
MATURATION OF AUTOMATED MICROFLUIDIC ORGANIC ANALYZERS FOR HIGHLY 
SENSITIVE AND SELECTIVE DETECTION OF BIOSIGNATURES IN THE SOLAR SYSTEM  
M. Golozar1,2, L. D. Casto1,2, J. Kim3, Z. Estlack3, A. Stockton4, J. S. New2, B. Kazemi1, J. McCauley2, A. L. 
Butterworth2, and R. A. Mathies1,2, 1Department of Chemistry, University of California, Berkeley, 2Space Sciences 
Laboratory, University of California, Berkeley, 3Mechanical Engineering, University of Utah, Salt Lake City, 
4Department of Chemistry, Georgia Institute of Technology, Atlanta.  

 
Introduction:  Microfluidic devices are powerful, 

compact, and low mass organic chemical analysis tools 
that offer the merits of high performance analyses. They 
enable rapid and automated analysis of multiple 
analytes in extremely low volumes of sample with high 
sensitivity. The Enceladus Organic Analyzer (EOA) and 
the Microfabricated Organic Analyzer for Biosignatures 
(MOAB) are fluorescence detection-based microfluidic 
instruments designed for targeted in situ analysis of 
potential biosignature compounds that could be 
indicative of past or present life on icy moons including 
Enceladus (Saturn) and Europa (Jupiter). Both 
instruments are being fabricated at the UC Berkeley 
Space Sciences Lab (SSL) and share a common core 
analysis engine that combines capillary electrophoresis 
(CE), microfluidic sample processing and laser-induced 
fluorescence (LIF) detection. EOA and MOAB differ in 
their sample collection objectives. EOA is being 
optimized for analysis of low mass ice plume samples 
that jet out from Enceladus by employing a 
hypervelocity sample capture chamber designed for a 
fly-by mission. MOAB is designed to process a more 
massive ice sample from the surface of icy moons like 
Europa in a landed mission. 

Both EOA and MOAB benefit from a modular 
design consisting of individual subsystems that are 
coupled together with the goal of providing autonomous 
operational features including sample collection and 
transport, on-chip labeling chemistry for targeted 
analysis, and the core analytical detection system for 
high sensitivity analysis of biomolecules. The 
subsystems include a sample collection and 
macrofluidic transport module, a programmable 
microfluidic analyzer (PMA) for sample processing, a 
microfabricated glass wafer for high resolution CE 
separations, and a fluorescence detection system for 
high sensitivity LIF detection and quantitation. 

The EOA Technology Demonstration Unit (TDU) is 
undergoing integration of functioning individual 
subunits and is currently on track to reach TRL 6 with a 
well-defined pathway to 7 by the end of 2020 
(eoa.ssl.berkeley.edu) [1]. Since EOA and MOAB share 
a common core analysis engine, the completion of EOA 
maturation will provide the foundation for the 
refinement of the sample acquisition and analysis 
processes by MOAB. These instruments will be 
invaluable for fly-by or landed missions to icy moons to 

probe for ppb levels of organic amines, amino acids, and 
carboxylic acids that could provide information about 
habitability and/or indicate the existence of past or 
present life. Key advantages of EOA and MOAB 
include the ability for autonomous function using flight 
qualified components and the capability for highly 
selective and sensitive quantitation of biosignatures 
including chirality. This poster will present the current 
status of these two instrument development efforts. 

EOA Plume Particle Capture and Sample 
Transport System:  The EOA capture system has the 
ability to provide significant capture of organic material 
from ice particles and entrained organics in ice plumes. 
Hypervelocity impact studies on an array of capture 
surfaces have determined optimal capture surfaces for 
efficient nondestructive capture of organics in 
hypervelocity transits of ice plume particles. Efficient 
capture was found at velocities ranging from 1-3 km/s 
and organic compounds were fully functional [2]. The 
sample capture surface has a high surface area (ca. 100 
cm2) for significant sample capture and is easily cleaned 
to provide a low background. Captured organics can 
then be easily dissolved and transported to the core 
analyzer for sample preparation and high sensitivity 
analysis using macrofluidic transport system.  
Programmable Microfluidic Analyzer (PMA): The 
PMA is designed to enable reliable autonomous analysis 
of captured organics - specifically organic amines, 
amino acids, and carboxylic acids which provide 
information about extinct or extant life on Enceladus. 
The PMA is a fully integrated microfluidic device for 
automated low volume sample processing and analysis.  
Its functions include sample conjugation with 
fluorescent dyes and sample separation using capillary 
electrophoresis (CE) for selective and sensitive analysis. 
The PMA provides a reliable, robust, and low mass 
autonomous processor with unique capabilities that 
transcend legacy approaches. The fully integrated PMA 
can be divided up into two major components: 

PDMS Microfluidic Processor.  The microfluidic 
processor, designed for sample work-up, dilutions, and 
fluorescent tagging of molecules of interest, is 
fabricated in polydimethylsiloxane (PDMS). Fluids are 
transported through microchannels using pneumatic 
inputs and lifting-gate valves. The PMA consists of an 
array of cells for storage of samples, standards or dyes, 
as well as storage of chemical reactions after mixing.  
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The central processor (Fig. 1) is the fluidic pump and 
can be used for mixing reactant aliquots and for 
volumetric dilutions. Prior work in the Mathies group 
has demonstrated the ability for autonomous chemical 
analysis with a similar programmable sample processor 
in the Mars Organic Analyzer (MOA) [3]. 

 

Capillary Electrophoresis System. The CE system is 
fabricated in multilayer glass wafers using standard 
microfabrication techniques in the Marvell Laboratory 
at UC Berkeley and serves as the bottom layer of the 
fully integrated PMA (Fig. 2A). CE is a mature 
technique that provides many attractive advantages for 
space-flight analysis of trace organic materials 
including rapid, high resolution analysis of a variety of 
organics that vary in both size, complexity and charge. 
CE is popular choice for bioanalysis because it is well 
suited for high sensitivity, automation, and low-volume 
samples. 

CE separates sample components into individual 
zones via charge-to-size ratio with high efficiency and 
resolution. When coupled to LIF detection, high 
sensitivity analysis of targeted analytes can be realized. 
Prior work in the Mathies group has demonstrated the 
efficacy of targeting amines and amino acids using the 
Pacific Blue dye and carboxylic acids with Cascade 
Blue for achieving highly selective and sensitive 
detection of the respective analytes using CE-LIF on 

MOA [4,5].  Additionally, investigation of chirality of 
extraterrestrial samples can be realized using micellar 
electrokinetic chromatography (MEKC) through the 
addition of surfactant modifiers to the background 
electrolyte buffer. MEKC has been shown to enhance 
amino acid identification through chiral resolution 
without reducing detection sensitivity [6]. Combining 
CE with on-line fluorescence detection capabilities 
enables highly sensitive and selective analysis for 
organic targets (Fig. 2B).  

Miniaturized Optical System for Fluorescence 
Detection: Facile integration of on-line fluorescence 
detection to the CE channel requires a compact optical 
system capable of high-sensitivity detection (< 100 
pM). A 100 pM detection limit for CE analysis must be 
achieved in order to meet the desired 1 nM or 0.1 ppb 
sensitivity level in raw ice samples before sample 
processing. A miniaturized laser-induced fluorescence 
system has been fabricated with all necessary 
components including a diode laser, lenses, excitation 
and emission filters, and dichroic filters. The compact 
design can be directly coupled to a detector for signal 
transduction of fluorescence emission as each 
fluorescently tagged CE zone passes through the 
detection volume.  

This poster will present the current status of the 
integration of the various subsystems into the 
microfluidic analysis core as well as its organic analysis 
performance.  
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Figure 2. A) Schematic of CE channel operation and 
integration with a high sensitivity fluorescence detection 
system. B) Electropherogram of an amino acid mixture using 
the EOA glass CE microchip. 

Figure 1. A) Fully integrated multilayer programmable 
organic analyzer including PDMS processor and glass CE 
channels (red). B) The 3x3 central processing array for 
sample preparation and wet chemistry. 
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