Trace Nutrients Research 40: 96 —102 (2023)

FineaLBR, FNVE

| I 2

Z )

IZLEa—
FICEAT M  MKERE

%I,ZH

(VBT RERE B R TR e B L S iy AP B, Y BV R AL Ay AR A iy - AR T2

(ZAF 2023 4E 8 H 28 H,

B 2023 4F 10 H 5 H)

Studies on zinc-containing enzymes and proteins: current status and prospects

Nanami Harapa"

, Tadao Omawa

1.2)

1>Chemisz‘ry, Materials and Bioengineering Major, Graduate School of Science and Engineering,

Kansai University™
2 Department of Life science and Biotechnology, Faculty of Chemistry, Materials and Bioengineering,

Kansar University

Summary
Zinc is one of the essential micronutrients for all organisms, including microorganisms, plants, and animals. There

are more than 300 zinc enzymes that use zinc as a cofactor, and zinc is thought to be required for enzyme activi-

ty, structural maintenance, and function as a signaling factor. Some zinc enzymes have been characterized in detail,

including the structure around the zinc, which generally forms a tetrahedral structure in which His, Glu, Asp, and

Cys bind to the zinc and activate it. Zinc enzymes are valuable therapeutic targets because they exhibit important

physiological functions, and the development of drugs and inhibitors has been investigated. However, the function,

crystal structure, and chemistry of many zinc enzymes remain unexplored.

In this mini-review, we describe the distribution of zinc-containing enzymes and proteins and their reaction mech-

anisms, the role of zinc, and its pharmaceutical and therapeutic applications to clarify the important points to be

clarified in this research area.
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Table 1 Representative zinc enzymes previously reported
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Protein/Enzyme Organism Zn content Accession no. Reference
(mol/mol)

Carbonic anhydrase I1I Bos taurus (Bovine) 1 Q3SZX4 31

Carbonic anhydrase Pisum sativum 6 P17067 32

Carboxypeptidase Pseudomonas sp. 1 P06621 33
Saccharomyces

Alcohol dehydrogenase .. 4 P32771 34
cerevisiae

Alkaline phosphatase Escherichia coli 2 P00634 35

Aspartate transcarbamoylase Escherichia coli 6 POA786 36

Aminopeptidase RNPEPL1 Homo sapiens 1 QI9HAUS 37

Rhamnulose-1-phosphate aldolase Escherichia coli 2 P32169 38

Dipeptidase Sus scrofa (pig) 1 P22412 39

Pyruvate carboxylase 2 Sacch.affomy e 2 P32327 40
cerevisiae

Mercaptopyruvate sulfurtransferase Escherichia coli 1 P31142 41

*The data in this table were in part cited from reference®.

Table 2 Representative crystal structure of zinc enzymes previously reported

Enzyme

. . Enzyme PDB no. Reference
classification

4EEX 42
Oxidoreductase Alcohol dehydrogenase 5VIJs 43
1Y9A 44
Transferase Aspartate 1150 45
carbamoyltransferase 2BE9 46
Carboxypept%dase A 6CPA 47

Carboxypeptidase B
DD carboxypeptidase 2IEW 48
Thermolysin AMUS 49
Bacillus cereus neutral OLZN 30
Hydrolase protease 1ESP 51
B-Lactamase 2BMI 32
. IHQA 53
Alkaline phosphatase LAHT 54

Phospholipase C

Lyase Carbonic anhydrase [ 1BZM 55
Carbonic anhydrase I1 IHEA 56

*The data in this table were in part cited from reference'.
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Fig.1 General zinc-binding mode of zinc enzymes
A Alkaline phosphatase, Carboxypeptidase
B Carbonic anhydrase
C Alcohol dehydrogenase
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Table. 3 Zinc enzymes used as therapeutic agents

Intracellular organelle

Transport

Transport

/

Fig. 2 Schematic diagram of intracellular zinc transport and
storage in eukaryotes
ZIP: Zn/Irt-like protein family protein
ZNP: Zn transporter family protein
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Table 3I1CF & D7,

Zn enzyme Health benefit Reference
Carbonic anhydrase Inhibition of convulsion 22
Histone deacetylase Inhibition of proliferation of tumor 20
Angiotensin converting enzyme Inhibition of high blood pressure 20
Phosphodiesterase 4 Improvement of skin manifestation 20
Matrixmetalloproteinase Inhibition of proliferation of tumor 20

*The data in this table were in part cited from reference® 2.
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