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Healthcare in Long -term Spaceflight
ÁIn long-term space flight, robust and reliable medical 

diagnostics are needed to maintain health of astronauts

ÁOur goal is to implement a versatile and reliable diagnostic 
system for long-term space flight
ÅVersatile: ability to monitor a wide range of medical 

conditions, including bone loss and cardiac conditions
ÅReliable: limited false positives and negatives

Future Work
ÁLong-term storage of nanoshells
ÁContinue to improve optical device performance
ÁChoose a smaller microcontroller to decrease device size

Acknowledgments
Our team would like to thank the NASA Texas Space Grant /ƻƴǎƻǊǘƛǳƳ ŀƴŘ wƛŎŜΩǎ 
Center for Biological and Environmental Nanotechnology for funding. We would 
also like to thank Dr. Maria Odenfor guidance in this project, and our 
collaborators, including Dr. Mark Pierce and members of the labs of Dr. Jennifer 
West and Dr. Rebekah Drezek here at Rice.

References
1. Hirsch, L.R., et.al., A Whole Blood Immunoassay Using Gold Nanoshells. Anal. 

Chem., 2003. 75: p. 2377-2381.
2. Hirsch, L.R., et.al., Metal Nanoshells. Ann. Biomed. Eng., 2006. 34:p. 15-22.
3. Webster, J.G., Medical Instrumentation: Application & Design (3rd ed.). New York, NY: John 

Wiley & Sons., 1997.

The Proposed Solution
ÁBuild a portable, low cost optical device for use with the 

nanoshell-based immunoassay
ÅMaintains advantages of traditional immunoassays while 

eliminating key disadvantages

ÁDESIGN GOAL: Construct a monochromatic optical device for 
the measurement of nanoshellaggregation in the presence of 
analytein whole blood
ÅChoose appropriate light source:Nanoshellpeak extinction 

within a well-defined range
ÅConstruct robust signal conditioning circuitry:Success of device 

relies on ability to detect aggregation of nanoshells

Traditional Nanoshell

ÅPoor whole-blood detection

ÅTime-consuming 

ÅExtensive sample preparation

ÅTechnical expertise required

ÅExpensive equipment

ÅAccurate analyte detection in 
whole-blood

ÅFast, quantitative results

ÅMinimal sample preparation

ÅEasy to run

ÅInexpensive equipment

Design Objective Target Criterion

Accurate and Precise 9ǊǊƻǊ Җ мл҈Τ ǾŀǊƛŀǘƛƻƴ Җ мл҈

Immunoassay sensitivity Җ р ng/mL

Immunoassay specificity җ фт҈

Device cost Җ Ϸнлл

Immunoassay cost Җ ϷмлκǳǎŜ

Device portability
ǿŜƛƎƘǘ Җ т ƭōǎΦ

ŘƛƳŜƴǎƛƻƴǎ Җ оƛƴ Ȅ рƛƴ Ȅ тƛƴ

Low power usage Җ ф±

Rapid assay run time Җ мр-30 min

Conclusions
ÁAggregation of immunonanoshellswith analytecauses  

decrease in absorbance proportional to analyteconcentration
ÅLog-linear relationship between the percent decrease in 

absorbance and analyteconcentration
ÅDetectable analyterange highly dependent on antibody 

concentration on nanoshell
ÅOptimal assay run time is 30 min, but results may be visible 

within 10 min

ÁOptical device satisfactorily detects presence of an analyte

Nanoshell -based Immunoassay Schematic
ÁSilica-gold nanoshellscan be fine-tuned to specifications
ÅFunctionalizable: Ability to immobilize antibodies that recognize specific analytesin blood

ÁFor proof-of-concept, we targeted the rabbit IgGprotein in buffered solution.  For practical 
use, antibodies specific to disease pathogens or biomarkers can be used to detect for infections 
or health conditions
ÅNanoshellsconjugated with anti-rabbit IgGaggregate in the presence of rabbit IgG
ÅAggregation detected as the decrease in the peak extinction of the sample
ÅQuantification of analyteconcentration can be performed

Nanolyte Prototype

Testing & Results

Background on Immunoassays
ÁImmunoassays are highly specific and accurate diagnostic tools
ÅCan monitor and detect bone loss, risk of heart attack, and the 

presence of many diseases
ÅChallenging to implement in space where lab space is limited
ÅRequires a lot of technical expertise and specialized equipment

Figure 1.(A) Absorbance sweep 
before analyteaddition.  Peak 
absorbance is estimated at 725 nm. 
(B) Absorbance sweep 30 minutes 
after analyteaddition. (C)  Percent 
decrease in absorbance dependence 
on analyteconcentration, fitted to a 
log-linear relationship.  The equation 
shown corresponds to the 
άŎƻǊǊŜƭŀǘƛƻƴ ŦŀŎǘƻǊέ ǘƘŀǘ Ŏŀƴ ōŜ ǳǎŜŘ 
in place of a standard curve. (D) 
Percent decrease in absorbance 
measured for various analyte
concentrations over 60 minutes. 

Figure 2.The main portion of the current Nanolytewill 
contain circuitry and systems for taking optical 
measurements from the sample.

Sample 
holder

Circuit board

Slit for LED / 
photodiode

Obtain blood sample & dose of nanoshellstargeted for 
condition of interest.

Mix blood sample & nanoshellsand load into Nanolyte.

tǊŜǎǎ ά{¢!w¢έ ōǳǘǘƻƴ ƻƴ ǳǎŜǊ ƛƴǘŜǊŦŀŎŜΦ

Nanolyteshines 780nm light through the sample. 

If condition of interest is present, Nanolytedetects 
decrease in sample absorbance within 15-30 minutes.

USING THE NANOLYTE:

Figure 4.The future of the Nanolyte.

Figure 3.The NI-Speedy microprocessor will be 
programmed with the software used to run the Nanolyte.
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Figure 4.  Comparing 
absorbance values from 
spectrophotometers, LEDs, and 
laser diodes.  The LED shows the 
most similarity to the 
absorbance values from the 
spectrophotometer, which 
serves as the standard 
όǎǘǳŘŜƴǘΩǎ ǘ ǘŜǎǘΣ ǇғлΦмύΦ  
However, the laser diode and 
spectrophotometer and the 
laser diode showed significant 
difference in the absorbance 
readings (p=0.3).
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