana



We have developed a metabolic pathway model from 
genomic annotation. 



Digital Transcriptomics: cDNA sequencing and EST 
compilation

49.8 million reads total -- ~12.5 M reads per library

RNA transcript abundance variation as cells enter stationary phase and TAG 
synthesis

4 timepoints
Transcript abundance for 21,000+ genes  (median depth per base)
13390 gene models (including Mock et al 2008)
8000 additional EST clusters – many appear to be real genes

Merging of EST clustering results and gene models currently underway. 

Transcript abundance data will feed directly into computational models: 
Transcriptional regulation of specific pathways will be inferred 
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