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• PABA gets spontaneously intercalated in the DNA strand.

• PABA favours population of charge-transfer states in the DNA

• PABA deactivation routes lead to a long-lived triplet state

Conclusions

➙ Static spectra
 vacuum and PCM water B3LYP and CASPT2*

➙ Dynamic spectra
• gas phase QM@MD, water QM/PCM@MD
   QM region: PABA at B3LYP.
• DNA QM/MM@MD & transition density matrix 

(TDM) analysis. QM region: PABA + 4 flanking 
nucleobases at CAM-B3LYP

➙ From S2(ππ*) state  
• geometry optimisations
• conical intersection search
• 2 levels of theory: 

B3LYP and CASPT2*

PABA-DNA non-covalent binding
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Several routes populate a 
long-lived[3] triplet state T1(ππ*)
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PABA potentially induces 
photodamage in the DNA

1O2 lies at 0.98 eV
T1 of thymine lies at 3.25 eV:

 photosensitisatised reactivity

XMS5-CASPT2 (12,10)/aug-cc-pVDZ potential energy surface. Energies in eV relative to the S0 in FC

Out-of-plane bending
not seen at TD-B3LYP level

Excimers with PABA-DNA CT

Excimers with DNA CT

Pure DNA CT Pure PABA-DNA CT

Zoom on states with CT character

PABA in water
QM: PABA

PABA intercalated in DNA
QM: PABA+4 nucleobases

TDM analysis[2] allows to separate 
local and charge transfer (CT) states. 

B3LYP/aug-cc-pVDZ absorption spectra from MD simulation

Absorption spectra

excitons

PABA local 
excitations

DNA local
excitations

PABA favours 
formation of 
radicals

PABA and the 
PABA-DNA complex 

absorb UVB light

DNA binding

➙ Molecular Dynamics
  sampling of the
  binding modes

 ➙ Umbrella Sampling
  intercalation binding 
  free energy profile 

Basis set: aug-cc-pVDZ (AVDZ) 
*XMS5-CASPT2 (12,10)

Overall comparable 
deactivation at the 
CASPT2* and B3LYP 

levels of theory

intercalation minor groove major groove

Stable 
upon 
cMD?YES SOMEWHAT NO

RMSD along cMD with respect to initial position

Spontaneous 
intercalation!

1. Sampling of DNA binding sites through conventional MD
2. Intercalation binding profile through Umbrella Sampling

Thermodynamically 
(∆G<0) favoured 

intercalation

Bearing in mind pH equilibria

Fast intercalation
(0.8 kcal/mol barrier)

Anion is most 
stable at pH=7,

but...

Repulsive interactions 
with DNA cause 
higher barrier 

and ∆G>0

No binding 
pockets

RMSD of anion along cMD with respect to initial position ∆G profile of the intercalation of neutral and anionic species

Intercalation of neutral 
species may shift 

equilibrium towards it

∆G

Find out more about our research!

p-aminobenzoic acid or PABA is a controversial UV filter:

Photoprotective: absorbs UVB light protecting skin from 
sunburn and solar lesions.

Phototoxic: induces photosensitising reactions may lead 
to mutations in the DNA.

Goals
1) Simulate binding to DNA
2) Model activation through light absorption
3) Investigate phototoxic deactivation routes

intercalation site

accomodating intercalation

interaction with phosphates

dissociation

Local on DNA

Local on PABA Pure DNA CT

Pure PABA-DNA CT Excimers with PABA-DNA CT

Excimers with DNA CT

Processes in
biological environments

Photoinitiated
 events
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