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Understanding the limitations of homology modeling:
a useful tool for improving diagnostic reagents

Yoshiaki Nishiya

Summary Tertiary structure models of diagnostic enzymes constructed by homology modeling
are useful for predicting and improving several enzymatic properties by structural interpretation.
Here, the tertiary structures of three diagnostic enzymes that exhibited approximately 30-80%
amino acid sequence identities with the known template structures were constructed by homology
modeling. These predicted structures were compared with their actual X-ray crystal structures to
predict their properties. A clear correlation was found between the properties of the predicted
structures and their sequence homologies with the template structures. Moreover, inclusion of gap
sequences in the amino acid alignment between the enzymes and their template structures
markedly decreased the partial properties of the predicted structures. Understanding the limitations

of homology modeling can help engineer diagnostic enzymes with superior quality.
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Table 1 Diagnostic enzymes and the template structures used for their homology modeling

Structure used for homology modeling

Enzyme Origin Abbreviation PDB ID

Origin PDBID  Identity (%)
Sarcosine Bacillus SoxBN 1ZOVa Bacillus 2A89a 79.9
oxidase sp. NS-129 sp. B-0618
Cholesterol Streptomyces ChoxS AXXG Brevibacterium 3C0X 58.4
oxidase sp. SA-COO sterolicum '
Glucose—6— Leuconostoc 7;

rypanosoma
Phosphate peudomesente— G6pdhL 1DPGa cruzi 6D23a 29.6
Dehydrogenase roides
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Fig. 1 Superpositions of tertiary structure models. Superpositioning of the structures predicted by homology modeling

(orange) and their corresponding X-ray crystal structures (cyan) was performed using the MOE software. The

coenzyme, Flavin adenine dinucleotide, is represented as a ball and stick drawing.
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Fig. 2 Distribution of RMSD (C @ ) between predicted and
X-ray crystal structures.
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Fig. 3 Close-up views of the gap sequence regions of G6pdhL in its predicted and X-ray crystal structures.

Superpositioning of the structures predicted by homology modeling (orange) and their corresponding X-ray crystal

structures (cyan) was performed using the MOE software. The landmark amino acid residues are represented as

stick drawings.
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Fig. 4 Close-up view of Val-121 and the surrounding
regions of ChoxS in its predicted and X-ray crystal
structures. Superpositioning of the structures
predicted by homology modeling (orange) and
their corresponding X-ray crystal structures (cyan)
was performed using the MOE software. The
amino acid residues are represented as stick
drawings. The coenzyme, Flavin adenine
dinucleotide, is represented as a ball and stick

drawing.
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Fig. 5 Close-up view of Phe-65 and the surrounding
regions of G6pdhL in its predicted and X-ray
crystal structures. The superposition of predicted
and X-ray crystal structures, colored in orange and
cyan respectively, was performed using the MOE
software. The landmark amino acid residues are
represented as stick drawings.
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