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Summary

Purpose /Goals:

The goal of this project is to develop novel methodology for the creation of greatly enhanced multi-component 3-D models of proteins, protein complexes and other biological structures, for the purposes of visualization and interpretation of the structural-functional relationship.  The modeling methods will permit control of material, color, contrast, texture, and transparency/opacity of overlaid and embedded structures, as well as on-structure text annotation.  The resulting models will convey far more information to the end-user than current monochromatic, single-component structures or computer graphics displays.  In addition to Life Sciences applications, the technology will have applications for other complex 3-D modeling requirements for engineering prototyping, medical and surgical procedure development, etc.


Approach/Methods:

We shall use existing FDM and SLA machines as the hardware platform starting points.  We shall develop hardware capabilities for layer-by-layer inkjet printing of colors and curing reactants, and for differential over-curing of transparent materials to produce transparent solid shells around opaque, colored interior structures.  We shall develop methods for the simultaneous deposition of two-component rapid-curing engineering plastics to permit models to be constructed having a wide range of mechanical, thermal and optical properties.  We shall then develop the software tools required to add these build capabilities to the protein structure database files.  We shall develop additional software to permit the annotation of protein structure models with raised or printed text (e.g. residue numbering), and the highlighting of specified areas by means of surface texturing. 
Impact:
The results of this proposed work will (1) provide the LBNL Life Sciences community with greatly enhanced visualization of proteins and other biological entities, permitting greater insight into the relationship between structure, interaction and function, and facilitating new discoveries;  and (2) will position LBNL Engineering for ongoing developments of multi-component, multi-representational 3-D modeling for a wide range of applications with technology transfer licensing opportunities.  



Relationship to other Berkeley Lab projects sponsored by DOE or other agencies:

Consistent with general objectives of research in PBD and LSD

Will human subject data, cells, or tissues and/or animal be used on this project?  If yes, fill in the Human/Vertebrate Animal Use form.
Yes

No
X



On an attachment (3 pages, maximum), please provide a brief description of the project: 
Purpose / Goals; Approach / Methods; potential results or significance and, if multi-investigator or multi-divisional, proposed organization.

Goals

The scientific goals of the proposed work are to develop greatly improved physical models of protein structures and molecular complexes.  This will provide enhanced visualization and improved insights into the relationship between structure and function, and the interaction of molecular complexes with each other and with therapeutic drugs.  The information added by color, texture, annotation, and the incorporation of opaque elements within transparent shells will contribute greatly to the conceptualization of a protein’s function, its interactions with other proteins or drugs, or a cell’s interior structure.  These additional dimensions of information content will convey far more to the researcher than current methods permit.

The technical goals of the proposed work are to develop enhanced 3-D solid modeling methodologies allowing for layer-by-layer coloring, construction using a range of engineering plastics, and the construction of models with multiple visual layers including the combination of transparent and opaque materials.  In addition to its application to research in the area of the Life Sciences, such a capability would be of great practical value to industry. 
Programmatically, development of this technology would strongly complement LBNL’s leadership in the field of protein structure determination and image reconstruction, and could immediately be extended to the visualization of other entities such as large molecular complexes and sub-cellular structures.  These capabilities will also contribute to research progress in other Divisions of the Laboratory: the ability to construct user-ready multi-component models will find application in the planning and execution of projects in the physical, environmental, biological and engineering sciences areas.

Background

Solid modeling has been developed over the last few years primarily for applications in ‘Rapid Prototyping’.  There are several hardware platforms using differing technologies, but in almost all cases the models are produced in a single color of a single homogeneous material.  The models are built up layer by layer and may have complex shapes: however, they require hand-finishing for painting, annotation, etc., and can not combine materials of different properties.  The major RP technologies are FDM (Fused Deposition Modeling), in which a fine plastic thread is created by heating the feed material and deposited by an X-Y scanning head moving over the work table that retracts in the -Z direction one layer at a time; SLA (Stereo Lithographic Annealing) in which a UV laser performs a vector scan over the surface of a polymeric liquid, curing it into a solid on a work table that retracts in the -Z direction beneath the liquid; and other technologies that are based upon the sintering of powders or the droplet deposition of polymers.  The Engineering Division of LBNL currently owns RP machines using both FDM and SLA technologies.

These technologies are used primarily to produce shape-representing prototypes from CAD designs, to allow design engineers to make models of parts intended for final production.  These prototypes represent items that are already intimately familiar to the designers: there is therefore relatively little need for interpretive value to be added by subsequent coloration, annotation, etc., since the part’s fit and function are already known.

However, in the case of proteins or other biological entities, our knowledge of the geometric structure often precedes our understanding of its function.  Our ability to determine and understand the function is based upon many inputs, including that of visualization and recognition of certain topological features, physical and chemical properties of the molecular surfaces, and dynamic flexibility of proteins and protein complexes.  The greater the richness of representation, the more readily and completely we will be able to discover the function.  This is in diametrical distinction to the case of making an engineering prototype using a ‘3-D printer’.

In the field of molecular life sciences, our understanding of the structure-function relationship has been considerably advanced by the ability to visualize the interactions of structural elements of proteins, DNA, and RNA at three levels:  (1) at the secondary structural level of alpha helices, beta strands and sheets; (2) at the molecular level of individual proteins, DNA, and RNA;  and (3) at the molecular complex level where interaction complexes among the component molecules are probed.  Recent advances in molecular graphics proved to be very effective at the first two levels, but the most effective way we study molecular interactions in a complex is a combination of the actual physical model and visual cueing by the human brain.  Recent genomics studies show that over one third of all the proteins in cells are in a state of complexation with other proteins: thus the need for advanced physical models of proteins and protein complexes is paramount.

Approach 

We shall work in several parallel thrusts to develop modifications and additions to our existing in-house RP machines, in order to demonstrate the necessary performance.  We anticipate that the developments achieved by the end of this project will be sufficient to support follow-on proposals to funding agencies that will include a capital acquisitions element for procurement of additional machine(s) dedicated to these uses.   We shall concentrate on hardware development in Year 1, and software development with a Life Sciences orientation in Year 2.  We shall draw heavily upon existing LBNL expertise and capabilities in the key areas of instrumentation, precision fabrication, and control software, as well as the unique scientific resources of the Physical Biosciences Division.  


Year 1: Hardware Development

The first year of the LDRD work will develop the hardware capabilities to allow for the creation of heterogeneous transparent/opaque structures printed in color (based on the SLA machine), and the deposition of two-component rapid-curing materials on the FDM machine.  

Task 1: Investigate the adaptation of the X-Y mechanisms of commercial inkjet plotters to scan over the working surfaces in both machines, and print color patterns onto the build in progress.  Deposit coloration to the interior region of a transparent model, creating an opaque inner structure surrounded by a transparent outer shell.  Deposit coloration to the outer skin of an FDM model. 

Task 2:  Investigate the use of sub-microliter dispensing valves (e.g. ‘Lee’, as used by ED’s Bio-Instrumentation Group) to release colorant onto the deposition material stream of the FDM machine.

Task 3:  Adapt the writing head of the FDM machine to accept the feed and mixing of two materials through proportioning valves, namely other plastics and appropriate rapid curing agents.

Task 4: Involve Life Sciences researchers in periodic engineering meetings to steer the hardware developments in directions most valuable to their research needs: acquaint them with the hardware and software capabilities and issues so that they may articulate their current needs and visualize new possibilities.
Year 2: Software Development 
The second year of the LDRD work will build upon successful development of the hardware elements in Year 1.  This work will primarily consist of software development and integration to permit the adaptation of protein structure data files to the new modeling capabilities.   

Task 5: Develop code for automatic text annotation of protein backbones to represent residue number.

Task 6: Develop code for demarcation of areas of interest by means of surface patterning or texturing.

Task 7:  Develop standardizable software methods to construct transparent outer shells for the conventional depiction of space filling in ( helices’ cylinders and ( ribbons and sheets, using opaque/transparent modeling.

Task 8:  Develop code for color printing of single-component models, either as progressive color gradation from C- to N- termini, or for highlighting areas of interest or special activity.

Task 9:  Refine hardware to optimize model appearance, build speed, and coloration.
Products

The product of this work will be a capability for constructing 3-D models enhanced with color, texture, annotation, and the combination of opaque and transparent components.  When used to represent protein and cellular structures, the added dimensions of information will convey a wealth of detail and interpretation to the Life Sciences research community.  A substantial benefit will accrue to the Physical Biosciences effort to accelerate the discovery of links between structure and function, by enhanced visualization and depiction of topology.

The modeling capability will be equally applicable to representation of objects for research and planning purposes in other areas of Laboratory science, as well as of value to the commercial sector.  The ability to construct mixed-structure colorized models will be of immediate interest to the well-developed Rapid Prototyping industry, and is expected to lead to substantial opportunities for technology transfer and licensing.  Intellectual property, methods and hardware designs developed during the project will be submitted as records of invention for consideration by DOE for patenting and technology transfer.

References

[ S.-H. Kim: please supply scientific references that relate to protein model visualization ]

[ S. Dellinges: please provide book references on FDM, SLA and other RP modeling technologies; also RASMOL ]
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Figure 1.  

Experimental test construction of opaque protein alpha helix backbone structure inside transparent cylinder to represent electron density.  Built on SLA machine using 10-fold overcuring to darken inner structure.  Not optimal: contrast needs to be considerably improved.

[ S. Dellinges and Z. Radding: please provide striking figure showing ‘internal’ and ‘external’ structure ]

Figure 2.  

Conventional rendered representation of protein structure, with cylinders and ribbons indicating ( helices and ( sheets.
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Human and/or Vertebrate Animal Use - LDRDs
To maintain compliance with federal regulations on the use of vertebrate animals and human subjects, Berkeley Lab must be able to show that all usage (including the use of data, human cell lines or animal tissues) in LDRD projects is properly certified.  Note that as principal investigator you are responsible for accurately assessing and reporting your human or animal research approval needs.  You may contact the Human and Animal Regulatory Committee (HARC) office at x5507 for assistance in making this determination.  Please return the completed, signed form to your Division Office.

Title: Enhanced Multi-Component Solid Representation of Protein and Cellular Structures
B&R Code:

Human Subjects

A.
X
There is no human subject involvement in this project.

B.

There is human subject involvement in this project.



We will use protocols with current human subject approval.




CPHS Reference #




#



New human subject protocol(s) to be submitted for approval.



Protocol requirements are uncertain at this time.

Vertebrate Animals

A.
X
There is no animal use in this project

B.

There is animal use in this project.



We will use protocols with current AWRC approval.



AWRC #
Approval #



#
#



#
#



#
#



New animal use protocol(s) will be submitted for approval.



Use of animals not certain at this time.

If you responded “A” for both human subjects and animals, then no further action is required.

If you checked “B” in either category, your project must be certified prior to initiating the research.  Please contact the Human and Animal Regulatory Committees (HARC) office at ext. 5507 if you need assistance in determining what approvals are needed for certification.  Two (2) extra copies of the FTP/A must be enclosed which CFO/BRP will forward to the HARC office.

FTP/A I.D.#

Principal Investigator (name)
S. H. Dellinges
PI (Signature):

Date:


Lawrence Berkeley National Laboratory

NEPA/CEQA and EH&S Review 

Proposal #:

Type (e.g., WFO, CRADA, FTP, LDRD, DOE M&O, Gift):
LDRD

Project Title:
Enhanced Multi-Component Solid Representation of Protein Complexes and Cellular Structures



1.  Identify LBNL, UCB, DOE facility, and any other offsite locations where work will be performed:  LBNL Bldg. 77





Yes
No
Uncertain
If "yes" or "uncertain," please explain on separate page(s). 



X



2.
For LBNL locations: Does the project involve room or building modifications?







X



3.
Would the project disturb hazardous substances or contaminants that preexist in the environment, such that there would be a release not covered by agency permits?









4.
For work at non-DOE locations only: Would the project disturb any of the following environmentally sensitive resources?




Property (e.g., sites, buildings, structures, objects) of historic, archeological or architectural significance designated by Federal, state or local governments or property eligible for listing on the National Register of Historic places; 


Federally-listed threatened or endangered species or their habitat, Federally-proposed or candidate endangered species or their habitat; or state-listed endangered or threatened species or their habitat;


Wetlands regulated under the Clean Water Act and floodplains; 


Federally- and state-designated wilderness areas, national parks, national natural landmarks, wild and scenic rivers, state and Federal wildlife refuges, and marine sanctuaries;


Prime agricultural lands; 


Special sources of water, such as sole-source aquifers, wellhead protection areas, or other water sources vital to the region; 


Tundra, coral reefs, or rain forests.





X



5.
Would the project result in hazardous emissions, wastes, or effluents outside permit limits?






X



6.
Is new or additional safety documentation needed for the work?




ED

Steven H. Dellinges


Division

Principal Investigator
Date

To be completed prior to beginning work:

Proposed classification: 









LBNL NEPA/CEQA Program
Date

DOE NCO
Date

Submit original form w/copy of proposal to LBNL NEPA/CEQA Program 

