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Agenda for C. elegans workshop – June 23 & 24, 2003

June 23

10:00 am - Coffee and registration

10:30 am - Welcome & explanation of the goals of the workshop (C. Wade)

10:45 am – Constraints of Life Sciences experimentation in space and NASA's Fundamental Space Biology roadmap (G. Jahns)

11:30 am - Data from STS 107 & other pilot studies conducted for NASA (C. Conley/N. Szewczyk)

12:30- 12:35 pm Meeting logistics (D. Jennings)

12:35 to 1:35 pm – Lunch

1:35 pm  - Retrieval of the hardware after Columbia accident (B. McLamb)

2:00 pm - Description of potential flight opportunities available in the near-term


2:00 to 2:35 pm - Progress and STS 115 (B.Girten)


2:35 to 2:55 pm - Incubator (M.Kirven-Brooks)


2:55 to 3:10 pm - Free Flyer (B.Yost)

3:10 - 3:25 pm - Break

3:25 – 4:30 pm – Discussion of how to generate the greatest science yield from the available flight opportunities

June 24

8:30 – 10:30 am - Working group discussion continued & formulation of a report

10:30 – 10:45 am – Break

10:45 – 12:15 pm – Discussion of key questions for C. elegans studies (i.e. beyond the constraints of current automated launch opportunities)

12:15 – 1:15 pm – Lunch

1:15pm – 2:30 pm - Working group wraps-up discussion and completes report

2:30 - 3:30 pm - Presentation of working-group report

3:30pm - 4:00pm - Collect/collate report
Goals of the Workshop

C. Wade opened the workshop by identifying the following goals:

· Describe the potential near-term opportunities to conduct pilot studies using C. elegans in space in order to collect baseline data, to facilitate future flight experiments with worms 

· Describe planned pre-flight, in-flight and post-flight equipment and timeline constraints, as well as available facilities

· Provide a venue to review and comment on the current approach for these studies and provide suggestions that will generate the greatest science yield from these flight opportunities
Introduction

The first two goals described above were accomplished by the nine talks given at the beginning of the workshop. The meeting agenda, as well as the slides presented by the participants on the first day of the workshop, are included as appendices at the end of this report. The 3rd goal, to elicit suggestions from the scientific community to maximize the science yield from available flight opportunities, was accomplished in the latter half of the workshop and will be described in detail in this report. 

This workshop served additional essential functions. Firstly, it underscored the international collaborative nature of this endeavor and included scientists and space agency representatives from Europe, Japan, Canada and the U.S.  Secondly, it served to crystallize ideas for the design of an announcement that will solicit peer-reviewed research proposals from the international C. elegans scientific community for all available future flight opportunities. This announcement will be released in Fall/Winter 2003. Thirdly, it was at this workshop, that the plan for NASA to present its flight opportunities to the international scientific community at the 14th Biennial International C. elegans Conference (University of California, Los Angeles, CA, June 29 – July 3, 2003), was originated. 

The workshop was sponsored by the Center for Advanced Studies in the Space Life Sciences (CASSLS) at Marine Biological Laboratory, Woods Hole, Massachusetts and NASA's Office of Biological and Physical Research.

1) Discussion of current plans for near-term C. elegans space flight experiments (ideas for maximizing science yield given experiment and hardware constraints)

As described in B. Girten’s presentation entitled “C. elegans Model Specimens in Space (CEMSS) Small Payload Early Flight Opportunities (see Appendix), four potential CEMSS flight opportunities were discussed. The workshop discussion began with these four flights. This was followed by a discussion of the Incubator hardware by M. Kirven-Brooks, also in the context of C. elegans experimentation, and then B. Yost’s presentation of a NASA study that is looking at Free Flyer platforms for biophysical research in space.

· CEMSS-1 

It was reiterated that there are no on-board fixation capabilities for CEMSS-1 (targeted for 13P, a Progress spacecraft flight to the ISS). The ADSEP cassettes will be used for this flight as described by Girten (see Appendix). In light of this, there was discussion of ways in which to maximize science returns from recovered samples from this flight. 

S. Kim was a strong advocate for formaldehyde fixation, which would facilitate multiple post-flight assays. Antibody stainable fixed worms would be a real “draw” and the availability of even 200 worms would allow staining for a number of relevant markers and visualization of morphology. This would be a good way to share specimens, and post-flight samples could be distributed within the research community, each laboratory staining for their “favorite” markers using their established laboratory protocols.

It was generally discussed that freezing is also an important step for recovered samples. Chemical fixation (formaldehyde or trizol fix/freeze) requires rapid freezing (within minutes). Cryopreservation (using glycerol, DMSO etc), on the other hand, needs to happen slowly over a time scale of hours. This latter method would be used for saving samples for analyzing clonal populations etc.

Clonal population analysis post-flight would be of interest to the science community. The workshop participants suggested making large dilutions of the worms during passaging, in other words, introducing the minimum number of worms from the previous culture bag to the new one to stimulate worm growth, and enhance the opportunities for mutations. Transferring on the order of 100 worms into a fresh culture bag might be sufficient. However, J.Tillman mentioned that hardware limitations may not allow a transfer of so few worms.  100 worms would require (l transfer volumes.  0.5 to 1.0 ml transfer volumes are likely more realistic. After flight, a small fraction of the recovered samples (~100 worms), can be split up and cloned out to look for mutational changes. Microarrays could be used post-flight on subgroups of these clonal populations (e.g. 10 clones) to probe for genetic changes. 

An interesting alternative raised by S.Kim was to start the flight experiment with a mixture of 10 different marked strains, instead of a genetically homogeneous wild-type population, and include strains that do not affect fitness. One possibility would be that all 10 strains return after 6-8 months of flight without a selection effect. The other possibility is that there are strong selection pressures related to space flight and only one or a few strains might  return from flight. Thus these studies would begin to indicate the selection pressures on worms in space flight environments. Goodman suggested that the choice of strains would be critical and perhaps using heat-resistant or radiation-resistant lines might be of value. This particular idea with the mixed starting population, pertains to interesting questions that can be raised with worms in space in general, and does not relate only to CEMSS-1. 

The usefulness of post-flight samples for microarrays to probe for RNA changes were questioned: (a) there would be a significant lag time, possibly 4 hours or more, for recovery of samples due to the lack of on-board fixation capabilities, (b) during descent there would be impact of vibration and G-load, (c) worms would be in a mixed larval stage culture (a mixed stage culture might be more robust and able to withstand the temperature changes that might otherwise render worms sterile). All of these factors suggested that microarrays may not be the highest priority for CEMSS-1 and should be balanced by other objectives as described below. One important element was to try and minimize the recovery time as much as possible. According to Kim, a dense culture should contain approximately 10,000 worms/ml, and 1 ml should be sufficient for RNA for microarrays. 15-20 mls of worms will be recovered from the last bag for CEMMS-1. Therefore, there was a general consensus that since there were enough worms available, diversifying the recovered samples between several different post-flight assays as discussed above, will provide the greatest science yield. This recommendation is summarized as follows.
Returned samples


 (1) Freeze few mls for microarrays (1ml X 3 replicates)

(2) Use few microliters for clonal analysis (100 worms sufficient)

(3) Formaldehyde fix for morphology/antibody staining (~100 (l)

(4) Use last 2 bags (bags 4 & 5) for analyzing sheath lengths and to provide indication of general health and population numbers 
· CEMSS-2A

This is a short duration sortie flight of 11 days. It was generally agreed that using a staged culture would be beneficial here. Dauer cultures could be released in-flight to progress through the cell cycle.

The SHOT ADSEP hardware allows for use of fixatives in flight. It was suggested that the use of two different fixatives would be beneficial. One fixative would be for RNA analyses/microarrays (such as trizol or RNAlater) and one would be for morphology studies/antibody staining (such as formaldehyde). It was mentioned by Conley that there were some hardware incompatibility issues between trizol and the sealant used for the cassettes. It was suggested by the group that RNAlater can be mixed with BME ((-mercaptoethanol) to make a “home-made” solution that could improve fixation for RNA and also circumvent the hardware issues. This option would require testing to determine 1) feasibility in the hardware and 2) to determine how well it works to return intact RNA samples. Formaldehyde has been used in the cassettes previously and therefore should not pose any compatibility issues in the hardware. However, formaldehyde alone does not penetrate the worm cuticle very well.  BME would also need to be added to enhance the fixation on orbit. This fixative alternative would have to be tested for feasibility in the hardware, but is used in some laboratories so it should adequately preserve the samples. Note that placing samples in RNALater or formaldehyde alone (without BME) and adding a subsequent quick freeze/thaw step would likely be best for samples preservation. However, the freeze/thaw capabilities are likely not feasible on this flight (STS-115).

The hardware provides 12 bags in multiple possible configurations. There could be 4 replicates of a 3-bag configuration or perhaps 6 replicates of a 2-bag configuration. Therefore there is the possibility of providing 3 bags with RNAlater  for RNA studies, and 3 bags with formaldehyde for histology. These details remain to be worked out to maximize science yield. 

Post-flight, specimens can also be collected from the residual worms in the non-fixative bags and processed for clonal analyses of mutations and sheath lengths, as discussed for CEMSS-1. 

A.Rose suggested the use of a mixture of GFP (Green Fluorescent Protein) marked worm lines, with different colored tags such as EFP, YFP, CFP etc. and use different nuclear and cytoplasmic markers. Samples can be fixed on-board and both the fixed and unfixed fractions can be distributed on return for microscopic analyses. This will allow detailed visualization of cellular and tissue-level changes as a result of the space environment. 

In summary for CEMSS-2A, the recommendation was to use staged cultures, fix samples in flight both for RNA and morphology, use recovered specimens for clonal analyses and sheath lengths, and possibly include tagged lines such as GFP marked lines to follow detailed development. 

· CEMSS-2B

This will be a longer duration mission and will remain for 3-6 months on the ISS. Similar science can be done as described for CEMSS2A, but mixed stage populations can be used for 2B. This will also provide a good opportunity both for RNA analyses for microarrays, as well as fixation for antibody staining, since there will be the capability of in-flight fixation. M. Goodman questioned the stability of fixatives over a 6-month period. However, M.Viso felt that formaldehyde would remain stable for a 4 month period. Polymerization and other stability issues for the fixatives will need to be assessed carefully on the ground prior to this mission. 

The importance of monitoring and maintaining viable temperatures during the mission was stressed throughout the discussion sessions. The standard temperature used for C. elegans experiments in laboratories is 20°C, with a range from 16 to 25°C.  The cabin temperature can be quite variable and could affect the experiments adversely. Temperature changes could result in alterations in lifespan, development and brood size. It is therefore critical to monitor and control the experimental temperature as closely as possible. In this context, M.Viso suggested cooperation between the ISLSWG members in terms of sharing resources. There are 2 French and 2 Belgian (Aquarius) incubators available on Station that can provide 20°C and could provide a conditioned thermal environment for the experiment in CEMSS-2B. However, neither incubator has been flight tested for a 6 month duration, therefore this is not a guaranteed option but one that may be worth exploring.

In summary for CEMSS-2b, it was felt that mixed cultures could be used, some of the same science plans could be used as discussed for previous flights, however stability of the fixative over long durations as well as temperature control would have to be assessed prior to flight.

· CEMSS-3

The Biological Research in Canister (BRIC) hardware will be used for this experiment. This will consist of two BRIC-60s and two BRIC-LEDs as described by W. McLamb at the workshop. There is capability for fixing individual plates within the hardware, via the PDFU (Petri Dish Fixation Unit). There will be capabilities for lights and video imaging. Round OptiCell chambers can be used with liquid media or petri dishes with solid axenic media can be used. The use of axenic, CeMM media had been presented on the previous day, by C. Conley and N. Szewczyk, as being the better option for flight since the standard laboratory media, NGM, with live bacteria, appears to be unsuitable for long duration flight. Growth rates and development of the organism are different in CeMM versus NGM, and studies done in Conley’s laboratory to measure these parameters were presented to the community. The competing growth of bacteria and worms in the NGM, with the uncertain selection pressures to both cultures afforded by the space environment, as well as the inability to replenish nutrients frequently during a mission, may make the axenic media, CeMM, more suitable for the purposes of space flight. CeMM is a defined media prepared commercially, and the researchers attending this workshop accepted that given the constraints, this might be the media of choice for space flight instead of the standard laboratory NGM media. Results from early flight experiments will also help determine and define the optimal media for flight. 

A concern was that the BRICs cannot be opened for passaging the worm cultures, and yet being a long duration flight, passaging would be required for maintaining the cultures. Therefore some automated method of passaging or some sterile technique (mediated by a septum), would need to be provided for the BRICs so that the crew could activate it in flight. 

This is the first of the early worm flights where there is the possibility of using a video camera. Throughout the workshop, the importance of obtaining high-resolution video in flight, was agreed upon unanimously. There was consensus that video images would also be a useful way of sharing data within the worm community, with different groups analyzing different aspects of behavior etc. It was felt that while the resolution presented by Higashitani was sufficient, Kovac’s video images did not present high enough resolution for detailed analyses. It was mentioned that even two hours of high-resolution video data from plate cultures could yield a wealth of information to scientists, and of special importance since this flight would provide the first opportunity to observe worm behavior in space. Having video data for 12 hours could cover a large fraction of early development in space.

There was much discussion of the resolution required for optimal visualization of worms in space. So Kim discussed that on Earth worm researchers use 2 kinds of microscopes (a) dissecting microscope that gives a magnification of  50X could give a lot of information about behavior and one can look at the vast majority of mutant phenotypes and (b) higher resolution imaging at 400X, equivalent to the 40X lens of a Zeiss microscope, would allow detailed visualization of individual cells. Details of the optimum video camera resolution would have to be worked out prior to flight. Some additional issues to be considered in this regard include the fact that the worms move and therefore need to be tracked, or else unc (uncoordinated) mutants or eggs can be observed to prevent the specimen from moving out of the field of view. A camera with 3-5 (/pixel resolution would perhaps capture one egg per pixel and can image egg laying but not cell lineages. There was discussion of available camera options and Conley mentioned one that might give adequate resolution and cover most of an Opticell container in its field of view. Higher resolution video images at 200 nm/pixel resolution or higher is a target for the future, perhaps CEMSS-4.

Some of the behaviors to monitor by video imaging would include:

Growth rate

Egg laying

Brood size

Excretion

Cell lineages

Behavior – add a buzzer to look at tap response

Lifespan – looking at adults using sterile line
A desire to have UV fluorescence capability for visualizing the worms was expressed as well. It would be of interest to use GFP or other fluorescent markers to watch nuclei during development, or link GFP with other markers to study the developmental process.

In summary for CEMSS 3, it was decided that there would have to be passaging capability and that video was essential.  (Note:  It was discussed that high resolution video and UV fluorescence capability would be valuable, however it was mentioned that CEMSS-3 may allow only low-resolution video.  High-resolution video and UV fluorescence capability should be a target for future flights.)

· Incubator/CEMSS-4 or CEREIS

Kirven-Brooks mentioned that specimens will be subcultured/passaged manually in liquid media in OptiCell chambers. There will be capabilities to freeze specimens on Space Station. The plan is to freeze 1/3 of the sample each month at –20°C. -80°C capabilities (in the MELFI) may also be available for this flight. In addition to frozen specimens, live animals will also be returned post-flight and microarray data can be obtained from in-flight and post-flight specimens. Chemical preservation of the remaining portion of the sample is proposed. Other science data can be obtained from returned live and frozen samples as discussed previously. Video imaging will also be available and the same issues that were discussed with regards to resolution, behaviors of interest, etc. and described in the previous section, will apply to this flight. There was also mention of the fact that most likely either a lap-top glove box or the Life Sciences Glovebox should be available for crew operations for use with the Incubator hardware. 

F. Free Flyers

Owing to time constraints, there were no extensive discussions of Free Flyers specifically, but all of the previous discussions, relating to the science needs, will apply to this platform as well. 

2) How does the community feel the data/specimens could be shared?  

As discussed in earlier sections, some common threads appeared as to the kind of data the research community would like to share:

· Video images

· Formaldehyde-fixed specimens – aliquots to share

· Live clonal populations---aliquots to share

· GFP mixed populations – aliquots to share

3) What are important topics for future research opportunities?
The following topics were suggested by the group:

· Apoptosis

· Behavioral/cellular activity

· Immune response

· Effects of radiation 

· Spaceflight as a model for aging (Rose suggested looking at timing of molts, GFP lines with relevance to lifespan so is there an age-dependent GFP, e.g. SOD-3?)

· Organ function during spaceflight (neurons, muscles, gut, gonads)

· Genetic studies using mutants of interest

· RNAi experiments (tech development)

· Space-regulated genes

· Chemical engineering/flow studies

· Genome stability and repair

· Are there specific strains that might be particularly interesting in space?  Touch insensitive and radiation sensitive etc.

4) How can NASA stimulate interest within the academic research community?
Discussions focused on communicating and interacting with the worm research community. These discussion led to the proposal by S. Kim, for NASA to present their research options to the larger science community at the 14th Biennial International C. elegans Conference (University of California, Los Angeles, CA, June 29 – July 3, 2003). S. Kim, as the organizer of the meeting, arranged for NASA to present a workshop session on the evening of June 30 (see Appendix for more details).

5) Enabling technologies 

Some technologies were discussed as being useful for increasing science yield from flight data and should be considered for future efforts:

· Electron microscopy (EM) was mentioned both as an in-flight technology and as an option for post-flight examination. Fixation requirements for EM are much more stringent than previous fixatives discussed here, and should be explored for space life sciences. 
· Camera system— similar to one proposed by Higashitani, which might be well suited for the LSG, as a replacement for the previously planned microscopes
· High-resolution microscopy

· Ability to initiate and manipulate cultures

· Ability to maintain an active culture on-orbit and send samples down periodically

· Provide an on-board radiation source

Conclusion

This two-day workshop resulted in invaluable feed-back from both the research community as well as the international space science community. The inputs received will guide the design of the announcement to solicit peer-reviewed research proposals pertaining to future C. elegans flight opportunities. It was an excellent forum in which to begin to engage the academic research community in space flight life sciences. 
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Minutes

Evaluation of Plans for C.elegans Studies in Microgravity - Discussion Session

June 24, 2003 NASA Ames Visitor Center

Compiled by Diana Jennings djennings@mbl.edu

Wade reviews: MEETING GOALS

· Opportunities have been identified to conduct  pilot studies using C. elegans in space in order to collect baseline data upon which future flight experiments can be based. 

· We have examined planned pre-flight, in-flight and post-flight equipment and timeline constraints as well as available facilities.

· We need to review and comment on the current approach for these studies and provide suggestions that will generate the greatest science yield from them

LISKOWSKY: This meeting will inform NRA to be released in the fall.

Also, following up on Michels' commentary; we want both space biologists using C elegans and C elegans researchers using space as an environment

WADE adds:  -- not just space, but gravity as a force, e.g. both micro- and hyper-gravity.

General discussion of increment 10  solicitation this  summer. CEMMS 3 will be the focus of the solicitation, but there are also earlier opportunities as described by Girten.

STUART: not interested in devoting years as a NASA-funded  PI. Comments on teams and Biospecimen sharing program.  

JAHNS, others provide further explanation of how BSP works

LISKOWKSY indicates that solicitation may also include a BSP component, and again this workshop group can help to shape that component in the NRA. 

NELSON:  citing experience with use of large shared facilities like linear accelerator. He suggests that there needs to be a ground testing program -- an engineering mentoring component. What's the best temperature to use? Do the sensitivity assay in spaceflight. E.g., How do worms adapt to the early flight conditions?  What is the sensitivity of the experiment to delays?

What are sensitivities of the organisms under REAL OPERATING CONDITIONS? This is where the engineering/science cultures can come together. Get the equipment out to scientists (such as the SHOT bags) and get PIs to use the equipment and do their sensitivity assays ahead of time, not as mop up as operating conditions change.

LISKOWSKY: For the time being we will offer specific flight opportunities,  based on the constraints… what can we do up front to meet appropriate baseline conditions. 

A) Discussion of current plans for near-term C.elegans space flight experiments  (ideas for maximizing useful results given experiment and hardware constraints)

DISCUSSION OF fixing and freezing (general)

CEMMSS 1- no RNA, no fixation

CEMMSS 2: Fixing available, KIM et al advocate for formaldehyde fixing, which would facilitate multiple post-flight assays.  Antibody-stainable fixed worms would be a real draw (Stuart) and availability of even 200 worms would allow for “staining everything.”

For RNA studies you'd need 1 ml of packed worms say 10000.

SHOT FPC containers will have ??? (need capacity numbers from cassie)

How fast do you have to freeze??

· For formaldehyde  freeze/fix-- freeze fast for fixation, over minutes, 

· For later use (to keep them alive, using DMSO, glycerol) freeze slowly, over hours. 

CEMSS1 on 13p, constraints as defined in GIRTEN presentation, including that the experimental cassette cannot be opened.





No capability for behavioral assay and other data, Movement, feeding, video data can be widely disseminated. Do the worms live? Do they grow slower in space? Can select for faster developing worms, work with those and give them to "the evolution guys"

· Development time

· Growth rates

· Brood size (pre and post flight?)

Mixed stage worms will be used on CEMSS 1. More robust… to adjust for temperature changes which can render worms sterile

Use less volume (KIM) to stimulate worm growth… and enhance the opportunities for mutation… worms will be up there for 8 months and everyone will want to see what has been selected for in space. Kim wants the biggest dilution you can get away with. 

Kim wants the biggest burst on transfer. 1 ml has 10K worms. He just wants 100 worms. What is the ideal dilution"? Kim says 10 worms as long as it grows out-- 10 being too close to zero perhaps 100 is fine. 


Microarray will tell you it's a mutation, not an adaptation


(EPPLEY: Astrobiology is looking at this with temp and e coli… you can see evolutionary change… changes due to ability to survive stationary  phase)

On station temp would be 27-30 degrees C… maybe 25-27…

On orbit it is possible to do temp control with another piece of hardware. Later discussion re CEMMS 2/3 results in VISO offering the possibility that Aquarius incubator on station may be available (n/c available for CEMMS 1?).

Is it more useful to distribute the worms or get the microarray data? (SZEWCYK); n/c what consensus is

Upon return, freeze and later clone 100 animals… people can look at the clonal population and characterize that.  Do microarrays on different strains. Look for sheath lengths In the 4th and 5th bags

KIM. What if you send off 10 different marked strains. Strains that don't affect fitness.  Model A no selection. You should get back the 10. Model B… there is selection and you get one strain back. 

GOODMAN: Maybe use TS strains? Should we use wild type or temp sensitive, heat resistant, radiation resistant…

At what point  is it too late to fix? 4 hours okay for morphology but not RNA (Cassie)

Some discussion over impact of vibration and G load on descent. 

For CEMMS1 VISO  thinks we can fix as soon as 4 hours after with proper negotiation

GOODMAN—could wait to fix for up to a day to look at mutations

Microarray may not be highest priority given recovery time for Soyuz.

Worms return:

Microarray

Clonal pop

Fix for antibody staining

Discussion re: Do we have enough animals? The consensus is more than enough. 15 mls will be available. Requirements are a few mls for microarray, a few lambdas for clonal, and microliters for the antibody stain. e.g 100 worms for clonal, 100s for antibody stain

CCEMMS 2

Much discussion throughout re video data sharing. One video can be copied dozens of times and this would be a great opportunity for data sharing.

Extensive discussion throughout re resolution. Higashitani's video has high level resolution, not Kovac  (KIM)

Using STAGED ANIMALS (consensus following discussion re 2B) 

RNA and antibody fixation, would you rather have duplicates? This is a sortie… to a cassette configuration with three bags in line and possibility of 4 replicates of the three bag configuration. You could look at different phases of the flight. Trizol is not compatible with the sealant used for the cassette. It may be possible to come up with secondary containment within the cassette. Formaldehyde has been used in the cassette as well. 

CONLEY and others. Can  we do a two bag system and increase the fluid loops in the cassette?

Inactive specimen  to active to fixative

Possibility of 6 two-bag configurations… gives duplicates… or different fixations

Allocation of the 6 bags:

Recommend  RNAlater +BME to improve fixing (homemade solution)

· 3 bags for RNAlater

· 3 bags for histology (Formaldehyde and trizol)

Stowage prior to launch. STS 115 late stowage L-24  hours.

Staging:mDo we want to go to mixed or single stage cultures. Do we want to get the baseline or start asking questions?? Do every stage on ground and compare to one stage in space? Kim advocates for mixed stage as a baseline and single stage  can be raised later.

Do everything you did for CEMMS1 clone, fix, microarray… 

All will be fixed in flight

Second bag in cassette will have residual worms…

MIX OF GFP LINES:

For one bag put in 4 different GFP lines, say  EFP, YFP, CHP… . Fix on board and redistribute on return. Just need to kill the worm and prevent the GFP from degrading. 

Key markers include nuclear and cytoplasmic markers. 

CEMMS 2b

DO AS FOR 2A BUT WITH MIXED STAGES

Longer duration 3-6 months on ISS

Nate notes: from an engineering perspective the purpose for 13P and this flight as well :

Validate liquid CEMM for use on flight.

Ground controls-- -use temperature loggers for asynchronous controls… can do OES, can we do clinostat??  

This might be a good opportunity for gene arrays and morphology. Inflight fixed timepoints. 

Formaldehyde fixative recommended. GOODMAN questions stability of formaldehyde over 6 months. Possible polymerization? VISO says it will work at 4 months. 

CONLEY: Whatever is pumped will stay as there is no filtration.  It may be possible to find a better fixative. 

Live worms must be brought back as well to demonstrate that the media works.

AN alternative use for 2B is to send up dauers and release them on bard and then fix after predetermined times. Starts the generational clock … 

Power up no power down.

Extended discussion of temperature sensitivity and the need to assess this in advance. (we know lifespan, dev and brood size are temp dependent)

Two French and Belgian aquarius (?) incubators are available on station. Viso is reminding people of ISLSWG and that this sort of cooperation is supposed to occur around resources. Aquarius is set up as a 20( machine, the Belgian incubator as 20 or 37 degrees. However, neither is flight tested for 6 month durations though, so no guarantees.  Peltier element, not fancy.

Viso will learn dimensions. At this time it is not in use.

CEMMS 3: 

STS 122 BRIC hardware… round opticells. Independent fixation for each dish, 2 BRIC 60s, Petri dishes with solid axenic media, 2 bric-leds opticells, liquid media, lights, video. 

PDFU goes inside BRIC … no video capability with BRIC 60s. Lighting by means of a light pipe. 

BRICs cannot be opened for passaging. We need to request automated passaging. Is there a way to do passaging with the six month flight? This would be important.

BRIC LED has no automated passaging must be done with small gun by crew

A long discussion over visualization: go for 5 micron per pixel resolution.
What's the best video to use? We don't have baseline behaviors in suspension? Kim says get highest resolution possible for even 2 hours. ON a plate. 

400x -- or is a lower resolution sufficient.

Kim wants flourescence capability. 

Fiberoptics?

LISKOWSKY: is looking for multiple scenarios as a basis for the design of the NRA. Given say a high res camera, what would you propose as experiments. 

It is not clear how well defined the flight opportunity is at this time, it is fairly early but the first round of paperwork has been submitted. GIRTEN: video is in as a placeholder but is likely to be simple, maybe only handheld video. There is a possibility that we could get a better quality camera if groups work together. This meeting can help fix a direction. But there is not a lot of time as the NRA comes out ionly n the Fall. 

Look for sheath lengths In the 4th and 5th bags

GIRTEN: WE ARE IDENTIFYING FLIGHT OPPS WITH KNOWN HARDWARE> WE ARE STILL DEFINING THE HARDWARE … this will drive the request. 

KIM: Worm researchers use two kinds of scopes.. 50X dissecting scope on agar. You can tell a lot at the behavioral level… you could look at vast majority of mutant phenotypes. Higher resolution say 40X objective on a Zeiss scope, affording visulaization of individual cells.

If this is the first time I will see a worm in space. I like THAT better than more fixing and staining. I want to watch it for two hours and determine if it looks different. 12 hours would give me much of early development.

Time bin?? If it's the same worm then it could be hourly, but not if not the same worms. NELSON-- use a gfp labelled worm and shine a green laser pointer on it! 

JAHNS: will worm move? Egg won't … nor will a suitably modified unc. 

FIXATIVE: as proposed for earlier CEMMS…

Behaviors to monitor include 

· growth rate 

· egg laying 

· brood size 

· defecation
· Monitoring: as above for C3 and including lineage studies.

· Behavior:  Add a buzzer to look at tap response behavior. 

· Lifespan: adult, sterile

but no lineage.
Freezing at -20 possibly available?

Incubator experiments: 

•   specimens subcultured in liquid CeMM, frozen specimens and video obtained inflight, additional specimens  available postflight

some animals will be maintained alive postflight


microarray data  can be obtained from inflight and postflight specimens


plans to share biospecimens are being discussed


what additional data/analyses would be informative?

CONLEY: VIDEO  resolution of 200 nm/pixel, fluorescence. Higashitani's camera. 

Monitoring: as above for CEMSS3 and including lineage studies.

Behavior:  Add a buzzer to look at tap response behavior. 

KIRVEN-BROOKS: We have glovebox but may not be available. -- maybe a laptop glove box. 

What about freezing? Is -20 valuable??? Each month 1/3 would be frozen, this would be good for microarray. A -80 could even be available. Can be frozen on the way down as was done on Increment 4.

Western blotting (I am not sure we ever returned to this point, raised by Conley)

•  Free-flyers—not discussed extensively owing to time constraints

 

B) How does the community feel the data/specimens should be shared?  What would be the most effective and acceptable way?

· Video!
Discussed throughout

· Formaldehyde fixed specimens

· Clonal populations---aliquots to share

CONLEY, SZEWCYK-- Should there be a center here at Ames for data distribution-- a lab facility like for RNAi facilities…. 

KIM:: I don’t want to do too much work, I just want to stain the worms.









D) What are important topics for future research opportunities

CONLEY: Mentions original goal of a permanent culture on station--- evolutionary studies--Kim notes differences in worms over 200 generations (6 years). EPPLEY: partner with Evol Biologists, what we are talking about here would not stand peer review outside the room. Notes that E coli people see evolutionary changes in response to media within 200 generations.

ROSE: Aging: Ann Rose's suggestion. Looking at timing of molts. GFP with lifespan…. Is there an age-dependent GFP? SOD-3… 

· Apoptosis

· Behavioral/cellular activity

· Immune response

· Effects of radiation 

· Spaceflight as a model for aging

· Organ function during spaceflight (neurons, muscles, gut, gonads);

· 
· Genetic studies using mutants of interest

· RNAi experiments (techn development)

· Space-regulated genes

· Chemical engineering/flow studies

· Genome stability and repair

· Are there specific strains that might be particular interesting in Space?  Touch insensitive and radiation sensitive… 

E) How can NASA stimulate interest within the academic research community?


Present posters/talks at science conferences? 

Which particular meetings would be most effective?  International worm meeting targeted by this group, hopefully Ames can send a rep.

What forum would be most effective e.g. organizing a workshop at a C.elegans meeting etc.?

Distribute the proceedings of this meeting to a larger science community? How?

This is supposed to be an internal meeting. After NRA is released?



Discussion of how to use unofficial means to reach people to apprise of opportunities, such as C elegans lists. 

F) Enabling technologies

Electron microscopy mentioned as both an in-flight technology and something to prepare worms for post-flight examination. 

GOODMAN: Fixation requirements for EM much more stringent

Glutaraldehyde and formaldehyde required

Is post-flight EM useful? Stuart Kim says we can do without it but if it can be done it would be interesting.

CONLEY: Is synapse remodeling occuring in ug?

· Camera system-- Higashitani 

· High resolution microscopy

· Ability to initiate and manipulate cultures

· "Human based genetic hunts" (for Nate and Stuart)

· Send samples down periodically

· On board radiation source
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