
FA1-MS13 NMR, Crystallography and Macromolecular Structure

25th European Crystallographic Meeting, ECM 25, İstanbul, 2009
Acta Cryst. (2009). A65, s 41

Page s 41

FA1-MS13-O3
How a Y-family Polymerase can Produce 
Mutations from a Benzo[a]pyrene DNA Lesion. 
Jacob Bauera, Guangxin Xingb, Haruhiko Yagic, Jane 
M. Sayerc, Donald M. Jerinac, Hong Lingb. aInstitute 
of Molecular Biology, Slovak Academy of Sciences. 
bDepartment of Biochemistry, University of Western 
Ontario. cNational Institute of Diabetes and Digestive 
and Kidney Diseases, NIH. 
E-mail: jbauer6@gmail.com

Erroneous replication of lesions in DNA by DNA 
polymerases leads to elevated mutagenesis. To understand 
the molecular basis of DNA damage-induced mutagenesis, 
we determined X-ray crystal structures of the Y-family 
polymerase Dpo4 in complex with a DNA substrate 
containing a bulky DNA lesion and incoming nucleotide 
triphosphates. Like all Y-family polymerases, Dpo4 
possesses the three classic polymerase domains of thumb, 
finger, and palm, as well as an additional little-finger 
domain, which is unique to the Y-family. The DNA lesion is 
derived from an environmentally widespread carcinogenic 
polycyclic aromatic hydrocarbon, benzo[a]pyrene (B[a]P). 
In the body, this potent carcinogen is metabolized to diol 
epoxides which then form covalent adducts with cellular 
DNA by binding to purine bases. In this study, the major 
DNA B[a]P diol epoxide adduct in mammalian cells, trans 
10S B[a]P-N2-deoxyguanosine (B[a]P–dG), was placed 
at a template–primer junction opposite dA, the nucleotide 
most commonly inserted opposite this lesion by Dpo4. 
Three polymerase–DNA–nucleotide triphosphate ternary 
complexes reveal replication blockage, extension past a 
mismatched lesion, and a −1 frameshift mutation. In the 
productive structures, the bulky adduct is either flipped or 
looped out of the DNA helix into a structural gap between 
the little finger and the core polymerase domains. The 
sequestering of the hydrophobic B[a]P adduct in this new 
substrate-binding site permits the DNA to exhibit normal 
geometry for primer extension. Extrusion of the lesion by 
template misalignment allows the base 5′ to the adduct to 
serve as the template, resulting in a −1 frameshift mutation. 
Subsequent strand realignment produces a mismatched 
base opposite the lesion. These structural observations, 
in combination with replication and mutagenesis data, 
suggest a model in which the additional substrate-binding 
site stabilizes the extrahelical nucleotide for lesion bypass 
and generation of base substitutions and −1 frameshift 
mutations. This research was previously reported in [1] 
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Fatty acids are essential biomolecules for all life forms 
which are degraded, two carbons at a time, by the beta-
oxidation pathway. In higher plants beta-oxidation occurs 
in the peroxisomes and is essential for seed germination and 
hormone biosynthesis. We are in the process of thoroughly 
characterizing the enzymes involved in the beta-oxidation 
pathway of the oil seed plant Arabidopsis thaliana, using a 
variety of biochemical and structural biology approaches, 
with the aim of understanding the mechanisms by which 
metabolites are channeled. The crystal structures of 
3-ketoacyl-CoA thiolase (KAT2) from Arabidopsis 
thaliana and Helianthus annuus have been solved to 1.57Å 
and 1.8Å respectively. The dimeric structures are very 
similar and exhibit a typical thiolase fold; dimer formation 
and active site conformation indicate that these structures 
are in an open, active, reduced state. These structures 
confirm the potential of plant KATs to be regulated by 
redox when compared with the previously solved KAT2 
from Arabidopsis thaliana, which was in a closed, inactive, 
oxidised state [1]. The crystal structure of multifunctional 
enzyme (MFP2) has been solved to 2.4Å revealing the 
tandem hydratase and dehydrogenase domains. We propose 
a model for an interaction between MFP2 and KAT2 based 
on the structure of the bacterial tri-functional multienzyme 
complex [2].
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