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Introduction:  Exploring potentially life-harboring 

environments, specifically those of icy worlds like Eu-

ropa, Enceladus, and Titan, and determining whether 

they had or currently do harbor life is one of NASA’s 

main strategic goals. In order to achieve this goal, 

some hard realities must be acknowledged. Particular-

ly, if life does exist on these worlds, it will likely take 

the form of microscopic bacterial cells at concentra-

tions less than those observed in the harshest environ-

ments on Earth. Such environments, like in a 3500m 

deep ice core from the Antarctic sub-glacial Lake Vos-

tok, can contain around 200-300 cells per mL of water 

[1]. The many technologies well-suited for the detec-

tion of microbial life, such as Raman spectroscopy, 

mass spectroscopy, and capillary electrophoresis, are 

not efficient at searching through the large volumes of 

water-ice required to detect these extremely rare parti-

cles. Current estimations suggest that roughly 2 cells 

would be observed per observation with Europa 

Lander’s Microscope for Life Detection model payload 

instrument [2]. Making matters more difficult, these 

cells would very likely be dispersed with unknown 

concentrations of abiotic microscopic particles, making 

definitive analysis and detection of the extremely rare 

cells problematic [1]. To improve the lander’s ability to 

definitively determine if life exists on these worlds, the 

community requires an instrument capable of quickly 

identifying and isolating biogenic particles contained 

within the dilute surface ice samples. 

Methods and Results: In response to this need, we 

are using a high-throughput sorting flow cytometer to 

create a highly concentrated, pre-characterized, and 

scientifically-rich Icy Worlds sample. Furthermore, the 

technology specifically focuses on identifying, charac-

terizing, and isolating signs of microbial life. Using a 

sorting flow cytometer optimized for the detection of 

sub-micron bacterial cells, cellular concentrations in a 

in situ sample can be theoretically increased by 4 or-

ders of magnitude, from the anticipated 102 cells/mL to 

over 106 cells/mL, while simultaneously removing all 

non-organic particles.  

Aside from the insight given by proposed instru-

ment itself, the ability to send the processed sample 

through additional in-situ instruments has the added 

benefit of relaxing the operational constraints (detec-

tion limits, sample preparation) and cost of these part-

ner instruments, all while allowing the lander to irrefu-

tably determine the biogenic nature of the isolated 

sample. This instrument optimizes sample acquisition 

and analysis, both of which are essential for short-

duration lander missions like the proposed Europa 

Lander. This technology would improve the scientific 

output of the instrument payload as well as maximize 

the scientific return for each analyzed sample. 

UV Excitation. While it is standard practice to fluo-

rescently tag cells in a cytometry sample, staining the 

sample is not feasible for Icy World samples due to (1) 

the unknown chemistry of the sample and any potential 

alien bacteria and (2) the desire to maintain the pristine 

nature of the sample for further investigations. Instead, 

this instrument sorts by detecting the intrinsic fluores-

cence from bacteria under UV excitation (275 nm). A 

Beckman Coulter MoFlo XDP sorting flow cytometer 

has been upgraded to enable UV measurements during 

this research phase. 

Fluorescence Lifetime Measurements. In addition 

to the standard light scattering and fluorescence meas-

urements used by state-of-the-art flow cytometers, the 

proposed instrument will have the unique capability to 

use an additional sorting parameter: fluorescence life-

time (FLT). While both organic and inorganic particles 

fluoresce, often with indistinguishable spectra, the fluo-

rescent lifetimes of inorganic particles are much longer 

(10-6-10-3 s) than that of organic particles (<10-8 s) [3].  

As initially demonstrated by Cao et.al., the tech-

nique calculates the FLT of a particle by measuring the 

phase lag between the forward scatter (FSC) and laser 

induced fluorescence (FL) signals as the particle passes 

through the laser focus [4]. Due to the purely scattering 

nature of the forward and side scatter signals, they rise 

and fall exactly in-phase with the particle's position 

within the Gaussian beam spot. The fluorescence sig-

nal, on the other hand, carries with it a slight delay due 

to the natural decay kinetics of the particle's flo-

rescence. This delay can be quickly measured in real-

time using a digitizer card with FPGA processing by 

measuring the difference in the centroid of the fluores-

cence and scatter signals. 

Initial tests of the instrument’s FLT measurement 

capability are conducted with 488 nm excitation on 

fluorescent microbeads, specifically FlowCheck 

(Beckman Coulter) cytometer beads and PE-coated 

microspheres (Bangs Laboratory). The forward scatter 

and the 580 ± 15 nm fluorescence channel PMT signals 

are recorded with an 300 MHz oscilloscope and are 

processed later to determine the temporal position of 

the signal’s centroid. As shown in Figure 1, the fluo-

rescent signal is delayed slightly compared to the scat-
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tered signal. Histograms of the time delay (Figure 2) 

show that fluorescent lifetimes can be measured with a 

resolution of at least ~5 ns. This early result demon-

strates that it will be possible to sort organics from 

inorganics. 

 

 
Figure 1. The time delay between the centroids (dashed 

lines) of the fluorescence intensity traces for FSC and 

FL signals is related to the sample’s fluorescent life-

time. 

 

 
Figure 2. The measured delays for R-Phycoerythrin 

(PE) and standard FlowCheck microbeads formed dis-

tinct populations. The observed delays resemble those 

observed in literature, 1.2 and 7 ns for PE and 

FlowCheck, respectively.  

 

This extra observable (FLT) will allow different 

particle populations to be identified with further preci-

sion. Multivariate analysis, like Principal Component 

Analysis, and other chemometric techniques will ena-

ble efficient and autonomous analysis of particle popu-

lations in real-time, potentially allowing biogenic parti-

cles to be sorted out from non-biogenic particles with-

out researcher intervention.  

Simulate Processing. To realize the sorting and iso-

lating of biogenic particles from a unprocessed Icy 

Worlds surface sample, the instrument must be able to 

effectively process inorganic, non-biogenic particles. 

The first step toward verifying this capability involves 

processing a liquid mixture of bacteria and inorganic 

particles. Previous tests verified that various types of 

bacteria could be distinguished with the instrument. 

Building upon this, recent tests showed its ability to 

distinguish < 5 um raw bulk fluorite (CaF2) particles 

from a suspension of Escherichia coli using UV excita-

tion. Future tests are planned with additional bacteria-

inorganic mixtures. In addition, the instruments FLT 

capability will be employed to improve the clustering 

algorithms ability to distinguish biogenic particles from 

inorganic particles.  
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