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Materials- an important aspect 
of civilizations 
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Biominerals as inspiration 
Diatom Silica: Hierarchical Porosity
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Pontosphaera discopora

http://www.mikrotax.org/Nannotax3/index.php?taxon=Coccolithophores&module=Coccolithophores

Coccolithophores
CaCO3, calcite
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Emiliania huxleyi Discosphaera tubifera
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Bio-derived Inorganic Material via Synthetic 
Biology 

https://doi.org/10.1073/pnas.1804543115 
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Why Genome Engineering for Inorganic/Hybrid 

Materials? 

 Augment current genome/metabolic design capabilities 
• expand number and diversity platform pathways and/or organisms 

 Expand genomic engineering to inorganic materials 
• design and/or modify new genome-based mechanisms of inorganic synthesis 

 Explore the genomic design space for organic/inorganic materials 

synthesis 
• couple organic/inorganic synthesis designs 

• explore new genome-controlled materials design 

 Explore the broader potential of natural synthesis processes 
• mining of metagenomic data for new synthesis capabilities 
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Genome Engineering for 
Material Synthesis 
Workshop 

October 9-11, 2018 
Rockville, MD 
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Workshop Attendees GEMS Workshop Attendees 
 

 

Caroline Ajo-Franklin LBNL                                             co-chair 

Michael Jewett Northwestern U.                             co-chair 

Huimin Zhao U. Illinois, Urbana-Champaign      co-chair 

Brian Fox U. Wisconsin, Madison                  co-chair   
  

Derk Joester Northwestern U. 

Arash Komeili UC Berkeley 

Claudia Schmidt-Dannert U. of Minnesota 

Philippe Noirot ANL 
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Arpita Bose Washington U 

Lance Stewart  U. of Washington 

Kevin Morey  Colorado State U. 
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 Multi-disciplinary beautiful minds 

Biology/Synbio Expertise

Biomaterial	Expertise

Plant	Expertise Enabling	Technologies	&	Computation	Expertise
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Workshop 

Agenda 
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Workshop Agenda 

Cont’d 
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Breakout 
Sessions 

& 
Report out 
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Workshop Charge Summary 

 What kinds of inorganic or inorganic-organic hybrid 

materials can be made now? 

 What other materials could you envision synthesizing 

biologically? 

 Why would you want to do this? What for? 

 How would you do it? What would you need to do it? 

BERAC October 2018 Department of Energy  •  Office of Science  •  Biological and Environmental Research 



     BERAC October 2018 Department of Energy  •  Office of Science  •  Biological and Environmental Research 

work supported
80% by DOE-BES-Geosciences

20% by NSF-DMR-BMAT

Biomineralization of nacre and sea urchin spicules

Pupa Gilbert
Departments of Physics (100%), 

Chemistry (0%), 
Materials Science (0%), 

Geoscience (0%) 
UW-Madison



     

Nils Kröger

Synthetic Biology 
with Protist Biominerals:

The Diatom Paradigm
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Genome Engineering for Materials Synthesis Workshop

Towards genetically programmable biocomposites

with controllable 

architectures, mechanical properties and bio-functionalities

Claudia Schmidt-Dannert
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The	Making	of	a	Magnetic	Microbe

Arash	Komeili
Department	of	Plant	and	Microbial	Biology

University	of	California,	Berkeley
@micromagnets

www.komeililab.org



     

U.S. Department of Energy’s 2018 

Genome Engineering for Material Synthesis 

(GEMS) workshop

Filipe Natalio

Department of Plant and Environmental Sciences 

Kimmel Center for Archaeological Sciences

Weizmann Institute of Science

biomineralization and  biological fabrication
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Workshop Agenda 

Cont’d Draft Report Outline 

Executive Summary 

Introduction 

Background: Types of Genetically-

Encoded Materials 

Basic Science Opportunities for 

Genetically-Encoded Materials: What are 

current knowledge gaps? 

Basic Science Opportunities for GEMS: 

What are the technology gaps? 

Scientific Opportunities: What materials 

should we make and why? 

Summary 
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Stay tuned… 

Report expected in December 

Thank you! 

Office 
of Science 

Office of Biological 
and Environmental Research 


