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Abstract 
To gain insight into how cells sense gravity, NASA has developed a platform to investigate the 

transient response of biological cells to a sudden exposure to microgravity. The Zero Gravity Research 
Facility offers unique capabilities and opportunity to investigate this phenomenon. A review of current 
literature indicates that it remains unclear how biological cells sense and respond to gravitational forces, 
although it is believed that a combination of biostructural and fluid transport mechanisms are at play. This 
Technical Memorandum outlines a pathway to address this fundamental biological challenge. A series of 
low-cost, systematic drop tower experiments were conducted to observe the biomechanical behavior of 
cell membranes (such as vestibular hair, endothelial, and bone cells) that are known to exhibit sensitivity 
to gravity. These experiments demonstrated a useful, low-cost experiment concept that can potentially be 
employed by researchers interested in observing, identifying, and characterizing changes in biological cell 
morphology.  

Introduction 
NASA is seeking to more fully understand how cells sense gravity and microgravity and what triggers 

their adaptive responses in different gravity conditions. Biological organisms have evolved and are 
programmed to survive in an environment where a gravitational force of 1g is ubiquitous. Understanding 
fundamental biological cellular phenomena related to gravity, particularly the sensing of gravity and the 
response to varying gravity levels, is essential for future space exploration and colonization of space by 
humans. Leading scientists recognize that a large gap exists in the understanding of physiological and 
molecular adaptations that occur as biology enters the spaceflight realm (Refs. 1 and 2). A fundamental 
understanding of how cells respond and react in a microgravity environment will provide new and 
necessary insights into how organisms respond and adapt to the space environment (Ref. 3). This 
fundamental understanding carries translational value across the spectrum of organisms involved in space 
exploration, including humans.  

Investigating biological cellular phenomena using a drop tower represents a new research tool in the 
understanding of biological systems. This research methodology has the potential to advance scientific 
understanding of biological cellular phenomena by offering facile and repeated access to high-quality 
microgravity. The outcomes could provide significant benefits toward NASA’s current and future plans 
for physical science and biomedical technologies in space (Ref. 4). The goal is to open a new, low-cost 
research capability for biologists by augmenting long-duration International Space Station (ISS) science 
capabilities. This capability will serve as a validation and verification methodology for future 
microgravity fluids projects investigating biological organisms. It will provide valuable input toward 
development of a physics-based model to capture biological cell phenomena. To this end, initial setup, 
calibration testing, and feasibility testing were conducted, and an initial real-world experiment was 
performed using the new technique. A description of the experimental capabilities is provided below. 
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Figure 6.�Analysis of Arabidopsis  plant experiment. (a) Analysis software. (b) Closeup image of seedlings, 

with constitutively bright seedlings to the right of the frame. (c) Quantitative analysis showing changes in 
fluorescence intensity in various plant parts while control fluorescent beads do not change. 

 
As shown in Figure 6(a) and (b), individual frames were rendered from the Audio Video Interleave 

(AVI ) video files recorded by the test hardware before and during the drop. Quantitative analyses were used 
to follow changes in fluorescence intensity through the duration of the drop, as shown in Figure 6(c). 
Fluorescent beads, signified by the yellow, gray, and blue lines in Figure 6(c), were used as internal 
standards along with constitutively expressing biosensor plants (green line). These fluorescence intensities 
did not change through the course of the drop. The orange line and the light blue line both show change in 
fluorescence in seedling leaf parts that quickly change in intensity during the drop. These data suggest that 
fluorescent tools commonly used in the study of biological signaling can be used in the drop tower to assess 
the early biological signals accompanying changes in gravity. These preliminary findings show great 
promise for the proposed experiment methodology for fluids for biology experiments (Ref. 7).  
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Figure 7.�G drop vehicle chamber with optics plate containing hardware 

for fluorescent imaging of biological samples in NASA Glenn Zero Gravity 
Research Facility. 

State-of-the-Art Research Capabilities 
To continue utilizing an improved drop testing capability, a new drop vehicle for use in the Zero 

Gravity Research Facility has been assembled specifically to support fluids for biology experiments. The 
new drop vehicle includes a larger test chamber that is able to accommodate larger experiments and 
diagnostics equipment than could be accommodated in the Phase 1 experiments. The new, next-
generation fluids for biology chamber is 81 cm (32 in.) long by 40 cm (15.75 in.) in diameter and has an 
internal volume of approximately 0.105 m3 (6400 in3). The chamber has three orthogonal, 11.4-cm (4.5-
in.) diameter windows located at the center of the chamber for imaging the experiment inside. The 
chamber is also equipped with the appropriate feedthroughs such that imaging equipment can be mounted 
inside the chamber when the chamber test environment allows. The chamber is mounted horizontally on 
the drop vehicle. An 81- by 33-cm (32- by 13-in.) optics plate with 2.5-cm (1-in.) on-center, 1/4-20 UNC 
tapped holes is available for installation of experiment hardware inside the chamber. The optics plate 
attaches to internal rails that enable the experiment to slide in and out of the chamber for easy access 
(Figure 7).  

A number of video imaging formats can be supported and recorded by the video data acquisition 
systems available on the drop vehicle. Current imaging capabilities include high-resolution video 
(2592· 2048 at 51 fps�DALSA Genie Nan o M2590 Mono (Teledyne DALSA Inc.); 5120· 5120 at 
72 fps�ISVI IC -M25S-CXP-FM (ISVI Corp.); and 2560·1440 at 30 fps�SJCAM SJ5000 WiFi 
(SJCAM)). A number of telecentric C-mount and Nikon bayonet-type F-mount lenses (Nikon Inc.) are 
available for these cameras. The drop vehicle is also equipped with a data acquisition unit capable of 
recording 32 analog channels at a maximum sampling rate of 50 kHz (aggregate) to a Class 10 (or better) 
flash memory card. Instrumentation input voltage ranges are –100 mV filtered at 100 Hz, –5 V filtered at 
500 and 1000 Hz, and –10 V unfiltered. The capabilities of the Zero Gravity Research Facility and 
2.2 Second Drop Tower are summarized in Table I and Table II, respectively. In addition to the 
fluorescent imaging capability, thermal imaging capabilities are planned for incorporation into the next-
generation fluids for biology chamber. Fluorescent gene expressions with some hints of measurable  
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