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Motivation – Translocation of lipid : Important in biological processes.

Bio molecules : ex) proteins Bio molecule can get into the 
inner space by translocation

Lipid : Amphiphilic 

inner space by translocation 
between two lipids    
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Translocation processes – Spontaneous, not affected by adsorption of molecule  

f fTranslocation by lipid membrane itself was studied by NMR, fluorescence 
and capacitance measurement. 

Not surface specified , possibility of environment change by 
chemical treatment……

Vibrational Sum-frequency generation spectroscopy will be good 
candidate to observe the lipid flip-flop by translocation…..

??But how to ??? ?



SFG – Using SFG signal is forbidden in inversion symmetry
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Translocation of lipid in as mmetric bila er makes I lo erTranslocation of lipid in asymmetric bilayer makes ICH3ss lower



Experimental setup & sample preparation

Deposite bilayer on IR grade Quartz 

Heated by water jacket

Incident angle of IR ,Vis 
: critical angle of internal reflection 



Result - SSP SFG spectra of bilayer

Initially asymmetric bilayer : CHx spectra 
i l d lis clear and same as monolayer case.240C

Fixing the IR wavenumber at 2875cm-1 (CH3ss), they checked the intensity decay in 
various temperature below Tvarious temperature below Tm.
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Decaying rate increased 

50.30C with temperature.



Confirmation of translocation 

Does the translocation contribute such an SFG intensityDoes the translocation contribute such an SFG intensity 
decaying??? 

1) Check the heating effect by IR absorption 2) Check the structural change by temperature
& signal conversing to mixed state



Model - Reaction model of translocation (Arrhenius behavior)

NT , NB : fractions of DSPC molecules locate at top or bottom

f K KUnimolecular processes : energy of two states are same. K+ = K-

In Arrhenius behavior, reaction rate k 
increase with temperature, because 
high temperature give more chance 

Energy 
barrier

NT NB

Ea

to molecules to jump over the 
activation energy, Ea  

/Ea RTk A − /Ea RTk Ae=

Solving the dynamic equation of this processes with I C : N = 1Solving the dynamic equation of this processes with I.C. : NB = 1
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Fitting with model 

Relate to intensity of SFG
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Because hydrophilic head should move to hydrophobic coreBecause hydrophilic head should move to hydrophobic core



Conclusion & Summary 

By SFG, spontaneous translocation in lipid bilayer was monitored.

Intensity decaying tendency followed simple Arrhenius model andIntensity decaying tendency followed simple Arrhenius model, and
It is well fitted.

From the fitting, calculated activation energy, Ea is about 206kJ/mol
And it can be expected that t1/2 = 18days in room temperature 

At 36.5C0, t1/2 = 18hours


