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What is Biophysics?



What is Biophysics?



Masses and Springs

Normal Modes – vibrations where all masses move at the same frequency.
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https://www.falstad.com/coupled/



Masses and Springs

Molecules can be very accurately approximated as masses on springs.

 -Nuclei are masses

 -Bonds are springs

 -They are arranged in 3D



Vibrational Spectroscopy

Measure molecular and crystalline vibrations through their interaction 
with EM radiation.
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Vibrational Spectroscopy

Direct Absorption (IR) Inelastic Scattering (Raman)

• Dipole moment oscillates with vibration

• Infrared light (λ = 2 – 20 microns)

• Water absorbs very strongly

• Polarizability changes with vibration

• Visible light (λ = 300 – 1000 nm)

• Very weak signal from water

Measure molecular and crystalline vibrations through their interaction 
with EM radiation.
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Raman Spectroscopy

Incident Light
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Functional Group modes

• Common to all molecules

• Widely used for interpretation

Fingerprint modes

• Unique to each molecule

• Difficult to interpret

• Contain useful molecular info?

Detect specific molecules/minerals by 
comparing measured spectrum to a spectral 
database.

Detect common functional groups.

Study changes in molecular conformation, 
environment, or assembly.



Raman in Astrobiology!



Extremophiles



Extremophiles

Simeral, Hafner, Astrobiology v. 22, p. 1165-1175 (2022).
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Density Functional Theory

Solve 
Schrodinger’s 

Equation
Optimize 
Structure 

(minimize E)

Calculate 
Normal Mode 
Frequencies Calculate 

Pol Change 
(Raman)



Extremophiles

Simeral, Hafner, Astrobiology v. 22, p. 1165-1175 (2022).
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Cholesterol

Cholesterol makes up ~40% of mammalian plasma membrane 
and modulates membrane “mechanical” properties. 

It is a component of “lipid rafts”.  

It directly interacts with membrane proteins to affect function.  

It is a precursor for hormone synthesis.

It is heavily trafficked through the blood in dense lipoprotein 
particles.

You need a lot - your body both synthesizes it and gets it from 
your diet.

Too much of a good thing leads to low density lipoprotein 
particles and coronary artery disease.

Singer and Nicolson, Science v. 175, p 720, 1972



Steroids



Cholesterol in Lipid Membranes
Cholesterol makes crystalline membranes more fluid by reducing order, and makes fluid 
membranes more ordered (condensation).  How?

Saturated chain, 
gel phase bilayer Less ordered bilayer

Unsaturated chain, 
fluid phase bilayer More ordered bilayer

Detailed structures and mechanisms unclear. 
Main tools available are NMR and snapshots 
from Molecular Dynamics.
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Simeral, Anal Sci Adv. 2024; 5:2300057

Molecular Vibrations of Cholesterol

Czamara et al, J. Raman Spectroscopy v 46 p 4-10, 2015
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DFT of the Cholesterol Raman Spectrum
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23164

• BP86 functional, dispersion corrected, damped
• Quad Z all-electron basis set
• 0.004 mHartree bond energy accuracy
• ~ 1 week on an 8-core PC



Chain Conformers

Consider 7 dihedral angles:

Original A-D structure type assignments:  
Duax et al, Lipids v. 15, p. 783-792, 1980

ω0

ω1

ω2

ω3

ω4

ω5
ω6

ω7

Type Conf chol ω0 ω1 ω2 ω3 ω4 ω5 ω6 ω7 E(kcal/mol)

A 1 5 182 180 190 176 176 187 63 -56 0.63

A 2 8 182 180 192 178 185 -63 173 56 0.66

A 3 7 57 180 191 176 176 187 63 -56 0.76

A 4 12 -63 180 192 177 185 -63 174 56 0.77

B 1 16 182 180 195 181 -59 -57 180 62 0.7

B 2 26 -63 180 195 180 -59 -57 180 62 0.8

B 3 22 -63 180 191 173 60 181 58 -61 0.73

B 4 17 57 179 195 180 -59 -57 180 62 0.82

C 1 15 58 180 184 59 172 187 63 -56 0.57

C 2 21 -63 180 183 59 173 187 63 -55 0.59

C 3 13 182 180 183 59 179 -65 172 54 0.69

D1,3 1 10 -62 176 62 174 60 182 58 -61 0.42

D1,3 2 1 57 176 62 175 61 182 58 -61 0.43

D1,3 3 20 58 176 62 177 96 -61 175 58 2.06

D1,3 4 9 163 174 63 183 -63 -57 179 62 0.54

D2a 1 0 180 176 61 179 183 -63 174 56 0.36

D2a 2 3 -62 176 61 178 175 187 63 -56 0.5

D2b 1 4 180 176 61 178 179 63 -63 180 0.98

D2b 2 11 -61 174 61 176 179 63 -63 180 1.08

E 1 14 181 180 189 175 180 63 -63 180 1.25

E 2 23 -63 180 190 176 180 63 -63 180 1.37

F 1 19 181 179 187 55 55 183 59 -59 0

F 2 58 -63 180 187 55 55 183 59 -59 0.11

G 1 24 182 180 183 59 177 63 -63 180 1.28

G 2 49 297 180 184 59 174 61 -65 178 1.38

H 1 30 179 177 50 65 169 186 63 -56 1.86

H 2 59 182 177 49.3 63 172 -68 168 51 2.24

Birkenfeld, Hafner, in preparation

Structure types correlate to chain 
deviation from steroid ring plane.

A B D13 D2aC D2bEF G H



Chain Conformers
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Structure types correlate to chain 
deviation from steroid ring plane.
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Structure types are also spectral 
types in the low frequency region!!

Birkenfeld, Hafner, in preparation

Consider 7 dihedral angles:

Original A-D structure type assignments:  
Duax et al, Lipids v. 15, p. 783-792, 1980

A B D13 D2aC D2bEF G H



Cholesterol in Phospholipids with Different Order
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Birkenfeld, Hafner, in revision
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Cholesterol’s Role in Phospholipid Membrane Properties

Krause and Regen, Acc. Chem. Res. 2014

Cholesterol has a stronger interaction with saturated 
phospholipid chains.

Both rings and chain contribute to these effects. Their precise 
structures are important.

Cholesterol provides a surface for van der Waals interaction 
with phospholipid chains that reduce their conformational 
space (lengthens and orders).



Cholesterol’s Role in Phospholipid Membrane Properties

First three carbons of the 
cholesterol chain are “rigid” 
like the rings.

The variable part of the 
cholesterol chain begins at the 
unsaturated bond position of 
the phospholipid chain.

Khelasvili and Harries, JPCB 2013



Stone Tools

Manuel Dominguez-Rodrigo, University of Alcalá in Spain.

What can micro-residues on the 
edges tell us?



Macro Raman Scanner

Q: Where to record Raman 

spectra from a macroscopic 

object?

A: Anything worth doing

is worth over-doing



Stone Tools

Quartz “Organics”?
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Mining Asteroids with Microbes

Forsterite Enstatite Nd impurities

Santomartino et al, submitted

L chondrite



Sulfates from Mars Analog Sites

Gypsum
Qaidam Basin, 

Tibetan Plateau

Anhydrite
Evaporite mine 

Boulby, UK

Polyhalite
Evaporite mine 

Boulby, UK

Ziyao Fang, UK Centre for Astrobiology, Edinburgh

10 mm



Gypsum with inclusions

Dark Field

Gypsum peak map “Organic” 1400-1700 cm-1 peak map



“Organic” peaks in Gypsum



Starship IFT 1



Starship IFT 1





Mathieu Simeral Campbell Uyeki     Charles Pacheco

Tia Gandhi

Kyra Birkenfeld
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