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Recommendations  
2018 Microgravity Molecular  
Crystal Growth (MMCG) Workshop 
 
Molecules 
of Interest 

What are the most viable and valuable targets the program should focus 
on? What targets are meaningful to the general scientific community? 

- The program should not focus on any one class of targets; however, a multicategory approach 
may be useful. Ideal targets for MMCG include molecules of interest that have high value such as 
monoclonal antibodies and therapeutic proteins for desirable pharmaceutical products. Although 
translational targets are important, focusing too heavily on these targets could limit other 
research. It should be up to the user community to decide which targets should be flown, and 
users would like the ability to fly any target they choose. 

- Tools or methods to predict viable targets for crystallization in microgravity would be helpful; 
however, this could limit the selection of targets deemed challenging or targets that may not 
appear to be viable but are, which could lead to missed opportunities. 

- For targets in which ground-based crystallization has provided an initial structure but additional 
or improved structural information is needed, MMCG continues to be a valuable method. Ideal 
targets are those with high biological value that have a low molecular weight and/or have 
diffraction properties below ~2.7 angstroms; improvements in such targets may lead to 
information that could inform drug design. 

- There remains overall agreement that targets that cannot be crystallized on the ground will most 
likely not crystallize in space and thus should not be selected for MMCG; however, the user 
community would like to see screening conditions that prove targets that cannot be crystallized 
on the ground cannot be crystallized in space. Targets that produce microcrystals on the ground 
may be worth flying for optimization, especially if the target is a molecule of interest that could be 
valuable. 

- In addition to large crystals, there continues to be a need for small uniform crystals both for X-ray 
free-electron laser (XFEL) analysis and drug formulation. For subcutaneous drug delivery, crystals 
cannot be crushed and ground; for this application, protein crystallization must produce small and 
uniform crystals from the start. 

- It is preferable to select targets for which the crystallization conditions are well known. 
Crystallizing a new target for which the crystallization conditions are not known requires long-
term development and should be avoided unless there is ample lead time before flight for 
characterization. 

- For structural determination of large complexes, cryo-electron microscopy (CryoEM), which does 
not require crystallization, is now the primary method of analysis. However, this does not 
diminish the role of MMCG, as structural determination will always require a combination of 
techniques, including X-ray diffraction and nuclear magnetic resonance (NMR), which require 
high-quality crystals. 

- There is interest in using microgravity to improve the crystallization of small molecules that 
cannot be crystallized in aqueous solutions and require solvents. However, there is a need for 
solvents that are considered safe for spaceflight. 
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Information 
Sharing 

How should information about the MMCG program be shared with 
potential or new users? How should results—both positive results and 
what does not work—as well as information about how these results 
inform the future of MMCG be shared? 

- Information on the advantages and successes of MMCG is necessary to obtain buy-in from 
potential users, especially commercial users. It would be helpful to identify a couple target 
molecules that could be improved through MMCG that, if successful, would have a significant 
impact on the field and could be used as a clear example demonstrating the value of MMCG. 

- It remains important to attend conferences and events to showcase MMCG capabilities and allow 
potential users to interact with the hardware to dispel any mystery surrounding crystallization 
research in space. There is value in having scientist-to-scientist conversations about MMCG, 
especially with scientists not familiar with space-based crystallization research.  

o Key conferences and events to attend include the American Crystallographic Association 
Annual Meeting, the Biotechnology Innovation Organization (BIO) International 
Convention, the Protein Society Annual Symposium, and the biennial Larson Workshop.  

- It is important for the ISS National Lab to continue to hold MMCG subject matter expert 
workshops to share information and gather input from the MMCG community. 

- For successful information sharing, the following are needed: 1) a collection of lessons learned 
informing translation of Earth-based crystallization to space-based crystallization; 2) a database of 
past MMCG experiments listing general information about the types of targets used, the 
conditions, outcomes, and how the results compare to ground-based crystallization; 3) a single 
repository where all MMCG data is published; and 4) information about the types of hardware 
that have been found to be effective for MMCG and hardware that has not been effective. 

- Current methods of communicating hardware options to users are inefficient, and it is difficult for 
users to know what hardware is available, how the hardware has been used, and what types of 
hardware could meet their specific needs. A complete list of available hardware and the 
parameters for each is needed to aid users in the selection of hardware systems and 
Implementation Partners. Additionally, it would be helpful to have an accompanying tool through 
which new users could input their requirements and view a list of hardware that meets their 
specific needs. 

- An online MMCG user portal would be valuable. Such a portal could both provide answers to 
frequently asked questions and allow users to pose questions to the MMCG community. 
Additionally, Implementation Partners could post information about new hardware and 
capabilities to keep the MMCG community up to date and answer hardware questions from 
potential users. 

- It would be helpful for potential or new users to have access to a list of precipitants that have 
passed NASA’s safety and toxicology assessment. Providing a list of precipitants with the U.S. 
Food and Drug Administration (FDA) GRAS (Generally Recognized As Safe) designation would be 
useful. 

- Identification of key researcher lists or online communities to advertise MMCG requests for 
proposals would be helpful in communicating research opportunities and identifying researchers 
who might be interested in submitting a proposal. 
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Capabilities What hardware and capabilities are needed to further enable or improve 
MMCG? What specific technology from ground-based labs could be 
incorporated on the ISS? 

- Providing MMCG as a service, where users input information to receive a flight rather than apply 
through a research proposal and review process, may be preferable to the user community. Such 
a service-oriented approach would be similar to how users apply for beam time. 

- Although many MMCG hardware options exist, the hardware seems to continually be under 
development, and a set of proven hardware systems is lacking. Additional information 
demonstrating the capabilities of MMCG hardware is needed. 

- A system for adapting ground-based hardware for flight and the ability to readily transfer 
standard ground-based crystallization methods to flight hardware would be valuable. Liquid-liquid 
diffusion is not often used on the ground due to convective mixing; however, it works well in 
microgravity and may be preferable for MMCG. A pathway for users to easily make the transition 
from vapor diffusion or other methods commonly used on the ground to liquid-liquid diffusion for 
MMCG would be helpful. 

- Users would like to be able to test flight hardware in their labs on the ground before using the 
hardware for spaceflight experiments. 

- The following capabilities are desirable: 
o Hardware options to accommodate larger batch sizes; 4-microliter drops are not always 

sufficient for MMCG 
o High-throughput options 
o Hardware that allows for temperature control during the crystallization process (e.g., 

starting cold and then warming) to accommodate temperature-dependent effects 
o The ability to have different temperatures across wells in the same plate 
o Additional cold stowage capabilities 
o A system to design special-use devices 

- Although real-time PCG using ISS crew members may be useful in certain instances, there is 
concern about differing levels of astronaut capability and variables that could be introduced in 
the absence of automation. 

- From an academic standpoint, a realistic amount that users might be willing to pay to offset 
Implementation Partner costs is around $10K; however, that price point is not feasible for most 
Implementation Partners. Facilitating better access to the crystallization community could help 
Implementation Partners identify more customers to help drive down the price per customer. 
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Imaging and 
Analysis 

What tools would provide meaningful information about samples while 
they are in orbit? What tools are needed on the ground after sample 
return to allow investigators to obtain the most information from their 
samples? 

- Routine launch schedules have helped establish the MMCG program as a reliable method to 
obtain crystals; however, what is now needed is an improved and well-defined process for sample 
recovery and analysis. An established process would eliminate the need for users to determine on 
their own how to retrieve samples and transport them to analysis sites. To make sample return 
more efficient, a system could be put in place to send samples directly from the return site to the 
analysis site. 

- A streamlined process for obtaining beam time (similar to the process established with Oak Ridge 
National Laboratory) could be set up at other beam sites such as Argonne National Laboratory. 

- In-situ imaging of samples while in orbit is now considered an important capability that provides 
critical information. Such a capability would enable users to make changes in orbit if necessary or 
improve their methods in follow-on experiments, bringing MMCG more in line with how users 
conduct research on the ground. It is also important for users to have an indication of crystal 
quality before the samples are returned to the ground to confirm in-orbit crystallization and to 
determine if the crystals degraded during the return process. There is a need to understand 
whether the priority is to enable phase diagram observations or to enable observation of all 
crystals. Additionally, it is important to identify trade-offs associated with in-situ imaging of 
samples in orbit. 

- While not scientifically necessary, in-orbit microscopy continues to be useful for MMCG, 
particularly for basic research. Although some imaging capabilities currently exist on the ISS, there 
is a buildup of users waiting to utilize them, and additional imaging capabilities would be helpful. 
Furthermore, the Light Microscopy Module (LMM) currently onboard the ISS is scheduled to go 
offline in the near future. It would be valuable to bring down the LMM for refurbishment and 
upgrades and then send it back to the ISS to continue to provide important capabilities to its 
many users. 

 

 


