Determining the viability of fluorescent spectroscopy
for detecting tryptophan at the plume of Enceladus
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ABSTRACT: This project sought to assess the viability of using laser fluorescence spectroscopy ,
to detect the presence of tryptophan in and around the plume of Enceladus during a fly-by mission. Ence- Instrumentation:
ladus is a target of astrobiological interest due to the potential for habitability in its subsurface liquid water
ocean. Though the ocean sits beneath a layer of ice, it is possible to gain insight into its contents by observ- A: Ultraviolet laser
ing Enceladus’ south polar plumes, which spew water vapor from the ocean to the surface'. Tryptophan,
an amino acid essential to many common proteins in Earth-life, was chosen as a representative biomole-
cule in this experiment due to its fluorescence when excited by UV photons. The detection of tryptophan, ~ C: Multi-anode PMT
and therefore confirmation of complex biomolecules on Enceladus, could be possible using active remote
sensing on a spacecraft equipped with a UV laser and receiver for collecting re-emitted visible photons. D: Dichroic filter

B: Spectrograph

E: Telescope

Fluorescence Spectroscopy: J Fi9-L. Diagram of Enceladus’

internal structure and plume
surface features with pro-
posed fly-by mission concept

involves using a beam of light to excite
electrons in certain molecules, causing
them to emit a light spectrum which can :
be analyzed to determine the unique iden- /V i Conclusions:
tification of the molecule. This technique _ The calculations suggest that detecting
is widely used in biomedical and chemical = - s tryptophan in the optically thin case
research fields for identifying organic com- ' rE = -~ (in the plume of Enceladus) would re-
pounds?, as several complex amino acids F == - = 2 quire too large a laser power to be rea-
have strongly fluorescent properties, includ- P = | = = sonable for a fly-by mission. However,
ing tryptophan, tyrosene, and phenylala- P = |y W it is possible that the optically thick
nine. Of all amino acids found in proteins, I =< fo[ @y idlol-M tiger stripes and surrounding plume
tryptophan has the strongest fluorescent O - ‘- material could prove a more promis-
properties, making it an excellent candidate - | ing target, with limiting scattering
for studying the viability of fluorescence noise being the primary constraint.
spectroscopy for astrobiological purposes. — aggcﬁdsled\, The laser power required for probing
Fig 1: Characteristic emission spectra of tryptophan, tyrosine, and phenylalanine the surface of Enceladus seems to be
Phe convection around the order of magnitude of other
e space based UV-laser remote sensing
systems®, but this cannot be conclu-
sively stated until further in depth
calculations have been completed.
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ieson Havetengt o More in depth work must be done in
order to conclusively determine the vi-
Tryptophan: . Methods: The viability of a fly-by de-  These simple calculations sought to ability of using fluorescence spectros-
an aromatic amino tection of tryptophan fluorescence was as-  begin placing physical limitations copy for astrobiological applications. In
acid essential to pro- | OH sessed using back of the envelope radiative  on the laser power, distance, and addition to more comprehensive radi-
teins in  Earth-life. N NH, transfer calculations. These calculations  tryptophan concentration required ative transfer calculations and model-
It is the most com- 792 Molecular structure of tryptophan were performed by solving for the total for detection, as well as address the ing, other fluorescent amino acids such
olex amino acid used in protein synthesis?, number of visible ph(?tons which reach the  viability of detecting tryptophan as tyrosine and phenylalanine should
and as such its presence could be an indica- spacecraft as a function of the number of  at low optical density (i.e. plume be studied, as well as varying material
tor of biotic processes (as opposed to sim- ultraviolet photons emlttedi by the laser:  vapor) verses high optical density substrates such as rocks and other ices.
pler “building block” amino acids, whose Ef fr]g,gDz (i.e. tiger stripes, surface material |
& — surrounding the plumes). References:
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