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Abstract 

Edvin Erdtman (2010): 5-Aminolevulinic acid and derivatives thereof 
Properties, lipid permeability and enzymatic reactions. Örebro Studies in 
Life Science 6, 76 pp. 
 
5-aminolevulinic acid (5-ALA) and derivatives thereof are widely used 
prodrugs in treatment of pre-malignant skin diseases of the cancer treat-
ment method photodynamic therapy (PDT). The target molecule in 5-ALA-
PDT is protoporphyrin IX (PpIX), which is synthesized endogenously from 
5-ALA via the heme pathway in the cell. This thesis is focused on 5-ALA, 
which is studied in different perspectives and with a variety of computa-
tional methods. The structural and energetic properties of 5-ALA, its 
methyl-, ethyl- and hexyl esters, four different 5-ALA enols, and hydrated 
5-ALA have been investigated using Quantum Mechanical (QM) first prin-
ciples density functional theory (DFT) calculations. 5-ALA is found to be 
more stable than its isomers and the hydrolysations of the esters are more 
spontaneous for longer 5-ALA ester chains than shorter. The keto-enol 
tautomerization mechanism of 5-ALA has been studied, and a self-catalysis 
mechanism has been proposed to be the most probable. Molecular Dynam-
ics (MD) simulations of a lipid bilayer have been performed to study the 
membrane permeability of 5-ALA and its esters. The methyl ester of 5-ALA 
was found to have the highest permeability constant (PMe-5-ALA = 52.8 cm/s). 
The mechanism of the two heme pathway enzymes; Porphobilinogen syn-
thase (PBGS) and Uroporphyrinogen III decarboxylase (UROD), have been 
studied by DFT calculations and QM/MM methodology. The rate-limiting 
step is found to have a barrier of 19.4 kcal/mol for PBGS and 13.7 
kcal/mol for the first decarboxylation step in UROD. Generally, the results 
are in good agreement with experimental results available to date. 
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