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1. Actin

-

Actin is a protein that functions in the contractile system of skeletal muscle, where it is found in the
thin filaments. In muscle, fibrous actin (F-actin) is a helical polymer of a globular polypeptide chain,
G-actin. Actin is present in all eukaryotes and has a highly conserved protein sequence (Pollard 1990).

Actins of non-muscle cells are encoded by different genes than those of muscle, and have been found to
be involved in platelet shape (Lefebvre ef al. 1993), endocytosis (Robertson et al. 2009), cell motility
(Lazarides and Weber 1974), cell division (Hill et al. 1996), metastasis (Gabbiani et al. 1975), and cell
signaling (Liu et al. 1990).

Actin is usually isolated as G-actin, which may be reversibly transformed into a viscous polymerized
fibrous form, F-actin, by the addition of neutral salts and at neutral, or slightly alkaline, pH (Chantler
and Gratzer 1975). The reaction, which involves bound nucleotide is: Actin is usually isolated as
G-actin, which may be reversibly transformed into a viscous polymerized fibrous form, F-actin, by
the addition of neutral salts and at neutral, or slightly alkaline, pH (Chantler and Gratzer 1975). The
reaction, which involves bound nucleotide is:

G-actin-ATP — F-actin-ADP + Pi (1.1)

History

While there has been some debate regarding the official discoverer of actin, it is believed that in 1887
Halliburton was the first to make an extract that contained crude actin, and not until 1942 that Straub
(Straub 1942) first isolated pure actin. Straub’s original method of isolating actin is relatively similar
to the procedures used today (Pollard 1990). At that time, however, little was known about muscle
structure at the submicroscopic level.
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The 1950s brought a greater understanding of the filamentous structure of actin. The sliding filament
model was developed, and remains essentially unchanged since then. This theory explains that the
thick and thin filaments within the sarcomere slide past one another, shortening the entire length of the
sarcomere. In order to slide past one another, the myosin heads will interact with the actin filaments
and, using ATP, bend to pull past the actin (Huxley 2004).

During the 1960s and 1970s, two dimensional X-ray patterns of the actin structure were obtained
and studied (Huxley 2004). In the 1980s, the first interpretable electron density maps of the actin
molecule were acquired (Hirono et al. 1989), and the ATP hydrolysis and phosphate dissociation was
characterized (Kono 1988).

The involvement of actin and its associated proteins’ involvement in metastasis was investigated in
the 1990s, and the crystal structure was solved (Kabsch et al. 1990). Recent research has focused on
the functions of actin in endocytosis (Robertson et al 2009), and it has been proposed that actin is a
component of chromatin remodeling complexes in RNA biogenesis (Percipalle 2009).

The structure contains four domains. Two of these domains are similar alpha/beta domains, which
contain the ATPase catalytic site. The F-actin helix consists of 13 molecules of G-actin in six turns of
the helix, which repeat every 360 Angstroms (Branden and Tooze 1999). Each actin molecule consists
of five sulthydryl groups. Actin is associated with tropomyosin and the troponin complex in muscle.
Actin also contains a myosin binding site, where it forms temporary complexes with myosin during
muscle contraction, and permanently during rigor mortis (Pollard 1990).

Molecular Characteristics

Actin consists of 376 amino acids. The high proportion of proline and glycine (4.9 and 7.5%, respec-
tively) residues contributes to G-actin’s globular shape. Six actin genes are expressed in mammals and
birds, and these sequences all share a great deal of homology (Vandekerckhove and Weber 1984).

Composition

The structure contains four domains. Two of these domains are similar alpha/beta domains, which
contain the ATPase catalytic site. The F-actin helix consists of 13 molecules of G-actin in six turns of
the helix, which repeat every 360 Angstroms (Branden and Tooze 1999). Each actin molecule consists
of five sulthydryl groups. Actin is associated with tropomyosin and the troponin complex in muscle.
Actin also contains a myosin binding site, where it forms temporary complexes with myosin during
muscle contraction, and permanently during rigor mortis (Pollard 1990).

CAS
* 51005-14-2

Protein Accession Number
» P68135
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CATH: Classification (v. 3.3.0)

Class:
* Alpha Beta
Architecture:
» 2-Layer Sandwich and Alpha-Beta Complex
Topology:
* Nucleotidyltransferase; domain 5, and Actin; Chain A, domain 4

Molecular Weight
* 41.8 kDa

Isoelectric Point
* 523

Extinction Coefficient

* 43,840 L L

1%
° Ezgo =10.48

Applications

* Binding studies
* Endogenous internal controls to normalize gene expression studies

References

¢ Adelman, M., and Taylor, E.: Further Purification and Characterization of Slime Mold Myosin and Slime Mold Actin, Biochemistry 8,
4976, 1969.

* Adelstein, R., and Conti, M.: Phosphorylation of Platelet Myosin Increases Actin-Activated Myosin ATPase Activity, Nature 256, 597,

1975.

Adelstein, R., and Eisenberg, E: , Regulation and Kinetics of the Actin-Myosin-ATP Interaction, Annu Rev Biochem 49, 921, 1980.

Alicea, H., and Renaud, F.: Actin-Tubulin Homology Revisited, Nature 257, 601, 1975.

Arisaka, F.,, Noda, H., and Maruyama, K.: Kinetic Analysis of the Polymerization Process of Actin, Biochim Biophys Acta 400, 263,

1975.

* Arnold, H., and Pette, D.: Binding of Aldolase and Triosephosphate Dehydrogenase to F-Actin and Modification of Catalytic Properties

of Aldolase, Eur J Biochem 15, 360, 1970.

Asakura, S., Taniguchi, M., and Oosawa, F.: Mechano-Chemical Behavior of F-Actin, J Mol Biol 7, 55, 1963.

Avissar, N., Shaklai, M., and Shaklai, N.: The Interaction of Hemin with Skeletal Muscle Actin, Biochim Biophys Acta 786, 179, 1984.

 Bailin, G., and Barany, M.: Studies on Actin-Actin and Actin-Myosin Interaction, Biochim Biophys Acta 140, 208, 1967.

* Barany, M., Nagy, B., Finkelman, F., and Chrambach, A.: Studies on the Removal of the Bound Nucleotide of Actin, J Biol Chem 236,
2917, 1961.

+ Barden, J., and dos Remedios, C.: Conformational Changes in Actin Resulting from Ca®>*/ Mg?* Exchange as Detected by Proton NMR
Spectroscopy, Eur J Biochem 146, 5, 1985.

¢ Baumert, H., Kenmoku, A., Middelhoff, G., Ortanderl, F., Thrun, A., Faulstich, H., Schiebler, W., and Fasold, H.: Artificial Dimers of

Native Actin: Preparation and Properties in Biological Functions, J Protein Chem 7, 571, 1988.

Borejdo, J., Muhlrad, A., Leibovich, S., and Oplatka, A.: Polymerization of G-Actin by Hydrodynamic Shear Stresses, Biochim Biophys

Acta 667, 118, 1981.

* Brauer, M., and Sykes, B.: 19F Nuclear Magnetic Resonance Studies of Selectively Fluorinated Derivatives of G- and F-Actin, Biochem-
istry 25,2187, 1986.

e Bray, D., and Thomas, C.: The Actin Content of Fibroblasts, Biochem J 147,221, 1975.

Bryan, J., and Kurth, M.: Actin-Gelsolin Interactions. Evidence for Two Actin Binding Sites, J Biol Chem 259, 7480, 1984.

Carlier, M., and Pantaloni, D.: Direct Evidence for ADP-P1-F-Actin as the Major Intermediate in ATP-Actin Polymerization. Rate of

Dissociation of P1 from Actin Filaments, Biochemistry 25, 7789, 1986.

Worthington-Biochem.com wmmngmn Ph: 800-445-9603
Ph: 732-942-1660


http://www.worthington-biochem.com

Actin

Carlier, M., Pantaloni, D., and Korn, E.: Polymerization of ATP-Actin under Sonication and Characteristics of the ATP-Actin Equilibrium
Polymer, J Biol Chem 260, 6565, 1985.

Carlier, M., Pantaloni, D., Evans, J., Lambooy, P., Korn, E., and Webb, M.: The Hydrolysis of ATP That Accompanies Actin Polymer-
ization is Essentially Irreversible, F.E.B.S. Lett. 235, 211, 1988.

Carsten, M., and Mommaerts, W.: A Study of Actin by Means of Starch Gel Electrophoresis, Biochemistry 2, 28, 1963.

Chalovich, J., Stein, L., Greene, L., and Eisenberg, E.: Interaction of Isozymes of Myosin Subfragment 1 with Actin: Effect of Ionic
Strength and Nucletotides, Biochemistry 24, 4885, 1985.

Chantler, P., and Gratzer, W.: Effects of Specific Chemical Modification of Actin, Eur J Biochem 60, 67, 1975.

Clarke, F., and Masters, C.: On the Association of Glycolytic Enzymes with Structural Proteins of Skeletal Muscle, Biochim Biophys
Acta 381, 37, 1975.

Cooper, J., and Pollard, T.: Effect of Capping Protein on the Kinetics of Actin Polymerization, Biochemistry 24, 793, 1985.

Coué, M., and Korn, E.: Interaction of Plasma Gelsolin with G-actin and F-actin in the Presence and Absence of Calcium Ions, J Biol
Chem 260, 15033, 1985.

Criddle, A., Geeves, M., and Jeffries, T.: The Use of Actin Labelled with N-(1-pyrenyl)iodoacetamide to Study the Interaction of Actin
with Myosin Subfragments and Troponin/Tropomyosin, Biochem J 232, 343, 1985.

Dalgarno, D., Prince, H., Levine, B., and Trayer, I: Identification of a Surface Actin-binding Site on Myosin, Biochim Biophys Acta 707,
81, 1982.

Dancker, P., Low, 1., Hasselbach, W., and Wieland, T.: Interaction of Actin with Phalloidin: Polymerization and Stabilization of F-Actin,
Biochim Biophys Acta 400, 407, 1975.

Dedman, J., Payne, D., and Harris, B.: Increased Proteolytic Susceptibility of Aldolase Induced by Actin Binding, Biochem Biophys Res
Commun 65, 1170, 1975.

Detmers, P., Weber, A., Elzinger, M., and Stephens, R.: 7-Chloro-4-nitrobenzo-2-oxa-1,3-diazole Actin As a Probe for Actin Polymer-
ization, J Biol Chem 256, 99, 1981.

Drabikowski, W., and Gergely, J.: The Effect of the Temperature of Extraction on the Tropomyosin Content of Actin, J Biol Chem 237,
3142, 1962.

Elbaum, D., Mimms, L., and Branton, D.: Modulation of Actin Polymerization by the Spectrin-Band 4.1 Complex, Biochemistry 23,
4813, 1984.

Elzinga, M., and Collins, J.: The Primary Structure of Actin from Rabbit Skeletal Muscle, J Biol Chem 250, 5897, 1975.

Elzinga, M., and Collins, J.: The Primary Structure of Actin from Rabbit Skeletal Muscle. Correction, J Biol Chem 250, 7085, 1975.
Elzinga, M., Collins, J., Kuehl, W., and Adelstein, R.: Complete Amino-Acid Sequence of Actin of Rabbit Skeletal Muscle, Proc Natl
Acad Sci U S A 70,2687, 1973.

Fatigati, V., and Murphy, R.: Actin and Tropomyosin Variants in Smooth Muscles. Dependence on Tissue Type, J Biol Chem 259, 14383,
1984.

Faulstich, H., Merkler, I., Blackholm, H., and Stournaras, C.: Nucleotide in Monomeric Actin Regulates the Reactivity of the Thiol
Groups, Biochemistry 23, 1608, 1984.

Finch, J.: , The Proteins, 3rd ed Vol. Vol. 1, H. Neurath and R. Hill, Academic Press, NY, 452, 1975.

Finlayson, B., Lymn, R., and Taylor, E.: Studies on the Kinetics of Formation and Dissociation of the Actomyosin Complex, Biochemistry
8, 811, 1969.

Fisher, A., Curmi, P.,, Barden, J., and DosRemedios, C.: A Reinvestigation of Actin Monomer Conformation Under Polymerizing
Conditions Based on Rates of Enzymatic Digestion and Ultraviolet Difference Spectroscopy, Biochim Biophys Acta 748, 220, 1983.
Frieden, C., and Patane, K.: Differences in G-Actin Containing Bound ATP or ADP: The Mg2+—lnduced Conformational Change Re-
quires ATP, Biochemistry 24,4192, 1985.

Frieden, C., and Patane, K.: Mechanism for Nucleotide Exchange in Monomeric Actin, Biochemistry 27, 3812, 1988.

Fung, B., and Eyob, E.: The Effect of ATP Concentration on the Rate of Actin Polymerization, Arch Biochem Biophys 220, 370, 1983.
Gabbiani, G., Malaisse-Lagae, F., Blondel, B., and Orci, L.: Actin in Pancreatic Islet Cells, Endocr J 95, 1630, 1974.

Gabbiani, G., Trechev, P., and Holborow, E.: Increase of Contractile Protein in Human Cancer Cells, Lancet 2, 796, 1975.

Gardner, K., and Bennett, V.: Modulation of Spectrin-Actin Assembly by Erythrocyte Adducin, Nature 328, 359, 1987.

Gershman, L., Newman, J., Selden, L., and Estes, J.: Bound-Cation Exchange Affects the Lag Phase in Actin Polymerization, Biochem-
istry 23, 2199, 1984.

Goldschmidt-Clermont, P., Galbraith, R., Emerson, D., Marshot, F., Nel, A., and Arnaud, P.: Distinct Sites on the G-Actin Molecule
Bind Group-Specific Component and Deoxyribonuclease I, Biochem J 228, 471, 1985.

Goody, R., and Holmes, K.: Cross-Bridges and the Mechanism of Muscle Contraction, Biochim Biophys Acta 726, 13, 1983.

Govindan, V., and Wieland, T.: Isolation and Identification of an Actin from Rat Liver, F.E.B.S. Lett. 59, 117, 1975.

Grabarek, Z., Grabarek, J., Leavis, P., and Gergely, J.: Cooperative Binding to the Ca?t - Specific Sites of Troponin C in Regulated Actin
and Actomyosin, J Biol Chem 258, 14098, 1983.

Grazi, E.: **MN2Z* As a Tracer of the Polymerization of Actin. Intermediate Oligomers Condense to Give F-Actin, Biochem J 223, 571,
1984.

Hama, H., Kasai, M., Maruyama, K., and Noda, H.: Natural F-Actin. IV. Length Distribution and Its Change Studied by Electron
Microscopy, Biochim Biophys Acta 194, 470, 1969.

Hama, H., Maruyama, K., and Noda, H.: Natural F-Actin. I. Direct Isolation of F-Actin from Myofibrils and Its Physico-Chemical
Properties, Biochim Biophys Acta 102, 249, 1965.

Hama, H., Maruyama, K., and Noda, H.: Natural F-Actin. II. Natural F-Actin and Its Transformation to Straub F-Actin, Biochim Biophys
Acta 133, 251, 1967.

Hanson, J., and Lowy, J.: The Structure of F-Actin and of Actin Filaments Isolated from Muscle, J Mol Biol 6, 46, 1963.

Harris, H.: Covalent Complexes Formed between Plasma Gelsolin and Actin with a Zero-Length Cross-Linking Compound, Biochemistry
24,6613, 1985.

Hatano, S., and Oosawa, F.: Isolation and Characterization of Plasmodium Actin, Biochim Biophys Acta 127, 488, 1966.

Heaphy, S., and Tregear, R.: Stoichiometry of Covalent Actin-Subfragment 1 Complexes Formed on Reaction with a Zero-Length
Cross-Linking Compound, Biochemistry 23,2211, 1984.

Worthington-Biochem.com v Worthington Ph: 800-445-9603

Ph: 732-942-1660


http://www.worthington-biochem.com

Actin Q

Hegyi, G., Premecz, G., Sain, B., and Muhldrd, A.: Selective Carboxymethoxylation of the Histidine Residues of Actin by Diethylpyro-
carbonate, Eur J Biochem 44,7, 1974.

Hegyi, G., Szilagyi, L., and Elzinga, M.: Photoaffinity Labeling of the Nucleoside Binding Site of Actin, Biochemistry 25, 5793, 1986.
Henry, G., Winstanley, M., Delgarno, D., Scott, G., Levine, B., and Trayer, I.: Characterization of the Actin-Binding Site on the Alkali
Light Chain of Myosin, Biochim Biophys Acta 830, 233, 1985.

Hill, K., Catlett, N., and Weisman, L.: Actin and Myosin Function in Directed Vacuole Movement During Cell Division in Saccharomyces
cerevisiae, J Cell Biol 135, 1535, 1996.

Huxley, H: Fifty Years of Muscle and the Sliding Filament Hypothesis, Eur J Biochem 271, 1403, 2004.

Ikeuchi, Y., and Midelfort, C.: Heterogeneity in the Actin Activation of Myosin, Biochemistry 25, 411, 1986.

Ishikawa, H., Bischoff, R., and Holtzer, H.: Formation of Arrowhead Complexes with Heavy Meromyosin in a Variety of Cells, J Cell
Biol 43, 312, 1969.

Johnson, P., Harris, C., and Perry, S.: 3-Methylhistidine in Actin and Other Muscle Proteins, Biochem J 105, 361, 1967.

Johnson, P., Wester, P., and Hikida, R.: Protein-Protein Interactions of Proteolytic Fragments of Actin, Biochim Biophys Acta 578, 253,
1979.

Kabsch, W., Mannherz, H., Suck, D., Pai, E., and Holmes, K.: Atomic Structure of the Actin:DNase I Complex, Nature 347, 37, 1990.
Kasai, M., Asakura, S., and Oosawa, F.: The Cooperative Nature of G-F Transformation of Actin, Biochim Biophys Acta 57, 22, 1962.
Kasai, M., Asakura, S., and Oosawa, F.: The G-F Equilibrium in Actin Solutions Under Various Conditions, Biochim Biophys Acta 57,
13, 1962.

Katz, A.: The Influence of Cations on the Reactivity of the Sulfhydryl Groups of Actin, Biochim Biophys Acta 71, 397, 1963.

Kay, C.: A Re-Examination of the Molecular Characteristics of G-Actin, Biochim Biophys Acta 43, 259, 1960.

Keiser, T., Schiller, A., and Wegner, A.: Nonlinear Increase of Elongation Rate of Actin Filaments with Actin Monomer Concentration,
Biochemistry 25, 4899, 1986.

Kersey, Y., Hepler, P., Palevitz, B., and Wessells, N.: Polarity of Actin Filaments in Characean Algae, Proc Natl Acad Sci U S A 73, 165,
1976.

King, R., and Greene, L.: Regulation of the Adenosine-triphosphatase Activity of Cross-Linked Actin-Myosin Subfragment 1 by
Troponin-Tropomyosin, Biochemistry 24, 7009, 1985.

Klonowski, W., and Epstein, I.: Kinetics of Actin-Myosin Binding. I. An Exactly Soluble One-Variable Model, Biophys J 51, 245, 1987.
Klonowski, W., and Epstein, I.: Kinetics of Actin-Myosin Binding. II. Two-Variable Model and Actin Gelation, Biophys J 51, 249, 1987.
Konno, K.: G-Actin Structure Revealed by Chymotryptic Digestion, J. Biochem. 103, 386, 1988.

Krisanda, J., Breese, S., and Murphy, R.: High Affinity of Various Smooth Muscle Myosins for Skeletal F-Actin Demonstrated by
Enzyme Kinetics and Electron Microscopy, Biochim Biophys Acta 702, 125, 1982.

Kuehl, W., Conti, M., and Adelstein, R.: Structural Studies on Rabbit Skeletal Muscle Actin, J Biol Chem 250, 5890, 1975.
Kwiatkowski, D., Janmey, P., Mole, J., and Yin, H.: Isolation and Properties of Two Actin-binding Domains in Gelsolin, J Biol Chem
260, 15232, 1985.

Lal, A., and Korn, E.: Effect of Muscle Tropomyosin on the Kinetics of Polymerization of Muscle Actin, Biochemistry 25, 1154, 1986.
Lal, A., Brenner, S., and Korn, E.: Preparation and Polymerization of Skeletal Muscle ADP-actin, J Biol Chem 259, 13061, 1984.
Laliberte, A., and Gicquaud, C.: Polymerization of Actin by Positively Charged Liposomes, J Cell Biol 106, 1221, 1988.

Lazarides, E., and Lindberg, U.: Actin is the Naturally Occurring Inhibitor of Deoxyribonuclease I, Proc Natl Acad Sci U S A 71, 4742,
1974.

Lazarides, E., and Weber, K.: Actin Antibody: The Specific Visualization of Actin Filaments in Non-Muscle Cells, Proc Natl Acad Sci
USATI, 2268, 1974.

Lefebvre, P., White, J., Krumwiede, M., Cohen, L.: Role of Actin in Platelet Function, Eur J Cell Biol 62, 194, 1993.

Liu, D., Wang, D., and Stracher, A.: The Accessibility of the Thiol Groups on G- and F-actin of Rabbit Muscle, Biochem J 266, 379,
1990.

Longley, W.: Tropomyosin and Actin, Nature 257, 827, 1975.

Loscalzo, J., Reed, G., and Weber, A.: Conformational Change and Cooperativity in Actin Filaments Free of Tropomyosin, Proc Natl
Acad Sci U S A 72,3412, 1975.

Lowey, S.: Protein Assemblies, Muscle in Protein-Protein Interactions, Proceedings of 23rd Mosbach Colloquium , R. Jaenicke and E.
Helmreich, Springer-Verlag, NY, 317, 1972.

Mannherz, H., Brehme, H., and Lamp, U.: Depolymerisation of F-Actin to G-Actin and Its Repolymerization in the Presence of Analogs
of Adenosine Triphosphate, Eur J Biochem 60, 109, 1975.

Mannherz, H., Leigh, J., Leberman, R., and Pfrang, H.: A Specific 1:1 G-Actin: DNAse I Complex Formed by the Action of DNAse I
on F-Actin, FE.B.S. Lett. 60, 34, 1975.

Marianne-Pépin, T., Mornet, D., Bertrand, R., Labbé, J., and Kassab, R.: Interaction of the Heavy Chain of Gizzard Myosin Heads with
Skeletal F:Actin, Biochemistry 24, 3024, 1985.

Markey, F., Larsson, H., Weber, K., and Lindberg, U.: Nucleation of Actin Polymerization from Profilactin. Opposite Effects of Different
Nuclei, Biochim Biophys Acta 704, 43, 1982.

Marston, S., and Tregear, R.: Modification of the Interactions of Myosin with Actin and 5’-Adenyl Imidodiphosphate by Substitution of
Ethylene Glycol for Water, Biochem J 217, 169, 1984.

Marston, S., and Weber, A.: The Dissociation Constant of the Actin-Heavy Meromyosin Subfragment-1 Complex, Biochemistry 14,
3868, 1975.

Martonosi, A.: Studies on Actin. VII. Ultracentrifugal Analysis of Partially Polymerized Actin Solutions, J Biol Chem 237, 2795, 1962.
Martonosi, A., and Gouvea, M.: Studies on Actin. VI. The Interaction of Nucleoside Triphosphates with Actin, J Biol Chem 236, 1345,
1961.

Maruyama, K.: Some Vibration Induces the Nucleation of Actin in the Absence of Magnesium Ions and Cytocholasins Inhibit the
Elongation of the Nuclei, J Biol Chem 256, 1060, 1981.

Maruyama, K., and Gergely, J.: Interaction of Actomyosin with Adenosine Triphosphate at Low Ionic Strength. I. Dissociation of
Actomyosin During the Clear Phase, J Biol Chem 237, 1095, 1962.

Maruyama, K., and Gergely, J.: Interaction of Actomyosin with Adenosine Triphosphate at Low Ionic Strength. II. Factors Influencing

Worthington-Biochem.com v Worthington Ph: 800-445-9603

Ph: 732-942-1660


http://www.worthington-biochem.com

10 Actin

Clearing and Superprecipitation: Adenosine Triphosphatase and Birefringence of Flow Studies, J Biol Chem 237, 1100, 1962.
Matsutake, Y., Sagara, Y., Yamada, T., and Shimizu, H.: On the Active Streaming Experiment of Actomyosin Solutions in Glass Micro-
capillaries, Biochim Biophys Acta 405, 347, 1975.

Michnicka, M., Kasman, K., and Kakaol, I.: The Binding of Actin to Phosphorylated and Dephosphorylated Myosin, Biochim Biophys
Acta 704, 470, 1982.

Miki, M., and Wahl, P.: Fluorescence Energy Transfer between Points in G-Actin: The Nucleotide-binding Site, the Metal-binding Site
and Cys.-373 Residue, Biochim Biophys Acta 828, 188, 1985.

Miyata, H., and Chacko, S.: Role of Tropomyosin in Smooth Muscle Contraction: Effect of Tropomyosin Binding to Actin on Actin
Activation of Myosin ATPase, Biochemistry 25, 2725, 1986.

Mockrin, S., and Korn, E.: Isolation and Characterization of Covalently Cross-linked Actin Dimer, J Biol Chem 256, 8228, 1981.
Mommaerts, W.: Reversible Polymerization and Ultracentrifugal Purification of Actin, J Biol Chem 188, 559, 1951.

Mori, H., and Shimomura, M.: Comparison of Tubulin and Actin, J. Biochem. 74, 209, 1973.

Mulhern, S., Eisenberg, E., and Kielley, W.: Interaction of Actin with N-Ethylmaleimide Modified Heavy Meromyosin in the Presence
and Absence of Adenosine Triphosphate, Biochemistry 14, 3863, 1975.

Nachmias, V., and Huxley, H.: Electron Microscope Observations on Actomyosin and Actin Preparations from Physarum polycephalum,
and on Their Interaction with Heavy Meromyosin Subfraction I from Muscle Myosin, J Mol Biol 50, 83, 1970.

Ngai, P., and Walsh, M.: Inhibition of Smooth Muscle Actin-activated Myosin Mg+ -ATPase Activity by Caldesmon, J Biol Chem 259,
13656, 1984.

Nishida, E., Muneyuki, E., Maekawa, S., Ohta, Y., and Sakai, H.: An Actin-Depolymerizing Protein (Destrin) from Porcine Kidney. Its
Action on F-Actin Containing or Lacking Tropomyosin, Biochemistry 24, 6624, 1985.

O’Donoghue, S., Miki, M., and DosRemedios, C.: Removing the Two C-Terminal Residues of Actin Affects the Filament Structure,
Arch Biochem Biophys 293, 110, 1992.

Orr, T., Hall, D., and Allison, A.: Role of Contractile Microfilaments in the Release of Histamine from Mast Cells, Nature 236, 350,
1972.

Pajot-Augy, E., and Axelos, M.: The Effect of Organic Cryosolvents on Actin Structure - Studies by Small Angle X-Ray Scattering, Eur
Biophysics J 21, 179, 1992.

Percipalle, P.: The Long Journey of Actin and Actin-Associated Proteins from Genes to Polysomes, Cell Mol Life Sci 66, 2151, 2009.
Perry, S.: When was Actin First Extracted from Muscle?, J Muscle Res Cell Motil 24, 597, 2003.

Phillips, J., and Slater, A.: Actin in the Adrenal Medulla, F.E.B.S. Lett. 56, 327, 1975.

Podolsky, R., and Costantin, L.: Regulation by Calcium of the Contraction and Relaxation of Muscle Fibers, Fed Proc 23, 933, 1964.
Pollard, T., Shelton, E., Weihing, R., and Korn, E.: Ultrastructural Characterization of F-Actin Isolated from Acanthamoeba castellani
and Identification of Cytoplasmic Filaments as F-Actin by Reaction with Rabbit Heavy Meromyosin, J Mol Biol 50, 91, 1970.
Robertson, A., Smythe, E., and Ayscough, K.: Functions of Actin in Endocytosis, Cell Mol Life Sci 66, 2049, 2009.

Rouayrenc, J., Fattoum, A., Mejean, C., and Kassab, R.: Characterization of the Ca?*-Induced Conformational Changes in Gelsolin and
Identification of Interaction Regions between Actin and Gelsolin, Biochemistry 25, 3859, 1986.

Roustan, C., Benyamin, Y., Boyer, M., and Cavadore, J.: Structural Variations in Actins. A Study of the Immunological Reactivity of the
N-Terminal Region, Biochem J 233, 193, 1986.

Sakakibara, 1., and Yagi, K.: Molecular Weight of G-Actin Obtained by the Light-Scattering Method, Biochim Biophys Acta 207, 178,
1970.

Sato, M., Leimbach, G., Schwarz, W., and Pollard, T.: Mechanical Properties of Actin, J Biol Chem 260, 8585, 1985.

Sattilaro, R.: Interaction of Microtubule-Associated Protein 2 with Actin Filaments, Biochemistry 25, 2003, 1986.

Sch: Phalloidin Counteracts the Inhibitory Effect of Actin on Deoxyribonuclease I, FE.B.S. Lett. 57, 51, 1975.

Seifter, S., and Gallop, P.: , The Proteins, 2nd ed Vol. 1V, H. Neurath, Academic Press, NY, 377, 1966.

Sellers, J., and Harvey, E.: Localization of a Light-chain Binding Site on Smooth Muscle Myosin Revealed by Light-chain Overlay of
Sodium Dodecyl Sulfate-polyacrylamide Electrophoretic Gels, J Biol Chem 259, 14203, 1984.

Siemankowski, R., and White, H.: Kinetics of the Interaction between Actin, ADP, and Cardiac Myosin-S1, J Biol Chem 259, 5045,
1984.

Spooner, B., Yamada, K., and Wessells, N.: Microfilaments and Cell Locomotion, J Cell Biol 49, 595, 1971.

Spudich, J., and Watt, S.: The Regulation of Rabbit Skeletal Muscle Contraction. I. Biochemical Studies of the Interaction of the
Tropomyosin-Troponin Complex wtih Actin and the Proteolytic Fragments of Myosin, J Biol Chem 246, 4866, 1971.

Srivastava, J., and Barber, D.: Actin Co-Sedimentation Assay: For the Analysis of Protein Binding to F-Actin, J Vis Exp 13, pii, 2008.
Sutoh, K.: Actin-Actin and Actin-Deoxyribonuclease I Contact Sites in the Actin Sequence, Biochemistry 23, 1942, 1983.

Sutoh, K., and Hatano, S.: Actin-Filament Interactions as Revealed by Chemical Cross-Linking, Biochemistry 25, 435, 1986.

Sutoh, K., and Mabuchi, I.: N-Terminal and C-Terminal Segments of Actin Participate in Binding Depactin, an Actin-Depolymerizing
Protein from Starfish Oocytes, Biochemistry 23, 6757, 1984.

Szent -Gyorgyi, A.: Meromyosins, the Subunits of Myosin, Arch Biochem Biophys 42, 305, 1953.

Szent-Gyorgyi, A., and Prior, G.: Exchange of Adenosine Diphosphate Bound to Actin in Superprecipitated Actomyosin and Contracted
Myofibrils, J Mol Biol 15, 515, 1966.

Szilagyi, L., and Lu, R.: Changes of Lysine Reactivities of Actin in Complex with Myosin Subfragment-1, Tropomyosin and Troponin,
Biochim Biophys Acta 709, 204, 1982.

Tanaka, H., and Oosawa, F.: The Effect of Temperature on the Interaction Between F-Actin and Tropomyosin, Biochim Biophys Acta
253,274, 1971.

Tao, T., Lamkin, M., and Scheiner, C.: The Conformation of the Terminal Region of Actin: A Site-Specific Photocrosslinking Study
Using Benzophenone-4-Maleimide, Arch Biochem Biophys 240, 627, 1985.

Tawada, K., and Oosawa, F.: Effect of the H-Meromyosin Plus ATP System on F-Actin, Biochim Biophys Acta 180, 199, 1969.

Tellam, R.: Gelsolin Inhibits Nucleotide Exchange from Actin, Biochemistry 25, 5799, 1986.

Tellam, R.: Mechanism of CaCl,-Induced Actin Polymerization, Biochemistry 24, 4455, 1985.

Tellam, R., and Turner, J.: The Binding of Ca%t to Actin Monomer is Monitoed by the Fluorescence of Actin-bound Auramine O,
Biochem J 244, 269, 1984.

Worthington-Biochem.com v Worthington Ph: 800-445-9603

Ph: 732-942-1660


http://www.worthington-biochem.com

Actin 11

* Tilney, L.: Non-Filamentous Aggregates of Actin in Sperm: A New State of Actin, J Cell Biol 63, 349a, 1974.

e Tobacman, L., and Adelstein, R.: Mechanism of Regulation of Cardiac Actin-Myosin Subfragment I by Troponin-Tropomyosin, Bio-
chemistry 25, 798, 1986.

* Turley, E., Brassel, P., and Moorew, D.: A Hyaluronan-binding Protein Shows a Partial and Temporally Regulated Codistribution with
Actin on Locomoting Chick Heart Fibroblasts, Exp Cell Res 187, 243, 1990.

* Vandekerckhove, J., and Weber, K.: Chordate Muscle Actins Differ Distinctly from Invertebrate Muscle Actins. The Evolution of the
Different Vertebrate Muscle Actins, J Mol Biol 179, 391, 1984.

e Walsh, T., Weber, A., Davis, K., Bonder, E., and Mooseker, M.: Calcium Dependence of Villin-Induced Actin Depolymerization, Bio-
chemistry 23, 6099, 1984.

* Walsh, T., Weber, A., Higgins, J., Bonder, E., and Mooseker, M.: Effect of Villin on the Kinetics of Actin Polymerization, Biochemistry
23,2613, 1984.

* Weihing, R., and Korn, E.: Ameba Actin: The Presence of 3-Methyl-histidine, Biochem Biophys Res Commun 35, 906, 1969.

* Weihing, R., and Korn, E.: Acanthamoeba Actin, Isolation and Properties, Biochemistry 10, 590, 1971.

* Wessells, N., Spooner, B., Ash, J., Bradley, M., Luduena, M., Taylor, E., Wrenn, J., and Yamada, K.: Microfilaments in Cellular and
Developmental Processes, Science 171, 135, 1971.

¢ Williams, D., Greene, L., and Eisenberg, E.: Comparison of Effects of Smooth and Skeletal Muscle Tropomyosins on the Interactions of
Actin and Myosin Subfragment 1, Biochemistry 23, 4150, 1984.

* Wolosin, J., Okamoto, C., Forte, T., and Forte, J.: Actin and Associated Proteins in Gastric Epithelial Cells, Biochim Biophys Acta 761,
171, 1983.

* Yagi, K., and Sakakibara, I.: Kinetic Studies of Actin Polymerization and Effects of Myosin A and H-Meromyosin on the Polymerization,
J. Biochem. 57, 55, 1965.

* Yagi, K., Mase, R., Sakikibara, I., and Asai, H.: Function of Heavy Meromyosin in the Acceleration of Actin Polymerization, J Biol
Chem 240, 2448, 1965.

* Yang, Y., and Perdue, J.: Contractile Proteins of Cultured Cells. I. The Isolation and Characterization of an Actin-Like Protein from
Cultured Chick Embryo Fibroblasts, J Biol Chem 247, 4503, 1972.

* Yin, H., and Stossel, T.: Control of Cytoplasmic Actin Gel-sol Transformation by Gelsolin, a Calcium Dependent Regulatory Protein,
Nature 281, 583, 1979.

Worthington-Biochem.com wmmngmn Ph: 800-445-9603
Ph: 732-942-1660


http://www.worthington-biochem.com




Adenosine deaminase catalyzes the irreversible deamination of 2’-deoxyadenosine and adenosine to
deoxyinosine and inosine. It is found in a wide variety of prokaryotes and eukaryotes in different forms
(Pospisilova and Frebort 2007).

Adenosine + HyO — Inosine + NHj3 (2.1)
NH, o)
<,N ~N <,N NH
HO | _ HO |
N N + HO ——= N N + NHjy
@] 0]
OH OH OH OH
Adenosine Inosine

Figure 2.1: Enzymatic Reaction - Adenosine Deaminase
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History

In 1928 and in 1932, Schmidt first showed the high specificity of adenosine deaminase (Schmidt
1928 and 1932). Conway and Cook found that unlike other deaminases studied at the time, adenosine
deaminase was not as affected by tissue inhibitors, phosphate, or bicarbonate (Conway and Cook 1939).
It was later discovered that the tissue Schmidt had been using was a very poor source of adenosine
deaminase, and Conway and Cook discovered the high activity in calf mucosa.

Throughout the 1940s and 1950s, the reaction mechanism was further investigated, and adenosine
deaminases from different sources were purified and studied (Kaplan 1952 and 1955).

In the 1960s, the preparation of calf spleen adenosine deaminase was developed and refined, which
led to a greater understanding of its enzymatic properties (Pfronger 1967 a and b). In the late 1960s,
adenosine deaminases from different species were compared (Wolfendental 1968, Akedo et al. 1970,
and Edwards er al. 1971), and into the 1970s research began to focus on adenosine deaminase from
humans to better understand its connection to immunodeficiencies (Meuwissen and Pollara 1974, and
Hirschhorn et al. 1976).

Research of the 1980s increased the use of adenosine deaminase as a diagnostic tool in a variety of
illnesses including meningitis and tuberculosis (Ribera et al. 1987, and Segura et al. 1989). Inhibitors
of adenosine deaminase were investigated in the 1990s (Weitberg and Corvese 1990), and in 1991 the
crystal structure of mouse adenosine deaminase was resolved (Wilson ef al. 1991).

Today, human adenosine deaminase is widely studied because of its importance in the medical field.
Gene regulation and gene therapy are are being investigated to understand the clinical implications of
ADA gene regulation (Aiuti et al. 2009, and Wang 2009).

Molecular Characteristics

In higher eukaryotes, two different isozymes are encoded by different genes (Maier et al. 2005). In
humans, ADA1 is a single-chain Zn-binding protein and almost all activity is attributed to this protein.
ADAZ2 is believed to be produced by monocytes and is found in negligible quantities. Mutations in
the ADA1 gene, where expression is blocked, cause immunodeficiency, whereas mutations that cause
overexpression cause hemolytic anemia (Pospisilova and Frebort 2007).

The enzyme has a wide phylogenetic distribution and its sequence is highly conserved from bacteria to
humans (Chang 1991). The genes from lower eukaryotes contain no introns, whereas 95% of the DNA
sequence in mammalian ADA genes are occupied by introns (Pospisilova and Frebort 2007). Gene
sequences have been reported for cattle, mouse, human, Escherichia coli, Saccaromyces cerevisiae,
and Streptomyces virginiae. The amino acid residues around the active site are highly conserved in
mammals (Cristalli et al. 2001). Human and bovine adenosine deaminases are 93% identical (Kelly
et al.1996), and human and mouse adenosine deaminases are 83% superimposible (Wiginton et al.
1984, Daddona et al. 1984, and Yeung et al. 1985). The bacterial enzyme shares 33% identity with
mammalian adenosine deaminase (Kelly et al. 1996).
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Specificity

Adenosine deaminase has evolved to act upon adenosine, and in the lab on its derivatives (Sharoyan et
al. 2006). Additionally, adenosine deaminase acts on carbon-nitrogen bonds other than peptide bonds,
in cyclic amidines (White and White 1997).

Composition

Adenosine deaminase has a (beta/alpha)g barrel structural motif, and contains a zinc atom in the
catalytic pocket. A single, bound, divalent cation (zinc or cobalt) is required for catalytic activity
(Cristalli et al. 2001).

IUB
* 3544

CAS
* 9026-93-1

Protein Accession Number
* P56658

CATH: Classification (v. 3.3.0)

Class:

* Alpha Beta
Architecture:

* Alpha-Beta Barrel
Topology:

e TIM Barrel

Molecular Weight
* 40.8 kDa

Optimal pH
* 5.0-9.0 (Rossi and Lucacchini 1974)

Isoelectric Point
¢ 5.33

Extinction Coefficient

. 43,960 L&
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Active Residue
 Histidine (H214)
» Cysteine (C262)
* Aspartic acids (D295 and D296)

Activators

. Zn2+

Inhibitors

o Agt, Hg?t, Cu**

TPCK, DFP

Sulthydryl reagents

Erythro-9-(2-hydroxy-3-nonyl)adenine and Erythro-9-(2-hydroxy-3-nonyl)-3-deazaadenine
* 9-(p-aminobenzyle)adenine and p-chloromercuribenzoate

* Purine riboside

Applications

* Elevated levels are a diagnostic test for various human diseases (Ribera ef al. 1987, and Segura
et al. 1989)

* Inosine, deoxyinosine and dideoxyinosine synthesis (Sheid 1996)

* Determination of adenosine in biological fluids (Piras 1973)

¢ Determination of 5’-nucleotidase in blood (Blackburn et al. 1992)

Assay Information
Method

* The reaction velocity is measured by a change in absorbance at 265 nm resulting from the
deamination of adenosine. One unit converts one micromole of adenosine to inosine per minute
at 25°C and pH 7.4 under the specified conditions.

Reagents

* 1.4 mM Adenosine in 0.05 M Phosphate buffer, pH 7.4
* 0.05 M Phosphate buffer, pH 7.4

Enzyme

* Dilute immediately before use in ice cold 0.05 M phosphate buffer, pH 7.4 to a concentration of
0.2-0.8 nits,
ml

Procedure

Spectrophotometer Settings: Wavelength: 265 nm Temperature: 25°C
Pipette into cuvettes as follows:
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* 0.05 M Phosphate buffer, pH 7.4 - 2.88 ml
* 1.4 mM Adenosine - 0.1 ml
Incubate in spectrophotometer for 3-5 minutes to achieve temperature equilibration and establish

blank rate, if any. At zero time add 0.02 ml enzyme solution and mix thoroughly. Record decrease in

Angs for 2-3 minutes. Use the initial rate to calculate

min

Calculation

AA
. 265
Units __ min

mg — _8.Ixmgenzyme
ml reaction mixture
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Serum albumin is the most abundant protein of the circulatory system and functions to bind and
transport long chain fatty acid anions, to remove bilirubin, and as back-up transport of thyroid and
steriod hormones (Murayama and Tomida 2004, and Peters 1977).

History

The albumin name is derived from the Latin word albus, which means white, referring to its presence
in egg white.

In 1921, Howe demonstrated the differences in the albumin/globulin ratio of albumin sera from newborn
and adult animals (Howe 1921). In 1947 Pederson showed that in calves this difference was due to the
presence of a fetal-specific alpha-globulin (Pederson 1947). In the 1950s, and into the 1960s, further
differences in various plasma proteins of fetal and adult animals were shown in a number of species
(Andreoli and Robbins 1962, Pantelouris and Hale 1962, and Wise et al. 1963).

In the 1960s, the effects of low pH on albumin were studied (Bloomfield 1966, and Slayter 1965), and
in the 1970s Albumin’s biosynthesis was investigated, which led to the determination of the N-terminal
amino acid sequences (Peters 1977, and McGillivray et al. 1979).

In the 1980s and 1990s, the conformational changes that occur upon thermal denaturation (Takeda et al.
1989) The primary structure of bovine serum albumin was determined in 1990 (Hirayama et al. 1990).

Today, albumin is primarily used in the research and medical communities for molecular studies
(Kreader 1996). The polymorphisms of albumin are also being studied, which has led to the discovery
of new albumin variants in cattle (Ibeagha-Awemu et al. 2004).
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Molecular Characteristics

The protein is synthesized as a precursor, preproalbumin. Residues 19-24 are the proregion. The signal
sequence of bovine preproalbumin has shown considerable homology with that of rat preproalbumin;
however, the sequence has shown no homology with other bovine proteins (MacGillivray et al. 1979,
and Fujiwara and Amisaki 2006).

Composition

Bovine serum albumin consists of nine loops connected by 17 disulfide bridges that are protected in
the core of the protein (Restani et al. 2004). Bovine serum albumin is very soluble in water yet it is
relatively resistant to digestion.

CAS
* 9048-46-8

Protein Accession Number
* P02769

CATH: Classification (v. 3.3.0)

Class:
* Mainly Alpha
Architecture:
* Orthogonal Bundle
Topology:
¢ Serum Albumin; Chain A, Domain 1
Notes:
¢ (Based on human serum albumin, which is 76% identical to bovine)

Molecular Weight
* 66.4 kDa

Optimal pH
* 5.0-7.0 (El Kadi et al. 2006)

Isoelectric Point
* 5.6

Extinction Coefficient

* 41,180 L L

1%
® Egg() =6.20
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Applications

* Albumin is used in applications requiring inhibition or reduction of non-specific protein-protein
interactions and interactions between proteins and biological macromolecules in techniques such
as:

¢ Western, Northern, Southern, and dot blots (Sambrook 2001)

* PCR and RT-PCR reactions (Kreader 1996, and Pandya et al. 1994)

* Enzymatic reactions (Gianfreda and Scarfi 1991, and Chang 1994 and 1995)

* Nucleic acid hybridizations (Sambrook 2001)
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confirmed the presence of Zinc metal (Vallee and Hoch 1955a).

In the 1960s the inhibitors of alcohol dehydrogenase were studied (Atkinson et al. 1967), along
with the roles of specific structural components (Auricchio and Bruni 1969). Structural and kinetic
studies (Blackwell et al. 1974) continued on into the 1970s when conformational changes associ-
ated with binding were investigated (Abdallah et al. 1975), along with the isozymes (Berger et al. 1974).

During the 1980s the genetics, biochemistry, and developmental regulation of ADH in various species,
including mice (Watabiki ef al. 1989) and pig (Keung and Fong 1988), were investigated. The 1990s
brought better understanding of the role of the zinc metal (Magonet et al. 1992), and the discovery of
additional inhibitors (Pereira et al. 1992, Sachan and Cha 1994, and Shiao et al. 1994).

Recent research has focused on obtaining alcohol dehydrogenases with higher catalytic activity, and a
better understanding ADH gene regulation (Larroy et al. 2002a and b, Lertwattanasakul et al. 2007,
and Park 2009).

Molecular Characteristics

Seven genes for Saccharomyces cerevisiae have been identified (Lertwattanasakul et al. 2007). SCADH1
is expressed in large amounts in the presence of glucose, and it encodes for the fermentative enzyme
that produces ethanol (Bennetzen and Hall 1982). ScADH?2 is negatively regulated by glucose and
encodes the isozyme that converts ethanol to acetaldehyde (Ciriacy 1975, Wills and Jornvall 1979, and
Russel and Hall 1983). The SCADH3 gene is suppressed by glucose and the mature form of the protein
is found the mitochondria (Young and Pilgrim, 1985). ScADH4, ScADHS, and ScADH6 encode for
the SCADH4, ScADHS, and ScCADH6 proteins. SCADH6 and ScCADH7 are thought to contribute to the
balance of NADP/NADPH (Larroy et al. 2002a and b).

Specificity

Yeast ADH has a more narrow specificity than that of the liver enzyme. It accepts ethanol and is
somewhat active on the straight chain primary alcohols. It acts to a very limited extent on certain
secondary and branched chained alcohols (Dickinson and Dalziel 1967a).

Composition

Alcohol dehydrogenase is a tetramer with each subunit containing one zinc atom (Vallee and Hoch
1955). Per subunit, there are two distinct active site sulfhydryl groups which can be distinguished on
the basis of differential reactivity with iodoacetate and butyl isocyanate (Twu, Chin, and Wold 1973).
A histidine residue has an essential role (Dickenson and Dickinson 1975 and LeBrun et al. 2004).

IUB
* 1.1.1.1

CAS
* 9031-72-5
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Protein Accession Number
* P00330

CATH: Classification (v. 3.3.0)

Class:

* Alpha Beta
Architecture:

* Alpha-Beta Complex and 3-Layer (aba) Sandwich
Topology:

¢ Quinone Oxidoreductase; Chain A, domain 1 and Rossmann fold

Molecular Weight
* 146.8 kDa

Optimal pH
* 5.4 (Shore and Theorell 1966)

Isoelectric Point
* 6.23

Extinction Coefficient
1 1
1%
° Ezgo =12.89

Activators

* Sulfhydryl activating reagents

* Mercaptoethanol

* Dithiothreitol

* Cysteine

* Heavy metal chelating agents (White and White 1997)

Inhibitors

* Heavy metals and -SH reagents

* Thiourea

* Purine and pyrimidine derivatives
* Chloroethanol and fluoroethanol
* N-alkylmaleimides

* Jodoacetamide

* 1,10-phenanthroline
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* 8-hydroxyquinoline
* Beta-NAD analogs (White and White 1997)

Applications

* Enzymatic determination of primary alcohols, and aldehydes
 Synthesis of chiral compounds

* Spectrophotometric assay of plasmalogenase

* Enzymatic catalysis in organic solvents

* Studies of NAD", NADH, NADP*, and NADPH

Assay Information

Method

* The reaction velocity is determined by the method of A Vallee and Hoch (1955) in which the
rate of absorbance at 340 nm resulting from reduction of NAD is measured. One unit reduces
one micromole of NAD per minute at 25°C under the specified conditions.

Reagents

* 0.1 M Sodium pyrophosphate buffer, pH 9.2

* 2 M Ethanol. Dilute 12.12 ml of 95% ethanol to 100 ml with reagent grade water.

0.025 M NAD. Note: NAD may vary in salt form and degree of hydration. Care should be
exercised to use an analytical grade and the correct molecular weight.

0.1 M Phosphate buffer, pH 7.5

0.1% Albumin (BSA)

Enzyme
* Dissolve lyophilized enzyme at one == in 0.1 M phosphate buffer, pH 7.5.

* Immediately prior to use, dilute all enzymes to a concentration of 0.05-0.25 %‘{S in 0.1% albumin.

* For protein determinations, dissolve enzyme in 0.1 M phosphate buffer, pH 7.5.

Procedure

Spectrophotometer Settings: Wavelength: 340 nm Temperature: 25°C

Pipette into each cuvette:

* 0.1 M Pyrophosphate buffer - 1.5 ml

* 2.0 M Ethanol - 0.5 ml

* 0.025M NAD - 1.0 ml

Incubate in spectrophotometer for 3-4 minutes at 25°C to achieve temperature equilibrium and
establish blank rate, if any. At zero time, add 0.1 ml of appropriately diluted enzyme to the cuvette and
record the As4o for 3-4 minutes. Calculate the % from the initial linear portion of the curve.

Calculation
. Units A/:n?;m X cuvette volume x enzyme dilution
ml 6.22 x sample volume
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Aldolase is present in all animal and plant tissue, and in most microorganisms. Class I aldolase, found
in animal and higher plant tissue, is characterized by the lack of requirement for a bivalent metal
cofactor, and by the formation of ketimine Schiff base intermediate with the substrate dihyroxyacetone
phosphate. Class II aldolase, found only in prokaryotes and lower eukaryotes, requires a bivalent metal
cofactor (Heron and Caprioli 1975, London 1974, and Lebherz et al. 1973, Gefflaut ez al. 1995). There
are three types of Class I aldolases: Type A (the major form) is found in muscle; Type B in liver and
kidney; and Type C (plus some A) in brain (Horecker et al. 1972). Fructose-biphosphate aldolase
(ALD) catalyzes a key reaction in glycolysis and energy production:

D-Fructose-1,6-bisphosphate & dihydroxyacetone phosphate + D-glyceraldhyde-3-phosphate (5.1)

i
“0—P—0
| OH 0 0 o
0 o) . el \)k/ Q
HO o g ve US{a? OH + 4 0—p-0"
o 0 OH o
OH o0
o-
D-Fructose-1,6-diphosphate Dihydroxyacetone phosphate D-Glyceraldehyde-3-phosphate
Figure 5.1: Enzymatic Reaction - Aldolase
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History

In 1934, aldolase was found to be present in muscle and yeast by Meyerhof and Lohmann. Muscle
aldolase was first separated from isomerase by Herbert ef al. in 1940. Neuberg and Kobel first proposed
the presence of aldolase in bacteria in 1934, which was later confirmed in Escherichia coli (Utter and
Werkman 1941).

In the 1950s and 1960s the reaction mechanisms were investigated, and the classification scheme that
divided aldolases into Class I and Class II was developed (Marsh and Lebherz 1992).

Work investigating the inhibitors began in the mid-1960s (Spolter et al. 1965), and early 1970s (Lehrer
and Barker 1970, and Hinz et al. 1971). In 1969, the crystals of aldolase were studied in order to
determine the tetrameric subunit structure (Eagles ef al. 1969). The first low resolution crystal structure
was determined in 1985 (Sygusch et al. 1985), and was refined in 1987 (Sygusch et al. 1987).

After some debate over the mechanism and the involvement of particular active side residues, Littlechild
and Watson determined in 1993 that a cysteine residue was not present at or near the substrate binding
site, despite initial studies concluding otherwise (Littlechild and Watson 1993). The first high resolution
structure of rabbit aldolase was reported in 1997 (Blom and Sygusch 1997).

Today, work investigating aldolase inhibitors continues (Dax ef al. 2005). Studies are also being
conducted to better understand its utility in chemo-enzymatic syntheses (Bolt e al. 2008, and Calveras
et al. 2009), its interactions with other cellular proteins (Forlemu et al. 2007), and its reaction
intermediates (St.-Jean et al. 2005).

Molecular Characteristics

The primary structures of Class I eukaryotic enzymes are highly conserved (Kelly and Tolan 1986, and
Freemont et al. 1988); however, there are no similarities between the sequences of Class I and Class II
enzymes, as they have separate evolutionary origins (Marsh and Lebherz 1992). However, both Class I
and Class II enzymes contain carboxy-terminal tyrosine residues that are required for maximal catalytic
activity (Rutter 1961, and Morse and Horecker 1968). Prolonged contractile activity reduces the type
A aldolase expression in mRNA by downregulating cytoplasmic glycolytic enzymes, and enhancing
mitochondrial enzymatic activity (Williams et al. 1986).

Specificity
Aldolase is highly specific for its substrate, D-fructose.

Composition

The three isozymes (A, B, and C) found in mammals are composed of four identical subunits, each a
polypeptide chain of 360 amino acids. The enzyme has a homotetrameric structure with subunits that
are approximately 40 kDa (Marsh and Lebherz 1992). The structure of these subunits is a beta-barrel,
surrounded by alpha-helices and connecting loops (Littlechild and Watson 1993). If activity of one
of the four subunits of the homotetramer is knocked out, the entire complex is incapable of normal
function, indicating a tight communication between active sites (Marsh and Lebherz 1992).
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IUB
* 4.1.2.13

CAS
* 9024-52-6

Protein Accession Number
» P008S3

CATH: Classification (v. 3.3.0)

Class:

* Alpha Beta
Architecture:

* Alpha-Beta Barrel
Topology:

e TIM Barrel

Molecular Weight
* 156.8 kDa

Optimal pH
* 6.9-8.8

Isoelectric Point
o 8.47

Extinction Coefficient

11
* 133,560 L 1

1%
* Ezgo =8.52

Active Residue

* Lysine (K229)

¢ Glutamate (E187)

* Plus other charged residues (functional assignment is complex due to the close proximity of the
many charged amino acids found at the active site) (St.-Jean et al. 2005)
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Inhibitors

* Heavy metals, especially Cu®", Zn?>*, and Ag™

* Hydroxynaphthaldehyde phosphate derivatives (Dax et al. 2005)
* Phosphorylated aromatic compounds (Blonski ez al. 1997)

* D-Erythrulose 1-phosphate (Ferroni ef al. 1991)

* Phosphatidylserine liposomes (Kwiatkowska et al. 1994)

* Phosphates and adenine nucleotides (Callens et al. 1991)

Applications

* Chemo-enzymatic syntheses (Bolt et al. 2008 and Calveras et al. 2009)
* Structure-function studies (St.-Jean et al. 2005)

* Organic synthesis (Castillo et al. 2006, Concia et al. 2009)

* Quantification of D-fructose-1,6-diphosphate

* Metabolite determination in coupled reactions (Hiller et al. 2007)

* Molecular weight marking in columns and gels

Assay Information

Method
* Based on Boyer’s modification of the hydrazine assay (Jagannathan et al. 1956) in which 3-
phosphoglyceraldehyde reacts with hydrazine to form a hydrazone which absorbs at 240 nm.
The advantages of the system are its simplicity and specificity. One unit is described as a
change in absorbance of 1.00 per minute at 25°C and pH 7.5 under the specified conditions.
Alternate methods for the assay of aldolase have been described by Rutter (1961). The coupled
a-glycerophosphate dehydrogenase assay (Richards et al. 1961) has been used.

Reagents

* 0.0001 M EDTA, pH 7.5 containing 0.0035 M hydrazine sulfate
 Substrate: 0.012 M Fructose-1,6-bisphosphate pH 7.5

Enzyme
* Immediately before use, dilute in water to a concentration of 0.5 - 2.0 units per ml.

Procedure

Spectrophotometer Settings: Wavelength: 240 nm Temperature: 25°C
Pipette into cuvettes as follows:
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Description Blank Test
Fructose-1,6-bisphosphate 1.0 ml 1.0 ml
Hydrazine sulfate 2.0 ml 2.0 ml
Distilled water 0.1 ml —
Record AAj4 for 10 minutes
Add enzyme — 0.1 ml
Record AAj4 for 10 minutes
AA AA
Subtract =22 of the blank from =2 of the test
Calculation
Units _ 2
Mg rrcaction mixtre
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D-amino acid oxidase (DAAO) is an oxidoreductase that oxidatively deaminates D-amino acids to the
corresponding alpha-keto acid. DAAO is a flavoenzyme, containing 1 mole of FAD per monomer.

RCHNH,COOH + O; + H,O — RCOCOOH + NH3 + H,O, 6.1

R R

+ /\ _ ;\ - +
H3N COO + 02 + HZO — = 0 CO0 + NH4 + H202
D-Amino acid a-Keto acid

Figure 6.1: Enzymatic Reaction - Amino Acid Oxidase, D-

History

D-amino acid oxidase was the second flavoenzyme to be discovered. In 1935, Krebs discovered DAAO
after he observed that porcine kidney homogenates deaminated amino acids of the "d-series... much
more rapidly than the natural isomerides." In 1938, Warburg and Christian identified FAD as the
enzyme’s cofactor.
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In the 1940s, Singer tested the role of sulthydryl reagents as inhibitors (Singer 1948). In 1958, Kubo et
al. developed a purification procedure for pkDAAO (porcine kidney D-amino acid oxidase). In 1961,
Massey et al. improved this method, and it was improved again by Curti ef al. (Curti ef al. 1973). Curti
et al. also first reported 5 sulfhydryl groups and 8 tryptophans per mole FAD. Tu and McCormick
indicated that a tyrosine residue was probably involved in the active site, and Yagi et al. reported the
monomer to be more active than the dimer (Tu and McCormick 1973, and Yagi et al. 1973b).

In the early 1980s, various inhibitors were investigated (Alston et al. 1983, and Carrea et al. 1983), and
the amino acid sequence was preliminarily identified (Ronchi ef al. 1982). Beginning in the mid-1980s,
studies on DAAOs of microorganisms made it possible to carry out detailed biochemical studies (Pilone
2000). In the late 1980s, DAAO was expressed in Escherichia coli by Ciccarelli et al., and molecular
cloning and sequence analysis of cDNAs were performed by Fukui et al. (Fukui et al. 1987, and
Ciccarelli et al. 1989).

In 1996, two groups independently reported on the 3D structure of pkDAAO, and Mettevi et al. pro-
vided strong support for a hydride mechanism (Mattevi ef al. 1996, and Mizutani et al. 1996). Site
directed mutagenesis studies (Harris ef al. 1999, Molla et al. 2000, and Boselli et al. 2002) and the
high resolution structure of yeast Rhodotorula gracilis support this hypothesis (Umhau ef al. 2000). In
2006, Kawazoe et al. published the 3D structure of human DAAO.

Current research on DAAO is focused on its use as a biocatalyst (Truppo et al. 2009) and as a
component of biosensors (van Staden et al. 2010, and Inaba et al. 2003).

Molecular Characteristics

The gene encoding mammalian DAAOQO is present in a single copy in the genome. A 1041 bp open
reading frame encodes all 347 amino acids of the enzyme. This indicates posttranslational processing
by proteolytic enzymes does not occur (Fukui 1987).

The primary structure of porcine D-amino acid oxidase was determined by Ronchi et al. (Ronchi et al.
1982), and the gene was cloned by Momoi et al. (Momoi et al. 1988). There are six regions of the
primary structure that are highly conserved in DAAOs of various sources (Faotto ef al. 1995). Regions
I contains the consensus sequence GXGXXG, and both regions I and III have been found to be involved
in coenzyme binding (Wierenga et al. 1983). Regions II, IV, and V contain the active site residues. The
Ser-Lys/His-Leu terminal sequence is the peroxisomal targeting signal sequence (Subramani 1993, and
Pilone 2000)

Mammalian DAAOs show 63% identity, and the three known DAAOSs of microorganisms (Rhodotorula
gracilis, T. variabilis, and Fusarium solanii) show a 18% identity. 30% identity is observed between
yeast and mammalian DAAOs (Pilone 2000).

Specificity

The D-isomers of proline, methionine, isoleucine, alanine, valine and phenylalanine are good substrates
(Scannone et al. 1964, and Dixon and Kleppe 1965b). The enzyme is reported to act on L-proline
(Wellner and Scannone 1964) and D-lactate (Yagi and Ozawa 1964b). The best substrate for pkDAOO is
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D-proline, and DA AOs exhibit very poor or no activity toward D-aspartate (Tishkov and Khoronenkova
2005).

The substrate-binding domains in various species’ primary structures do not show high homology. This
may reflect the wide variation in specificities observed for DAAOs from different origins (Tishkov and
Khoronenkova 2005).

Composition

The active pkDAAO holoenzyme is a monomer of 347 amino acids that can undergo dimerization. The
monomer has been found to be more active than the dimer, and contains 1 mol FAD noncovalently
bound per monomer. All DAAOs characterized as of 2000 contain noncovalently bound FAD as their
prosthetic group (Pilone 2000).

IUB
* 1433

CAS
* 9000-88-8

Protein Accession Number
* P00371

CATH: Classification (v. 3.3.0)

Class:
* Alpha Beta
Architecture:
* 2-Layer Sandwich and 3-Layer (aba) Sandwich
Topology:
¢ D-Amino Acid Oxidase; Chain A, domain 2 and Rossmann fold

Molecular Weight
» 78.7 kDa

Optimal pH
* Dependent on the substrate: approximately 9 for D-alanine (Dixon and Kleppe 1965c)

Isoelectric Point
¢ 7.0, 7.2 (Tishkov and Khoronenkova 2005)
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Extinction Coefficient

11

1%
* Ezg() =19.17

Active Residue

* Tyrosine (Y224)
* Aspartic acid (D228)
 Arginine (R283) (Pilone 2000)

Inhibitors

* 2-hydroxy acids, 2-oxo acids, and 2-oxobutyrate (Dixon 1965b)
* Metabolites and drugs (Hamilton and Buckthal 1982)

* Adenosine 5’-monophosphate and aniline (Yagi et al. 1972c)

* Benzoate (Pollegioni et al. 2007)

* Sodium benzoate (Nguyen et al. 2009)

Applications

* Keto acid preparation

¢ Oxidation reduction studies

* Separation of L-amino acids from racemic mixtures
* FAD determination

¢ D-alanine determination

¢ Biosensors (Inaba et al. 2003)

Assay Information

Method

* The reaction velocity is determined in a peroxidase coupled system by measuring the increase in
Ay36 resulting from the oxidation of D-alanine. One unit oxidizes one micromole of D-alanine
per min. at 37°C and pH 8.3 under the specified conditions.

Reagents

* 0.02 M Sodium pyrophosphate, pH 8.3

* 0.05 M D-Alanine in 0.02 M sodium pyrophosphate pH 8.3 (Substrate) and containing 0.0065%
o-dianisidine

* 0.02 M Sodium pyrophosphate, pH 8.3 with 10 % peroxidase (Worthington code: HPOD) in
reagent grade water

Enzyme

* Dissolve purified enzyme at a concentration of 0.05-0.2 % in 0.02 M sodium pyrophosphate
buffer, pH 8.3. Dissolve crude enzyme at 1-5 % in buffer.
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Procedure

Spectrophotometer Settings: Wavelength: 436 nm Temperature: 37°C

Pipette 2.8 ml of pyrophosphate/alanine/dianisidine mixture into cuvette. Add 0.1 ml of 1%
peroxidase and allow temperature to equilibrate. Record blank rate for 5-10 minutes if present. Add
0.1 ml of appropriately diluted enzyme to yield a rate of 0.015-0.05 %. Record rate for 10 minutes.
Calculate rate from linear portion of curve. Subtract blank rate if present.

Calculation
Aq36

A S
Units _ —mia> X 3.0 x dilution

mg 8.1x0.1x%F
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L-amino acid oxidase (LAAO) catalyzes the oxidative deamination of a number of L-amino acids,
predominantly hydrophobic and aromatic L-amino acids. LAAO represents approximately 30% of the
total venom of some snake species (Takatsuka et al. 2001).

RCHNH;COOH + O; + H,O -+ RCOCOOH + NH3 + H,0, (7.1)

R R

i /'\ )\000‘ + NH, + H,0,

H,N~ SCO0™ + 0, + HO — > O

L-Amino acid a-Keto acid

Figure 7.1: Enzymatic Reaction - Amino Acid Oxidase, L-

History

LAAO was first discovered by Zeller and Maritz (Zeller and Maritz 1944, 1945). It was found to occur
in almost all snake venoms and designated a flavoprotein in 1948 (Zeller 1948).
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LAAO was first prepared in crystalline form in 1958 by Wellner and Meister. In 1960, Wellner and
Meister studied properties of the enzyme including prosthetic groups, electrophoretic fractions, stability,
and pH dependence. In this study, they also isolated LAAO of Agkistrodon piscivorus piscivorus
to compare it to that of C. adamanteus. Soon after, the enzyme mechanism was studied and further
details of the mechanism were elucidated (Wellner and Meister 1961, and Massey and Curti 1967). The
kinetics of the oxidase reaction were also investigated (Radd 1964, and Zeller et al. 1965).

In the 1970s vinylglycine was determined to be a suicide substrate/inactivator of LAAO (Marcotte and
Walsh 1976), and the effect of pH and competitive inhibitors was also studied (de Kok and Veeger
1968). LAAO of C. adamanteus was the first LAAO found to act as a bactericidal agent, a property that
is still being studied today (Skarnes 1970, and Zuliani et al. 2009). The gene sequence was determined
in 1998 by Raibekas and Massey.

Recent work has involved using LAAOs to study apoptotic and cytotoxic effects (Stdbeli et al. 2007),
and LAAO is also being studied for its use as an anti-parasitic agent (Sant’ Ana et al. 2008).

Molecular Characteristics

LAAOs are widely distributed, being found in bacteria, fungi, green algae, plants, and snake venom.
LAAO:s of snake venom show a high degree of sequence homology, with conservation of at least 13
of the 24 N-terminal amino acids that are believed to be involved in substrate binding. (Zuliani et al.
2009). The N-terminal sequence contains a highly conserved beta-alpha-beta-fold domain involved in
FAD binding (Du et al. 2002).

Specificity

LAAO is specific for L-isomers. Substrates are the L-isomers of leucine, isoleucine, norleucine, alpha-
amino butyric acid, phenylalanine, tyrosine, tryptophan norvaline, methionine, histidine, and citrulline.
Histidine and tyrosine cannot be determined in an L,D-mixture (Malmstadt and Hadjiioannov 1963).
Methylene blue may be used as an electron acceptor. L-serine, threonine, aspartic acid, glutaric acid,
lysine, and ornithine are deaminated only to a limited extent.

LAAO is believed to contain three hydrophobic substrate binding sites, designated a, b, and c. Subsite
a accommodates one methylene carbon, b two, and ¢ three. An amino binding subsite is designated d
(Tan et al. 1991). This model is used to explain why amino acids with branching at the second carbon
are unable to accommodate into subsite a, and are oxidized slowly or not at all (Zuliani et al. 2009).

Composition

LAAOs are FAD-dependent enzymes and are usually homodimeric, binding glycoproteins with molec-
ular masses of 110-150 kDA. Important residues identified in C. rhodostoma LAAO include Glu63,
Arg71, and Glu457, which interact with the FAD molecule. The dimethylbenzene ring cofactor is
surrounded by Ile374, Trp420, and Ile430; Lys326 coordinates a water molecule (Pawelek et al. 2000).
These residues have been found to be conserved in the majority of snake venom LAAOs (Pawelek et al.
2000, and Frana et al. 2007).
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IUB
* 1432

CAS
* 9000-89-9

Protein Accession Number
* 093364

CATH: Classification (v. 3.3.0)

Class:
* Alpha Beta; Alpha Beta; Mainly Alpha
Architecture:
* Alpha-Beta Complex; 3-Layer(bba) Sandwich; Orthogonal Bundle
Topology:
* Polyamine Oxidase (Chain A, domain 2); FAD/NAD(P)-binding domain; Guanine Nucleotide
Dissociation Inhibitor (domain 1)

Molecular Weight
 113.3kDa

Optimal pH
* Approximately 7.5 for leucine (Wellner and Meister 1960)

Isoelectric Point
. 6.32

Extinction Coefficient

11
* 124,900 L1

1%
. E275 =179

Inhibitors

* Cyanide

¢ Ammonium and benzoic acid (Meister and Wellner 1963)
* Aromatic carboxylates (de Kok and Veegar 1968)

* Benzoic acid derivatives (de Kok and Veeger 1968)

Worthington-Biochem.com %mmngmn Ph: 800-445-9603
Ph: 732-942-1660


http://www.worthington-biochem.com

60 Amino Acid Oxidase, L-

Applications

e Purification and determination of certain amino acids (Nicholson and Kim 1975)

* Preparation of alpha-keto acid (Nicholson and Kim 1975)

» Assaying peptidase activity (Nicholson and Kim 1975, and Donlon and Fottrell 1971)
* Oxidation reactions

 Catalyst in supercritical CO, (Findrik et al. 2005)

Assay Information

Method

* The reaction velocity is determined in a peroxidase coupled system by measuring the increase in
Ay36 resulting from the oxidation of L-leucine. One unit oxidizes one micromole of L-leucine
per minute at 25°C and pH 7.6 under the specified conditions.

Reagents

* 0.2 M Triethanolamine buffer pH 7.6 containing 0.1% L-leucine and 0.0065% o-dianisidine
* 1.0% Peroxidase: Dissolve Worthington Peroxidase (HPOD) at 10 % in water.

Enzyme

. i 1 - units
Dilute enzyme in reagent grade water to 0.05-0.2 ==.

Procedure

Spectrophotometer Settings: Wavelength: 436 nm Temperature: 25°C

Pipette into cuvettes as follows:

* 10 2§ peroxidase - 0.01 ml

* 0.2 M triethanolamine-leucine-o-dianisidine mixture - 2.9 ml

Incubate in spectrophotometer at 25°C for 4-5 minutes to achieve temperature equilibration and
record blank rate, if any. Add 0.1 ml of appropriately diluted enzyme and record increase in absorbance
at 436 nm for 4-5 minutes. Calculate % from the initial linear portion of the slope. Subtract blank

rate if present.

Calculation

. AAy36 s
o Units _ “pp X 3.0 xdilution

mg 8.1x0.1x%¢
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Porcine pancreatic alpha-amylase (PPA) acts upon large linear carbohydrate polymers at internal bonds.
The hydrolytic products have alpha-configuration. alpha-Amylase activity is present in all living
organisms; however, the enzymes vary remarkably even from tissue to tissue within a single species.

OH OH OH OH
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Poly-a-D-glucose Maltose (and glucose)

Figure 8.1: Enzymatic Reaction - Amylase, Alpha

History

The alpha-amylases were named by Kuhn in 1925, because the hydrolysis products are in the alpha
configuration. In 1930, Ohlsson discovered another amylase, which yielded a beta-mannose. He
named it beta-amylase. In 1947, the enzyme was first crystallized from pig pancreas by Meyer et al.,
and Danielsson determined its molecular weight. In 1952, Caldwell et al. reported on an improved
purification method.

Inhibitors of alpha-amylase were reported on as early as 1975 (Marshall and Lauda 1975). The first
crystal structure of alpha-amylase was from Aspergillus oryzae and was determined in 1979 (Matsuura
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etal. 1979). This 6 resolution structure was improved to a 3 resolution the following year (Matsuura
et al. 1980).

In the 1980s, the amino acid sequences of the two forms (PPAI and PPAII) were determined (Kluh et al.
1981, and Pasero et al. 1986). The three dimensional crystal structures of each form were determined in
the 1990s and found to be effectively identical (Qian ef al. 1993, and Gilles et al. 1996). The complete
cDNA sequence was determined by Darnis et al. in 1999.

Recent work with alpha-amylase has included isolating and studying the effects of inhibitors from
natural sources (Narita and Inouye 2009, and Suda ef al. 2011). Researchers have also studied the
effects of bound carbohydrates on enzyme stability (Gopal ef al. 2008) and analyzed the binding of
inhibitors with the aim of designing novel inhibitors (Najafian et al. 2011).

Molecular Characteristics

Animal alpha-amylases are encoded by two loci, amy1 (salivary) and amy2 (pancreatic). The full
length amy cDNA contains 1565 bp. It contains a 15 amino acid signal peptide and a 1536-nt open
reading frame (ORF). A 29-nt 3’ non-coding region is followed by a short poly(A) tail.

Animal alpha-amylases contain five conserved regions including four at or around the (alpha/beta)8-
barrel and a short sequence near the C-terminus of domain B (Janecek 1993, Svensson 1994, and
Janecek and Balaz 1995). Human and porcine pancreatic alpha-amylases are 87.1% identical, with
only 64 amino acid substitutions. Mouse and rat alpha-amylase share a 85.5% identity with that of
porcine. Amino acids 304-310 are conserved among mammalian alpha-amylases and are believed to be
involved in the enzymatic mechanism (Darnis et al. 1999).

Specificity

alpha-Amylase catalyzes the hydrolysis of internal alpha-1,4-glucan links in polysaccharides containing
3 or more alpha-1,4-linked D-glucose units, yielding a mixture of maltose and glucose. See also
Takeshita and Hehre (1975).

Composition

The enzyme is a glycoprotein (Beaupoil-Abadie et al. 1973). Its single polypeptide chain of about 475
residues has two free thiol groups, four disulfide bridges, and contains a tightly bound Ca®* (Granger
et al. 1975, and Steer et al. 1974). It exists in two forms (PPAI and PPAII), which have identical
enzymatic properties and molecular mass of 55.4 kDa, differing only in electrophoretic mobility and pl
(Cozzone et al. 1970b, Marchis-Mouren and Pasero 1967, and Darnis et al. 1999).

The structures of both forms of PPA consist of a major domain A (residues 1-99 and 170-404) organized
as an (alpha/beta)8-barrel that contains a loop (domain B). Following the C-terminal domain C (residues
405-496) is a ten-beta-stranded Greek key motif (Darnis et al. 1999).

IUB
* 3.2.1.1
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CAS
* 9000-90-2

Protein Accession Number
* P00690

CATH: Classification (v. 3.3.0)

Class:

* Alpha Beta; Mainly Alpha
Architecture:

* Alpha-Beta Barrel; Sandwich
Topology:

e TIM Barrel; Immunoglobulin-like

Molecular Weight

* 51.0-54.0 kDa (Cozzone et al. 1970a)
* 55.4 kDa (SDS-PAGE) (Alkazaz et al. 1996)

Optimal pH
.7

Isoelectric Point

* PPAI: 7.5 (Ajandouz et al. 1995)
* PPAIL: 6.4 (Ajandouz et al. 1995)

Extinction Coefficient
1
« 133870 L&

1%
* Ex30 =26

Inhibitors

* Phenolic compounds (Funke and Melzig 2005)
¢ Plant extracts (Karthic et al. 2008, and Buonocore et al. 1985)
* Urea and other amide reagents (Toralballa and Eitingon 1967)

Applications

* Ethanol production
* Reduction of starch or glycogen molecules
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Assay Information
Method

* That of (1951) wherein the reducing groups released from starch are measured by the reduction
of 3,5-dinitrosalicylic acid. One unit releases from soluble starch one micromole of reducing
groups (calculated as maltose) per minute at 25°C and pH 6.9 under the specified conditions.

Reagents

* 0.02 M Sodium phosphate buffer, pH 6.9 with 0.006 M sodium chloride

* 2 N Sodium hydroxide

* Dinitrosalicylic acid color reagent. Prepare by dissolving 1.0 g of 3,5-dinitrosalicylic acid in 50
ml of reagent grade water. Add slowly 30.0 g sodium potassium tartrate tetrahydrate. Add 20 ml
of 2 N NaOH. Dilute to a final volume of 100 ml with reagent grade water. Protect from carbon
dioxide and store no longer than 2 weeks.

* 1% Starch. Prepare by dissolving 1.0 g soluble starch, (Merck) in 100 ml 0.02 M sodium
phosphate buffer, pH 6.9 with 0.006 M sodium chloride. Bring to a gentle boil to dissolve. Cool
and bring volume to 100 ml, with water, if necessary. Incubate at 25°C for 4-5 minutes prior to
assay.

* Maltose Stock Solution. Prepare by dissolving 180 mg maltose (MW 360.3) in 100 ml reagent
grade water in a volumetric flask.

Enzyme

* Dilute to a concentration of 1-10 %. A minimum of three different concentrations in this range
should be run.

Procedure

Spectrophotometer Settings: Wavelength: 540 nm Temperature: 25°C

Using the maltose stock solution prepare a maltose standard curve as follows: In numbered tubes,
prepare 10 maltose dilutions ranging from 0.3 to 5.0 “n;lolles. Include two blank tubes with reagent grade
water only. Into a series of corresponding numbered tubes pipette 1 ml of each dilution of maltose.
Add 1 ml of dinitrosalicylic acid color reagent. Incubate in boiling water bath for 5 minutes and cool to
room temperature. Add 10 ml distilled water to each tube and mix well. Read As4 versus micromoles
maltose.
Enzyme assay: Pipette 0.5 ml of respective enzyme dilutions into a series of numbered test tubes.
Include a blank with 0.5 ml reagent grade water. Incubate tubes at 25°C for 3-4 minutes to achieve
temperature equilibration. At timed intervals, add 0.5 ml starch solution (at 25°C). Incubate exactly 3
minutes and at timed intervals add 1 ml dinitrosalicylic acid color reagent to each tube. Incubate all
tubes in a boiling water bath for 5 minutes. Cool to room temperature and add 10 ml reagent grade
water. Mix well and read Asy4g versus blank. Determine micromoles maltose released from standard
curve.

Calculation

o Units __ micromoles maltose released
mg mg enzyme in reaction mixture x 3 min
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B-Amylase is an exoenzyme that releases successive maltose units from the nonreducing end of a
polysaccharide chain by hydrolysis of a-1,4-glucan linkages. The shortest normal saccharide attacked is
maltotetraose (Myrback and Neumuller 1950). Since it is unable to bypass branch linkages in branched
polysaccharides such as glycogen or amylopectin, the hydrolysis is incomplete and a macromolecular
limit dextrin remains.

B-Amylase is found primarily in the seeds of higher plants and sweet potatoes. It yields a single product:
maltose. Marshal and Whelan (1973) report on the removal of any contaminating 3-glucosidase. The
tuberous root of sweet potato is unusually rich in the enzyme, accounting for approximately 5% of
the total soluble proteins. In contrast, other tuberous roots only contain trace amounts of f3-amylase
activity (Li and Oba 1985, and Yoshida and Nakamura 1991).

OH OH OH OH
0 0 0 o FH
& OH OH }) + HO —» OH OH
0 o) 0 0
OH
OH OH OH OH

Poly-a-D-glucose Maltose

Figure 9.1: Enzymatic Reaction - Amylase, Beta
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History

The a-amylases were named by Kuhn in 1925, because the hydrolysis products are in the alpha
configuration. In 1930, Ohlsson discovered another amylase, which yielded a f-mannose and named it
B-amylase.

B-amylase was first purified in the 1940s (Schoch 1942, and Haworth ef al. 1946). Hopkins et al. first
began to study the kinetics of -amylase in 1948.

In the 1960s and 1970s, techniques in the purification of sweet potato $-amylase improved (Nakayama
and Amagase 1963, Takeda and Hizukuri 1969, and Hegde ef al. 1979). The enzyme was successfully
immobilized on agarose and sepharose gels in the late 1970s (Caldwell et al. 1976a, b).

In 1991, B-amylase was successfully cloned and expressed in Escherichia coli (Yoshida er al. 1991).
The complete amino acid sequence and preliminary crystal structure of the tetrameric enzyme were
determined in 1993 (Toda et al. 1993, and Cudney and McPherson 1993). The crystal structure was
refined in 1995 (Cheong et al. 1995). In 1996, Pujadas et al. studied the evolution of -amylases
determining the enzymes to be an example of parsimonious divergence illustrated by signature structural
motifs.

In 2001, a simple purification method using affinity precipitation was developed (Teotia et al. 2001).
The effects of guanidine hydrochloride and increased pressure on the activity of the enzyme were
studied in 2002 (Tanaka et al. 2002).

The reaction of catalase occurs in two steps. A molecule of hydrogen peroxide oxidizes the heme to an
oxyferryl species. A porphyrin cation radical is generated when one oxidation equivalent is removed
from iron and one from the poryphyrin ring. A second hydrogen peroxide molecule acts as a reducing
agent to regenerate the resting state enzyme, producing a molecule of oxygen and water (Switala and
Loewen 2002).

Molecular Characteristics

The gene that encodes for f-amylase is amyB. A 1404 bp open reading frame encodes for the 499
amino acid precursor to the 3-amylase subunit. After methionine processing, the mature form of the
protein contains 498 residues (Yoshida and Nakamura 1991). The gene contains seven exons and six
introns, and a TATA box sequence is present 26 to 30 bp upstream of the multiple transcription sites.
The upstream region of amyB contains sequences to which several known plant nuclear factors bind;
regulation of the amyB gene is thought to be controlled by one or more of the common cis-regulatory
elements (Yoshida et al. 1992). Subunits of sweet potato f-amylase and seed B-amylase from barley
and soybean share approximately 68% amino acid identity (Yoshida and Nakamura 1991).

Composition

Most -amylases are monomeric enzymes (Thoma et al. 1971). However, that of sweet potato is
tetrameric consisting of four identical subunits (Thoma et al. 1963). Each subunit consists of a large
(a/B)g-barrel region also seen in a-amylase. A smaller, globular region is formed by long loops
extending from B-strands. Between these two regions is a cleft believed to open and contain the
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conserved Glul87. Cys96 is located at the entrance of the (a/f3)g-barrel region and is important to

inactivation by sulfhydryl reagents (Cheong et al. 1995).

IUB
* 3212

CAS
* 9000-91-3

Protein Accession Number
e P10537

CATH: Classification (v. 3.3.0)

Class:

* Alpha Beta
Architecture:

* Alpha-Beta Barrel
Topology:

e TIM Barrel

Molecular Weight
* 223.8 kDa

Optimal pH

* 4.0-5.0 (French 1960)
* 5.5 (Ohba et al. 1979)

Isoelectric Point
* 517

Extinction Coefficient
. 388,640 L&

J Elzn];() = 17.7 (Takeda and Hizukuri 1969)

Active Residue
¢ Glutamate (G187 and G382)
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Inhibitors

* Heavy metal ions

* PCMB and PMSF

* Jodoacetamide

* Ascorbate (Rowe and Weill 1962)
* Cyclohexaamylose

* Sulfhydryl reagents

Applications

* Starch and glycogen structural studies

* Fermentation in brewing and distilling industry

 Saccharification of liquefied starch: production of high maltose syrups and high conversion
syrups

Assay Information
Method

» That of Bernfeld (1955) wherein the rate at which maltose is released from starch is measured by
its ability to reduce 3,5-dinitrosalicylic acid. One unit releases one micromole of 3-maltose per
min at 25°C and pH 4.8 under the specified conditions.

Reagents

* 0.016 M Sodium acetate, pH 4.8

* 2 N Sodium hydroxide

* Dinitrosalicylic acid color reagent. Prepare by dissolving 1.0 g of 3,5-dinitrosalicylic acid in 50
ml of reagent grade water. Add slowly 30.0 g sodium potassium tartrate tetrahydrate. Add 20 ml
of 2 N NaOH. Dilute to a final volume of 100 ml with reagent grade water. Protect from carbon
dioxide and store no longer than 2 weeks.

* 1% Starch: Prepare by dissolving 1.0 gram of soluble starch (Merck) in 100 ml of 0.016 M
sodium acetate buffer pH 4.8. Bring to a gentle boil to dissolve. Cool and, if necessary, dilute to
100 ml with reagent grade water. Incubate at 25°C for 4-5 minutes prior to assay.

* Maltose stock solution, 5 micromoles/ml. Prepare by dissolving 180 mg maltose (MW 360.3) in
100 ml reagent grade water. Incubate at 25°C for 4-5 minutes prior to assay.

Enzyme

* Dilute to a concentration of 1-10 %. A minimum of three different concentrations in this range
should be run.

Procedure

Using the maltose stock solution prepare a maltose standard curve as follows: In numbered tubes,
prepare 10 maltose dilutions ranging from 0.3 to 5.0 “mTolles Include two blank tubes with reagent grade
water only. Into a series of corresponding numbered tubes pipette 1 ml of each dilution of maltose.
Add 1 ml of dinitrosalicylic acid color reagent. Incubate in boiling water bath for 5 minutes and cool
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to room temperature. Add 10 ml distilled water to each tube and mix well. Read Asyg and plot Asgg
versus micromoles maltose.

Enzyme assay: Pipette 0.5 ml of respective enzyme dilutions into a series of numbered test tubes.
Include a blank with 0.5 ml reagent grade water. Incubate tubes at 25°C for 3-4 minutes to achieve
temperature equilibration. At timed intervals, add 0.5 ml starch solution (at 25°C). Incubate exactly 3
minutes and at timed intervals add 1 ml dinitrosalicylic acid color reagent to each tube. Incubate all
tubes in a boiling water bath for 5 minutes. Cool to room temperature and add 10 ml reagent grade
water. Mix well and read Asy4g versus blank. Determine micromoles maltose released from standard
curve.

Calculation
Units __ micromoles maltose released
mg ~  mgenzyme in reaction mixture x 3 min
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10. Arginase

The enzyme participates in the Krebs-Henseleit urea cycle. It is most highly concentrated in mammalian
liver, and is also present in abundance in mammary glands, where the urea cycle is not present. There
are two distinct types of arginase: Type I (liver-type) and Type II (mitchondrial). Arginase is a hydrolase
present in many tissues and organs that catalyzes the following reaction:

Arginine + H,O — Ornithine + Urea (10.1)

NH,
HEN%
NH

NH

HsN” SCO0™ + H0 —— > HeN~ ~COO™ + HN~ “NH,

L-Arginine L-Ornithine Urea

Figure 10.1: Enzymatic Reaction - Arginase
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History

In 1928, Krebs and Henseleit conducted a series of experiments using liver slices and manometric
assays to show that in the presence of arginase, ornithine produced urea (Jenkinson et al. 1996). Crude
preparations of arginase were reported as early as 1931 (Salaskin and Solowjew 1931, and Waldschmidt-
Leitz et al. 1931). Hellerman and Perkins first showed activation by bivalent metal ions including
cobalt, nickel, manganese, and iron (Hellerman and Perkins 1935). In 1940 an improved purification
developed by Richards and Hellerman showed that the activity could be restored to pH-inactivated
arginase by Mn?* and (to a lesser extent) Fe** (Richards and Hellerman 1940).

In 1956, the "partial" purification was further improved by Robbins and Shields. They demonstrated
that the activity of arginase was dependent upon manganese, and found the optimal pH to be 9.2 (which
has since been adjusted to 9.4) (Robbins and Shields 1956, and Xie et al. 2004).

Much work was done investigating inhibitors in the late 1970s and early 1980s (Rosenfeld ef al. 1975,
Bedino 1977, and Pace and Landers 1981). Bedino studied the effect of the product/inhibitor ornithine,
and proposed an allosteric model for the regulation of the enzyme’s activity (Bedino 1977).

Recent research has investigated the roles of arginases in vascular disease, pulmonary disease, infectious
disease, and cancer (Zimmerman and Rothenberg 2006, Maarsingh et al. 2008, Santhanam et al. 2008,
and Morris 2009). Varying levels of arginase have been found in the reproductive system of cattle
(Razmi et al. 2005), as well as in the immune system of mice and humans (Munder 2009).

Molecular Characteristics

Arginase I and arginase II are each encoded by a different gene. Arginase I is located in the cytoplasm
and expressed in the liver as part of the urea cycle. Arginase II is a mitochondrial enzyme, and is
expressed primarily in the kidney (Romero ef al. 2008). Based on sequence analysis, arginase is
probably a primordial enzyme that was present in the universal common ancestor (Ouzounis and
Krypides 1994). The argl gene is conserved in several species including human, dog, mouse, rat,
zebrafish, and S. cerevisiae. The gene is induced in the late fetal period and is upregulated by high
nutritional protein uptake (Morris et al. 1989). This is mediated by glucocorticoids and glucagon
(Morris et al. 1987).

A cis element is present around -90 to -51 relative to the start site and is overlapped by two protein
binding regions. These regions have been identified as footprint areas A and B. A is more upstream and
binds a CCAAT/enhancer binding protein (C/EBP) related factor, while B is recognized by two other
mutually exclusive factors (Takiguchi and Mori 1991, and Chowdhury et al. 1996). An enhancer region
is also present 11 kb downstream from the start site (Gotoh ef al. 1994). Hepatocyte nuclear factor-4
(HNF-4) has been shown to repress the C/EBP stimulated arginase promoter activity (Chowdhury et al.
1996).

Specificity

Arginase is highly specific for its substrate. Class I and Class II enzymes contain carboxy-terminal
tyrosine residues required for maximal catalytic activity. Arginase has the highest level of specific
activity of the urea cycle enzymes in the liver (Jenkinson et al. 1996).
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Composition

Arginase is a homotrimer. Each subunit contains an active site, and the two essential manganese ions
are bridged by oxygens and separated by approximately 3.3 . The mechanism is proposed to be a
nucleophilic attack by the metal bridging hydroxide at the guanidinium carbon of the arginine substrate
(Ash 2004).

IUB
* 3531

CAS
* 9000-96-8

Protein Accession Number
« Q2KJ64

CATH: Classification (v. 3.3.0)

Class:

* Alpha Beta
Architecture:

* 3-Layer(aba) Sandwich
Topology:

* Arginase; Chain A

Molecular Weight
* 105.0 kDa

Optimal pH
* 9.4 (Xie et al. 2004)

Isoelectric Point
* 5.9 (Harell and Sokolovsky 1972)

Extinction Coefficient

11
. 74340 L L

1%
. Ezgo =7.08
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Active Residue

e Histidine (H101, H126)
» Aspartate (D124, D128, D232, D234) (Residues coordinate bound manganese)

Activators
o Mn?t, Mg?*, Ca’*, Ni?*, and Co*" (Dabir et al. 2005)

Inhibitors

* Indyl amino acid derivatives (Hrabak et al. 2008)

EDTA (Esch et al. 1998)

¢ L-Proline and branched-chain amino acids (Dabir et al. 2006)

¢ Adenosine, inosine, uric acid (Rosenfeld et al. 1975)

* Possibly adenine (Rosenfeld et al. 1975, disputed by Pace and Landers 1981)

Applications

* Preparation of L-Ornithine
¢ Determination of L-Arginine in plasma and urine

Assay Information

Method

* A number of assay procedures have been used (Greenberg 1960). More recently, Geyer and
Dabich (1971) have reported on an assay for arginase in tissue homogenates and Nishibe and
Makino (1971) an automated method for erythrocyte enzyme. Hirsch-Kolb and Greenberg
(1970) describe a microassay. The method used by this laboratory is based upon the colorimetric
determination of released urea nitrogen, using 2,3-butanedione reagent. One unit releases one
micromole of urea per minute at 37°C and pH 9.5 under the specified conditions.

Reagents

* 0.05 M Maleic acid, pH 7.0 with 0.05 M manganous sulfate
* 0.713 M L-arginine, pH 9.5

» Reagent grade water, pH 9.5 (20 mg NaOH per liter)

* 0.075%, 2,3-Butanedione in buffered arsenic-sulfuric acid

Enzyme

* Incubate a one % solution of the enzyme in maleic-manganous sulfate buffer at 37°C for 4 hours.
Following activation, dilute to 1-2 % in reagent grade water, pH 9.5.

Procedure
Pipette the following into screw capped tubes:
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Description Blank Tube#1 Tube#2
Tube
Water, pH 9.5 0.3 ml 0.1 ml 0.2 ml
Diluted, activated enzyme — 0.2 ml 0.1 ml

Incubate in 37°C water bath for 5 minutes to achieve temperature equili-
bration. At timed intervals start reaction by adding:

Arginine 0.2 ml 0.2 ml 0.2 ml
Incubate for 30 minutes at 37°C. Stop reaction at timed intervals by
adding:
B.U.N. Reagent 4.0 ml 4.0 ml 4.0 ml

Cap tubes and develop color by boiling in water bath for 12 minutes.
Chill tubes for 3 minutes in an ice bath. Read the color at 490 nm against

blank.
Calculation
Units __ micromoles urea released
mg 30 x mg enzyme in reaction mixture

Determine the micromoles of urea released from a standard urea curve in the range of 0.1-1.0 micro-
moles urea.
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Asparaginase catalyzes the hydrolysis of L-asparagine to produce L-aspartic acid and ammonia.
Bacterial type L-asparaginases are classified into subtypes I and II, which is defined by their intra- or
extracellular localization (Michalska and Jaskolski 2006). Type I (cytosolic) has a lower affinity for
L-asparagine, while type II (periplasmic) has a high substrate affinity. Plant type L-asparaginases differ

structurally and have a different evolutionary origin than bacterial L-asparaginases (Michalska et al.
2006)

HOOCCHNH;CH,CONH; + H,O - HOOCCHNH,;CH,COOH + NHj3 (11.1)
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NH, OH

+

HsN~ SCO0™ + H,0 — > HsN~ “COO™ +  NHs

L-Asparagine L-Aspartic acid

Figure 11.1: Enzymatic Reaction - Asparaginase

History

In 1904, Lang became the first to detect asparaginase activity in beef tissues. Fiirth and Friedmann
confirmed these results in 1910. Fiirth and Friedmann believed asparaginase activity was found at
the same level in all animal tissues, which was later refuted by Clementi (Clementi 1922) whose
experiments concluded the enzyme was active in practically all tissues of herbivores, only in the liver
of omnivorous animals, and absent in the organs of carnivorous animals, amphibians, and reptiles
(Michalska and Jaskolski 2006).

In 1953, Kidd reported anti-tumor properties of guinea pig serum, which was later attributed to asparag-
inase activity (Broome 1961). In 1963, Mashburn and Wriston found that the Escherichia coli enzyme
had anti-tumor activity. Work proceeded in several laboratories leading to clinical trials, making
Escherichia coli asparaginase Il the first antileukemic L-asparaginase to be used clinically (Roberts et
al. 1966, Old et al. 1967, Boyse et al. 1967, Hill et al. 1967, Clarkson et al. 1970, and Oettgen et
al. 1970). It was soon discovered that in addition to the secreted EcAll, Escherichia coli (and other
bacteria) also produce cytosolic asparaginase, asparaginase I (EcAl), which has a lower affinity for
L-asparagine and is not effective against cancer (Willis and Woolfolk 1974).

Preliminary efforts to determine the primary structure were carried out in 1974, and the sequence
was confirmed in 1990 (Maita et al. 1974, Maita and Matsuda 1980, and Bonthron 1990). After
crystallographic studies by Epp et al. in 1971, a partial model of the EcAII crystal structure was
published in 1988 by Ammon et al.. Although not completely accurate, this structure was used as a
stepping stone by Swain et al. who elucidated the true structure in 1993. Many crystal structures of
L-asparaginase from a wide variety of organisms have been determined (Lubkowski et al. 2003).

Current research with L-asparaginase continues to focus on its oncological importance, and the specific
transcription factors EcAlI targets (Suto et al. 2010). Structure-function relationships of L-asparaginase
from a variety of sources are also currently under investigation (Labrou and Papageorgiou 2010, and
Bansal et al. 2010).
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Molecular Characteristics

The promoter of the gene encoding L-asparaginase II, ansB, is coactivated by cAMP receptor protein
(CRP) and the FNR protein (Scott et al. 1995). CRP is activated in response to carbon sources, and
the FNR protein, the fnr gene product, in response to anaerobiosis. The FNR site is located 41.5 bp
upstream of the major start site, and 28 bp upstream of the FNR site is the CRP regulation site (Jennings
and Beacham 1993).

Specificity

EcAIl exhibits a broad pH activity profile and higher substrate affinity than EcAl. The reaction consists
of two steps. In the first step, the nucleophilic threonine attacks the carbonyl of the amide substrate to
generate an acyl-enzyme intermediate. A molecule of ammonia is released. In the second step, water
attacks the acyl-enzyme intermediate to produce L-aspartate (Michalska and Jaskolski 2006).

Composition

EcAll is a tetrameric protein composed of four identical subunits, each subunit contains 326 amino
acid residues. The two threonine residues present at the active site are required for activity (see PDB
3ECA). Debate still continues over which threonine residue supplies the nucleophile. Most believe that
it is the N-terminal threonine. The C-terminal threonine is part of a triad that resembles the typical
SHD catalytic triad of serine proteases (Carter and Wells 1988).

IUB
* 35.1.1

CAS
* 9015-98-3

Protein Accession Number
» P0080S

CATH: Classification (v. 3.3.0)

Class:

* Alpha Beta
Architecture:

* 3-Layer(aba) Sandwich
Topology:

¢ Rossmann Fold

Molecular Weight
« 1384
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Optimal pH

* 8.6 (Zhang et al. 2004)
e 8.0 (Wriston 1971)

Isoelectric Point
. 5.67

Extinction Coefficient
. 85,160 L L

cm M
1%

® E273 =7.1

Active Residue

e Threonine (T34, T111)
* Aspartate (D112)
* Lysine (K184)

Activators

* Anaerobic conditions (Cedar and Schwartz 1967)
* Amino acids (not specifically asparagine) (Cedar and Schwartz 1968)

Inhibitors

¢ 5-diazo-4-oco-L-norvaline (DONV) (Wriston and Yellin 1973)
* Dimethylsulfoxide (Wriston 1971)

Glutaraldehyde (Zhang et al. 2004)

* L-Asparagine and L-aspartate (Wriston and Yellin 1973)

NH; (Wriston 1971)

* Trypsin (Zhang et al. 2004)

Applications

* Treatment of acute lymphoplastic leukemia (Zhang et al. 2004)
» L-asparagine concentration determination (Gentili et al. 1994)

Assay Information

An assay method using a cationic glass electrode has been reported by Ferguson et al. (1974). Jayaram
et al. (1974) report on a spectrophotometric assay and compare it with four other methods. Cooney et
al. (1972) report on a colorimetric technique. See also Pajdak and Pajdak (1974 and 1972) Frohwein et
al. (1971) and Kojima and Wacker (1969). The assay used at Worthington follows:
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Method
* Essentially that of Mashburn and Wriston (1963) where the rate of hydrolysis of asparagine is
determined by measuring released ammonia. One unit releases one micromole of ammonia per
minute at 37°C and pH 8.6 under the specified conditions.

Reagents
* 0.05 M Tris - HCI buffer pH 8.6
* 0.01 M L-asparagine in 0.05 M Tris - HCI buffer, pH 8.6
* 1.5 M Trichloroacetic acid
* Nessler’s Reagent
* Ammonia Standard - Dissolve 1.179 g ammonium sulfate to a final volume of 100 ml. Dilute 1.4
ml of this solution to 100 ml to give 1 umole NH3 per ml.

Enzyme

* Immediately prior to use, prepare several enzyme samples ranging from 0.1-1.0 Tf in 0.2 M
Tris - HCI pH 8.6.

Procedure

For each different enzyme dilution pipette into test tubes as follows:

Description Test Blank

0.05 M Tris- HCI pH 8.6 0.2 ml 0.2 ml
0.01 M L-asparagine 1.7ml 1.7 ml
1.5 M TCA — 0.1 ml

Incubate at 37°C for 5-6 minutes to achieve temperature equilibration. At zero time and at timed
intervals add 0.1 ml diluted enzyme to Test and Blank tubes. Incubate at 37°C for exactly 10 minutes
and stop reaction by adding 0.1 ml of 1.5 M TCA to Test tubes only. Clarify by centrifugation and add
0.5 ml of clear supernatant to 7.0 ml reagent grade water. Add 1.0 ml of Nessler’s Reagent and incubate
at room temperature for 10 minutes. Read A4gg of Test tube versus the respective Blank. Determine
micromoles of ammonia released from an ammonium sulfate standard curve. Standard is run in parallel
by adding 0.5 ml of 1 umole solution to 7.0 ml water and 1 ml of 1 gmole solution to 6.5 ml reagent
grade water and adding 1 ml Nessler’s Reagent to both.

Calculation

o Units __ _ micromoles ammonia released
mg 10 minutes X mg enzyme in reaction
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Aspartate aminotransferase (AspAT) is a key enzyme of amino acid metabolism that catalyzes the
reversible transfer of the amine group from L-aspartate to 2-oxoglutarate. In mammalian tissues the
enzyme is especially concentrated in heart and liver tissue. The enzyme most extensively studied is that
from pig heart. The usual preparations contain only the cytosolic enzyme (cAspAT).

L-aspartate + 2-oxoglutarate = oxaloacetate + L-glutamate (12.1)
0
0 HO
OH
0 (0]
+ - _ )’l\/\ ﬁ + | _ J‘I\/COO_
H3N COO~ + ~00C COO0" === H;3N ele]e] + 00C
L-Aspartic acid 2-Oxoglutarate L-Glutamic acid Oxaloacetate

Figure 12.1: Enzymatic Reaction - Aspartate Aminotransferase

History

Transamination, the reversible transfer of the NH2 group from L-glutamate to pyruvate or other oxo
acids together with an electron pair and a proton, was first demonstrated in 1937 by Braunstein and
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Kritzmann.

In the 1950s, the enzyme’s use in diagnostic testing for liver disease was introduced (Rej 1989). The en-
zyme has remained a primary diagnostic tool for liver disease for over half a century (Jeong et al. 2003).

In 1960, Fleischer et al. first reported on the separation of the two isozymes from dog heart and the
differences in their substrate Kms and rate dependence on pH. In 1961, Boyd determined that the
electrophoretically slow migrating enzyme was associated with the mitochondrial fraction (Martinez-
Carrion et al. 1965). Research through the 1960s led to the purification of the two isozymes from a
variety of tissues (Boyd 1966). In 1964, Wada and Morino purified the enzyme from porcine heart.
Heart AspAT provided a unique system for studying isozyme structure and function because all forms
contain a pyridoxal phosphate prosthetic group that can act as an indicator of active site events (Jenkins
and D’ Ari 1966b, and Martinez-Carrion and Tiemeir 1967).

The three dimensional structure of the porcine cytosolic enzyme was elucidated by Arnone et al.
(Arnone et al. 1977 and 1985). In 1989, Nagashima et al. cloned and expressed porcine cAspAT in
Escherichia coli.

Recent work has investigated cAspAT’s role in fatty acid homeostasis (Tordjman et al. 2007) and
protection against ischemic injury (Southwell er al. 2002). Work has also investigated the reduced
activity of the enzyme as a result of crush syndrome (Desai and Desai 2008).

Molecular Characteristics

The gene encoding aspartyl aminotransferase (gotl) is located on chromosome 14 in Sus scrofa. Nine
exons encode the mature enzyme. The gene is conserved in human, chimpanzee, dog, cow, mouse, rat,
chicken, zebrafish, fruit fly, mosquito, C. elegans, S. pombe, S. cerevisiae, K. lactis, E. gossypii, M.
grisea, Neurospora crassa, A. thaliana, and rice (Gene ID: 396967).

Specificity

Aspartate aminotransferase has the highest reactivity toward L-aspartate and L-glutamate. In addition,
the enzyme acts upon a number of aromatic amino acids. Non-aromatic amino acids are considerably
poorer substrates (See tables in Shrawder and Martinez-Carron 1972, and Braunstein 1973, page 435).

Composition

Aspartate aminotransferase exists as two isozymes, one mitochondrial (mAspAT) and the other from the
cytosol (cAspAT). Though differing markedly in primary structure, chemical and physical properties,
both catalyze the same reaction with subtly different catalytic steps (Stankewicz et al. 1971, Wada et al.
1971, Watanabe and Wada 1971, and Martinez-Carrion et al. 1970).

cAspAT consists of two identical 412 residue subunits. Each subunit contains a large and small domain
with the active site being located between the two domains. The pyridoxal phosphate cofactor is located
in the large domain, covalently linked by an aldimine bond (Schiff base bond) to Lys258 (Rhee et al.
1997).
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IUB
* 26.1.1

CAS
* 9000-97-9

Protein Accession Number
* P00503

CATH: Classification (v. 3.3.0)

Class:

* Alpha Beta
Architecture:

* Alpha-Beta Complex; 3-Layer(aba) Sandwich
Topology:

* Aspartate Aminotransferase (domain 1); Aspartate Aminotransferase (domain 2)

Molecular Weight

* Monomer: 47.0 kDa (Polyanovsky et al. 1972)
e Dimer: 93.1 kDa (Ovchinnikov et al. 1973)
* Dimer: 94.0 (Polyanovsky et al. 1972)

Optimal pH
.8

Isoelectric Point
. 6.83

Extinction Coefficient
1 1
134340 L&

« Engo = 14.0 (Polyanovsky et al. 1972)

Active Residue
* Lysine (K258)
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Activators

* Pyridoxal or pyridoxamine phosphate activate undenatured enzyme (Jenkins et al. 1959)
* In solution the enzyme may be stabilized with a-ketoglutarate and EDTA in maleate or succinate
buffers (Jenkins et al. 1959).

Inhibitors

* 2-Oxoglutaconate, 2-oxoglutaconic acid dimethyl ester, and N-ethylmaleimide (Kato et al. 1996)
N-5’-Phosphopyridoxyl L-aspartate (Izard et al. 1990)

* p-Mercuribenzoate (Stankewicz et al. 1971)

* L-a-Methylaspartic acid (Melander 1975)

* 2-Amino-3-butenoic acid (Rando 1974)

* Maleate, succinate, glutarate, and adipate (Jenkins et al. 1959)

Applications

* Clinical tests for diagnosis of liver and heart disorders
» Synthesis of unnatural L-amino acids from alpha-keto acids

Assay Information
Method

* Aspartate aminotransferase may be assayed spectrophotometrically in a coupled reaction with
malate dehydrogenase in the presence of NADH (Karmen 1955; Amador and Wacker 1962).
One unit oxidizes one micromole of NADH per minute at 25°C and pH 7.4 under the specified
conditions.

Reagents

* Prepare reagent mixture containing:

* L-aspartate - 134.0 mM

* 2-oxoglutarate - 6.64 mM

NADH - 0.24 mM

* Lactate dehydrogenase - 5 “;‘nilts

Malate dehydrogenase - 1.25 s

* Sodium phosphate buffer, pH 7.4 - 50 mM

Enzyme

* Dissolve enzyme at a concentration of one % in 0.1 M potassium phosphate pH 7.4. Immediately
prior to use, dilute further in this buffer to a concentration of 0.05 - 0.25 %llts

Procedure

Spectrophotometer Settings: Wavelength: 340 nm Temperature: 25°C
Pipette 2.9 ml of the reagent mixture into cuvette and place in spectrophotometer. Incubate for 3 -
4 minutes to reach temperature equilibrium and establish blank rate, if any. At zero time, add 0.1 ml of
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apropriately diluted enzyme and record the decrease in Az4g for 4 - 5 minutes. Calculate % from the
initial linear portion of the curve.

Calculation
AA3g0

Units __ min
mg —  62x mg enzyme
ml reaction mixture
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Avidin is a glycoprotein consisting of four identical subunits. It is a minor constituent of the egg
white of reptiles, amphibians, and birds. In the chicken, it is synthesized in the oviduct in response
to progesterone and in several tissues in connection with inflammation and tissue damage (Elo et al.
1979, and Gope et al. 1987). It binds the vitamin biotin with high affinity and is therefore thought to be
a defense protein against biotin-requiring microbes (Wallén et al. 1995). Avidin exhibits the highest
known affinity in nature between a ligand and a protein (Livnah et al. 1993).
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Figure 13.1: Enzymatic Reaction - Avidin

History

In 1916, Bateman first investigated the toxic effect of uncooked egg whites in animals. In 1927, Boas
showed that "egg white injury" was caused by a protein in albumin. It was determined that this protein
binds biotin forming a "non-digestible" complex that cannot be absorbed from the intestine of animals
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or from the surrounding medium by microorganisms (Boas 1924, Pennington et al. 1942, Woolley and
Longsworth 1942, and Hertz 1946). Eakin et al. first isolated the protein and named it avidin (Eakin e?
al. 1940a, b, and 1941).

In 1963, Green determined the dissociation constant of the avidin-biotin complex (10-15 M) indicating
extreme stability of the complex in vitro (Green 1963a, b). Through the late 1970s and into the early
1980s, the complex formation of the avidin-biotin complex was a useful tool in biochemistry and
immunocytochemistry (Guesdon et al. 1979, Bayer and Wilchek 1980 and Hsu ef al. 1981). The
sequence of chicken avidin was determined by DeLange and Huang in 1971. The cDNA was cloned and
sequenced by Gope et al. in 1987, and the gene (avd) was cloned and sequenced by Wallén et al. in 1995.

Recent work with avidin has found its use in a variety of cancer treatments (Lesch et al. 2010). Both
avidin and its derivatives continue to be used in the isolation of biotinylated proteins (Bolivar et al.
2008), and it has been incorporated into assays to detect levels of biotin in urine and serum (Zarogiannis
et al. 2007).

Molecular Characteristics

The protein contains a 24 residue signal peptide. The avidin gene (avd) consists of four exons split
by three introns (Wallén et al. 1995). Although avidin shares almost identical secondary, tertiary,
and quaternary structure with streptavidin, the two proteins show only 30% sequence identity and are
thought to be evolutionarily unrelated (Laitinen et al. 2006).

Composition

Avidin is a basic homotetrameric glycoprotein (Green 1964, and DeLange and Huang 1971). The
carbohydrate moiety, a polysaccharide composed of four glucosamines and five mannoses, is attached
to Asn-17 of each subunit (DeLange and Huang 1971). Each of the identical subunits binds one biotin
molecule, and tryptophan is involved in non-covalent binding. Each subunit is folded into an eight-
stranded anti-parallel beta-barrel, displaying up and down topology. The biotin binding site is located
in the core of the barrel and is built by residues of the barrel itself and the loop of an adjacent subunit
(Nardone et al. 1998). Although avidin shares almost identical secondary, tertiary, and quaternary
structure with another biotin-binding protein, streptavidin, streptavidin is not glycosylated and is less
susceptible to aggregation. Avidin has a higher affinity for unconjugated biotin than streptavidin, but a
lower affinity for conjugated biotin (Laitinen et al. 2006).

The best preparations of avidin bind 15.1 ug of D-biotin per milligram of protein, corresponding to
4 moles of biotin bound per mole of protein. The dissociation constant for biotin is approximately
10-15 M, being about 103-106 times higher than that of a typical antigen-antibody interaction (Green
1963a, and Nardone et al. 1998). The biotin-avidin complex is dependent upon media ionic strength,
but relatively stable over a wide pH range and to heat.

Itis necessary to effect a reversible or irreversible denaturation to free biotin. Guanidinium chloride (6-8
M) at pH 1.5 and autoclaving at 120°C (15 minutes) are examples of sufficient dissociation conditions
(Green 1970a, b).
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CAS
* 1405-69-2

Protein Accession Number
* P02701

CATH: Classification (v. 3.3.0)

Class:

* Mainly Beta
Architecture:

¢ Beta Barrel
Topology:

* Lipocalin

Molecular Weight
* 54.7 kDa

Optimal pH

* Relatively stable over a wide pH range

Isoelectric Point
¢ 10 (Nardone et al. 1998)

Extinction Coefficient
. El;gz =15.5 (Melamed and Green 1963)

Applications

* Biotin function studies

 Study of enzymes in which biotin is a coenzyme

* Avidin or avidin subunits used for affinity purification (Berger and Wood 1975, and Green and
Toms 1973)

* in vivo for the targeting of solid tumors

Assay Information

The biotin-binding capacity of avidin is determined using the spectrophotometric method of Green
(1963). One unit will bind one microgram of d-biotin at pH 8.9.
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Reagents

* 0.2 M Ammonium carbonate, pH 8.9
* 0.001 M d-biotin (24.4 mg/100 ml) in ammonium carbonate buffer, pH 6.9

Enzyme
e Dissolve at 0.2 % in 0.2 M ammonium carbonate buffer, pH 8.9

Procedure

Spectrophotometer Settings: Wavelength: 233 nm

Add 3 ml of stock avidin to control and test cuvette. Add 10 ul of d-biotin to test cuvette and
record AAj33. Continue adding 10 ul biotin at a time to the test cuvette until no further increase in
Aj33 occurs after three successive biotin additions. Plot the number of aliquots of biotin used versus
Aj33. Determine the equivalence point by drawing a straight line through the linear absorbance portion
of the curve and by drawing a line through the portion where no further increase in Ajs3 is observed.
The intersection of these lines is the equivalence point. Determine the number of aliquots represented
by the equivalence point.

Calculation
Units __ # of aliquots at equivalence point x volume of aliquot (in ml) x biotin concentration (in %)
mg mg of avidin in 3 ml
References

¢ Ahlroth, M., Kola, E., Ewald, D., Masabanda, J., Sazanov, A., Fries, R., and Kulomaa, M.: Characterization and Chromosomal Localiza-
tion of the Chicken Avidin Gene Family, Anim Genet 31, 367, 2000.

* Bateman, W.: The Digestibility and Utilization of Egg Proteins, J Biol Chem 26, 263, 1916.

* Bayer, E., and Wilchek, M.: The Use of the Avidin-Biotin Complex as a Tool in Molecular Biology, Methods Biochem Anal 26, 1, 1980.

* Bayer, E., De meester, F., Kulik, T., and Wilchek, M.: Preparation of Deglycosylated Egg White Avidin, Appl Biochem Biotechnol 53, 1,
1995.

* Berger, M., and Wood, H.: Purification of the Subunits of Transcarboxylase by Affinity Chromatography on Avidin-Sepharose, J Biol
Chem 250, 927, 1975.

* Boas, M.: An Observation on the Value of Egg-White as the Sole Source of Nitrogen for Young Growing Rats, Biochem J 18, 422, 1924.

* Boas, M.: The Effect of Desiccation Upon the Nutritive Properties of Egg-White, Biochem J 21, 712, 1927.

* Bolivar, J., Soper, S., and McCarley, R.: Nitroavidin as a Ligand for the Surface Capture and Release of Biotinylated Proteins, Anal
Chem 80, 9336, 2008.

* Bruch, R., and White, H.: Compositional and Structural Heterogeneity of Avidin Glycopeptides, Biochemistry 21, 5334, 1982.

e Chaiet, L., and Wolf, F.: The Properties of Streptavidin, a Biotin-Binding Protein Produced by Streptomycetes, Arch Biochem Biophys
106, 1, 1964.

¢ Chandra, G., and Gray, J.: Cloning and Expression of Avidin in Escherichia coli, Methods Enzymol 184, 70, 1990.

* Cuatrecasas, P., and Wilcheck, M.: Single-Step Purification of Avidin from Egg White by Affinity Chromatography on Biocytin-
Sepharose Columns, Biochem Biophys Res Commun 33, 235, 1968.

* DeLange, R.: Egg-white Avidin: Composition, Fed Proc 28, 475, 1969.

* DeLange, R.: Egg White Avidin. I. Amino Acid Composition; Sequence of the Amino- and Carboxyl-Terminal Cyanogen Bromide
Peptides, J Biol Chem 245, 907, 1970.

* DeLlange, R., and Huang, T.: Egg White Avidin. III. Sequence of the 78-Residue Middle Cyanogen Bromide Peptide. Complete Amino
Acid Sequence of the Protein Subunit, J Biol Chem 246, 698, 1971.

e Eakin, R., Snell, E., and Williams, R.: A Constituent of Raw Egg White Capable of Inactivating Biotin in Vitro, J Biol Chem 136, 801,
1940.

* Eakin, R., Snell, E., and Williams, R.: The Concentration and Assay of Avidin, the Injury-producing Protein in Raw Egg White, J Biol
Chem 140, 535, 1941.

* Finn, F, Titus, G., Montibeller, J., and Hofman, K.: Hormone-Receptor Studies with Avidin and Biotinylinsulin-Avidin Complexes, J
Biol Chem 255, 5742, 1980.

* Fraenkel-Conrat, H., Snell, N., and Ducay, E.: Avidin. I. Isolation and Characterization of the Protein and Nucleic Acid, Arch Biochem
Biophys 39, 80, 1952.

* Fraenkel-Conrat, H., Snell, N., and Ducay, E.: Avidin. II. Composition and Mode of Action of Avidin A, Arch Biochem Biophys 39, 97,
1952.

Worthington-Biochem.com wmmngmn Ph: 800-445-9603
Ph: 732-942-1660


http://www.worthington-biochem.com

Avidin 107

* Gitlin, G., Bayer, E., and Wilchek, M.: Studies on the Biotin-binding Site of Avidin. Tryptophan Residues Involved in the Active Site,
Biochem J 250, 291, 1988.

 Gitlin, G., Khait, 1., Bayer, E., Wilchek, M., and Muszkat, K.: Studies on the Biotin-binding Sites of Avidin and Streptavidin. A
Chemically Induced Dynamic Nuclear Polarization Investigation of the Status of Tyrosine Residues, Biochem J 259, 493, 1989.

e Green, N.: Avidin. 3. The Nature of the Biotin-Binding Site, Biochem J 89, 599, 1963.

* Green, N.: A Spectrophotometric Assay for Avidin and Biotin Based on Binding of Dyes by Avidin, Biochem J 94, 23¢c, 1965.

* Green, N.: Avidin. 4. Stability at Extremes of pH and Dissociation into Subunits by Guanidine Hydrochloride, Biochem J 89, 609, 1963.

e Green, N.: Evidence for a Genetic Relationship Between Avidins and Lysozymes, Nature 217, 254, 1968.

e Green, N.: Purification of Avidin, Methods in Enzymology Vol. 18, 414, 1970.

¢ Green, N.: Spectrophotometric Determination of Avidin and Biotin, Meth Enzymol 18, 418, 1970.

* Green, N.: The Molecular Weight of Avidin, Biochem J 92, 16¢, 1964.

* Green, N., and Toms, E.: The Dissociation of Avidin-Biotin Complexes by Guanidinium Chloride, Biochem J 130, 707, 1972.

¢ Green, N., and Toms, E.: The Properties of Subunits of Avidin Coupled to Sepharose, Biochem J 133, 687, 1973.

» Gyorgy, P.: , Ztschr Arztl Fortbild 28, 377, 1931.

* Gyorgy, P.: The Curative Factor (Vitamin H) for Egg White Injury, with Particular Reference to its Presence in Different Foodstuffs and
in Yeast, J Biol Chem 131, 733, 1939.

* Hofmann, K., Titus, G., Montibeller, J., and Finn, F.: Avidin Binding of Carboxyl-Substituted Biotin and Analogues, Biochemistry 21,
978, 1982.

* Honzatko, R., and Williams, R.: Raman Spectroscopy of Avidin: Secondary Structure, Disulfide Conformation, and the Environment of
Tyrosine, Biochemistry 21, 6201, 1982.

* Huang, T., and DeLange, R.: Egg White Avidin. II. Isolation, Composition, and Amino Acid Sequences of the Tryptic Peptides, J Biol
Chem 246, 686, 1971.

» Korenmen, S., and O’Malley, B.: Avidin Assay: A New Procedure Suitable for Tissue Fractions, Biochim Biophys Acta 140, 174, 1967.

* Launer, H., and Fraenkel-Conrat, H.: The Avidin-Biotin Equilibrium, J Biol Chem 193, 125, 1951.

* Lichstein, H., and Birnbaum, J.: Combinability of Avidin and Streptavidin with Analogs of Biotin, Biochem Biophys Res Commun 20,
41, 1965.

¢ Melamed, M., and Green, N.: Avidin. 2. Purification and Composition, Biochem J 89, 591, 1963.

* Romovacek, H., Finn, F., and Hofmann, K.: Avidin Binding of Biotinylated Corticotropins, Biochemistry 22, 904, 1983.

» Tausig, F., and Wolf, F.: Streptavidin - A Substance with Avidin-Like Properties Produced by Microorganisms, Biochem Biophys Res
Commun 14, 205, 1964.

e Urdal, D., and Hakomori, S.: Tumor-associated Ganglio-N-triosylceramide. Target for Antibody-Dependent, Avidin-Mediated Drug
Killing of Tumor Cells, J Biol Chem 255, 10509, 1980.

e Vetter, S., Bayer, E., and Wilchek, M.: Avidin Can be Forced to Adopt Catalytic Activity, J Am Chem Soc 116, 9369, 1994.

* Wei, R., and Wright, L.: Heat Stability of Avidin and Avidin-Biotin Complex and Influence of Ionic Strength on Affinity of Avidin for
Biotin, Proc Soc Exp Biol Med 117, 341, 1964.

* Yamamoto, K., and Sekine, T.: Effect of Avidin Binding to SH on the Interface between Subfragment-1 and F-Actin, J. Biochem. 101,
519, 1987.

Worthington-Biochem.com wmmngm Ph: 800-445-9603
Ph: 732-942-1660


http://www.worthington-biochem.com




Agarose 3-glycanohydrolase

Agarases are glycoside hydrolases that catalyze the hydrolysis of agar. Agarases are primarily found
in marine organisms (Fu and Kim 2010), with microorganisms being the primary sources for agarase
production (Oh et al. 2010). Agarases are classified into two groups based on their mode of action. o-
Agarases hydrolyze a-1,3-linkages to produce agarooligosaccharides of a series related to agarobiose,
while B-agarases hydrolize 3-1,4-linkages producing neoagarooligosaccharides of a series related to
neoagarobiose (Fu and Kim 2010, and Oh et al. 2010).

OH OH o OH OH o]
o} 1 o} J;
H o&x,o\ﬁxo OH A %o&@/OH " Ho “?\OIS
OH | OH |
OH Jn OH

Agarose Neoagaro-oligosaccharides

Figure 14.1: Enzymatic Reaction - Beta Agarase

History

Yaphe and colleagues first described the agarose-degrading system of Pseudomonas atlantica (Yaphe
1957, Yaphe 1966, Day and Yaphe 1975, and Groleau and Yaphe 1977). This enzyme was designated
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B-Agarase II. The purification and characterization of the related 3-Agarase I (32 kDa) was reported by
Morrice et al. in 1983. The two enzymes differ significantly in that 3-Agarase I is membrane-bound,
while B-Agarase II is found extracellularly (Morrice ef al. 1983a and b). That formerly manufactured
by Worthington Biochemical was f3-agarase II.

Belas ef al. cloned 3-agarase II from Pseudomonas atlantica gene in 1988, and the nucleotide sequence
was determined in 1989 (Belas er al. 1988, and Belas er al. 1989). Worthington Biochemical first
manufactured -agarase II in the early 1990s.

Recent research has involved the identification of novel f3-agarase sequences from agar-degrading
bacterial genomes (Lee ef al. 2015a and b) and the characterization of newly discovered agarases (Chi
et al. 2015, and Hsu et al. 2015). In addition, the crystal structures of -agarase enzymes continue to
be elucidated (Takagi et al. 2014, and Pluvinage ef al. 2013).

Molecular Characteristics

The gene encoding B-agarase (agrA) has a primary structure consisting of an ORF of 1,515 nucleotides.
The primary translation product consists of 504 amino acids (Belas 1989). Three regions upstream to
the start codon that are responsible for ribosomal binding and promoter sites of the gene sequence have
been determined based on homology with Escherichia coli (Belas et al. 1989).

Specificity

B-Agarase is unique in its ability to break down the agarose polysaccharide core composed of re-
peating 1,3-linked B-D-galactopyranose and 1,4-linked 3,6-anhydro-alpha-L-galactopyranose into
neoagarobiose oligosaccharides.

Composition

Based on catalytic domain similarities, 3-Agarase II of Pseudoalteromonas atlantica has been desig-
nated part of the glycosyl hydrolase 86 (GH86) family. Other f3-agarases belong to glycosyl hydrolase
families 16 and 50, with all three groups containing a conserved glycoside hydrolase region responsible
for catalysis (Fu and Kim 2010).

The NH2 terminus of the protein may function as a signal peptide in the export of extracellular f3-
agarase. Signal peptidase is believed to cleave between resides 22 and 23 of the primary agrA product,
yielding a mature protein of 482 residues (Belas et al. 1989).

IUB
* 32.1.81

CAS
* 37288-57-6
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Protein Accession Number
* P13734

CATH: Classification (v. 3.3.0)

Class:

* Mainly beta
Architecture:

e Sandwich
Topology:

* Jelly Rolls

Molecular Weight
e 55.1 kDa

Optimal pH
¢ 6.5-7.5 (Morrice et al. 1983b)

Isoelectric Point

* 5.9 (Oh et al. 2010)
¢ 5.95 (Theoretical)

Extinction Coefficient

97,250 L L

1%
° Ezgo =17.66

Active Residue
¢ Glutamic Acid (E177 and E299)

Applications

* Food, cosmetic and medical industry (Kobayashi et al. 1997)

* Protoplast isolation from seaweeds (Araki et al. 1998)

* Production of agar-derived oligosaccharides

* DNA recovery from agarose gel: As a result of this enzymatic degradation the viscosity and
gelling ability of the native low melting point agarose is eliminated liberating the nucleic acids.
Since the oligosaccharides produced are alcohol soluble, intact DNA can be recovered in a simple
and efficient manner by alcohol precipitation.
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Assay Information

The Worthington enzyme can be 2-4 times higher in activity than preparations offered by other suppliers.
One Worthington unit will hydrolyze 500 milligrams of molten 1% LMP agarose per hour at 40 - 42°C.

Reagents

* 0.1 M Sodium acetate, pH 5.0, containing 0.001 M EDTA
* 1% LMP Agarose, dissolved in 0.08 M Tris-borate buffer containing 0.001M EDTA, pH 8.3

Procedure

To a series of tubes in 40 - 42°C water bath add 0.5 ml (500 mg gel) 1% LMP agarose gel.

Add 0.25 ml of buffer to each tube.

Prepare dilutions of the enzyme in 0.01% BSA/water to 1:5, 1:10, 1:20, 1:30, 1:40, and 1:50.

Add 10 ul of each dilution to a labelled tube. Add 10 ul of 0.01% BSA enzyme diluent to a tube and
label as BLANK.

Incubate one hour at 40 - 42°C.

Remove from water bath and chill in ice bath for 5 minutes.

Inspect tubes for the last dilution having complete digestion. Complete digestion is indicated by
liquefaction of the agarose. Use this tube to select the dilution factor and in the calculation of activity.

Calculation
o Unlts — 100 x dilution
. Units
o Units __ Ty
mgP %
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Carbonic anhydrase (CA) catalyzes the reversible hydration and dehydration reactions of CO,/H,COs.
CAs are widespread in nature, being found in animals, plants, and certain bacteria. Sixteen isozymes
have been identified and characterized in mammals. Since erythrocyte CA is relatively easy to obtain
for experimental purposes, it is the most widely studied.

COz + H,O — HyCO3 (15.1)

History

CA was first discovered in vertebrate erythrocytes (Brinkman ef al. 1932). It was inferred that a
catalyst was present in blood that could dehydrate bicarbonate and allow it to escape as CO, (Stadie
and O’Brien 1933). CA was soon isolated from erythrocytes by Meldrum and Roughton in 1933. Upon
the discovery in 1940 that zinc is an intrinsic cofactor, CA became the first recognized metalloenzyme
(Keilin and Mann 1940). It was also deduced that sulfanilamide is an inhibitor of the enzyme, which led
to pharmacological investigations and the eventual important discovery of CA inhibitors as treatment
for glaucoma (Mann and Keilin 1940, Maren 1995, and Khalifah 2003).

It took over twenty years for CA to gain the interest of the research community, and it did so because
of the simple substrates upon which it acts. It became known as one of the most efficient acid-base
catalysts (Eigen and Hammes 1963). Interest in the enzyme was also gained when Lindskog replaced
the zinc ion with cobalt and found the activity of the enzyme was unaffected (Lindskog and Malstrom
1962). This led to many studies on the oxidation of the metals and theories that the activity of the
enzyme is related to ionization of nearby groups (Whitney et al. 1967, Appleton and Sarkar 1974, and
Shinar and Navon 1974).
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Human erythrocytes were used in studies of the 1970s to isolate and obtain the first amino acid se-
quences of CA-I (Andersson ef al. 1972, and Lin and Deutsch 1973) and CA-II (Henderson et al. 1973,
and Lin and Deutsch 1974). John Edsall performed extensive studies on the kinetics of human erythro-
cyte CA, and also discovered the first competitive inhibitor, imidazole (Edsall 1968, and Khalifah 2003).

Current research on CA continues to investigate the mechanism of inhibitor binding (Safarian et al.
2007) and CA’s role in inhibiting ectopic cardiovascular calcification (Rajachar et al. 2009).

Molecular Characteristics

Each isozyme from erythrocytes (CA-I and CA-II) is composed of a single chain peptide of 259 or
260 amino acid residues. The low activity form (CA-I) contains 260 residues, while the high activity
form (CA-II) contains 259 residues. Erythrocyte high and low activity forms within a given species
usually show greater than 50% sequence identity; for example, equine CA-I and CA-II forms only
show 55% identity (Wendorff et al.1985). In contrast, the same forms from different species show
much greater homology; human CA-II and bovine CA-II show 77% sequence homology (Tashian et al.
1980, Engberg et al. 1985, Alam et al. 2003). The isozymes are encoded by separate genes but given
the great deal of homology, especially in the active center, they appear to have a common evolutionary
history. Ubiquitin, a 76 residue protein with some enzymatic properties of CAs, has a distinct sequence
homology to CA (Deutsch 1987).

Specificity

Blood CO, transport and excretion is largely dependent on the rapid catalysis of the CO, reactions
within the erythrocyte by CA (Tufts et al. 2003). Bovine CA reversibly hydrates alkyl pyruvates and
it exhibits hydratase activity toward a wide variety of substrates (Pocker et al. 1974, and Wells et al.
1975).

Composition

Sixteen CA isozymes have been described so far in mammals. Erythrocyte CAs, CA-I and CA-II,
are most well known. CA-I, CA-II, CA-III, CA-VII, and CA-XIII are cytosolic. CA-IV, CA-IX,
CA-XII, CA-XIV, and CA-XV are membrane bound. CA-VI is secreted in saliva. CA-VA and CA-VB
are mitochondrial. There are also three acatalytic forms referred to as CA-related proteins (CARPs):
CARP-VIII, CARP-X, and CARP-XI (Coban et al. 2009).

The zinc metal is always bound to histidines 93, 95, and 118 (mature chain numbering). A hydrogen
bonded network, linked to the zinc-bonded water molecule and these histidines either directly or
indirectly, includes 28-Ser, 91-Glu, 105-Glu, 106-His, 116-His, 193-Tyr, 198-Thr, 208-Trp, and 223-
Asn. These residues have been found to be highly conserved (Lindskog 1982, and Lindskog et al.
1984). Bovine and human CA I and II contain a unique C-terminal knot structure, which has been
shown to be important in enzymatic and mechanical properties (Alam et al. 2002).

IUB
* 421.1
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CAS
* 9001-03-0

Protein Accession Number
* P00921

CATH: Classification (v. 3.3.0)

Class:

* Alpha Beta
Architecture:

* Roll
Topology:

* Carbonic Anhydrase II

Molecular Weight

¢ 29.0 kDa (Theoretical)
* 30 kDa (Lindskog et al. 1971)

Optimal pH
e 7.0-7.5 (Demir et al. 2000, and Tasgin et al. 2009)

Isoelectric Point
¢ 6.40 (Theoretical)

Extinction Coefficient
1 1
* 50,070 -+

. Elz%g() =19.0 (Nyman and Lindskog 1964)

Active Residue

 Histidine (H63)
» Asparagine (N66)
* Lysine (K126)

Activators

« HPO?™ (Rowlett et al. 1991)
* SO3 (Rowlett et al. 1991)
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Inhibitors

* Monovalent anions (Lindskog et al. 1971, and Ward and Cull 1972)
¢ Sulfonates and sulfonamides (Pocker and Watamori 1973, and Binford et al. 1974)
* Imidazole (Edsall 1968)

Applications

¢ CO, determination in blood

* Elimination of CO; in reagents for acidity testing
» Carboxy group transfers

¢ Reduction reactions

Assay Information
Method

* The electrometric method of Wilbur and Anderson (1948) in which the time required (in seconds)
for a saturated CO, solution to lower the pH of 0.012 M Tris - HCI buffer from 8.3 to 6.3 at 0°C
is determined. The time without enzyme is recorded at To; with enzyme, T.

. s 2X(Ty-T)

* A unit of activity ==——

Reagents
* 0.02 M Tris - HCI buffer, pH 8.0. Store in an ice bath at0 - 4°C before and during use.
» Carbon dioxide saturated water. Bubble CO, gas through 200 ml ice cold water for 30 minutes
prior to assay. During saturation process, store water at0 - 4°C in an ice bath.

Enzyme
* Dissolve lyophilized powder at a concentration of 0.1 % in ice cold water. Store in ice bath
prior to use. IMMEDIATELY prior to use dilute suspensions or lyophilized materials to a
concentration of approximately 0.01 == in ice cold water.

Procedure

Blank Determination: Add 6.0 ml of chilled 0.02 M Tris - HCI buffer, pH 8.0 to a 15-20 ml beaker.
Maintain temperature atQ - 4°C and record pH.

Withdraw in a 5 ml syringe, 4 ml of chilled CO; saturated water and add to Tris buffer. Immediately
start a stop watch and record the time required for the pH to drop from 8.3 to 6.3. Record this time as
To.

Enzyme Determination: Add 6.0 ml of chilled 0.02 M Tris - HCI buffer, pH 8.0 to a 20 ml beaker.
Maintain temperature at0 - 4°C and record pH. Add 0.1 ml of freshly diluted enzyme. Quickly add 4
ml of CO; saturated water and record the time required for the pH to drop from 8.3 to 6.3. Record this
time as T.

Calculation

Units __ 2x(Ty-T)
mg T x mgenzyme in reaction mixture
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16. Carboxypeptidase A

Carboxypeptidase A (CPDA) is a pancreatic metalloexopeptidase that hydrolyzes the peptide bond
adjacent to the C-terminal end of a polypeptide chain.

R-CONH-CHR’COOH + H;O — R-COOH + H,NCHR’COOH (16.1)

R0 R 0
& N\)I\ _ 4+ HO —— » & o 4+ H3N+\)'L _
N ; O 2 N ; 0
H : H =
O R' 0] R'

Polypeptide (n residues) Polypeptide (n-1 residues)  Amino Acid

R' = All except Arg, Pro, Lys, and hydroxyproline; aromatic or branched preferred

Figure 16.1: Enzymatic Reaction - Carboxypeptidase A

History

CPDA was first isolated by Waldschmidt-Leitz and Purr in 1929 and first crystallized by Anson in 1937
(Hartsuck and Lipscomb 1971, and Auld 2004). CPDA was the first metalloprotease and second zinc
enzyme to be identified (Vallee and Neurath 1954, and Auld 2004).
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In 1953 Thompson preliminarily determined the N-terminal amino acid sequence, establishing that
CPDA was a single polypeptide chain. Through x-ray diffraction studies Reeke et al. resolved the
structure of CPDA to 2.0 resolution and determined CPDA is composed of 307 amino acid residues
(Reeke et al. 1967). Folk and Schirmer isolated porcine CPDA, and Folk established the relationships
between the two forms of the enzyme (Folk and Schirmer 1963, and Folk 1963).

CPDA was one of the first enzymes to have its complex kinetic profile extensively studied (Slobin and
Carpenter 1966, Whitaker 1966, Auld and Vallee 1970, Auld and Vallee 1971, Hass and Neurath 1971,
Naik and Horton 1973, and Canonici and Behnke 1974). In 1969, Bradshaw et al. determined the
amino acid sequence of bovine CPDA.

The mechanism of activation of CPDA was used as a model to investigate the role of zymogens in
biological systems (Neurath 1984), and in the 1990s the gene of bovine pancreatic proCPDA was
identified (Le Huérou et al. 1991, and Goo et al. 1995).

Recent studies have investigated binding of inhibitors through kinetic studies (Chong and Auld 2007)
and the generation of an enzyme-inhibitor crystal structure (Arolas 2005). CPDA has also been used
for the development of C-terminal affinity tags (Austin et al. 2010).

Molecular Characteristics

When Bradshaw et al. determined the complete amino acid sequence they confirmed that bovine
CPDA exists in two allotypic forms (Bradshaw 1969b, and Goo et al. 1995). One form of the enzyme
contains Ile179, Ala228, and Val305, while the other contains Vall179, Glu228, and Leu305 (Petra et
al. 1969). In 1995, Goo et al. isolated from bovine pancreas the major CPDA that contains Ile179,
Ala228, and Val305. The nucleotide sequence showed an open reading frame encoding a 16 amino acid
signal peptide, a 94 amino acid activation peptide, and a 309 amino acid mature CPDA (Goo et al. 1995).

The amino acid sequences of the family to which CPDA belongs to (M14) are between 60 and 80%
conserved. Conserved residues believed to be important in specificity and catalysis include Glu270,
Argl45, Argl27, Tyr248, and Tyr198 (Auld 2004). In 2009 Zimin et al. assembled the entire Bos
taurus genome.

Specificity

C-terminal L-amino acids with aromatic or branched sidechains are preferentially cleaved (Libscomb
1970), and ester bonds of peptides with a free C-terminal carboxyl group can also cleaved by CPDA.
Acylated -amino and -hydroxy carboxylic acids are also substrates (Auld 2004).

Composition

CPDA is secreted as a proenzyme, with a 94 amino acid segment that is cleaved by trypsin during
activation. The active enzyme is composed of 309 amino acid residues (Guasch et al. 1992). Only
one form of CPDA has been found in cattle, while two forms have been found to exist in humans
and rats. The monomeric form of the proenzyme is found in most species; however, it also can be
found as a binary or ternary complex. When it occurs as a binary complex, it is complexed with either
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chymotrypsinogen C or proproteinase E, and when it occurs as a ternary complex it is complexed with
both (Gomis-Riith et al. 1995, and Vendrell et al. 2000). The activation segment lies at the center of

the three subunits.

Argl45 is believed to be the site that interacts with the substrate’s free alpha-carboxyl group, and
Glu270 is the principle catalytic moiety (Hartsuck and Lipscomb 1971, and Rees et al. 1983).

IUB
* 34.17.1

CAS
* 11075-17-5

Protein Accession Number
» P00730

CATH: Classification (v. 3.3.0)

Class:

* Alpha Beta
Architecture:

* 3-Layer(aba) Sandwich
Topology:

* Aminopeptidase

Molecular Weight

e 35.3 (Bradshaw et al. 1969b)
¢ 34.8 (Theoretical)

Optimal pH

* 7-9, depending on the substrate

Isoelectric Point
* 6.08

Extinction Coefficient

1 1

1%
. E273 =194
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Active Residue

* Arginine (R127 and R145)
* Glutamate (E270) (Auld 2004)

Activators

* The zinc component is essential for activity

Inhibitors

* Cysteine, sulfides, and cyanide, but not diisopropylphosphofluoridate (DFP) or phenylmethane-
sulfonyl fluoride (PMSF)

* Metal ions and anions (Geoghegan et al. 1983b)

* Strongly inhibited by the chelating agent 1,10-phenanthroline

* QOchratoxin A is a competitive inhibitor (Pitout and Nel 1969)

* Phosphonates (Kaplan and Bartlett 1991)

* Latexin (Normant et al. 1995)

Applications

* Resolution of racemic amino acids

» Sequence analysis

* Hydrolysis/condensation of amide bonds

* Downstream processing of fusion proteins that may precipitate at high salt concentrationes
(White and White 1997)

Assay Information
Method

* The determination of reaction velocity is based upon the method of Folk and Schirmer (1963).
The rate of hydrolysis of hippuryl-L-phenylalanine is determined by measuring the increase in
absorbance at 254 nm. One unit hydrolyzes one micromole of hippuryl-L-phenylalanine per
minute at pH 7.5 and 25°C under the specified conditions.

Reagents

* 0.025 M Tris - HCI buffer containing 0.5 M sodium chloride, pH 7.5
* 0.001 M Hippuryl-L-phenylalanine in 0.025 M Tris - HCI, pH 7.5 with 0.5 M sodium chloride
* 10% Lithium chloride

Enzyme

* Dissolve in 10% lithium chloride to a concentration of 1-3 units per ml. The enzyme crystals are
not readily soluble in the diluent. Do not use solution for assay until the solution has cleared.
* Read Aj7s in cold 10% lithium chloride.
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Procedure

Spectrophotometer Settings: Wavelength: 254 nm Temperature: 25°C
Pipette 2.0 ml of substrate into each cuvette and incubate in spectrophotometer at 25°C for 3-4
minutes to reach temperature equilibration and establish blank rate, if any. Add 0.1 ml of diluted

enzyme and record increase in Ajsq4 for 3-5 minutes. Determine Aﬁfg“ from the initial linear portion of
the curve.
Calculation
AA
Units __ #
mg — 0.36 x mg enzyme

ml reaction mixture

where 0.36 is the extinction coefficient of hippuric acid formed during the reaction
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Carboxypeptidases are secreted as zymogens by the acinar cells of the pancreas. The zymogens are
activated by trypsin in the small intestine. Carboxypeptidase B (CPDB) is a metallocarboxypeptidase
that catalyzes the hydrolysis of the basic amino acids, lysine, arginine, and ornithine from the C-terminal
position of polypeptides:

Peptidyl-L-lysine (-L-basic amino acid) + H, — peptide + L-lysine (L.-basic amino acid) (17.1)

R H O R 0]
& N\)J\ + H,0 ———» & o + H3N+\)]\ B
N ; on 9 N ; 0
H : H 3
@] R' (@] R'

Polypeptide (n residues) Polypeptide (n-1 residues) Amino Acid
R'= Arg, Lys, and ornithine

Figure 17.1: Enzymatic Reaction - Carboxypeptidase B

History

In 1931, Waldschmidt-Leitz et al. demonstrated that excretions from porcine pancreas contained an
enzyme that catalyzed the release of arginine from proteins (Folk 1971). They termed the enzyme
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"protaminase”. In 1933, Calvery used egg albumin to show that it too could be susceptible to this
enzyme, suggesting that lysine and histidine could also be released. Throughout the 1930s and 1940s, it
was believed that this enzyme was identical to chymotrypsin (Sumner and Somers 1947, and Northrop
et al. 1948).

In 1940, the work of Hoffmann and Bergmann demonstrated lysine was only slowly released from
substrate in the presence of carboxypeptidase A (CPDA). The work of Folk in 1956 showed lysine was
rapidly released in the presence of commercially available pancreas powder (Folk 1971). These two
insights led to experiments that confirmed the presence of two separate carboxypeptidase enzymes
(Folk 1956, and Folk and Gladner 1958). The carboxypeptidase B name was given by Folk et al. in
1960 in order to officially distinguish it from CPDA.

In 1975, Titani et al. determined the amino acid sequence. In 1976, Schmid and Herriott resolved the
structure to a 2.8 resolution, which was later refined by Coll et al. in 1991. The globular domain of
pancreatic porcine pro-CPDB pro-segment was derived through NMR spectroscopy by Vendrell et al.
in 1990.

Recent work has included obtaining a higher resolution crystal structure of the proform of CPDB
(Ferndndez et al. 2010), as well as resolving the crystal structure of potent thiol inhibitors (Adler et al.
2005).

Molecular Characteristics

Clauser et al. studied the rat preprocarboxypeptidase B gene, and found that it is organized very
similarly to the bovine CPB1 gene (Clauser et al.1988). The CPBI1 gene is conserved in many
eukaryotes and has been studied in human, chimpanzee, dog, mouse, rat, chicken, zebrafish, and
fruit fly (Avilés and Vendrell 2004). The mature form of rat CPDB is homologous to bovine CPDB
(77% identical), and the amino acids involved in catalysis or ligand binding show no variance. The
coding region of preprocarboxypeptidase B consists of 11 exons (Clauser et al. 1988). Comparisons
of rat CPDB, rat CPDA, and rat CPDA2 genes have shown that the number, position, and sequence
composition of the exons are conserved, despite large differences in intervening sequences (Gardell et
al. 1988, and Clauser et al. 1988). Through cDNA and mRNA sequencing, CPDB mRNA has been
determined to be 1385 nucleotides, excluding the poly(A) tail. The rat CPDB mRNA is 100 nucleotides
longer the CPDA mRNA. This difference is primarily due to a larger 3’ untranslated region (UTR) in
the CPDB mRNA (Han et al. 1986).

Specificity

CPDB is activated by trypsin. CPDB is highly specific for lysine and arginine, but shows preference
for arginine (Tan and Eaton 1995). It can also act (at a slower rate) on valine, leucine, isoleucine,
asparagine, glycine, and glutamine (Villegas et al. 1995, Nishihira et al. 1995). The differences in
specificities between carboxypeptidase A (CPDA) and CPDB can be attributed to the residues Ser205,
Gly241, and Asp253 in CPDB as compared to Gly207, Ile243, and I1e255 in CPDA (Coll ef al. 1991).
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Composition

The major form of CPDB is found in the monomeric state. CPDB contains 1 atom of zinc per mole of
protein. The residues coordinating the zinc residue are conserved and include two histidines, a glutamic
acid, and a water (Avilés and Vendrell 2004).

IUB
* 34172

CAS
* 9025-24-5

Protein Accession Number
* P09955

CATH: Classification (v. 3.3.0)

Class:

* Alpha Beta
Architecture:

* 3-Layer(aba) Sandwich
Topology:

* Aminopeptidase

Molecular Weight

* 34.3 kDa (Folk et al. 1960)
e 34.7 kDa (Theoretical)

Optimal pH
* 9.0 (Wolff et al. 1962)

Isoelectric Point
* 4.6-5.2 (Lipperheide and Otto 1986)

Extinction Coefficient

1 1
* 77,080 L L

. El;;o =21.4 (Folk 1971)
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Active Residue

¢ Glutamic acid (E378)
* Tyrosine (Y356)

Inhibitors

* Competitively inhibited by arginine, lysine, and ornithine (Wolff et al. 1962)

* Metal chelating agents such as 1,10-phenanthroline and EDTA

* Heavy metals

* Not inhibited by diisopropylfluorophosphate (DFP) or phenylmethylsulfonyl fluoride (PMSF)
* Potato carboxypeptidase inhibitor (Hass et al. 1981)

* Leech carboxypeptidase inhibitor (Reverter et al. 1998)

Applications

* Sequence analysis by successive cleavage of C-terminal basic amino acids
» Serum marker for acute pancreatitis diagnosis (Avilés and Vendrell 2004)
* Cytochrome C stepwise digestion (Siidi et al. 1989)

* Human insulin production (Ladisch and Kohlmann 1992)

Assay Information

Method

* Activity is measured by the spectrophotometric method of Folk et al. (1960) where the reaction
velocity is determined by an increase in absorbance at 254 nm resulting from the hydrolysis of
hippuryl-L-arginine. One unit causes the hydrolysis of one micromole of hippuryl-L-arginine per
minute at 25°C and pH 7.65 under the specified conditions.

Reagents

* 0.025 M Tris - HCI buffer, pH 7.65 containing 0.1 M sodium chloride
* 0.001 M Hippuryl-L-arginine in 0.025 M Tris - HC1 pH 7.65 containing 0.1 M sodium chloride

Enzyme
* Dilute stock solution with reagent grade water to a concentration of 1-5 %‘fs

Procedure

Spectrophotometer Settings: Wavelength: 254 nm Temperature: 25°C

Pipette 2.9 ml of substrate into cuvette and incubate in spectrophotometer at 25°C for 3-4 minutes
to reach temperature equilibration and establish blank rate, if any. Add 0.1 ml of diluted enzyme and
record increase in Ays4 for 3-4 minutes. Determine % from the initial linear portion of the curve.

Calculation
Agsy

° Units __ min
mg — 0.349x mg enzyme
ml reaction mixture
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where 0.349 is the extinction coefficient of hippuric acid formed during the reaction
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Carboxypeptidase Y (CPDY) is a glycoprotein exopeptidase of the acid and serine class.

Peptidyl-L-amino acid + H,O — peptide + L-amino acid (18.1)

R H 0] R 0]
CL N\)I\ - 4+ HO ———» & O + H3N+\)L -
N ; o} 3 N ; o]
H H i
O RI O Rl

Polypeptide (n residues
ypeptide ( ) Polypeptide (n-1 residues)  Amino Acid

R' = All residues; aromatic or aliphatic preferred

Figure 18.1: Enzymatic Reaction - Carboxypeptidase Y

History

CPDY was originally referred to as proteinase C by Hata et al. in 1967. In 1970, Hayashi et al. found
that CPDY released C-terminal amino acids from peptides and determined it is inactivated by DFP
at the active site serine residue, thus classifying it as a serine peptidase (Hayashi er al. 1970, and
Mortensen et al. 2004).
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Wolf and Fink (1975) first identified the structural gene for CPDY, which was later confirmed by Hem-
mings et al. (1981). In the 1980s, extensive work was done to better understand the signal sequence of
CPDY and it was determined that the protein can be translocated without its amino-terminal sequence
(Hemmings et al. 1981 and Blachly-Dyson and Stevens 1987). Throughout the 1990s, the carbohydrate
contents of CPDY were studied (Ballou ef al. 1990), and in 1994 the crystal structure was solved to a
2.8 resolution by Endrizzi et al.

Recent work has focused on transport of the nascent protein (Gharakhanian et al. 2011, Mukaiyama et
al. 2010, and Burston et al. 2008) and inhibitory proteins (Gombault er al. 2009).

Molecular Characteristics

The mature chain of CPDY contains 421 amino acid residues. The gene, prcl, has been cloned and
sequenced and encodes a prepro form of the enzyme (Stevens et al. 1986, Blachly-Dyson and Stevens
1987, Valls et al. 1987, and Mortensen et al. 2004).

Specificity

CPDY has broad amino acid specificity. It shows preference for hydrophobic amino acids in the P1’
position of the substrate. CPDY is also able to catalyze aminolysis, the reverse reaction of hydrolysis
(Remington and Breddam 1994). For details on the random order bi-bi mechanism CPDY employs, see
Mortensen et al. 1994.

Composition

Unlike carboxypeptidases A and B, CPDY contains no metal ion. It is glycosylated at four positions,
and contains 15% mannose. Some of the carbohydrate chains are phosphorylated (Trimble and Maley
1977, Hasilik and Tanner 1978, Hashimoto et al. 1981, Winther et al. 1991, and Mortensen et al. 2004).
Each molecule of CPDY contains 4-5 diesterfied phosphates (Hashimoto et al. 1981).

The CPDY structure consists of fourteen a-helices, eleven strands of mixed 3-sheets, five disulfide
bridges, and one free cysteine residue (Endrizziet al. 1994).

IUB
* 34.16.5

CAS
* 9046-67-7

Protein Accession Number
* P00729
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CATH: Classification (v. 3.3.0)

Class:
* Alpha Beta; Mainly Alpha
Architecture:
* 3-Layer(aba) Sandwich; Orthogonal Bundle
Topology:
* Rossmann Fold; Helix Hairpins
Notes:
¢ CPDY contains two domains

Molecular Weight
* 64 kDa (Hayashi ef al. 1973, and Mortensen et al. 2004)

Optimal pH
* 4.5-6.0

Isoelectric Point
* 3.6 (Hayashi et al. 1973)

Extinction Coefficient

11
« 88,940 L L

J Elz%éo = 15.0 (Hayashi et al. 1973, and Kuhn et al. 1973)

Active Residue

¢ Serine (S146)
* Aspartate (D338)
* Histidine (H397)

Inhibitors

* Diisopropyl fluorophosphate (DFP)

* PMSF

* APCK

* 4-Hydroxymercuribenzoate

e Aprotinin

* Sensitive to thiol-blocking reagents

* A high affinity inhibitor encoded by the TFSI gene has been characterized and shows homology
to a family of lipid binding proteins (Bruun et al. 1998)
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Applications

» C-terminal sequencing (Hayashi 1977)
» C-terminal modification/labeling of peptides and proteins (Remington and Breddam 1994)

Assay Information
Method

» The assay measures the rate of leucine liberated during the enzymatic hydrolysis of benzyloxycarbonyl-
L-phenylalanyl-L-leucine under the specified conditions. One unit hydrolyzes 1umoleof benzyl-
oxycarbonyl-L-phenylalanyl-L-leucine per minute at 25°C, pH 6.5 under the conditions specified.

Reagents

* Substrate: 1 mM Benzyloxycarbonyl-L-phenylalanyl-L-leucine in 50 mM sodium phosphate,
0.15 M Sodium chloride, pH 6.5. Note: 0.5 ml of DMSO (dimethyl solfoxide) is used to dissolve
the benzyloxycarbonyl-L-phenylalanyl-L-leucine before mixing with the buffer.

* 0.050 M sodium phosphate, 0.15 M Sodium chloride, pH 6.5

* 49 Ninhydrin in Methyl Cellosolve®

* 0.2 M Sodium citrate, 7.1 mM stannous chloride, pH 5.0

* Ninhydrin-citric acid mixture. Prepare by mixing 50 ml each of 4% ninhydrin in methyl
cellosolve and 0.2 M sodium citrate (pH 5.0) - 7.1 mM stannous chloride. Stir for 15 minutes.

* 50% (V/V) n-Propanol

0.05 M L-leucine

Standard Curve

Leucine Standard Curve

0.05 M NaPQy, 0.15 M NaCl (pH 6.5) 0.050 M L-Leucine Concentratation (uM L-leucine)

4.90 ml 200 pl 0.392
5.0ml 100 ul 0.196
5.05 ml 50 ul 0.098
5.08 ml 20 ul 0.039
5.10 ml 0ul 0

Dilute each of the above 1:5 with NaPOy, buffer.

Enzyme

* Allow enzyme to sit at room temperature for 2-3 hours before assaying. This equilibration
stabilizes activity. Prepare a 1 % solution of the enzyme, using reagent grade water. Dilute to
concentrations of 5, 10, 15 and 20 % by using 5, 10, 15 and 20 ul of the 1 % solution, and
taking to a final volume of 1 ml with reagent grade water.
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Procedure

Pipette 1.0 ml of the substrate solution into test tubes labeled 5, 10, 15, 20 and BLANK. Pipette 1.0
ml of the 1:5 L-leucine into test tubes labeled 0.392, 0.196, 0.098, 0.039, and LEUCINE BLANK.
Pre-incubate the five test tubes containing the substrate solutions for 10 minutes at 25°C. Start the
enzyme reaction by pipetting 50 ul of the four enzyme samples into their respective test tubes. Add 50
ul of reagent grade water to the tube labeled BLANK. Allow to react at 25°C for 10 minutes. Add 1.0
ml of the ninhydrin reagent to each of the 10 test tubes. Place all tubes in a boiling water bath for 15
minutes. Remove tubes from bath and cool to below 30°C. Add 5.0 ml of the 50% propanol solution to
each of the test tubes and mix well. Read the optical density of all tubes at 570 nm.

Calculation
o Units __ optical density - blank
ml "~ slope of standard curve x 10 min x 0.05
. units
o Units __ ml
mg o= sample
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19. Casein, Alpha

The caseins are a group of proteins whose hydrophobicity and relatively high charge differentiate
them from most other proteins. alpha-Casein is the major protein fraction of bovine milk. A
phosphoprotein, it exists as an equilibrium of soluble and complex colloidal aggregates (micelles). The
casein is solubilized by dialyzing skim milk against phosphate buffer or by dilution. Bovine caseins
include alphag;, alphag,, beta, and kappa-casein. The following information pertains to primarily bovine
alphag; -casein.

History

In 1925 Linderstrom-Lang and Kodama first demonstrated the caseins to be composed of two discrete
fractions instead of a homogeneous substance as they were initially regarded. In 1939 Mellander used
zone electrophoresis to demonstrate three components he designated alpha-, beta-, and gamma-caesin.

Beginning in the 1950s, several models for the structure of casein association colloids (micelles) were
proposed (Waugh and von Hippel 1956, Hill and Wake 1969, Bingham et al. 1972, Creamer et al. 1973,
and Swaisgood 2003). In 1961, Wake and Baldwin refined the electrophoresis and found even more
components. The tight linkage of alpha,-casein and beta-casein genes was first demonstrated in 1964
(Grosclaude et al. 1964), and the order of the three casein loci was first proposed in 1973 (Grosclaude
et al. 1973).

As molecular biology techniques became available in the 1970s and 1980s, it was determined that the
heterogeneity is in fact due to effects of post-translational processing, genetic polymorphisms, and
alternative splicing of the gene product. Bovine caseins were confirmed as alpha,;, alpha,,, beta, and
kappa-casein (Ng-Kwai et al. 1992, and Ginger and Grigor 1999).
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Recently, investigators have studied the effects of selective serotonin reuptake inhibitor (SSRI) adminis-
tration on inhibition of milk protein gene expression in vitro and in vivo and the consequent reduction
of milk yield (Hernandez et al. 2011). Researchers have also characterized the caseins of goat milk to
evaluate its suitability as an alternative for subjects allergic to cow’s milk (Ballabio et al. 2011).

Molecular Characteristics

The gene that encodes alpha ,-casein (csnlsl) is located on chromosome 6 in Bos taurus (GenBank
accession: 282208). The as1-casein amino acid sequences of various species including rabbit (Devinoy
et al. 1988), guinea-pig (Hall et al. 1984), mouse (Henninghausen and Sippel 1982), and human
(Johnsen et al. 1995) have been found to contain a highly conserved 15 residue signal sequence but
divergent mature chain sequences. The C-terminal region of bovine and rat contain only 29% identity,
while bovine and pig share 48% identity. The alphag,-Caseins and beta-caseins also contain the highly
conserved 15 residue signal sequence and divergent mature chain sequences (Ginger and Grigor 1999).
kappa-Casein contains a 21 residue signal sequence (Bonsing et al. 1988).

Composition

alphas1-Casein is the most abundant protein of bovine milk. It is highly phosphorylated and exists as a
major and minor form. The major form contains 8 bound phosphates and the minor 9 bound phosphates
(Eigel et al. 1984). Phosphorylation occurs at Ser/Thr-X-Y motifs (Mercier 1981).

alphay,-Casein is also highly phosphorylated. That of bovine milk consists of four isoforms that contain
between 10 and 13 phosphates (Brignon et al. 1977, and Eigel et al. 1984).

Bovine beta-casein exists in only one form, which contains 5 phosphates per mole. The beta-caseins of
other species including human (Greenberg and Groves 1979), goat (Richardson and Mercier 1979),
and possum (Ginger ef al. 1999) contain multiple forms. Bovine milk has also been found to contain
fragments of minor peptides including gamma,, gamma,, and gammas-caseins. The proteose peptone
components 5 and 8-fast were initially found to be soluble in acid conditions and thought to be whey
proteins. However, they were eventually determined to be products of the partial proteolysis of beta-
casein by plasmin (Gordon et al. 1972, Groves et al. 1973, Eigel 1977, and Eigel 1981).

kappa-Casein is the only casein soluble in the presence of calcium ions. It also has the smallest amount
of phosphate, with phosphorylation sites being present only in the C-terminal region. kappa-Casein is
the only casein to contain carbohydrate moieties (Jollés et al. 1978).

Except for short alpha-helical regions, caseins have little secondary or tertiary structure (Huppertz et
al. 2006). The caseins of milk exist in the form of colloidal complexes called micelles. The micelles
contain an amorphous micellar calcium phosphate core, surrounded by a phosphopeptide (casein) shell
(Swaisgood 2003).

CAS
* 9000-71-9
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Protein Accession Number
* P02662

Molecular Weight

e 27 kDa (McKenzie 1967)
e 23.6 kDa (Mercier et al. 1971)

Isoelectric Point
e 491

Extinction Coefficient
« Esgo = 10.1 (Thompson and Kiddy 1964)

Applications

* Casein allergenicity studies
* Marker peptides for the detection of milk allergen in food samples
» Substrate in protease activity assays (beta-casein) (Mandl et al. 1953)
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Catalase is an enzyme responsible for the degradation of hydrogen peroxide. It is a protective enzyme
present in nearly all animal cells.

2H,0, — 2H,0 + O, (20.1)

History

Bovine liver catalase was one of the first enzymes to be isolated to a high state of purity and the first
iron-containing enzyme to be isolated (Sumner and Dounce 1937). The reaction mechanism was
initially proposed to be a free radical mechanism by Oppenheimer and Stern in 1939. Throughout the
next few decades, catalysis was determined to occur at the iron atom of the porphyrin (Warburg 1949,
Keilin 1966, and Chance 1951). A more convenient method of preparing crystalline catalase from
bovine liver was developed in 1952 by Tauber and Petit, and X-ray structure studies of the heme region
of myoglobin examined the heme-containing active site (Stryer ef al. 1964).

In the 1970s, X-ray and NMR studies provided further insight into the structure of the protein and the
active site of hydroperoxidases in general (Larsson et al. 1970, and Hershberg and Chance 1975). In
the 1980s, crystal structures of bovine liver catalases were published (Murthy et al. 1981, and Fita and
Rossmann 1985).

In the 1990s, the inhibition of catalase by nitric oxide and the relation of this effect to nitric oxide
cytotoxicity was investigated (Brown 1995). A study was conducted to compare the heme structures of
catalases from various sources by Andersson et al. in 1995, and the unfolding and refolding of bovine
liver catalase at various pHs and salt conditions was investigated by Prajapati et al. in 1998.
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Recently, catalase has been investigated as a possible agent to support methods of intracellular drug
delivery (Siwale ef al. 2009). Catalase has also been incorporated into an assay for cholesterol
quantification (Robinet et al. 2010) and a biosensor for alcohol determination (Hnaien et al. 2010).

Molecular Characteristics

The gene that encodes catalase, CAT, is located on chromosome 15 in Bos taurus. The gene is conserved
in human, chimpanzee, dog, mouse, rat, chicken, zebrafish, fruit fly, mosquito, C. elegans, S. pombe, S.
cerevisiae, K. lactis, E. gossypii, Neurospora crassa, A. thaliana, and rice (Gene ID: 531682).

Specificity

The reaction of catalase occurs in two steps. A molecule of hydrogen peroxide oxidizes the heme to an
oxyferryl species. A porphyrin cation radical is generated when one oxidation equivalent is removed
from iron and one from the poryphyrin ring. A second hydrogen peroxide molecule acts as a reducing
agent to regenerate the resting state enzyme, producing a molecule of oxygen and water (Switala and
Loewen 2002).

Composition

Catalase is a tetramer consisting of four identical, tetrahedrally arranged subunits. Each 60 kDa subunit
contains a heme group and NADPH in its active center (Scibior and Czeczot 2006).

IUB
* 1.11.1.6

CAS
* 9001-05-2

Protein Accession Number
* P00432

Molecular Weight

e 232 kDa (Schroeder et al. 1969)
e 240 kDa (Herskovits 1969)
* Monomer: 57.5 (Schroeder et al. 1969)

Optimal pH
+ 7.0 (Maehly and Chance 1954)

Isoelectric Point
* 5.4 (Samejima et al. 1962)
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Extinction Coefficient

11
246,000 L 1

E;];G = 12.9 (Herskovits 1969)

Active Residue

Histidine (H74)
Asparagine (N147)

Activators

Sodium arsenate (Kertulis-Tartar et al. 2009)

Inhibitors

Cyanide, azide, hydroxylamine, aminotriazole, and mercaptoethanol (Switala and Loewen 2002)
Ascorbate alone as well as with Cu®™ (Orr 1967a, b)

Freezing and lyophilization cause inactivation (Tanford and Lovrien 1962, and Deisseroth and
Dounce 1967)

Inactivated by sunlight under aerobic conditions (Mitchell and Anderson 1965)

Peroxide (Altomare et al. 1974)

Nitro and nitroso compounds (Titov et al. 2008)

Applications

Commercially wherever hydrogen peroxide is used as a germicide (Chu et al. 1975)

Milk preservative with peroxidase (Collins 1971)

Increases synthesis and stability of diacetyl in cultured milk (Collins 1971)

Free radical research (Lardinois 1995)

Deodorization (White and White 1997)

Decomposition of residual hydrogen peroxide after bleaching woven and knitted cotton fabrics
before drying (White and White 1997)

Cysteamine determination (White and White 1997)

Gluconic and glycolic acid production (Seip ef al. 1994, and Godjevargova et al. 2004)
Cleaning silicon and semiconductor plates (White and White 1997)

Assay Information

There are numerous assays for catalase. Gregory and Fridovich (1974) report on a sensitive activity
stain for catalase applicable to a polyacrylamide gel electrophoretogram, Haining and Legan (1972)
describe a polarographic assay utilizable in tissue homogenates, and Kroll et al. (1989) discuss a rapid
method for estimating the bacterial content of foods. The subject has been reviewed by Maehly and
Chance (1954) and Chance and Maehly (1955). The assay used at Worthington follows:
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Method

 Essentially that described by Beers and Sizer (1952) in which the disappearance of peroxide is
followed spectrophotometrically at 240 nm. One Unit decomposes one micromole of HyO, per
minute at 25°C and pH 7.0 under the specified conditions.

Reagents

* 0.05 M Potassium phosphate, pH 7.0
* 0.059 M Hydrogen peroxide (30%) in 0.05 M potassium phosphate, pH 7.0

Enzyme

* Immediately prior to use dilute the enzyme in 0.05 M phosphate bufter, pH 7.0 to obtain a rate of
0.03-0.07 A%

min*

Procedure

Spectrophotometer Settings: Wavelength: 240 nm Temperature: 25°C

Pipette into each cuvette as follows:

* Reagent Grade Water - 1.9 ml

* 0.059 M Hydrogen peroxide - 1.0 ml

Incubate in spectrophotometer for 4-5 minutes to achieve temperature equilibration and to establish
blank rate if any. Add 0.1 ml of diluted enzyme and record decrease in absorbance at 240 nm for 2-3
minutes. Calculate % from the initial (45 second) linear portion of the curve.

Calculation

AA
Units __ mﬁw x 1000

mg — 43.6x mg enzyme
ml reaction mixture
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1,4-(1,3;1,4)-3-D-Glucan-4-glucanohydrolase

Cellulase refers to a group of enzymes which, acting together, hydrolyze cellulose.

Cellulose is a linear polysaccharide of glucose residues connected by 3-1,4 linkages. Like chitin it is not
cross-linked. Native crystalline cellulose is insoluble and occurs as fibers of densely packed, hydrogen
bonded, anhydroglucose chains of 15 to 10,000 glucose units. Its density and complexity make it very
resistant to hydrolysis without preliminary chemical or mechanical degradation or swelling. In nature
cellulose is usually associated with other polysaccharides such as xylan or lignin. It is the skeletal
basis of plant cell walls. Cellulose is the most abundant organic source of food, fuel and chemicals
(Spano et al. 1975). However, its usefulness is dependent upon its hydrolysis to glucose. Acid and
high temperature degradation are unsatisfactory in that the resulting sugars are decomposed; enzymatic
degradation (cellulase) is the most effective means of degrading cellulose into useful components.
Although cellulases are distributed throughout the biosphere, they are most prevalent in fungal and
microbial sources.
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History

Reese et al. (1950) first proposed the enzyme mechanisms involved in the degradation of cellulose. At
least two steps are involved: first, a prehydrolytic step wherein anhydroglucose chains are swollen or
hydrated and secondly, hydrolytic cleavage of the now susceptible polymers either randomly or endwise.

Reese and Levinson made an extensive comparative study of the action of cellulolytic organisms
showing many cellulolytic organisms degrade modified cellulose, but often do not show corresponding
activity on native cellulose (Reese and Levinson 1952). Mandels and Reese first described the cellulase
complex from Trichoderma viride, later named Trichoderma reesei, from which Worthington cellulase
is produced (Mandels and Reese 1957).

The original Worthington assay was developed in our laboratory in 1957 and used carboxymethylcel-
lulose, unaware that a test using this substrate had been described by Levinson and Reese in 1950
(Levinson and Reese 1950). Today’s Worthington assay uses the rate of glucose formation, a technique
first described in 1960 (Meyers et al. 1960).

The cellulase complex of Trichoderma reesei has been most thoroughly studied. It is complete in that it
can convert native cellulose as well as derived celluloses to glucose (King and Nessal 1969). Howell
and Stuck (1975) have described the complex and indicate it to be remarkably resistant to inhibitors
except carbohydrates, particularly cellobiose and excess cellulose. Okada (1975) obtained a number of
active fractions from Trichoderma reesei differing in carbohydrate content and specificity but otherwise
identical.

Berghem and Pettersson (1973) reported on the Trichoderma reesei enzyme involved in the first
step of cellolose degratation, a 3-1,4-glucan cellobiohydrolase which acts upon crystalline cellulose.
Cellobiose is the principle product. The enzyme was further characterized by Berghem, Pettersson
and Axio-Fredriksson (1975). They indicated a molecular weight of 42,000 based on amino acid and
carbohydrate analysis. The enzyme contained 9.2% carbohydrate covalently bound. The pH optimum is
about 4.8 and the reaction rate can be enhanced by addition of cellobiase and additional endo-glucanase.
The identification of the genes for the other cellulase and hemicellulase enzymes of Trichoderma
reesei has been completed, and the characterization of many of these enzymes has also been achieved
(Kubicek 2011).

Recently researchers have been investigating the genomes of mutant species to correlate cellulase activ-
ity with specific gene sequences (Le Crom et al. 2009, and Vitikainen et al. 2010). Current research
has explored the use of cellulase in the production of biofuels and biorefinery products (Kubicek 2012).

The Cullulase Complex from Trichoderma reesei:

The Trichoderma reesei complex is a true cellulase in the most rigid sense, being able to convert
crystalline, amorphous, and chemically derived celluloses quantitatively to glucose. It has been
established that: a) the system is multi-enzymatic; b) that at least three enzyme components are both
physically and enzymatically distinct; and c) that all three components play essential roles in the overall
process of converting cellulose to glucose (King and Vessal 1969).
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Molecular Characteristics

The Trichoderma reesei genome contains 9143 genes, with a surpsingly small number of cellulase
and hemicellulase genes as compared to other Trichoderma species. Trichoderma reesei contains a
total of 200 glycosyl-hydrolase (GH) encoding genes, several of which share homology with bacteria
suggesting they may have been obtained by horizontal gene transfer (Kubicek 2013). 41% of the GH
and other carbohydrate active genes were reported to occur in 25 discreet clusters (Martinez et al.
2008). Several of these clusters also contain genes encoding non-ribosomal peptide and polyketide
synthases suggesting these genes are important for the ability of Trichoderma to compete in its natural
environment (Kubicek 2013). Production of cellulases is induced by the presence of cellulose, lactose,
or sophorse; the enzyme complexes are not formed constitutively. Expression is controlled by a variety
of positive and negative transcription factors (Kubicek et al. 2009).

Composition

Cellobiohydrolase I (Cel7A) and cellobiohydrolase II (Cel6A) are the predominant cellulase proteins
in all major commercial preparations. The endoglucanases and hemicellulases represent less than 10%
of the extracellular extract (Chundawat et al. 2011).

The cellulase complex from Trichoderma reesei contains endoglucanases, cellobiohydrolases, and
beta-glucosidases. Information concerning the known sequences of these indivudual enzymes have
been organized in the following table. Each individual enzyme functions as a monomer.

IUB
« 3214

CAS
* 9012-54-8

Protein Accession Number

* Endoglucanase I: PO7981

* Endoglucanase II: P0O7982

* Endoglucanase IV: 014405

* Endoglucanase V: P43317

* Endoglucanase VII: Q7Z9M7

* beta-1,4-glucanase: 000095

* Cellobiohydrolase I: P62694

* Cellobiohydrolase II: PO7987

* beta-Glucosidase I: AAA18473
* beta-Glucosidase II: 093785

CATH: Classification (v. 3.3.0)

Class:
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* Endoglucanase I: Mainly beta
* Endoglucanase II: Alpha Beta
* beta-1,4-glucanase: Mainly beta
* Cellobiohydrolase I: Mainly beta
* beta-Glucosidase I and II: Alpha Beta
Architecture:
* Endoglucanase I: Distorted sandwich
* Endoglucanase II: Alpha-Beta Barrel
* beta-1,4-glucanase: Sandwich
* Cellobiohydrolase I: Distorted Sandwich
* beta-Glucosidase I and II: Alpha-Beta Barrel
Topology:
* Endoglucanase I: 1,4-Beta-D-Glucan Cellobiohydrolase
* Endoglucanase II: TIM Barrel
* beta-1,4-glucanase: Jelly Rolls
Cellobiohydrolase I: 1,4-Beta-D-Glucan Cellobiohydrolase I; Chain A
* beta-Glucosidase I and II: TIM Barrel

Molecular Weight

* Endoglucanase I: 46.0 kDa

* Endoglucanase II: 42.2 kDa

* Endoglucanase IV: 33.4 kDa

* Endoglucanase V: 22.8 kDa

* Endoglucanase VII: 25.1 kDa
* beta-1,4-glucanase: 23.5 kDa
* Cellobiohydrolase I: 52.2 kDa
* Cellobiohydrolase II: 47.2 kDa
* beta-Glucosidase I: 75.3 kDa

* beta-Glucosidase II: 52.1 kDa

Optimal pH

* Varies with the substrate in the range 4.2 - 5.2

Isoelectric Point
° 4572

Activators
* Nonionic detergents like Triton X-100 (White and White 1997)

Inhibitors

» Carbohydrates, particularly cellobiose and excess cellulose (Howell and Stuck 1975)
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Applications

* Digestive tablets

* Removal or softening of cellulose in food preparation (Toyama 1963)
* Protoplast preparation from plants (Cocking 1960)

* Various manufacturing processes (White and White 1997)

Assay Information
Method

* Cellulase activity is determined by its effect on microcrystalline cellulose with respect to glucose
formation. Released glucose is determined in a hexokinase/glucose-6-phosphate dehydrogenase
system at 340 nm. One unit of activity releases 0.01 mg glucose per hour from micro-crystalline
cellulose at 37°C and pH 5.0 under the specified conditions.

Reagents

* 0.05 M Acetic acid, pH 5.0
* Microcrystalline cellulose (Avicel, EM.C. or equivalent))

Glucose determination reagent (Can be replaced with a glucose assay utilizing a standard curve)
« ATP - (.77 il

ml .
* Hexokinase - 1.5 "8

NAD - 0.91 £mol
* Glucose-6-phosphate dehydrogenase - >1.9
Tris - HCI buffer pH 7.6 £0.2 - 0.1 M

units
ml

Enzyme
* Dissolve enzyme in reagent grade water at a concentration of 1-0.1 %.

Procedure

Spectrophotometer Settings: Wavelength: 340 nm Temperature: 25°C
Measure into clean dry test tubes as follows:

Description Test Blank
Microcrystalline cellulose 200 mg 200 mg
0.05 M Acetic acid 4.0 ml 4.0 ml
Reagent grade water — 1.0 ml
Enzyme dilution 1.0 ml —

Incubate with stirring or shaking for 2 hours at 37°C. Remove tubes to an ice bath and allow
sediment to settle. Clarify by centrifugation. Store in an ice bath.
Place 3.0 ml glucose reagent in a cuvette and incubate in spectrophotometer set at 340 nm and 25°C to
achieve temperature equilibration. Record the As4g of the glucose reagent in the cuvette. Add 0.1 ml of
the supernatant from each reaction tube and record increase in Az until no further change occurs in
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3-5 minutes. Record final Asy.

Calculation

e AA3z40 = Azq0 - Asg
Final Initial

(AA340 - AA340) x 3.1 x 180x 5
Units __ Sample Blank

mg "~ 6.22x 10° x 0.1 x 2 x 0.01 x mg enzyme in mixture

Notes

* Worthington purified cellulases contain less than 0.02 units per mg dry weight lipase activity.
One unit of lipase activity releases one micromole of fatty acid per minute from emulsified olive
oil at 25°C and pH 8.0.

* Nuclease activity is evaluated by incubating 1 g and 10 ug cellulase with 1 g ®X174DNA in
0.5 ml at 37°C for 16 hours under optimum conditions. Degradation of the DNA (evidence of
exonuclease) and conversion of the DNA to the Rf2 or linear form (evidence of endonuclease)
are monitored by agarose electrophoresis. CEL cellulase exhibits no evidence of nuclease
contamination at the 1 ug level, and only a trace of endonuclease contamination at a 10 ug level.
CELF grade shows slight endonuclease contamination at the 1 ug level, and partial exonuclease
contamination at a 10 pg level.

* One mg of purified cellulase exhibits less tryptic-like proteolytic activity on a casein-agar radial
diffusion plate than 0.01 pg purified trypsin after 16 hours at 25°C.
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22. Cholesterol Esterase

Cholesterol esterase catalyzes the hydrolysis of sterol esters into their component sterols and fatty acids.
The enzyme is found primarily in the pancreas, but has been detected in other tissues as well. Bile salts,
such as cholate and its conjugates, are required to stabilize the enzyme in its native polymeric form and
to protect it from proteolytic hydrolysis in the intestine (Vahouny and Treadwell 1968). Cholesterol
esterase finds clinical applications in the determination of serum cholesterol (Allain et al. 1974).

Sterol ester < sterol + fatty acid (22.1)

Cholesterol ester Cholesterol Fatty acid

Figure 22.1: Enzymatic Reaction - Cholesterol Esterase

History

Throughout the early 1900s the enzymatically catalyzed synthesis and hydrolysis of cholesterol esters
in the presence of certain tissues was observed and described (Kondo 1910, Schultz 1912, Cytronberg
1912, Gardner and Lander 1913, Mueller 1916, Porter 1916, Nomura 1924, Shope 1928, Nedswedski
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1935, Klein 1939, Sperry 1935, and Sperry and Stoyanoff 1937).

In 1949 and 1950, two papers were published as part of an extensive study on cholesterol esterase.
This research described a method for crude enzyme preparation that focused on the importance of
stable emulsions of cholesterol and cholesterol esters for activity (Yamamoto et al. 1949, and Swell
and Treadwell 1950). Throughout the 1950s, the cholesterol esterase of serum and various other
tissues was studied (Korzenovsky 1960). In 1957, Hernandez and Chaikoff studied the properties of
pancreatic cholesterol esterase specifically and devised a rapid turbidimetric method for enzymatic
activity estimation (Hernandez and Chaikoff 1957).

In the 1960s, Vahouny et al. studied methods for protecting cholesterol esterase from proteolytic inacti-
vation (Vahouny et al. 1964). This study coupled with the known correlation between cardiovascular
disease and high serum cholesterol (Keys 1980, and Goldstein and Brown 2003) led to the development
of total serum cholesterol determination methods using cholesterol esterase (Allain et al. 1974).

In 1989, Kyger et al. sequenced a cDNA clone of bovine pancreatic cholesterol esterase. In 1994,
the landmark "4S" study showed for the first time that lowering LDL levels through the use of statins
could prevent heart attacks and prolong life (Goldstein and Brown 2003). With such treatment options
available and the need for testing total cholesterol in serum rising dramatically, cholesterol esterase has
become one of the most widely used enzymes in clinical laboratories (MacLachlan 2000).

Molecular Characteristics

The gene that encodes cholesterol esterase in pigs (lipA) is located on chromosome 14 (GENE ID:
100142668). The LIPA gene is conserved in human, chimpanzee, dog, cow, mouse, rat, chicken,
zebrafish, fruit fly, mosquito, C. elegans, S. pombe, S. cerevisiae, E. gossypii, M. grisea, N. cassa, A.
thaliana, and rice.

Specificity

Cholesterol esterase is synthesized in the acinar cells of the pancreas, stored in zymogen granules,
and secreted as a component of pancreatic juice into the lumen of the small intestine (Labow et al.
1983). Cholesterol esterase hydrolyzes a wide range of ester substrates including cholesteryl esters,
acylglycerides, phospholipids (Brockerhoff and Jensen 1974), retinyl esters (Fredrikzon et al. 1978),
vitamin esters, and phenyl esters (Rudd and Brockman 1984). The enzyme has also been found to
have amidase activity (Hui et al. 1993). The enzyme is useful as a biocatalyst because of its ability to
catalyze transacylation reactions in a water-limited environment (Gallo ef al. 1977, Kazlauskas 1989,
and Feaster et al. 1996).

Composition

Cholesterol esterase is a glycoprotein that in the presence of salts aggregates to a hexamer (Hyun e?
al. 1971). Cholesterol esterase belongs to the alpha/beta-hydrolase fold family (Ollis et al. 1992,
and Cygler et al. 1993). Most members of this family are esterases and share secondary and tertiary
features. Nearly all use a serine esterase catalytic mechanism, which resembles that of the serine
proteases (Kraut 1977).
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IUB
* 3.1.1.13

CAS
* 9026-00-0

Protein Accession Number
« NP_001116606

Molecular Weight

* Monomer: 65 kDa (Hyun et al. 1971)
e Monomer: 43.3 kDa (Theoretical)
* Hexamer: 400 kDa (Hyun et al. 1971)

Optimal pH

* For esterification, 6.1-6.2 (Vahouny and Treadwell 1968)
* For hydrolysis, 6.6-7.0 (Vahouny and Treadwell 1968)

Isoelectric Point
791

Extinction Coefficient

11
« 86,680 L L

e Eyg =20.01

Active Residue

e Serine (S194)
 Histidine (H435)
* Aspartate (D320)

Activators

* Bile salts

* Cholate (Vahouny et al. 1964)

* Glycocholate (Vahouny et al. 1964)
* Taurocholate (Vahouny et al. 1964)
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Inhibitors

* PMSF and p-chloromercuribenzoate (Hyun et al. 1971, and Vahouny et al. 1964)
* Diisopropyl fluorophosphate (Momsen and Brockman 1976)

« Hg?", Ag", and ionic detergents

* Aryl carbamates (Feaster et al. 1996)

Applications

* Determination of cholesterol in serum and plasma, with cholesterol oxidase or peroxidase
* Synthesis of optically active alcohols and carboxylic acids (via ester hydrolysis, esterification, or
transesterification)

Assay Information

Method

* The initial rate of hydrolysis of cholesterol ester is determined by following the increase in
absorbance at 505 nm. One unit hydrolyzes 1 wmole of cholesterol ester per minute at 37°C and
pH 7.0 under the specified conditions.

Reagents

* 0.1 M Phosphate buffer, pH 7.0

* 0.7 mM 4-aminoantipyrine in 0.1 M Phosphate buffer, pH 7.0. Discard after 8 hours.

* 5.0 mM Phenol in 0.1 M Phosphate buffer, pH 7.0. Discard after 8 hours. Use only fresh, white
phenol crystals.

* 5% Triton X-100. Store at 4°C.

* Sodium Cholate: Dissolve 3.51 g Sodium cholate in 10.0 ml reagent grade water. Discard after 8
hours.

* Cholesterol Oxidase: Dissolve 28.5 units cholesterol oxidase/ml in reagent grade water. Discard
after 8 hours.

* Peroxidase: 8200 %‘fg in reagent grade water. Discard after 8 hours.

* Cholesteryl Acetate. Dissolve 220 mg Cholesteryl Acetate (Eastman) in 50.0 ml Isopropanol
(ACS Grade). Stir vigorously to dissolve. Store at 4°C.

Enzyme

* Dissolve one % in 0.1 M Phosphate buffer and then prepare further dilutions (usually 2-3x) to

achieve a rate of approximately %.

Procedure

Spectrophotometer Settings: Wavelength: 505 nm Temperature: 37°C
Prepare master batch, sufficient for 5 tests, by pipetting into a beaker:
* 0.7 mM 4-aminoantipyrine - 7.0 ml
* 5.0 mM Phenol - 7.0 ml
* Sodium Cholate - 0.5 ml
* 5% Triton X-100 - 0.5 ml
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* Cholesterol Oxidase - 0.25 ml

* Peroxidase - 0.05 ml

Mix gently. Stored at 4°C, master batch is stable for 8 hours.
Pipette into test and blank cuvettes 3.0 ml master batch. Add 0.10 ml cholesterol acetate. Mixture
should be used within 1 hour. Equilibrate temperature to37°C. Add to test cuvettes, 0.1 ml enzyme
dilution and 0.1 ml reagent grade water to the blank. If the blank rate exceeds 0.005 Ar/:islg”, reincubate
for 5 more minutes. Determine AAsgs of test and blank cuvettes using the linear portion of the first 5
minutes of the reaction. Subtract blank rates, if any.

Calculation

: AAs0s Tt
Units ioht = —mn~ X 32X dilution
* g dry weight = =5t
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Acetylcholine acetylhydrolase

The enzyme is bound to cellular membranes of excitable tissue (synaptic junction, endoplasmic retic-
ulum, etc.) and is believed to be associated with nerve impulse conduction (Politoff et al ; 1975,
Friedenberg and Seligman 1972, Nachmansohn 1970). AChE is also found in red blood cells. A second
cholinesterase found in blood serum hydrolyzes butyrylcholine 4 times faster than acetylcholine. They
are two distinct enzymes. See monograph on butyrylcholinesterase (E.C.3.1.1.8). See also, Chatonnet
and Lockridge (1989). Enzymatic and immunochemical properties of AChE from electric eel have
been reported by Gurari et al. (1974) and Leuzinger (1971). See also Sadar and Laidler (1975), Jain et
al. (1973), Robaire and Kato (1973), Dudai et al. (1972), Rosenberry and Bernhard (1972), and Froede
and Wilson (1971).

Other reported sources of AChE are: mouse brain (Adamson et al. 1975); houseflies (Devonshire
1975); venom (Kumar and Elliott 1973); pig brain (McIntosh and Plummer 1973); human erythrocytes
(Sihotang 1974; Chajilani, et al. 1989; Paniker et al. 1973); rat liver (Wheeler et al. 1972); and mollusc
(Bevelaqua et al. 1975). See also Krupka and Hellenbrand (1974) and Ngo and Laidler (1975a and
b). Goodson et al. (1973) report on immobilized AChE. Acetylcholinesterase (AChE) catalyzes the
hydrolysis of acylcholinesters with a relative specificity for acetylcholine:

Acetylcholine + H,O — acetate + choline (23.1)
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0 0
)J\ N7 )J\ N
07"\ + HO — > OH + HO™ "'\

Acetylcholine Acetic acid Choline

Figure 23.1: Enzymatic Reaction - Cholinesterase, Acetyl

Source for Characteristics

The enzyme characteristics described herein come from the following sources:
* Electric Eel

Specificity

At substrate concentrations of 1 x 10*M and constant enzyme level (approximately optimal for acetyl-
choline), relative rates of hydrolysis for several esters are: acetylcholine, 100; propionylcholine, 96;
butyrylcholine, negligible; and triacetin, 11 (Nachmansohn 1959). See also Moore and Hess (1975).

Composition

Levinson and Ellory (1974) indicate that the enzyme in its natural state is a monomer of approximately
75,000; in solution, aggregates are present. Rosenberry et al. (1974) report subunits to have a molecular
weight of 70,000 and one active site. See also Chen et al. (1974) and Berman (1973). Dudai et al.
(1973) have also reported on molecular structure.

There is evidence that eel AChE is a glycoprotein (Bon and Rieger 1975; Powell ef al. 1973). Mooser
and Sigman (1974 and 1972) report on a non-catalytic ligand binding-site remote from the active site.
See also: Cocolas et al. (1974); Fuchs et al. (1974); Hochachka (1974); Marquis and Webb (1974);
Roskowski (1974); Kato et al. (1972); Mooser et al. (1972); Rieger et al. (1972); Rosenberry (1975)
and Rosenberry et al. (1972).

IUB
* 3.1.1.7

Molecular Weight
* 260,000 (Leuzinger et al. 1969)

Optimal pH
.7
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Isoelectric Point
¢ 535

Extinction Coefficient
« Engo = 16.1 (Leuzinger et al. 1968)

Activators
* 0.02 M Mg?* is stimulatory in purified preparations.

Inhibitors

* The classical inhibitors of AChE are organophosphate compounds (Bartels and Nachmansohn
1969 and Ashani et al. 1972) Most carbamates inhibit it (Hetnarski and O’Brian 1975). Light-
sensitive inhibitors have been studied by Deal et al. (1969). See also: Maheshwari et al. (1975);
Reiner et al. (1975); Millner et al. (1974); Stanley et al. (1974); deJong and vanDijk (1972);
Allen and Abeles (1989). Moss et al. (1974) report on its reaction with puromycin.

Stability /Storage

* The enzyme is stable as a lyophilized powder for months at -20°C and in solution at pH 7.0 for
several days at 4°C.

* Reports on methods of assay include the following: Schnitzerling and Nolan (1975); Stoops and
Bender (1975); Augustinsson and Eriksson (1974); Lewis and Eldefrawi (1974); Smith (1974);
Ellin et al. (1972); Vete et al. (1972); and vanHooidonk et al. (1972). See also comments by
Ellin (1972).

Assay Information
Method

* The rate of acid production resulting from the hydrolysis of acetylcholine is measured titrimetri-
cally. One unit hydrolyzes one micromole of acetylcholine per minute at 25°C and pH 7.0 under
the specified conditions.

Reagents

* 0.02 M Potassium phosphate, pH 7.0

* 0.005 M Acetylcholine

* 0.01% Gelatin, containing 0.2 M sodium chloride and 0.04 M magnesium chloride
* 0.01-0.02 N Sodium hydroxide, standardized

Enzyme

* Dissolve at 1 % in 0.02 M potassium phosphate, pH 7.0. Dilutions are made in 0.02 M potas-
sium phosphate buffer, pH 7.0 to obtain a response between 0.05-0.2 m%h immediately before use.
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Procedure

The titration can be carried out with either an automatic titrator or a laboratory pH meter. The reaction
vessel must be maintained at 25°C.

Pipette the following into a 25 ml beaker:

* 0.005 M Acetylcholine - 7.5 ml

* 0.01% Gelatin-salt mixture - 7.5 ml

At zero time, add 0.1-1.0 ml of appropriately diluted enzyme and adjust the pH to 7.0.

After a constant rate is achieved, record the volume of base required to maintain the pH at 7.00 for 5-6
minutes.

Calculation

ml base added :
_ T X base normality x 1000

mg mg enzyme in reaction mixture

o Units _
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Acylcholine acylhydrolase

The enzyme is found in mammalian blood plasma, liver, pancreas, intestinal mucosa and the white
matter of the central nervous system. It is sometimes referred to as serum cholinesterase as opposed to
red cell cholinesterase (AChE). It hydrolyzes butyrylcholine 4 times more rapidly than acetylcholine.
ChE does not hydrolyze D-f-methyl acetylcholine whereas AChE does. Both are inhibited by 10°M
physostigmine. Because the enzyme is so markedly inhibited by organophosphate compounds used as
insecticides and neurotoxins, it is widely used in monitoring systems. An immobilized cholinesterase
detection device has been described by Goodson et al. (1973). Butyryl cholinesterase, (ButChE),
catalyzes the hydrolysis of a number of choline esters:

Acetylcholine + H,O — choline + acid (24.1)
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Figure 24.1: Enzymatic Reaction - Cholinesterase, Butyryl

Source for Characteristics

The enzyme characteristics described herein come from the following sources:
* Horse Serum

Speci city

The enzyme is more active with butyryl and propionyl choline than with acetyl choline. See also Main
et al (1974) for some comparative activities. Non-choline esters (e.g., procaine, morphine esters,
atropine and cocaine) are susceptible to the action of ButChE (Augustinsson 1960).

Composition

Lee and Harpst (1973) indicate BUtChE to be a tetrameric structure with equally sized subunits
of 110,000 daltons. It is a glycoprotein. Maét al. (1974) have determined the amino acid and
carbohydrate composition, based upon a particle weight of 101,000. See alset @hi{1972) and

Pavlic (1972).

luB
« 3.1.1.8

CAS
* 9001-08-5

Molecular Weight
* 440,000 (Lee and Harpst 1973; see also M#ial. 1974)

Optimal pH
» 6.0-8.0 (Augustinsson 1960)
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Extinction Coefficient
e Engo = 13.6 (Main et al. 1974)

Activators
e Ca*" and Mngr (Augustinsson 1960)

Inhibitors

* Numerous organophosphate esters, the carbamate derivatives and quaternary ammonium salts
(Augustinsson 1960). See also Kamaric (1975), Koelle ef al. (1974), Millner et al. (1974),
Stanley et al. (1974), Ashani et al. (1972), Post (1971).

Assay Information

A number of assays have been developed for BChE, including Grubic et al. 1975, Augustinsson and
Ericksson 1974, Smith 1974, Brownson and Watts 1973, Dietz et al. 1973, Ellin 1972, Baum and Ward
1971, Garry 1971, Garry et al. 1971, and Hanss and Rey 1971 who report on a conductivity method.
The following assay is used at Worthington.

Method
* The reaction velocity is determined by a titrimetric measurement of the acid released during the
hydrolysis of acetylcholine. One Unit causes hydrolysis of one micromole of acetylcholine per
minute at 25°C and pH 7.4, under the specified conditions.

Reagents

* 0.02 M Tris - HCI buffer, pH 7.4

* 0.2 M Magnesium chloride

e 2.2 M Acetylcholine chloride

¢ Titrant: 0.01-0.02 N NaOH, standardized

Enzyme

* Dissolve at one =% in reagent grade water.

Procedure

The titration can be measured with either an automatic titrator or with a laboratory pH meter. The
reaction vessel should be maintained at 25°C. Pipette the following into a titration vessel at 25°C.

* Reagent Grade Water - 7.0 ml

* 0.2 M Magnesium chloride - 3.0 ml

* 0.02 M Tris - HCI buffer, pH 7.4 - 3.0 ml

* Enzyme - 0.1 t0 0.5 ml
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Calculation

Units _ mioseadded y normality x 1000

mg ~ mg enzyme in reaction mixture
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l 25. Chymotrypsin.. \

2

Chymotrypsin is a serine endopeptidase produced by the acinar cells of the pancreas. Chymotrypsin
becomes activated after proteolysis of chymotrypsinogen by trypsin. While trypsin hydrolyzes at lysine
and arginine, chymotrypsin selectively cleaves peptide bonds formed by aromatic residues (tyrosine,
phenylalanine, and tryptophan) (Hedstrom ef al. 1992). Two predominant forms of chymotrypsin, A
and B, are found in equal amounts in cattle pancreas. They are very similar proteins (80% identical),
but have significantly different proteolytic characteristics (Hartley 1964, Meloun et al. 1966, Smillie
et al. 1968, and Grdf et al. 2004). The information below pertains primarily to the A form of
chymotrypsinogen and chymotrypsin.

R H O R O
+
&Nkrrl\l\)\) + H2O —_— ({N/'ﬁ-(o_ + HsN\)JY
H H H
0] R' o) R'

Polypeptide Polypeptide fragments
R = Phe, Trp, and Tyr; R' # Pro

Figure 25.1: Enzymatic Reaction - Chymotrypsin

Worthington-Biochem.com Vw,mmngmn Ph: 800-445-9603
s Ph: 732-942-1660



http://www.worthington-biochem.com

194 Chymotrypsin

History

In the early 1900s, Vernon proposed that pancreatic preparations could give rise to an intrinsic activator
of its own enzymes (Vernon 1901). Vernon’s milk-clotting experiments determined there were at
least two enzymes present and that one was more stable than the other (Vernon 1902). However, this
idea was not widely accepted until 1934 when Kunitz and Northrop confirmed the presence of an
enzyme in addition to trypsin, naming it chymotrypsin. They were able to crystallize chymotrypsin, as
well as the inactive precursor, chymotrypsinogen (Kunitz and Northrop 1934). In 1938, Kunitz iso-
lated different active forms of chymotrypsin, designating them as alpha, beta, and gamma (Kunitz 1938).

In the early 1940s Fruton and Bergmann further studied the specificity of chymotrypsin, reporting
on several new substrates (Fruton and Bergmann 1942). Jacobsen soon identified additional forms of
chymotrypsin, designating them as delta and pi (Jacobsen 1947). In 1948, Schwert further characterized
the molecular weights of chymotrypsin and chymotrypsinogen.

In 1954, the first evidence for the three-step mechanism of chymotrypsin hydrolyzing amide and ester
substrates was reported on by Hartley and Kilby, who hypothesized the presence of an acyl enzyme
intermediate, which was later proven to be true (Henderson 1970). In 1955, Laskowski obtained a
second crystalline chymotrypsinogen, naming it chymotrypsinogen B. In 1964 Hartley determined the
amino acid sequence of chymotrypsin A, which was later refined by Meloun et al. in 1966. In 1968,
Smillie et al. determined the amino acid sequence of chymotrypsin B, which revealed 80% sequence
identity with chymotrypsin A. Throughout the 1970s and 1980s research was done to better under-
stand the mechanism of action, and identify the differences in amino acid sequences between trypsin
and chymotrypsin (Steitz et al. 1969, Cohen ef al. 1981, Asbéth and Polgdr 1983, and Grdf et al. 1988).

In the 1990s, chymotrypsin was purified from other sources including Atlantic cod (Asgeirsson and
Bjarnason 1991), and camel (Al-Ajlan and Bailey 1997). Work also begun on investigating inhibitors
(Baek et al. 1990), and Frigerio et al. elucidated the crystal structure of bovine chymotrypsin to a 2.0
resolution (Frigerio et al. 1992).

Recent research has investigated the folding and denaturation of chymotrypsin over a range of con-
centrations (Ghaouar et al. 2010), chymotrypsin’s interaction with nanoparticle substrates (You et al.
2006, and Jordan et al. 2009), and increasing chymotrypsin stability by conjugating to Polyethylene
Glycol (PEG) molecules (Castellanos et al. 2005, and Rodriguez-Martinez et al. 2009).

Molecular Characteristics

Chymotrypsin A and B share 80% sequence identity (Hartley 1964, Meloun et al. 1966, Smillie ef al.
1968, and Grdf et al. 2004). The amino acids of the catalytic triad (H57, D102, and S195) are highly
conserved in the sequences of the peptidases of family S1 (Grdf et al. 2004). The serine at position 214
is also highly conserved in the family and has been proposed as the fourth member of the catalytic triad
(Ohara et al. 1989, and McGrath et al. 1992).

Specificity

Chymotrypsin is activated through cleavage of the bond between arginine and isoleucine (R15 and 116)
by trypsin, causing structural modifications and formation of the substrate binding site (Sears 2010).
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Chymotrypsin differs from trypsin in that trypsin cleaves peptides at arginine and lysine residues, while
chymotrypsin prefers large hydrophobic residues (Hedstrom et al. 1992). Chymotrypsin preferen-
tially catalyzes the hydrolysis of peptide bonds involving L-isomers of tyrosine, phenylalanine, and
tryptophan. It also readily acts upon amides and esters of susceptible amino acids. Chymotrypsin’s
specificity for large hydrophobic residues can be explained by a hydrophobic S1 binding pocked formed
by residues 189 through 195, 214 through 220, and 225 through 228 (Cohen et al. 1981).

Although the structure of trypsin and chymotrypsin’s S1 site show only one difference (at position
189), site-directed mutagenesis of trypsin and chymotrypsin have failed to interchange specificities,
suggesting the mechanism by which trypsin and chymotrypsin achieve substrate specific catalysis is
not fully understood (Steitz et al. 1969, and Grdf et al. 1988).

Composition

The three amino acid residues of the catalytic triad (H57, D102, and S195) are essential for peptide
bond cleavage and are stabilized by hydrogen bonds (Sears 2010, and Grdf et al. 2004). G193 and
S195 make up the oxyanion hole and interact with the carbonyl group of the scissile peptide bond,
orienting it to form the tetrahedral intermediate (Réthlmann ef al. 1973, Huber and Bode 1978, and
Grdf et al. 2004).

IUB
* 3421.1

CAS
* 9004-07-3

Protein Accession Number
» P00766

CATH: Classification (v. 3.3.0)

Class:
* Mainly Beta
Architecture:
* Beta Barrel
Topology:
* Trypsin-like Serine Protease

Molecular Weight
* 25.6 kDa (Wilcox 1970)
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Optimal pH
* 7.8-8.0 (Rick 1974)

Isoelectric Point

* 8.52 (Chymotrypsinogen, Theoretical)
* 8.33 (Chymotrypsin, Theoretical)

Extinction Coefficient

* 51,840 L L

J Elzn];() = 20.57 (Chymotrypsin, Theoretical)

Active Residue

 Histidine (H57)
* Aspartate (D102)
* Serine (S195)

Activators

¢ Cetyltributylammonium bromide (Spreti et al. 2008)

¢ Dodecyltrimethylammonium bromide (Abuin et al. 2005)
* Hexadecyltrimethylammonium bromide (Celej et al. 2004)
* Tetrabutylammonium bromide (Spreti ef al. 2001)

Inhibitors

* Hydroxymethylpyrroles (Abell and Nabbs 2001)

¢ Boronic acids (Smoum et al. 2003)

¢ Courmarin derivatives (Pochet et al. 2000)

* Peptidyl aldehydes (Lesner et al. 2009)

* Peptides from natural sources (Telang et al. 2009, Roussel et al. 2001, and Chopin et al. 2000)
 Peptides containing an unnatural amino acid (Legowska et al. 2009, and Wysocka et al. 2008)

Applications

* Sequence analysis

* Peptide synthesis

* Peptide mapping

* Peptide fingerprinting

Assay Information
Method

* The reaction velocity is determined according to Hummel (1959) by measuring an increase in
absorbance at 256 nm resulting from the hydrolysis of benzoyl-L-tyrosine ethyl ester. One unit
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hydrolyzes one micromole of benzoyl-L-tyrosine ethyl ester (BTEE) per minute at pH 7.8 and
25°C under the specified conditions.
* 45 BTEE units = 10,000 optical density units = 1,330 N.F. (ATEE) units.

Reagents
* 0.08 M Tris - HCI buffer, pH 7.8 containing 0.1 M calcium chloride
* 0.00107 M Benzoyl-L-tyrosine ethyl ester (BTEE) in 50% w/w methanol (63 ml absolute

methanol added to 50 ml reagent grade water)
* 0.001 N HCl

Enzyme
* Dissolve enzyme at one % in 0.001 N HCI. Dilute in 0.001 N HCI to 10-30 % for assay.

Procedure

Spectrophotometer Settings: Wavelength: 256 nm Temperature: 25°C

Pipette into cuvettes as follows:

* 0.08 M Tris - HCI buffer, pH 7.8 with 0.1 M CaCl; - 1.5 ml

* 0.00107 M BTEE - 1.4 ml

Incubate in spectrophotometer at 25°C for 4-5 minutes to achieve temperature equilibrium and
record blank rate, if any. Add 0.1 ml of appropriately diluted enzyme and record increase in absorbance
at 256 nm for 4-5 minutes. Calculate % from the initial linear portion of the curve.

Calculation
AA
Units _ =236 % 1000
mg 964 x % in the reaction mixture

where 964 is the extinction coefficient of BTEE at 256 nm
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Chymotrypsin is a serine endopeptidase produced by the acinar cells of the pancreas. Chymotrypsin
becomes activated after proteolysis of chymotrypsinogen by trypsin. While trypsin hydrolyzes at lysine
and arginine, chymotrypsin selectively cleaves peptide bonds formed by aromatic residues (tyrosine,
phenylalanine, and tryptophan) (Hedstrom ef al. 1992). Two predominant forms of chymotrypsin, A
and B, are found in equal amounts in cattle pancreas. They are very similar proteins (80% identical),
but have significantly different proteolytic characteristics (Hartley 1964, Meloun et al. 1966, Smillie
et al. 1968, and Grdf et al. 2004). The information below pertains primarily to the A form of
chymotrypsinogen and chymotrypsin.

R H ) R 0
+
({NJ\(N\)J\? + HO —— &NJ}(O_ + H3N\)J\()
H H :
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I

Polypeptide Polypeptide fragments
R = Phe, Trp, and Tyr; R' # Pro

Figure 26.1: Enzymatic Reaction - Chymotrypsinogen A
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History

In the early 1900s, Vernon proposed that pancreatic preparations could give rise to an intrinsic activator
of its own enzymes (Vernon 1901). Vernon’s milk-clotting experiments determined there were at
least two enzymes present and that one was more stable than the other (Vernon 1902). However, this
idea was not widely accepted until 1934 when Kunitz and Northrop confirmed the presence of an
enzyme in addition to trypsin, naming it chymotrypsin. They were able to crystallize chymotrypsin, as
well as the inactive precursor, chymotrypsinogen (Kunitz and Northrop 1934). In 1938, Kunitz iso-
lated different active forms of chymotrypsin, designating them as alpha, beta, and gamma (Kunitz 1938).

In the early 1940s Fruton and Bergmann further studied the specificity of chymotrypsin, reporting
on several new substrates (Fruton and Bergmann 1942). Jacobsen soon identified additional forms of
chymotrypsin, designating them as delta and pi (Jacobsen 1947). In 1948, Schwert further characterized
the molecular weights of chymotrypsin and chymotrypsinogen.

In 1954, the first evidence for the three-step mechanism of chymotrypsin hydrolyzing amide and ester
substrates was reported on by Hartley and Kilby, who hypothesized the presence of an acyl enzyme
intermediate, which was later proven to be true (Henderson 1970). In 1955, Laskowski obtained a
second crystalline chymotrypsinogen, naming it chymotrypsinogen B. In 1964 Hartley determined the
amino acid sequence of chymotrypsin A, which was later refined by Meloun et al. in 1966. In 1968,
Smillie et al. determined the amino acid sequence of chymotrypsin B, which revealed 80% sequence
identity with chymotrypsin A. Throughout the 1970s and 1980s research was done to better understand
the mechanism of action, and identify the differences in amino acid sequences between trypsin and
chymotrypsin (Steitz ef al. 1969, Cohen ef al.1981, Asbéth and Polgdr 1983, and Grdf et al. 1988).

In the 1990s, chymotrypsin was purified from other sources including Atlantic cod (dsgeirsson and
Bjarnason 1991), and camel (Al-Ajlan and Bailey 1997). Work also begun on investigating inhibitors
(Baek et al. 1990), and Frigerio et al. elucidated the crystal structure of bovine chymotrypsin to a 2.0
resolution (Frigerio et al. 1992).

Recent research has investigated the folding and denaturation of chymotrypsin over a range of con-
centrations (Ghaouar et al. 2010), chymotrypsin’s interaction with nanoparticle substrates (You et al.
2006, and Jordan et al. 2009), and increasing chymotrypsin stability by conjugating to Polyethylene
Glycol (PEG) molecules (Castellanos et al. 2005, and Rodriguez-Martinez et al. 2009).

Molecular Characteristics

Chymotrypsin A and B share 80% sequence identity (Hartley 1964, Meloun et al. 1966, Smillie ef al.
1968, and Grdf et al. 2004). The amino acids of the catalytic triad (H57, D102, and S195) are highly
conserved in the sequences of the peptidases of family S1 (Grdf et al. 2004). The serine at position 214
is also highly conserved in the family and has been proposed as the fourth member of the catalytic triad
(Ohara et al. 1989, and McGrath et al. 1992).

Specificity

Chymotrypsin is activated through cleavage of the bond between arginine and isoleucine (R15 and 116)
by trypsin, causing structural modifications and formation of the substrate binding site (Sears 2010).
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Chymotrypsin differs from trypsin in that trypsin cleaves peptides at arginine and lysine residues, while
chymotrypsin prefers large hydrophobic residues (Hedstrom et al. 1992). Chymotrypsin preferen-
tially catalyzes the hydrolysis of peptide bonds involving L-isomers of tyrosine, phenylalanine, and
tryptophan. It also readily acts upon amides and esters of susceptible amino acids. Chymotrypsin’s
specificity for large hydrophobic residues can be explained by a hydrophobic S1 binding pocked formed
by residues 189 through 195, 214 through 220, and 225 through 228 (Cohen et al. 1981).

Although the structure of trypsin and chymotrypsin’s S1 site show only one difference (at position
189), site-directed mutagenesis of trypsin and chymotrypsin have failed to interchange specificities,
suggesting the mechanism by which trypsin and chymotrypsin achieve substrate specific catalysis is
not fully understood (Steitz et al. 1969, and Grdf et al. 1988).

Composition

The three amino acid residues of the catalytic triad (H57, D102, and S195) are essential for peptide
bond cleavage and are stabilized by hydrogen bonds (Sears 2010, and Grdf et al. 2004). G193 and
S195 make up the oxyanion hole and interact with the carbonyl group of the scissile peptide bond,
orienting it to form the tetrahedral intermediate (Réthlmann et al. 1973, Huber and Bode 1978, and
Grdf et al. 2004).

CAS
* 9035-75-0

Protein Accession Number
* P00766

CATH: Classification (v. 3.3.0)

Class:
* Mainly Beta
Architecture:
* Beta Barrel
Topology:
* Trypsin-like Serine Protease

Molecular Weight
e 25.6 kDa (Wilcox 1970)

Optimal pH
* 7.8-8.0 (Rick 1974)
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Isoelectric Point

e 8.52 (Chymotrypsinogen, Theoretical)
¢ 8.33 (Chymotrypsin, Theoretical)

Extinction Coefficient
¢ 51,840 cm-1 M-1
. Elg/;;o = 20.19 (Chymotrypsinogen, Theoretical)

Active Residue

 Histidine (H57)
* Aspartate (D102)
¢ Serine (S195)

Activators

* Cetyltributylammonium bromide (Spreti et al. 2008)

* Dodecyltrimethylammonium bromide (Abuin et al. 2005)
* Hexadecyltrimethylammonium bromide (Celej et al. 2004)
* Tetrabutylammonium bromide (Spreti ef al. 2001)

Inhibitors

* Hydroxymethylpyrroles (Abell and Nabbs 2001)

¢ Boronic acids (Smoum et al. 2003)

¢ Courmarin derivatives (Pochet et al. 2000)

* Peptidyl aldehydes (Lesner et al. 2009)

* Peptides from natural sources (Telang et al. 2009, Roussel et al. 2001, and Chopin et al. 2000)
 Peptides containing an unnatural amino acid (Legowska et al. 2009, and Wysocka et al. 2008)

Applications

* Sequence analysis

* Peptide synthesis

* Peptide mapping

* Peptide fingerprinting

Assay Information
Method

* Chymotrypsinogen is assayed first for intrinsic activity, then activated and re-assayed. The
activity will be determined in the chymotrypsin assay as described above.
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Reagents

e 1 NH,SO,4

* 0.5 M Sodium potassium phosphate buffer, pH 7.6

* Trypsin solution: Dissolve Worthington trypsin (Code: TRL), at a concentration of 1 % in 0.001
N HCI. Prepare immediately before use.

Procedure

Intrinsic chymotrypsin activity: Dissolve enzyme at a concentration of 10 % in 0.001 N HCI. Assay
for chymotrypsin as described above. Calculate %“ protein.

Chymotrypsinogen activation: Dissolve 100 mg enzyme in 5 ml reagent grade water. Adjust pH to 3.0
with 1 N H,SO4. Add 2.5 ml of 0.5 M phosphate buffer pH 7.6 and readjust pH to 7.6 if necessary. Add
1 ml (1 mg) trypsin and dilute to a final volume of 10 ml with reagent grade water. A 1:500 dilution will
probably be required. Assay immediately using the chymotrypsin assay as described above. Repeat the

assay at 10 minute intervals until the activity begins to decline. As activation continues, dilution may
increase. Calculate %‘; chymotrypsin activity.
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Clostridium histolyticum produces two distinct types of collagenase: Collagenase 1 is very active
on native collagen and synthetic substrates but with negligible activity on gelatin and azocoll, and
collagenase 2 is active on gelatin but less active on synthetic substrates. Clostridiopeptidase A is a
collagenase 1. It degrades the helical regions on native collagen preferentially at the Y-Gly bond in the
sequence Pro-Y-Gly-Pro where Y is most frequently a neutral amino acid. This cleavage yields products
susceptible to further peptidase digestion. Activity is measured by the specific assay of Wiinsch and
Heidrich. CLOSA is suitable for more critical experiments requiring only partial collagen degradation.

Worthington’s clostridiopeptidase A was a highly purified form of collagenase that we no longer
manufacture. For additional information please see our collagenase manual entry.

1 unit releases 1 micromole of p-phenylazobenzyloxycarbonyl-L-prolyl-L-leucine per minute at 25°C,
pH7.1

H ° H Q %
N N\)~L N + HO —— > (_N N\)J\ e N
5 ' V] 7o T RN
8] R o] ] (@] R (0] (@]

Collagen Collagen fragments

R = Usually a neutral side chain

Figure 27.1: Enzymatic Reaction - Clostridiopeptidase A
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Stability /Storage
* Stable for years at 2 - 8°C

Assay Information

Method

* The assay is based on the enzyme-specific splitting of a Pz-Pro-Leu-Gly-Pro-Arg substrate
between leucine and glycine (Wiinch and Heidrich, 1963). This results in a colored lipophilic
fragment and a non-colored tripeptide. The change in absorbance of the fragment at 320 nm per
unit time is a measure of enzyme activity.

Reagents

* 0.1 M Tris-HCL, pH 7.1

0.1 M Calcium chloride

25 mM Citric acid, pH 3.5

Ethyl acetate

Anhydrous sodium sulfate

Substrate: Pz-Pro-Leu-Gly-Pro-Arg (molecular weight 812.93). Dissolve to 5 % in methanol.
Dilute to 1 =% with Tris buffer.

Standard: Pz-Pro-Leu (molecular weight 466.54). Dissolve to 5 % in methanol. Dilute to 1 %
with Tris buffer.

Enzyme
* Stock solution: Dissolve at 1 % in reagent grade water. Dilute stock 1:20 and 1:50 for assay.
Procedure
Determine the standard curve.
Description 0 ugof 50 ug 100 ug 200 ug 400 ug 600 ug 800 ug
std of std of std of std of std of std of std
Standard 0 ml 0.05ml 0.1 ml 0.2 ml 0.4 ml 0.6 ml 0.8 ml
Tris buffer 1.1 ml 1.05ml 1.0 ml 0.9 ml 0.7 ml 0.5 ml 0.3 ml

Calcium Chloride 0.2 ml 0.2 ml 0.2 ml 0.2 ml 0.2 ml 0.2 ml 0.2 ml

Mix well and transfer 0.5 ml to labeled tubes containing 1 ml citric acid and 5 ml ethyl acetate.
Vortex for 15 seconds. All the phases separate at room temperature. Transfer the organic phase to tubes
containing 350 mg sodium sulfate. Shake gently to allow ethyl acetate to dry. Read the Aszyg of the
dried ethyl acetate vs. air.

Determine the net Aspg (test - blank) and plot Az»g / > g standard from the slope of the curve. Determine
the calibration factor as follows:

_ 1
Factor =+ N
[ pmol

Enzyme Assay: Pipette 0.2 ml calcium chloride and 1.0 ml substrate into a series of numbered tubes.
Incubate in a water bath at 25°C to achieve temperature equilibration. At timed intervals, add 0.1 ml
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enzyme dilution to the respective tubes. Include 2 tubes with 0.1 ml water as blanks. Incubate exactly
15 minutes at 25°C and at timed intervals withdraw 0.5 ml and transfer to tubes containing 1 ml citric
acid and 5 ml ethyl acetate. Proceed as with standard curve, reading A3y of dried ethyl acetate vs. air.
Determine net Azpg.

Calculation

Units __ Net A3y x dilution x Factor
mg — 0.1x15x5E instock

References
* Wuensch, E., and Heidrich, H.: On the Quantitative Determination of Collagenase, Hoppe Seylers Z Physiol Chem 333, 149, 1963.
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28. Clostripain (Endoproteinase-Arg-C)

Clostripain is a cysteine-activated protease found, along with collagenase and other proteases, in culture
filtrates of Clostridium histolyticum. It is unique in its specificity for the carboxyl peptide bond of
arginine and its dependence on thiol and calcium ions.

R H 0] R @]
+
&NJﬁTN\)JY + HQO _ » (LNJﬁ-(O + HSN\)'S)
H H H
O RI O R[

Polypeptide .
R = Arg Polypeptide fragments

Figure 28.1: Enzymatic Reaction - Clostripain (Endoproteinase-Arg-C)

History

The bacteria from which clostripain is purified first gained attention during World War I because of its
severe consequences to the wounded (Mitchell and Harrington 1971). CI. hisolyticum is only one of
the organisms with consequential pathogenic properties, but its proteolytic activity in cell-free culture
filtrates gained attention as far back as 1917 (Weinberg and Ségun 1917, and Mitchell and Harrington
1971).

In 1931, digestion of horse tendons was described by Weinberg and Randin. A year later they identified
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an exotoxin, which they termed "ferment fibrinolytique", as the cause of digestion (Weinberg and
Randin 1932). It was later found that this digestion was caused by a variety of proteolytic enzymes,
including a cysteine-activated proteinase, clostripain (Kochalaty and Weil 1938, and Maschmann 1938).

In 1948, Kochalaty and Krejci first successfully isolated clostripain in relatively pure form (Mitchell
and Harrington 1968). Ogle and Tytell refined the purification technique in 1953 and first reported on
its specificity (Ogle and Tytell 1953).

When the narrow substrate specificity of clostripain became of interest, confusion existed in the litera-
ture regarding the identity of clostripain (Mitchell and Harrington 1971). Prior to its description as
clostripain by Labouesse and Gros in 1960, and later Mitchell and Harrington in 1968, it was referred
to as g-protease (Bard and McClung 1948, and Oakley and Warrack 1950), amidase-esterase (Nordwig
and Strauch 1963), and clostridiopeptidase B (Mitchell and Harrington 1968).

Recent work with clostripain has included cell isolation and its use as a model target of protease
inhibitors for the treatment of clostridial infections (Wang et al. 2004, and Gusman et al. 2001).

Molecular Characteristics

Both the heavy and light chains are encoded by a single gene with a 1581 nucleotide open reading frame
(ORF). Upon expression of the gene, the entire ORF (the signal region, proregion, and 9 amino acid
peptide linker) is transcribed. Postranslational processing produces the heterodimeric active enzyme
(Dargatz et al. 1993).

Specificity

Clostripain selectively hydrolyzes arginyl bonds and lysyl bonds at a lower rate. It can also act as a
transpeptidase with maximal activity at pH 7.6-9.0 (Anderson 1985, and Fortier and MacKenzie 1986).

Composition

Clostripain is a heterodimer. The mature chain is composed of 526 residues. The two chains are held
together by strong noncovalent forces (Gilles et al. 1979, and Ullman and Bordusa 2004). The catalytic
sulthydryl residue of the active site is believed to be Cys41 (heavy chain residue). The precursor
contains a 27 amino acid putative signal peptide, a 23 amino acid propeptide, a 131 amino acid light
chain subunit, a 9 amino acid linker peptide, and a 336 amino acid heavy chain subunit (Ullman and
Bordusa 2004).

IUB
* 34228

CAS
* 9028-00-6
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Protein Accession Number
» P09870

Molecular Weight

¢ 53.0 kDa (Theoretical)
 Light chain: 12.5 kDa, Heavy chain: 45 kDa (Gilles et al. 1979)

Optimal pH

* 7.4-7.8 (activity against a-benzoyl-arginine ethyl ester) (Mitchell and Harrington 1968)

Isoelectric Point
* 4.8-4.9 (Mitchell and Harrington 1971)

Extinction Coefficient

11
« 87,890 L L

1%
* Ezgo =16.57

Active Residue
* Cysteine (C41, heavy chain)

Activators

¢ Sulfhydryl requirement: dithiothreitol, cysteine, or other reducing agents
* Calcium ion is essential
* Reducing agents

Inhibitors

« EDTA

* Oxidizing agents

* Sulfhydryl reagents (such as TLCK) (Porter et al. 1971)
« Co’*, Cu**, Cd**, and heavy metal ions

* Citrate, borate and Tris anions partially inhibit

Applications

* Peptide mapping

* Sequence analysis

Cell isolation (Wang et al. 2004)

* Hydrolysis/condensation of amide bonds
* Peptide synthesis (Meiwes et al. 1991)
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Assay Information
Method

» The reaction velocity is measured as an increase in absorbance at 253 nm resulting from the
hydrolysis of N-benzoyl-L-arginine ethyl ester. One unit hydrolyzes one micromole of BAEE
per minute at 25°C and pH 7.6 under the conditions specified.

Reagents

* 0.075 M Sodium phosphate buffer, pH 7.6

¢ 7.5 mM Dithiothreitol (DTT)

* 0.75 mM N-Benzoyl-L-arginine ethyl ester (BAEE)

* 1.0 mM Calcium acetate containing 2.5 mM dithiothreitol (activation solution)

Enzyme

* Dissolve or dilute the enzyme at a concentration of 1 % in water. Immediately prior to assay,
dilute the enzyme further in 1.0 mM Calcium acetate containing 2.5 mM dithiothreitol to a
units

concentration of 0.2-0.8 %

Procedure

Spectrophotometer Settings: Wavelength: 253 nm Temperature: 25°C

Pipette into each cuvette as follows:

* 0.075 M phosphate buffer, pH 7.6 - 1.0 ml

e 7.5 mM DTT - 1.0 ml

* 0.75 mM BAEE - 1.0 ml

Incubate in spectrophotometer for 3-5 minutes to achieve temperature equilibrium and establish
blank rate, if any. At zero time, add 0.1 ml of appropriately diluted enzyme and record A,s3 for 4-5

minutes. Determine % from the linear portion of the curve. Note: The reaction appears to be most

linear with respect to enzyme concentration when % is between 0.007 and 0.030.

Calculation
AA
o Units _ ﬁ x 1000
- mg enzyme
mg 1150 x ml reaction mixture

where 1150 is the extinction coefficient of BAEE at 253 nm

References

* Gilles, A., Imhoff, J., and Keil, B.: Chemical Chacterization, Activity, and Thiol Content of the Highly Active Form of Clostripain, J
Biol Chem 254, 1462, 1979.

 Gilles, A., Lecroisey, A., and Keil, B.: Primary Structure of alpha-Clostripain Light Chain, Eur J Biochem 145, 469, 1984.

* Homandberg, G., Komoriya, A., and Chaiken, I.: Enzymatic Condensation of Nonassociated Peptide Fragments Using a Molecular Trap,
Biochemistry 3385, 3385, 1982.

* Kembhavi, A., Buttle, D., Rauber, P., and Barrett, A.: Clostripain: Characterization of the Active Site, F.E.B.S. Lett. 283,277, 1991.

* Meiwes, J., Muller, W., Grabley, S., and Schudok: Clostripain: Production and Use for Peptide Synthesis, Biomed Biochim Acta 50, S80,
1991.

* Mitchell, W.: Hydrolysis at Arginylproline in Polypeptides by Clostridiopeptidase B, Science 162, 374, 1968.
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* Mitchell, W., and Harrington, W.: Purification and Properties of Clostridiopeptidase B (Clostripain), J Biol Chem 243, 4683, 1968.

* Mitchell, W.M., and Harrington, W.E.: Clostripain, The Enzymes Vol. 3, P. Boyer, Academic Press, NY, 699, 1971.

* Oike, Y., Kimata, K., Shinomura, T., Suzuki, S., Takahashi, N., and Tanabe, K.: A Mapping Technique for Probing the Structure of
Proteoglycan Core Molecules, J Biol Chem 257, 9751, 1982.

¢ Porter, W., Cunningham, L., and Mitchell, W.: Studies on the Active Site of Clostripain. The Specific Inactivation by the Chloromethyl
Ketone Derived from alpha-N-Tosyl-L-Lysine, J Biol Chem 246, 7675, 1971.

* Yagisawa, S., Watanabe, S., Takaoka, T., and Azuma, H.: High-efficiency Transpeptidation Catalysed by Clostripain and Electrostatic
Effects in Substrate Specificity, Biochem J 266, 771, 1990.
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Collagen is an inert, rigid protein found predominantly in skin, ligaments, bones and teeth. Its most
distinctive attribute, essential to a transmitter of mechanical force, is inelasticity. Its fundamental
structural unit is tropo-collagen, a molecular rod about 2600 in length and 15 in diameter and 300,000
molecular weight. In tendons these macromolecules, grouped as collagen fibrils, run parallel to the
axis, in skin the fibrils are interlaced and branched. Collagen has been reviewed by Gallop and Seifter
(1963). See also the monograph on collagenase and review by Bornstein and Sage (1980).

Collagen fibers with limited crosslinkages (i.e. unaged) will dissolve to some extent in dilute acid or
concentrated neutral salt solutions. Natural tendon (aged) collagen is insoluble in aqueous solutions.

Dissolved calf skin collagen in 0.075 M sodium citrate buffer, pH 4.3-4.5 (approx. 6 mg collagen/ml)
can be repeatedly transformed into a stable gel on titration to pH 7.0 with 0.5 M sodium carbonate and
by warming to 37°C. Such gels, cast as membranes or solids, are of interest; as for example, their use as
support of immobilized enzymes. See Venkatasubramanian et al. (1974) and Wang and Vieth (1973).

Soluble collagen is also of importance in platelet aggregation assays (Swann et al., 1974; Mustard et
al., 1973; Packman and Guccione, 1973; Puett and Cunningham, 1973; Jamieson et al., 1971; and
Nakanishi et al., 1971). Worthington soluble calf skin collagen has been found to be suitable for this
assay. It may be used directly or diluted with 0.9% saline.
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Figure 29.1: Composition: Predominant repeating sequences -Gly-Pro-X-
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Figure 29.2: Composition: Predominant repeating sequences -Gly-Y-Hyp-

CAS

* 9007-34-5

Protein Accession Number

* P02453 (alpha-1(I) chain) & P02465 (alpha-2(I) chain)

Stability /Storage

* Bovine achilles tendon collagen is stable. Soluble calf skin collagen is stable for 3 - 6 months at
2-8°C
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30. Collagenase

Collagenases are endopeptidases that digest native collagen in the triple helix region. Collagens are the
major fibrous component of animal extracellular connective tissue. Bacterial collagenases differ from
vertebrate collagenases in that they exhibit broader substrate specificity (Peterkofsky 1982, Birkedal-
Hansen 1987). Unlike animal collagenases that split collagen in its native triple-helical conformation
(Woolley et al. 1975, Gross et al. 1974), bacterial collagenase is unique because it can degrade both
water-insoluble native collagens and water-soluble denatured ones. It can attack almost all collagen
types, and is able to make multiple cleavages within triple helical regions (Mookhtiar and Van Wart
1992).
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Figure 30.1: Enzymatic Reaction - Collagenase

History

Much of what is presently known about the characteristics of clostridial collagenase comes from the
pioneering studies in the 1950s by Mandl, Seifter, Harper and their associates, and the later classification
work of Van Wart and Bond (Mandl et al. 1953, Mandl et al. 1958, Seifter et al. 1959, Harper et al.
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1965, Bond and Van Wart 1984).

In 1959, the first commercially available collagenase isolated from Clostridium histolyticum was offered
by Worthington. At that time, only one preparation of crude enzyme was offered.

After collagenases from Clostridium histolyticum were first prepared by Mandl et al. (1953), studies
from the late 1950s to the mid 1980s found that several separable collagenases exist and these fractions’
specificities and stabilities were partially characterized. (Grant and Alburn 1959, Mandl et al. 1964,
Yoshida and Noda 1965, Kono 1968, Seifter and Harper 1970, Harper and Kang 1970, Lwebuga-
Mukusa et al. 1976, Bond and Van Wart 1984). The molecular weights of these seven collagenases
were found to range from 68 kDa to 130 kDa, and were classified as either Class I or Class II, based on
a variety of properties (Bond and Van Wart 1984). These classes were found to differ with respect to
their activities, stabilities, and amino acid composition, but they share many similarities.

Until 1962, most interest in collagenases centered on clostridial collagenases. In that year, Gross
and Lapiere obtained evidence for a collagenase in bullfrog tadpole tissue culture media (Gross 1962,
Harper 1980), which was the discovery of the first vertebrate collagenase. Subsequent to this discovery,
a large number of collagenases were found in marine life, other bacteria (Schoellmann and Fisher 1966,
Welton and Woods 1973 and 1975, Keil et al. 1975), amphibians, and mammals.

Further studies of collagenases from human and other mammalian sources were reported on, and
continue to be actively studied in order to better understand the pathology and treatment of human
diseases. Of particular interest is the relationship between collagenase and rheumatoid arthritis (Abe
and Nagai, 1973, Kruze and Wojtecka 1972, Bauer et al. 1971, Evanson et al. 1968), metastasis (Harris
et al. 1972, McCroskery et al. 1973 and 1975, Alaho et al. 2005), wound debriding (Hoover 1959),
herniated disc treatment (Sussman 1968), angiogenesis, tissue repair, and cirrhosis.

Molecular Characteristics

Collagenase is produced by two separate and distinct genes in Clostridium histolyticum. Both genes
have been cloned and sequenced (Yoshihara 1994). The colG gene codes for type I collagenase, a 936
amino acid peptide. The colH gene codes for type II collagenase, a 1021 amino acid peptide. These
genes share 72% identity, and the proteins share 43% identity. Both gene products can be present as
two or more isoforms differing in molecular weight. Crude collagenase mixtures can therefore contain
six to eight different molecular weight species ranging from 68 to 130 kDa. Substrate specificity studies
have demonstrated that the colG gene prefers natural substrates such as intact collagen, compared to the
colH gene product. Conversely, the colH gene product preferentially acts on short synthetic substrates
(FALGPA) relative to the colG gene product (Eckhard ef al. 2009 and Matsushita 1999).

Worthington Collagenases:
Type AFA: Derived from cultures grown in medium completely devoid of animal based components
and designed for bioprocessing applications where introduction of potential animal derived pathogens

must be prevented. Levels of secondary proteases are similar to Types 1 and 2.

Type 1: Contains average amounts of assayed activities (collagenase, caseinase, clostripain, and tryptic

Worthington-Biochem.com %onmngmn Ph: 800-445-9603
Ph: 732-942-1660


http://www.worthington-biochem.com

Collagenase 235

activities). It is generally recommended for fat, adrenal, and liver cells.

Type 2: Contains greater clostripain activity. It is generally used for heart, bone, muscle, thyroid,
cartilage, and liver cells.

Type 3: Contains low proteolytic activity. It is usually used for mammary and fetal cells.

Type 4: Contains low tryptic activity. It is commonly used for islets and other applications where
receptor integrity is crucial.

CLSPA: Chromatographically purified collagenase, which is specifically purified to reduce the ca-
seinase activity and provide high specific activity. It is typically used for pancreatic and parotoid acini
isolations and collagen structural analysis.

Crude preparations contain not only several collagenases but also a sulthydryl protease, clostripain
(Mitchell 1968), a trypsin-like enzyme (Peterkofsky and Diegelmann 1971, Sparrow and McQuade
1973), and an aminopeptidase (Kessler and Yaron 1973). Sugasawara and Harper (1984) and Bond and
Van Wart (1984) report on purification of the collagenases of Cl. histolyticum.

Specificity

The hyper-reactive sites where the Class I and Class II enzymes initially attack all three collagen
types were identified by French et al. (1992). The cleavage sites are all at Yaa-Gly bonds in the
repeating Gly-X-Y collagen sequence (Barrett 1998). Clostridial collagenases’ ability to digest native,
triple-helical types I, II, and III collagens into a mixture of small peptides is its primary distinguishing
factor. This is accomplished by making multiple scissions in the triple helix. Digestion is completed
by hydrolyzing those fragments into a mixture of small peptides. Conversely, vertebrate collagenases
initiate collagenolysis by making a single scission across all three alpha chains after which attack on
those alpha chains is very limited. Gelatinases and other proteases then carry out collagenolysis only
after denaturing of the triple helix (Barrett 1998).

Composition

Clostridium collagenases represent unusually large metalloproteases, a family of proteases that shares a
zinc-containing motif at the center of the active site (Gonzales and Robert-Baudouy 1996).

IUB
* 34243

CAS
* 9001-12-1

Protein Accession Number
¢ Q9X721 (ColG, Theoretical)
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¢ Q46085 (ColH, Theoretical)

CATH: Classification (v. 3.3.0)

Class:

* Mainly beta
Architecture:

* Sandwich
Topology:

* Jelly rolls

Molecular Weight
* 68-130 kDa

Optimal pH
¢ 6.3-8.5 (Soru and Zaharia 1972)

Isoelectric Point

¢ 5.63 (ColG, Theoretical)
¢ 5.58 (ColH, Theoretical)

Extinction Coefficient

* 159,970 L& (ColG, Theoretical)
* 159,130 Tmﬁ (ColH, Theoretical)
« Engo = 13.20 (ColG, Theoretical)
. EZ;O = 13.40 (ColH, Theoretical)

Activators

. Ca2+
. Zn2+

Inhibitors

* EDTA, EGTA

» Cysteine, histidine

* DTT

* 2-mercaptoethanol

* o-phenanthroline

« Hg>", Pb*+, Cd*T, Cu?t, Zn*+

* Not inhibited by DFP or serum (White and White 1997)
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* Collagenase is also inhibited by a2-macroglobulin, a large plasma glycoprotein (Werb et al.
1974). Nagase et al. (1983) and Stricklin and Welgus (1983) report on natural collagenase
inhibitors. The human skin enzyme is inhibited by human serum (Eisen et al. 1970), but
granulocyte collagenase is not (Lazarus ef al. 1968). Human serum contains o2-macroglobulin
and o1-antitrypsin that may inhibit certain collagenases as well as a third inhibitor reported by
Woolley et al. (1975). It has also been shown that collagenase A is photo-inactivated in the
presence of methylene blue (Takahashi and Seifter 1970 and Karakiulakis 1991).

Applications

* Isolation of adipocytes, hepatocytes, and cells from lung, epithelium and adrenal tissue

* Isolation of cardiomyocytes and cells from bone, cartilage, muscle, thyroid, and endothelium

* Isolation of mammary and various other soft tissues

¢ Isolation of human and porcine pancreatic islet cells (Kin 2007)

» Treatment of tissues with crude collagenase, with its mixture of proteolytic activities, provides
gentle, selective digestion of the intercellular matrix with little damage to cells or loss of viability

* AFA collagenase is suitable for applications needing to avoid introduction of animal derived
pathogens into bioprocessing procedures

* NOTE: For collagen structural and biosynthetic studies researchers generally use more highly
purified collagenase preparations free of other proteolytic activities.

Assay Information

Assay methods utilizing labelled collagen have been reported by Gisslow and McBride (1975), Robert-
son et al. (1972) and Sakamoto et al. (1972). Since true collagenase attacks the helical region of
the molecule, change in optical rotary dispersion reflects collagen degradation (Keil ef al. 1975).
Worthington collagenase products CLS and CLSPA are assayed as described below:

Method

* A modification of the procedure of Mandl et al. (1953). Collagenase is incubated for 5 hours
with native collagen. The extent of collagen breakdown is determined using the Moore and
Stein (1948) colorimetric ninhydrin method. Amino acids liberated are expressed as micromoles
leucine per milligram collagenase. One unit equals one micromole of L-leucine equivalents from
collagen in 5 hours at 37°C and pH 7.5 under the specified conditions.

Reagents

* 0.05 M TES [tris(hydroxymethyl)-methyl-2-aminoethane sulfonate] buffer with 0.36 mM calcium
chloride, pH 7.5

* 4% Ninhydrin in methyl cellosolve with 7.1 mM stannous chloride

* 0.2 M Sodium citrate, pH 5.0

* Ninhydrin-citric acid mixture: Prepare by mixing 50 ml of the 4% ninhydrin in methyl cellosolve
containing 7.1 mM stannous chloride with 50 ml of 0.2 M citrate pH 5.0. Allow mixture to stir
for 5 minutes.

* 50% n-Propanol

 Substrate: Worthington bovine achilles tendon collagen (Code: CL) and vitamin free casein
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¢ 50% (w/v) Trichloroacetic acid

Enzyme

* Dissolve enzyme at a concentration of 1 % in 0.05 M TES with 0.36 mM calcium chloride, pH
7.5. Dilutions run are 1/10 and 1/20 in the above buffer.

Procedure

Weigh 25 mg of Worthington bovine collagen into each of four test tubes. Include at least two tubes
to serve as blanks which will contain no enzyme. Add 5.0 ml of 0.05 M TES buffer to the tubes and
incubate at 37°C for 15 minutes. Start the reaction by adding 0.1 ml of enzyme dilution to appropriate
tubes.

After 5 hours, stop the collagenase reaction by transferring 0.2 ml of solution (leaving behind the
collagen) to test tubes containing 1.0 ml of ninhydrin-citric acid mixture. Include an enzyme blank
(collagen incubated with 0.1 ml TES buffer in place of enzyme). Heat for 20 minutes in a boiling water
bath. After cooling, dilute with 5 ml of 50% n-propanol. Let stand for 15 minutes and read absorbance
at 600 nm. From an L-leucine standard curve determine micromoles amino acid equivalent to leucine
liberated.

Non-specific protease activity (i.e. caseinase activity) is determined using the above assay and substitut-
ing 25 milligrams vitamin free casein for collagen. The reaction is stopped after 5 hours by the addition
of 0.5 ml of 50% trichloroacetic acid. After centrifugation, 0.2 ml of the supernatant is transferred to
1.0 ml of ninhydrin and treated as above. Caseinase activity is calculated as collagenase activity.

Calculation
o Units _ micromoles L - leucine equivalents liberated
mg mg enzyme in digestion mixture
1
e Factor = .o————
=30 x 466 e
Units _ Net A3pq x dilution x Factor
mg ~  0.1x15x ¥ instock
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l 31. Concanavalin A

First crystallized by Sumner and Howell (1936), Concanavalin A (ConA) has proven to be an interesting
and useful lectin. Lectins are proteins that react with specific terminal sugar residues and are useful
probes in studying carbohydrates of cell surfaces. See review by Sharon and Lis (1972). The properties
of ConA have been extensively dealt with in the published proceedings of an International Symposium
on ConA (Concanavalin A, T.K. Chowdhury and A.K. Weiss, eds., Plenum Press, New York, 1975).

Characteristics of Concanavalin A from Jack Bean:
The molecular structure of ConA has been reported by Becker et al. (1976), Becker et al. (1975),

Cunningham et al. (1975), Reeke et al. (1975) and Wang et al. (1975). It is composed of identical
subunits of 237 amino acid residues (M.W.: 26,000) with no covalently bound carbohydrate or other

prosthetic group. Olson and Liener (1967) report no cystine residues. See also Edmondson et al. (1971).

According to McKenzie et al. (1972), at pH 4.5-5.6 (I=0.1), ConA exists as a single dimer (M.W.:
53,000). Above pH 7 it is predominantly tetrameric (Wang et al. 1975). Its optimal activity is near pH 7.

ConA binds two metal ions per monomer: a transition metal, nominally Mn?t (See Becker et al. 1975)
at site S1 and Ca®* at S2. Both must be present for saccharide binding. (Grimaldi and Sykes 1975;
Jack et al. 1971; Poretz and Goldstein 1970; Greer et al. 1970; Agrawal et al. 1968; Goldstein et al.
1965). See also Barber and Carver (1975) and Barber et al. (1975). The transitional metal site has been
reported on by Sherry et al. (1975).

ConA reacts with non-reducing a-D-glucose and a-D-mannose - it is the ring form that participates
in the reaction. Smith and Goldstein (1967) report on the stereochemical requirements of the active
sites. a--methyl-D-glucopyranoside acts as a competitive inhibitor. Goldstein et al. (1965) report on
simple sugar inhibition and indicate unmodified OH groups at C-3, C-4 and C-6 are essential for binding.
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Magnetic resonance studies have been reported by Barber et al. (1975) and Grimaldi and Sykes (1975).
Luminescent properties are similar to other tyrosine and tryptophane containing proteins (Miller and
Nwokedi 1975). Beppu et al. (1975) report on labelled ConA.

As indicated above, the usefulness of ConA lies in its specific binding action with certain carbohydrate-
containing receptors. It agglutinates red blood cells and complexes with blood group substances
(Clark and Denborough 1971) and immunoglobulin glycopeptides (Kornfeld and Ferris 1975) and
carcinoembryonic antigens (Brattain er al. 1975; Boenisch and Norgaard-Pedersen 1975). See also
Pitlick (1975). Harmony and Cordes (1975) report on its interaction with human plasma low density
lipoprotein.

ConA exhibits mitogenic activity with lymphocytes (Ruscetti and Chervenick 1975; Novogrodsky and
Katchalski 1971; Perlmann et al. 1970). Bessler and Lipps (1976) report its effect on protozoan nucleus.

Cancer cells are readily aggregated by ConA; normal cells are not (Shoham et al. 1970; Inbar and Sachs
1969). See also Ben-Bassat and Goldblum (1975) and Kolata (1975). Moscona (1971) reports that
embryonic cells are also aggregatable. Normal cells react after proteolytic treatment. Nicholson (1972)
suggests that trypsinization causes clustering of the membrane ConA sites. On the other hand, Burger
and Noonan (1970) report that ConA treated with trypsin can restore growth patterns of transformed
fibroblasts to normal.

Studies of ConA with particular cell types include locust muscle fibers, Mathers and Usherwood (1976);
lymphocytes, Ben-Bassat and Goldblum (1975), Beyer and Bowers (1975), DePetris (1975), Pommier
et al. (1975); fibroblasts, Huet and Bernadac (1975); adipocytes, Katzen and Soderman (1975); rat liver
plasma membrane components, Berzins and Blomberg (1975). Sutou and Shindo (1975) report that
ConA induces endoreduplication in mammalian cells and Kubota and Kanatani (1975) indicate that it
induces oocyte maturation-inducing substance in starfish follicle cells. ConA reaction with Escherichia
coli has been reported by Picken and Beachman (1975); that with Dictyostelium discoideum by Weeks
(1975); and that with B. substilis by Birdsell and Doyle (1973). Brunson and Watson (1975) report on
activity with lipopolysaccharide.

Immobilized specific lectins are useful for purifying glycoprotein (Avrameas and Guilbert 1971; Allan
et al. 1972; and Anderson and Lee-Own 1974) and removing contaminants, (Edelman 1975). Wood
and Sarinana (1975) report on use of ConA in studying nerve glycoproteins.

CAS
* 11028-71-0
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ATP: Creatine N-phosphotransferase

Creatine kinase (CK) is widely distributed and seems to be primarily concerned with ATP regeneration.
According to Watts (1973) CK may represent 10-20% (w/v) of muscle cytoplasmic protein.

The enzyme is dimeric and exists as three isozymes: MM (muscle), MB (hybrid), and BB (brain).
Names indicate major tissue of origin. Since the MB isozyme has its highest concentration in heart
muscle, its level in the serum has diagnostic value.

Most investigational work has been on the soluble enzyme from rabbit muscle. (There is also an
insoluble CK associated with mitochondria). Creatine kinase catalyzes the following reaction:

ATP + creatine = ADP + phosphocreatine (32.1)
NH, NH,
o o 0o N N N N
“0—P—0—P—0—P—0 < p 0-—P-0—P-0 < )
R I I I N~y f I I NN
NH, o o o o - JN]\Hz o o o
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l o OH OH o ‘ o OH OH
Creatine ATP Phosphocreatine ADP

Figure 32.1: Enzymatic Reaction - Creatine Kinase
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Source for Characteristics

The enzyme characteristics described herein come from the following sources:
* Rabbit Muscle

Specificity

Besides creatine (N-methylglycocyamine) only N-ethylglycocyamine and glycocyamine act as phos-
phoryl acceptors. Creatinine, D- and L-arginine, histidine, and taurocyamine are inactive (Kuby and
Noltmann 1962).

Composition

The enzyme is dimeric, its identical subunits will combine with others from different species to form
active hybrids (Dawson et al. 1967). The amino acid composition has been determined (Watts 1973).
Active center studies have been reported by Borders and Riordan (1975); James and Cohn (1974) and
Buechter ef al. (1992). Smith and Kenyon (1974) question whether the "active" SH group of CK is, in
fact, essential. See also McLaughlin (1974) and McLaughlin et al. (1972) and Roustan et al. (1973).
O’Sullivan et al. (1972) report on ADP analog binding.

IUB
e 2732

Molecular Weight
* 81,000 (Kuby and Noltmann 1962)

Extinction Coefficient
e Engo = 8.76 (Kuby ef al. 1954)

Inhibitors

* Various sulfhydryl reagents, chelating agents, some adenosine phosphate compounds, orthophos-
phate, pyro- and tripolyphosphate, adenosine, CI™, SOﬁ_, acetate (slight), and other compounds
such as dibenamine, phenothiazone, and 3,5-dinitro-o-cresol. ADP strongly inhibits the for-
ward reaction competitively with respect to ATP and noncompetitively with respect to creatine
(Kuby and Noltmann 1962). Creatinine phosphate acts as competitive inhibitor with respect to
phosphocreatine (Gercken and Déring 1974).

Stability /Storage
* If kept dry, the refrigerated lyophilized preparation is stable for 6-12 months.
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Activity

* Engelborghs et al. (1975) have reported on initial product formation, and Gercken and Ddring
(1974) show that creatinine phosphate is not a substrate but is a competitive inhibitor to creatine
phosphate. Various divalent cations such Mg?*, Ca>*, and Mn?* activate the enzyme.

Stabilizers

* Reducing agents such as cysteine and thioglycolate.

Assay Information

Alternate assay methods are described by Dinovo et al. (1973).

Method

* Creatine kinase activity is determined in a coupled enzyme system utilizing pyruvate kinase
(PK) and lactate dehydrogenase (LDH). The following procedure is essentially that described by
Tanzer and Gilvarg (1959). One Unit is defined as the conversion of one micromole of creatine
to creatine phosphate per minute at 25°C and pH 8.9 under the specified conditions.

Reagents

* Buffered Creatine: 0.40 M Glycine containing 53.2 mM creatine and 62 mM potassium carbonate.
Adjust the pH to 8.9 with NaOH.
* Enzyme diluent: Freshly prepared 5 mM glycine pH 9.0
Reagent solution — the required amount of solution should be prepared containing:
* ATP-85mM
NADH - 1.22 mM

« PEP-2.0 mM
* LDH - 15,0 tits
* PK - 7.0 Uit

* MgSO, - 28.0 mM
* Glutathione (reduced) - 26.0 mM
* pH adjusted to - 7.4

Enzyme
* Prepare = in 5 mM glycine, pH 9.0.
* Dilute to 0.1-10 % in glycine buffer.

Procedure

Spectrophotometer Settings: Wavelength: 340 nm Temperature: 25°C
Pipette into each cuvette as follows:
* Reagent Solution - 0.7 ml
* Buffered Creatine - 2.2 ml
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Incubate in spectrophotometer at 25°C for 3-5 minutes to achieve temperature equilibrium and
establish blank rate, if any. Add 0.1 ml diluted enzyme and record decrease in As4g for 5-8 minutes.
An initial lag period may occur. Determine AA3z49 from linear portion of the curve.

Calculation

Units __ L;ﬁm

mg T 62X mreior mixre
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tochrome C Oxidase

Cytochrome c oxidase (EC 1.9.3.1), the terminal enzyme in the respiratory chain, catalyzes the four-
electron reduction of molecular oxygen and couples this reaction to the generation of a proton gradient
across the mitochondrial inner membrane.

The enzyme activity is associated with a protein lipid complex containing two dissimilar heme-copper
catalytic centers (heme Aa + CuA and heme Aa3 + CuB) combined with a number of other subunits.
Some of the subunits are synthesized in the mitochondria while others are synthesized in the cytosol and
imported into the mitochondria. The roles of the various subunits and the question of which subunits
are essential to activity have received much attention.

One Unit oxidizes one micromole of ferrocytochrome ¢ per minute at 25°C, pH 6.8.

IUB
* 1.93.1

CAS
* 9001-16-5

Stability /Storage

* Stable as supplied for 12 months stored at -20°C. Dilutions at 0.05mg BCA protein per milliliter
in 0.05M potassium phosphate, pH 6.8 containing 0.1% laurylmaltoside are stable for 24hr.
stored at 2 - 8°C but significant losses occur at 25°C. The enzyme shows poor stability when
diluted in water.
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34. Deoxyribonuclease |

Bovine pancreatic deoxyribonuclease is an endonuclease that preferentially splits phosphodiester link-
ages adjacent to a pyrimidine nucleotide, yielding 5’-phosphate terminated polynucleotides with a free
hydroxyl group at the 3’ position. DNase I is secreted by exocrine glands, and found most abundantly
in the pancreas and parotid. It is also present in lower quantities in other tissues (Chen and Liao 2006,
and Nadano et al. 1993).

DNase is known to be involved in apoptosis and has been proposed to play a role in the regulation of
actin polymerization in cells. In addition to its use in molecular biology, DNase I has been used as a
treatment for cystic fibrosis, and systemic lupus erythematosus (Chen and Liao 2006).
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Figure 34.1: Enzymatic Reaction - Deoxyribonuclease I

History

In 1903, Araki liquefied gels of alpha-nucleic acid with extracts of liver, spleen, and thymus tissue
(Araki 1903, and Kunitz 1950). Plenge also showed similar activities in microorganisms (Plenge 1903).
In 1913, De la Blanchardire developed an assay for the liquification of thymus DNA gel, and showed it
was not accompanied by the destruction of DNA bases (Kunitz 1950).

Over the next few decades various authors described enzymes that cleaved nucleotides with names
such as nucleinase (Levene and Medigreceanu 1911), nucleogelase (Feulgen 1923), polynucleotidase
(Levene and Dillon 1932), desoxyribonucleodepolymerase (Greenstein 1943), thymonucleodepoly-
merase (Laskowski 1946), and desoxyribonuclease (McCarty 1946). In 1950, Kunitz first crystallized
and coined today’s name, deoxyribonuclease.

In the early 1970s, Salnikow et al. found DNase I was present in four isoforms distinguishable by their
sialic acid contents (Salnikow et al. 1970). Soon after, the polypeptide chain structure was elucidated
(Salnikow et al. 1973b, Liao et al. 1973, and Catley 1973). The crystal structure was determined at a
2.0 resolution by Suck and Oefner in 1986 and later refined (Oefner and Suck 1986).

In 1990, the gene coding for Bovine pancreas DNase I (bpDNase I) was constructed from synthetic
oligonucleotides, and then cloned and expressed in Escherichia coli (Worrall and Connolly 1990). In
1992, the X-ray structure of the bpDNasel-d(GGTATACC)2 complex was obtained at a 2.3 resolution
(Weston et al. 1992). In 1998, the bpDNasel gene was cloned from bp-cDNA and expressed in
Escherichia coli (Chen et al. 1998).
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Today, researchers continue to investigate the residues involved in substrate binding and catalytic
activity (Chen et al. 2008), novel inhibitors (Chen and Liao 2008), the specificity of DNAse I for
specific DNA sequences (Heddi et al. 2010), and the conformational changes that occur in both DNAse
I and DNA upon protein-DNA complexation (N’soukpoé-Kossi et al. 2008).

Molecular Characteristics

Similar to human, mouse, and rat, the bovine pancreas DNase I gene consists of nine exons, and only
the last eight encode the protein (De Maria and Arruti 2003). The nascent protein is directed to the
secretory pathway organelles by a 22 amino acid signal sequence, encoded by exon two. The primary
active site residue, H166, is encoded by exon six (De Maria and Arruti 2003, and Kraehenbuhl e7 al.
1977). Although exon lengths are almost equivalent in bovine and other mammalian species, the intron
lengths vary greatly. A TATA box sequence is located 35 bp upstream of exon I (De Maria and Arruti
2003). It has been proposed that multiple splicing events that affect the coding sequence may be a
mechanism to downregulate DNase I expression (Liu ef al. 1997).

Specificity

bpDNase I is not base nor sequence specific; however, it does not cleave randomly. It shows preference
for cleavage at the 5’ side of pyrimidines, and is particularly pronounced in alternative copolymers
(Bernardi et al. 1975, and Lomonossoff ef al. 1981). It has been shown that variations in the twist
angle are recognized by DNase I (Dickerson and Drew 1981). The specificity of DNase I also depends
on the divalent cations present. In the presence of Ca>* and Mg?*, it causes single strand breaks, and
in the presence of Mn?* double strand breaks have been reported (Junowicz and Spencer 1973, and
Campbell and Jackson 1980).

Composition

bpDNase I exists as many isoforms, which differ both genetically and in sialic acid content (Liao 1974,
Liao 1981, and Chang et al. 1994). The polypeptide chain is glycosylated at Asn-18 and because of the
sialic acids of the carbohydrate side chain, shows charge heterogeneity (Chen and Liao 2006).

The enzyme is particularly stable due to an extended hydrophobic core, which is composed of two
tightly-packed six-stranded beta-pleated sheets. These are surrounded by eight helices and several
loop regions, which are stabilized by bound calcium atoms. The enzyme is further stabilized by
intramolecular hydrogen bonds, salt bridges, and two disulfide bonds (Chen and Liao 2006).

IUB
* 3.1.21.1

CAS
* 9003-98-9
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Protein Accession Number
» P00639

CATH: Classification (v. 3.3.0)

Class:
* Alpha Beta
Architecture:
* 4-Layer Sandwich
Topology:
* Deoxyribonuclease I; Chain A

Molecular Weight
* 29.1 kDa

Optimal pH
78

Isoelectric Point
* 5.08

Extinction Coefficient

. 36,750 L L

1%
b Ezgo =11.1

Active Residue

* Tyrosine (Y87)
¢ Glutamate (E100)
* Histidine (H156)

Activators

* Bivalent metal ions (Junowicz and Spencer 1973b, Poulos and Price 1972, Price 1969, and Price
1975)

Inhibitors

» 2-mercaptoethanol (Laskowski 1971)

* 2-nitro-5-thiocyanobenzoic acid (Moore 1981)

* Actin (Mannherz et al. 2008, and Lazarides and Lindberg 1974)

* Alfatoxin B2a, G2, G2a, and M1 (non-competitive) (Schabort 1970)
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EGTA (Moore 1981) and EDTA (Junowicz and Spencer 1973)
Sodium dodecyl sulfate (Liao 1975a)

Calf spleen inhibitor protein (Laskowski 1971)

Carbodiimide and cholesterol sulfate (Iwamori 2000)
Todoacetate (Moore 1981)

Applications

DNA removal in primary cell isolation: decreases viscosity providing better yields
DNA removal in bioprocessing applications

Removing genomic DNA from RNA preparations prior to RT-PCR

in vitro transcription

Nick translation

DNase footprinting

Actin binding

UV crosslinking of proteins to nucleic acids

Radioactive labeling

Assay Information
Method

That developed by Kunitz (1950) based upon the increased absorbance at 260 nm observed
during the depolymerization of DNA by DNase. A unit causes an increase in absorbance at 260
nm of 0.001 per minute per ml when acting upon highly polymerized DNA at 25°C and pH 5.0
under the specified conditions. A standard enzyme preparation should be run in parallel with an
unknown because standardization of DNA preparations and their degree of polymerization in
solution is not possible.

Reagents

1.0 M Acetate buffer, pH 5.0

6.25 mM Magnesium sulfate in reagent grade water

Worthington Standard DNase Vial (Code:DSV) containing a defined activity of approximately
2000 DNase units per vial.

Worthington Highly Polymerized DNA (Code: DNA). Dissolve 10 mg DNA in 200 ml of 6.25
mM magnesium sulfate. Let stand overnight at room temperature. Add 25 ml of 1.0 M acetate
buffer, pH 5.0 and dilute to a final volume of 250 ml with reagent grade water. (Substrate solution
may be prepared in larger batches and stored for 2-3 weeks at0 - 4°C.)

Enzyme

Note: Pancreatic deoxyribonuclease is unusually sensitive to physical denaturation by shaking.
Mixing should be done by gentle inversion. Dissolve the standard vial in 1.0 ml of reagent
grade water. Care must be taken when opening the vial that no lyophilized material is lost. This
solution will contain the number of %‘1“ as stated on the label. Dilute further to a concentration

of 20-60 “Elil“. All dilutions are made in reagent grade water.
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» Sample to be assayed: Dissolve at a concentration of 1 %. Dilute further to a concentration of
20-60 “2¢ immediately before the assay.

Procedure

Spectrophotometer Settings: Wavelength: 260 nm Temperature: 25°C

Pipette 2.5 ml of substrate into cuvettes and incubate in spectrophotometer at 25°C for 3-4 minutes
to establish blank rate if any, and to reach temperature equilibration. Add 0.5 ml of diluted standard
and record Ay for 8 - 10 minutes. Calculate > % from linear portion of curve following a brief lag.
Note: The change in Aygg for this assay is not generally linear from the initial time and is linear for
only short periods. The most linear portion should be used in determining the activity. A rate of 0.008 -
0.018 > Aégga_ is recommended.
Calculate the factor for the standard vial.

Factor = activity of standard as stated on the label

AA2e0
min

Using the diluted sample to be tested, repeat the above procedure. Record the > % from the linear
portion of the curve.

x dilution

Calculation
Units _ AAxeo Tt
e = mn X dilution x factor

Activity is compared to that of the standard vial. Deoxyribonuclease activity can also be conveniently
measured in a radial diffusion assay system.
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Porcine DNase II (pDNase 1) is an acid endonuclease widely found in animal cells, mostly associated
with lysosomes. It hydrolyzes the phosphodiester bonds of DNA under acidic conditions without the
requirement for divalent metal ions and is important for DNA fragmentation and degradation.
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Figure 35.1: Enzymatic Reaction - Deoxyribonuclease II

History

In the late 1940s Catchside and Holmes first observed a mammalian DNase that was optimally active at
an acidic pH (pH 4.5-5.5) and termed it "acid DNase" (Evans and Aguilera 2003).

Spleen tissue displays particularly high activity, so it was often referred to as "spleen acid DNase".
However, in 1968 Cordonnier and Bernardi found that acid DNase was found to be widely distributed
in animal cells, and it was soon suggested that the enzyme be called DNase II to better distinguish it
from pancreatic DNase (DNase I) (Cunningham and Laskowski 1953, and Evans and Aguilera 2003).

In the 1970s, Bernardi extensively investigated the inhibitory effects of various compounds on DNase
II, finding actinomycin D, N-bromosuccinimide, and divalent cations to be inhibitory (Bernardi 1971).
In 1973, Oshima and Price predicted the involvement of a histidine side chain in DNase 1I catalysis,
and in 1985 Liao demonstrated this to be true.

In 1998, Liao first identified the structure of DNase II as a heterodimer, however it was soon shown by
Wang et al. to be a heterotrimer (Liao et al. 1998, Wang et al. 1998). Yasuda e al. first characterized
the human DNase II gene, the first DNase gene to be identified (Yasuda ef al. 1998). Soon after, Baker
et al. reported on cloning of the human gene as well (Baker et al. 1998).

Recent research has aimed at better understanding the role of DNase II in apoptosis (Kitahara et al.
2010) and its relevance to autoimmunity (Ueki ez al. 2010).
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Molecular Characteristics

The genes encoding DNase II proteins have been described by Baker et al. 1998, Krieser and Eastman
1998, Shiokawa and Tanuma 1998, and Yasuda et al. 1998). The DNase2 gene is conserved in human,
chimpanzee, dog, cow, mouse, rat, zebrafish, fruit fly, mosquito, and C. elegans. Porcine and human
DNase II have been shown to share 73.4% identity (Shiokawa and Tanuma 1998).

The cDNA of pDNase II contains 1292 bases, with an open reading frame that encodes 364 amino
acids, including six N-glycosylation sites (Shiokawa and Tanuma 1998).

To form the mature enzyme, a putative transmembrane peptide at the N-terminus is removed during
the translation of the nascent protein. After protein folding, further processing within the lysosome
removes a peptide at the C-terminus and two connecting peptides between the alphal and beta subunits
and between beta and alpha2 (Wang ef al. 1998). The resulting protein is a heterotrimer, as described
in the Composition section.

Specificity

Through a nicking mechanism, DNase II generates 3’-phosphate groups by hydrolyzing the phosphodi-
ester linkanges of DNA (Bernardi 1971, Harosh et al. 1991, and Baker et al. 1998).

A catalytic center, with a critical histidine residue, mediates the cleaveage (Oshima and Price 1973).
Specifically, site-directed mutagenesis studies of histidine residues in pDNase II have suggested His115,
His132, and His297 play crucial role in the enzyme’s function, and show absolute evolutionary conser-
vation (Cheng et al. 2006).

The mechanism of DNase II has been shown to occur in three phases. Initially, multiple single strand
breaks are induced within the DNA backbone. During the middle phase, acid soluble nucleotides and
oligonucletides are produced. A slow, non-linear hyperchromic shift occurs in the last phase (Bernardi
1971).

Composition

It was initially discovered that the mature DNase Il enzyme was a non-covalently bound alpha/beta
heterodimer. It was proposed that during the production of endogenous pDNase II, the initial 45 kDa
translation product is targeted to the lysosome where proteases cleave the translation product to two
fragments of 35 kDa and 10 kDa, forming the dimer (Liao ef al. 1989). However, Wang et al. showed
that the two polypeptides of the alpha subunit dissociate into alphal and alpha2 subunits after disulfide
reduction, forming a heterotrimeric structure composed of alphal, beta, and alpha2 subunits (Wang et
al. 1998, and Huang et al. 2009).

IUB
* 3.1.22.1
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CAS
* 9025-64-3

Protein Accession Number
* 062855

Molecular Weight
e 38.0 kDa (Bernardi et al. 1965)

Optimal pH
* 5.0 (although activity can be detected over a significant pH range) (Lyon and Aguilera 1997,

Lyon et al. 2000)
* 4.5-5.0 at ionic strength 0.15 (Bernardi and Griffe 1964)

Isoelectric Point

e 8.10 (Theoretical)
¢ 10.2 (Bernardi et al. 1965)

Extinction Coefficient

11
. 82,750 L&

e Eago = 12.1 (Bernardi ef al. 1965)

Active Residue
* Histidine (H115, H132, H297) (Cheng et al. 2006)

Activators

* Cysteine (Bernardi 1971)
e EDTA (Bernardi 1971)

Inhibitors

* Actinomycin D (Bernardi 1971)

¢ Jodoacetate (Liao et al. 1989)

¢ N-Bromosuccinimide and H,O, (Bernardi 1971)

* Divalent cations such as zinc and copper (Bernardi 1971)
* Sulfate (Bernardi and Griffe 1964)

¢ NaCl (above 250 mM) (Ikeda 2002)

* DNA (above 0.4 %), rRNA, tRNA (Bernardi 1971)

* Jodoacetamide (slightly inhibitory) (Bernardi 1971)
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Applications

* DNA fragmentation

* Apoptosis research

* Molecular weight marker

* Control in antibody reactions

Assay Information

Method

* That developed by Kunitz (1950) based upon the increase in absorbance at 260 nm during the
hydrolysis of DNA. The method has been adapted from that used for DNase I by reducing the
pH to 4.6 and lowering the magnesium concentration to 0.001 M. One unit causes an increase in
absorbance at 260 nm of 0.001 per minute per ml at 25°C and pH 4.6 under specified conditions.
Bernardi (1971) discusses the relationship of absorbance units so defined to terminal phosphate
formation, i.e., substrate bonds hydrolyzed.

Reagents

* 1.0 M Acetic acid, pH 4.6
* 0.02 M Magnesium sulfate

Substrate

* Dilute 12.5 ml of 0.02 M magnesium sulfate to a volume of 200 ml with reagent grade water. Add
10 mg Worthington calf thymus DNA (Code: DNA). Let stand overnight at room temperature.
Add 25 ml of 1.0 M acetic acid, pH 4.6 and adjust the pH to 4.6. Dilute to a final volume of 250
ml with reagent grade water. Store at 2 - 8°C.

Enzyme

* Dissolve enzyme at one % in reagent grade water. Dilute further in water immediately prior to
use to a concentration of 50 - 150 4218

Procedure

Spectrophotometer Settings: Wavelength: 260 nm Temperature: 25°C

Pipette 2.5 ml of substrate into cuvette and incubate in the spectrophotometer for 3 - 4 minutes to
establish blank rate, if any, and to reach temperature equilibrium. Add 0.5 ml diluted enzyme. Record
increase in Aygp from linear portion of curve. Note: the change in Ajgg for this assay is not generally
linear from the initial time and is linear for only short periods. The change in Ajgo should be determined
from the portion which is most linear.

Calculation
Units _ ~2260 x 1000 x 6

min
mg mg enzyme in reaction
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Deoxyribonucleic acid (DNA) is a double stranded, helical nucleic acid molecule that consists of
nucleotide monomers, each composed of a deoxyribose sugar, a phosphate group, and one of four
nitrogenous bases: adenine, cytosine, guanine, and thymine.

Each chromosome contains one long molecule of DNA, with hundreds or thousands of genes arranged
along its length. The DNA molecule is a double helix, with sugar-phosphate bonds on the outside,
and base pairs on the inside. The bases pair as such: adenine (A) with thymine (T), and guanine (G)
with cytosine (C). DNA replicates semiconservatively and requires an RNA primer. When the parental
strands separate, each serves as the template for making a new, complementary strand. Escherichia
coli DNA replication is semidiscontinuous; one strand is replicated continuously and the other is
replicated discontinuously. This discontinuous replication forms Okazaki fragments. Escherichia coli
proofreading is carried out by DNA polymerase III, which will only use a base-paired nucleotide as a
primer, stalling DNA replication if a misincorporation is present. During this stall, 3’ to 5° exonuclease
of the DNA polymerase III holoenzyme can remove the misincorporated base. Mammalian cells have
five polymerases: alpha, beta, delta, epsilon, and gamma. alpha and delta participate in replication
of both DNA strands, and beta and epsilon function in DNA repair. gamma is believed to replicate
mitochondrial DNA (Weaver 2008).

History

In 1869 Friedrich Miescher discovered a mixture of compounds in the nucleus of a cell. He termed this
mixture nuclein (Miescher 1871). The major component of nuclein is DNA. As the chromosome theory
of inheritance was gradually accepted, scientists agreed that chromosomes consisted of some sort of
polymer, but did not understand whether it was DNA, RNA, or protein. Building upon experiments
performed by Frederick Griffith where he transferred a genetic trait from one bacterium to another
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(Griffith 1934), Avery, MacLeod, and McCarty demonstrated DNA to be the genetic material in 1944
(Avery et al. 1944).

In 1952, Hershey and Chase confirmed DNA as the genetic material with work on a T2 phage whose
structure had recently been shown by electron microscopy. In 1953, James Watson and Francis Crick
built models of the DNA molecule based on data gathered from x-ray diffraction experiments by
Rosalind Franklin and Maurice Wilkins for which Watson, Crick, and Wilkins jointly received the
Nobel Prize in 1962. Watson and Crick proposed DNA is a double helix and that the bases of each
strand are on the inside of the helix, with the base of one strand pairing to the base of the other strand.
The two strands being complementary allows DNA to replicate semiconservatively—one strand of the
parental double helix is conserved in each daughter strand. In 1958, Meselson and Stahl proved DNA
replication in bacteria is semiconservative.

In 1969, Hershey shared the Nobel Prize in Physiology or Medicine for his work on determining the
properties of DNA. In the 1970s restriction enzymes were discovered. It became clear that the discovery
of restriction enzymes and the new era of recombinant DNA technology was transforming biology. In
1973, Stanley Cohen, Herbert Boyer, and Paul Berg created the first genetically engineered organisms
(Cohen et al. 1973, and Jackson et al. 1972). In 1978, Werner Arber, Daniel Nathans, and Hamilton
Smith shared the Nobel Prize in Physiology or Medicine for the discovery of restriction enzymes.

The late 1970s and 1980s brought the principles and techniques of DNA testing. The first genetic test
using DNA was restriction fragment length polymorphism (RFLP, pronounced "rif-lip") and required
large blood samples (Jeffreys et al. 1987). Polymerase Chain Reaction (PCR) was developed in the
1980s by Kary Mullis (Mullis 1990). It became the standard test for DNA testing in the 1990s, enabling
researchers to quickly produce millions of copies of a specific DNA sequence, bypassing the need
for bacteria and large quantities of DNA (Chakraborty et al. 1992). In 1989, Francis Collins and
Lap-Chee Tsui sequenced the first human gene containing the defective gene that causes cystic fibrosis
(CFTR) (Riordan et al. 1989). In 2001, the Human Genome Project and Celera Genomics released the
first draft of human genome. The thirteen-year Human Genome Project was successfully completed
in 2003. DNA polymorphisms began to be widely used to reconstruct human evolutionary history,
and greater understanding of the DNA damage sensing, signaling, and the interplay between protein
phosphorylation and ubiquitin pathway has shown important implications for aging and cancer.
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1,6-c-D-Glucan 6-glucanohydrolase

Dextranases catalyze the endohydrolysis of 1,6-alpha-glucosidic linkages in dextran.
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Dextran Dextran fragments (cleaved at 1,6-«-glucosidic bond)

Figure 37.1: Enzymatic Reaction - Dextranase

History

The search for organisms producing large amounts of an enzyme to break down dextran began in
the 19th century (van Tieghem 1878).Organisms producing trace amount of both intracellular and
extracellular dextranase were isolated in the late 1940s (Ingelman 1948, and Hultin and Nordstrom
1949) but it was not until the 1950s that a Penicillium species producing large amounts of extracellular
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dextranase was reported (Tsuchiya et al. 1952).

In the early 1970s, the first purifications and characterizations of Penicillium dextranase were being
conducted (Baastad and Rolla 1970, Chaiet et al. 1970, and Fukumoto et al. 1971). In the later 1970s,
research began to explore the use of dextranase for the treatment of tooth decay (Minah et al. 1972,
Goldstein-Lifschitz and Bauer 1976, and Simonson et al. 1979).

In the 1990s, the Penicillium dextranase gene was cloned and expressed in Pichia pastoris (Garcia
et al. 1996, and Roca et al. 1996). An early classification system for dextranase and other dextran-
hydrolyzing enzymes was also developed using sequence-analysis software (Aoki and Sakano 1997).

The crystal structure of Penicillium minioluteum was elucidated by Larsson et al. in 2003. This study
also importantly suggested the reaction mechanism proceeds by net inversion (rather than retention)
of the anomeric carbon. Recent research has aimed to improve enzyme stability of fungal dextranase
using site-directed mutagenesis (Chen et al. 2009).

Molecular Characteristics

Extracellular dextranase is encoded by the dex gene. Post-translational modification includes cleavage
of the signal peptide and N-glycosylation. Amino acid sequence analyses have revealed 29% identity
between Penicillium minioluteum and Arthrobacter sp. (Roca ef al. 1996).

Specificity

Dextranase preferentially cleaves the alpha-1,6 linkages of dextran, releasing shorter isomaltosaccha-
rides, with net inversion of the anomeric carbon configuration (Larsson et al. 2003, and Sugiura et al.
1973).

Composition

Dextranase enzymes belong to two glycoside hydrolase families, either 49 or 66, which do not share
significant sequence similarity. Dextranases from Penicillium and Arthrobacter species are classified as
family 49, while those of the Streptococcus species are found in family 66 (Coutinho and Henrissat
1999).

Penicillium dextranase and related enzymes contain two domains. The first domain resembles the
immunoglobulin fold and consists of 200 amino acid residues forming 13 beta strands. A beta sandwich
is formed by nine of those strands, with all but strands 5 and 13 being antiparallel. The second domain
contains a right-handed parallel beta-helical fold containing 3 parallel beta sheets (Larsson et al. 2003).
These two domains are connected by a large interface, which contains 29 amino acids completely
conserved in the glycoside hydrolase family 49. Disulfide bridges are formed by four of the six cysteines
present in the protein, none of which are conserved within the glycoside hydrolase family 49 (Larsson
et al. 2003).

IUB
* 3.2.1.11
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CAS
* 9025-70-1

Protein Accession Number
* CAB91097

CATH: Classification (v. 3.3.0)

Class:

* Mainly Beta
Architecture:

¢ Sandwich; 3 Solenoid
Topology:

* Dex49a from Penicillium minioluteum complex, domain 1; Pectate Lyase C-like

Molecular Weight
* 64.6 kDa

Optimal pH
* 5.0-7.0 (Chaiet et al. 1970)

Isoelectric Point

* 4.55 £+ 0.05 (Chaiet et al. 1970)
* 3.88 (Raices et al. 1991)

Extinction Coefficient
* 119,350 L&

« Engo = 20.0 (Chaiet et al. 1970)

Activators
e Co’*, Mn**, Cu* (Sugiura et al. 1973)

Inhibitors

« Hg?", Ag2+
¢ N-bromosuccinimide
* 12 (Sugiura et al. 1973)
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Applications

* Viscosity reduction in cell culture (Lindskog et al. 1987)
* Glycobiology
* Reduction in viscosity caused by dextran during sugar processing (Larsson et al. 2003)

Assay Information

Method

* A modification of that described by Janson and Porath (1966). One Unit of activity causes the
release of one micromole isomaltose from dextran per minute at 37°C and pH 6.0 under the
specified conditions.

Reagents

* 0.1 M Potassium phosphate, pH 6.0

* 2% Dextran. Dissolve 1.0 g dextran 500 in 30 ml 0.1 M potassium phosphate pH 6.0. under the
specified conditions. Bring to a final volume of 50 ml.

* 2% Sodium hydroxide

* Dinitrosalicylic acid color reagent. Prepare by dissolving 1.0 g of 3,5-dinitrosalicylic acid, 200
mg phenol, 50 mg sodium sulfite, 20 g sodium potassium tartrate tetrahydrate in 60 ml of 2%
NaOH. Q.S. to 100 ml with 2% NaOH. Protect from carbon dioxide and store no longer than 2
weeks.

Enzyme

* Dissolve enzyme at one % in reagent grade water. Immediately prior to use, dilute further to
5-20 L.
ml

Procedure

Into a series of numbered tubes pipette 1.9 ml dextran substrate. Include one tube to be used as a blank.
Incubate in a 37°C water bath. At timed intervals, to each tube add 0.1 ml of an enzyme dilution. To
the blank, add 0.1 ml of reagent grade water in place of the enzyme.

Incubate at 37°C for 30 minutes. Stop the reaction at timed intervals by removing one ml aliquots of
enzyme-substrate mix to tubes containing one ml dinitrosalicylic acid reagent. Incubate for 15 minutes
in a boiling water bath. Cool to room temperature, add 10 ml reagent grade water to each tube, mix and
read A54().

Calculation
o Units __ micromoles maltose in aliquot x 2
mg 30 x mg enzyme in reaction mixture

Determine micromoles of maltose in aliquot from a standard curve.
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NADPH: (Acceptor) Oxidoreductase

The diaphorases are a ubiquitous class of flavin-bound enzymes that catalyze the reduction of various
dyes which act as hydrogen acceptors from the reduced form of di- and tri- phosphopyridine nucleotides,
i.e., NADH, NADPH. The first such enzyme to be purified was that from heart muscle (Straub 1939).
Almost twenty years later heart diaphorase was shown to be identical to lipoyl dehydrogenase (Massey
1958, 1963). Other diaphorases have been described and purified from various bacteria, plants and
mammalian organs. Diaphorase activity of a partially purified extract of Clostridium kluyveri cells,
originally described as a source of NADH and NADPH oxidase (Ciotti and Kaplan 1957), was observed
in this laboratory and its use applied to the coupled, colorimetric determinations of dehydrogenases and
ethanol. (Teller 1958). These methods, based on the decolorization of 2,6-dichlorophenolindophenol
were improved by the substitution of a tetrazolium dye which becomes chromogenic on reduction.
(Brower and Woodbridge 1970; Nachlas et al. 1960).

The enzyme from Clostridium kluyveri has been purified and characterized by Kaplan, Setlow, and
Kaplan (1969), who used starting material equivalent to the present Worthington product.

Unless otherwise noted, the following data have been obtained from Kaplan et al. (1969).
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Figure 38.1: Enzymatic Reaction - Diaphorase

Source for Characteristics

The enzyme characteristics described herein come from the following sources:
* Clostridium kluyveri

Specificity

Either NADH or NADPH may be used as reductants. However, no exchange of hydrogen between
the coenzymes is catalyzed. Neither oxygen nor cytochrome C is reduced by Clostridium kluyveri
diaphorase.

Composition

The enzyme contains one molecule of flavin mononucleotide per molecule. The amino acid composition
has been determined.

IUB
* 1.6.99.1

CAS
* 9001-68-7

Protein Accession Number
* Q97E86 (Clostridium acetobutyliucum)

Molecular Weight
¢ 151 kDa (homotetramer)

Optimal pH
* 8.5. At pH 7.4 and 9.4 the activity is reduced 50%. Both NADH and NADPH share this optimum.
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Activators

* We have found that excess flavin mononucleotide (FMN) appears to stimulate the reaction with
dichlorophenol-indophenol slightly.

Inhibitors

* N-ethylmaleimide inactivates diaphorase at concentrations of under 5 mM.

Stability /Storage

* Though of reasonable stability, if held for prolonged periods, the dry enzyme should be stored in
a freezer. Solutions, especially, should always be kept out of strong light.

Stabilizers
* NADH, NADPH and FMN protect the enzyme against denaturation by urea and guanidine.

Constants
* K,, for NADH was reported to be 9 x 10 and for NADPH it was much lower.

Assay Information
ASSAY for Product Code DIL

Method

* The oxidation of NADH is determined by measuring colorimetrically the reduction of 2,6-
dichlorophenolindophenol. The assay is based on that described by Edelhoch et al. (1952)
and Mahler et al. (1952) with modifications to provide greater linearity of reaction rate and
proportionality of initial rate to enzyme concentration. One unit is defined as the amount of
enzyme which reduces one micromole of 2,6-dichlorophenolindophenol per minute at 25°C and
pH 8.5 under the specified conditions.

38.0.1 Reagents

* 0.2 M Tris - HCI buffer, pH 8.5

* 0.12 M Zinc chloride in 0.005 M HCl

0.006 M NADH. Prepare fresh daily.

0.0024 M Dichlorophenolindophenol (DCPIP) Prepare fresh daily.

* Enzyme diluent: 0.2 M Tris - HCI pH 8.5 containing 0.3 M potassium chloride, 0.025% flavin
mononucleotide (FMN), and 0.025% bovine serum albumin. Prepare fresh daily and protect
from strong light.

38.0.2 Enzyme

* Dissolve lyophilized powders at 10 % in 0.2 M Tris - HCI pH 8.5. Immediately prior to use,
dilute further in enzyme diluent to a concentration of 0.1-0.15 Z£.
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Procedure

Spectrophotometer Settings: Wavelength: 600 nm Temperature: 25°C
Pipette into cuvettes as follows:

Description Test Blank

0.2 M Tris-HCI, pH 8.5 2.6 ml 2.6 ml

0.12 M ZnCI2 0.1 ml 0.1 ml

0.006 M NADH 0.1 ml 0.1 ml

0.0024 M 2,6-Dichlorophenolindophenol — 0.1 ml
(DCPIP)

Enzyme diluent — —

Incubate in spectrophotometer at 600 nm and determine Agyy of blank cuvette for 8-10 minutes.
Determine AAgqo from initial linear portion of curve. To test cuvette add 0.1 ml of 0.0024 M DCPIP
followed immediately by 0.1 ml of diluted enzyme. Record decrease in Agoo for 3-4 minutes. Calculate
AAggo from the initial linear portion of the curve. The reaction is linear for no more than 1-2 minutes.

Calculation
Algoo _ Algoo
. min min
o Units _ __ (T Blnk)
- ___mgcenzyme
mg 19x ml reaction mixture

Assay Information
ASSAY for Product Code DILW

Method

* One unit equals a decrease in absorbance of 1.0 per minute at 25°C at pH 7.5 with 2,6-
dichlorophenolindophenol as the chromogen.

Reagents

* 0.2 M Tris - HCI buffer, pH 7.5

0.006 M NADH. Prepare fresh daily.

0.0012 M Dichlorophenolindophenol (DCPIP) Prepare fresh daily.
* Stock Enzyme Solution

* Prepare a 10 % solution of enzyme in 0.2 M Tris - HCI, pH 7.5.
Dilute further immediately before use to give 22 of 0.15-0.20.

min

Procedure

Spectrophotometer Settings: Wavelength: 600 nm Temperature: 25°C
Mix quickly and measure the decrease in absorbance at 600 nm for 2-3 minutes.
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Determine the %. from the initial linear portion of the curve. (Use portion of curve from t=0 to t=1
minute; the rate is linear for 1/2 to 1 minute.)
Pipette into cuvettes as follows:

Description Test Blank

0.2 M Tris-HCI, pH 7.5 0.3 ml 0.3 ml
0.006 M NADH 0.1 ml 0.1 ml
Water 2.4 ml 2.5 ml

Mix thoroughly and incubate in spectrophotometer to achieve tempera-
ture equilibration and add simultaneously:

Dye 01ml  0.ml
Sample 0lm  —
Calculation
(BA _ BA )y Dilution
o Units 1 __(Test) (Blank)
mg dry weight = 10 o
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T4 DNA ligase is an ATP-dependent ligase that catalyzes a joining reaction between DNA molecules.
By joining the 3’-hydroxy and 5’-phosphate termini to form a phosphodiester, DNA ligases are

absolutely essential for DNA replication and repair in all organisms. The phage-encoded T4 DNA
ligase is produced during infection of Escherichia coli by bacteriophage T4
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History

The search for T4 DNA ligase stemmed from two discoveries during the early 1960s. Meselson and
Weigle, and Kellenberger et al. discovered that genetic recombination can occur by the breakage and
rejoining of DNA molecules; and Bode and Kaiser discovered that a large fraction of linear DNA from
bacteriophage 1 is rapidly converted to covalently closed duplex circles soon after infection of the host
(Meselson and Weigle 1961, Kellenberger ef al. 1961, Young and Sinsheimer 1964, and Bode and
Kaiser 1965). The race to find the enzyme responsible for this DNA joining activity is evident from
the independent and nearly concurrent discovery of DNA ligases by five different laboratories (Gellert
1967, Weiss and Richardson 1967, Olivera and Lehman 1967, Gefter et al. 1967, and Cozzarelli et al.
1967). In 1968, Okazaki et al. discovered another function of DNA ligase: DNA may be replicated
discontinuously, and short segments can be joined into continuous strands that make up the chromosome
(Lehman 1974).

Soon after, the widespread distribution in a variety of eukaryotic tissues including rabbit, rat, and lily mi-
crosporocytes was observed (Lindahl and Edelman 1968, Tsukada and Ichimura 1971, and Howell and
Stern 1971). The gene encoding T4 DNA ligase was cloned by Wilson and Murray in 1979, and the pri-
mary structure and genetic organization of T4 DNA ligase was investigated by Armstrong et al. in 1983.

Ligases were critical reagents in molecular cloning development and many applications in DNA
biotechnology. There has been a recent rejuvenation in ligase research upon the discovery that most
organisms have multiple ligases functioning either in DNA replication or particular repair pathways
(Tomkinson et al. 2006, Ellenberger and Tomkinson 2008, Shuman and Glickman 2007, and Shuman
2009).
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Molecular Characteristics

T4 DNA ligase is a 487 residue protein. Bacteriophage T4 has a double stranded genome of ap-
proximately 169 kb, encoding 300 genes (Bullard and Bowater 2006). The genome of phage T4 is
approximately four times the size of those of T7 and lambda, suggesting it undergoes less selective
pressure to minimize the length of its DNA (Armstrong et al. 1983). T4 DNA ligase is encoded by
gene 30 (gp30).

Specificity

DNA ligases repair nicks in double stranded DNA with 3> OH and 5’ phosphate ends. Typically,
bacterial ligases are NADH-dependent, while eukaryotic ligases are ATP-dependent; however, despite
T4 DNA ligase’s existence being confined within a prokaryote, it encodes an ATP-dependent ligase.
T4 DNA ligase has a lower affinity for DNA than multidomain ligases, which could also explain
its sensitivity to salt concentration. DNA ligation occurs in a three-step reaction. The first step is a
nucleophilic attack on the alpha-phosphorus of ATP by the conserved lysine residue, releasing PPi and
generating a covalent enzyme-adenylate intermediate in which AMP is linked to the terminal side-chain
nitrogen of lysine. In the second step, a nucleophilic attack occurs on the phosphorus of the enzyme-
adenylate by the 5’-phosphate-terminated DNA substrate, releasing lysine and forming DNA-adenylate.
In the final step, DNA-adenylate is attacked by 3’-OH of another DNA strand, releasing AMP and
joining the polynucleotides (Shuman 2009).

Composition

T4 DNA ligase is a single polypeptide. Despite extensive purification of T4 DNA ligase, attempts to
crystallize the protein, both with and without cofactor, have been unsuccessful. A similar structure, that
of T7 DNA Ligase, has been solved (Subramanya et al. 1996, Doherty et al. 1996, and Shuman and
Schwer 1995). Alignment studies of DNA ligases indicate a highly conserved central DNA binding
cleft, active site lysine residue, and nucleotide binding site (Subramanya et al. 1996).

IUB
* 6.5.1.1

CAS
* 9015-85-4

Protein Accession Number
* P00970

Molecular Weight

e 77 kDa (Sedimentation, Lehman 1974)
e 74 + 3 kDa (SDS Page, Lehman 1974)
e 55.3 kDa (Theoretical)
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Optimal pH
+ 7.5-8.0

Isoelectric Point
. 6.14

Extinction Coefficient

. 54,770 L L

1%
* Ezgo =991

Activators
* Requires ATP, Mg*, and sulfhydryl reagents (DTT, 2-mercaptoethanol)

Inhibitors
* NaCl (concentrations exceeding 200 mM)

Applications

* Joining DNA molecules with compatible cohesive termini, or blunt ended double stranded DNA
to one another or to synthetic linkers

* Only T4 DNA ligase joins fragments with overlapping complementary single-stranded protru-
sions as well as blunt ends

* Unlike Escherichia coli DNA ligase, T4 enzyme joins duplex DNA molecules at blunt ends

* Repairs single-stranded nicks in duplex DNA

* Repairs nicks in duplex DNA, RNA, or DNA/RNA hybrids

* Ligase chain reaction (LCR)

References

* Murray, N., Bruce, S., and Murray, K.: Molecular Cloning of DNA Ligase Gene from Bacteriophage T4. 1I. Amplification and Prepara-
tion of the Gene Product, J Mol Biol 132, 493, 1979.

* Rossi, R., Montecucco, A., Ciarrocchi, G., and Biamonti, G.: Functional Characterization of the T4 DNA Ligase: A New Insight into
the Mechanism of Action, Nucleic Acids Res 25, 2106, 1997.

* Weiss, B., Jacquemin-Sablon, A., Live, T., Fareed, G., and Richardson, C.: Enzymatic Breakage and Joining of Deoxyribonucleic Acid.
VI Further Purification and Properties of Polynucletoide Ligase from Escherichia coli Infected with Bacteriophage T4, J Biol Chem 243,
4543, 1968.

* Wilson, G., and Murray, N.: Molecular Cloning of the DNA Ligase Gene from Bacteriophage T4. I. Characterisation of the Recombi-
nants, J Mol Biol 132, 471, 1979.
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DNA polymerase I participates in the DNA replication of prokaryotes. DNA chain growth is in the 5’
to 3’ direction with addition at the 3° hydroxyl end. The new chain is base-paired with the template,
and the new chain and template are antiparallel. DNA polymerase I is the most abundant polymerase
and functions to fill gaps in DNA that arise during DNA replication, repair, and recombination.
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Biochemical C¢

Worthington-Biochem.com VWorthmgton

Ph: 800-445-9603
Ph: 732-942-1660


http://www.worthington-biochem.com

302 DNA Polymerase |

3

@
a
o5
/a%
O/q

0 o
)

@
o 'é o
‘\F(O ‘\P:O
Base C'  CBase BaseC' CBase
D\ o]
o \0 HO.
Supe)

\F' “}:’
( Base B' B Base + H.O0 —— < Base B' B Base +
( Base A' ABase ( Base A'
‘\P’

o
ﬁ:/
07 "o

;& ' .S :

Deoxyribanucleic acid with RNA primer Deoxyribonucleic acid (primer removed) 3'-phosphate nucleotide

)3,

b

S
ong ©

A Base

Figure 40.2: Enzymatic Reaction: Proofreading

@
LN
@
@
O\ /O\))
@

A\
VZaN
°cQ

) 7 o ¥
B Pl
(o) (¢) (o] (] oH
Base A A'Base Base A A' Base 5 O\\P/
O O\P/O’ 70/ ~o
N
+ HO ——— (e) o + Base C
\\P/ OH o
(0]
( BaseC  B'Base B'Base 3 OH

o o._ 0"
P\\o > P\<O
5 3 /{/ 5

Deoxyribonucleic acid chain with mlsmatched base pair Deoxyribonucleic acid chain (repaired) 5'-phosphate nucleotide

Figure 40.3: Enzymatic Reaction: Primer Removal

History

DNA polymerase I was discovered by Arthur Kornberg ef al. in 1956. His initial results were first
presented at the 1956 annual meeting of the Federation of American Societies for Experimental Biology
(FASEB) in Atlantic City, New Jersey. Reviewers of his initial paper suggested that the authors refer
to the product as ’polydeoxyribonucleotide’ rather than "'DNA’; "’DNA’ was only approved after an
appeal to the editor-in-chief, John Edsall (Friedberg 2006). Two more papers were published in 1958
by Lehman ef al. and Bessman et al., which definitively established DNA polymerase was performing
DNA replication. Kornberg was awarded the Nobel Prize in 1959 for his discovery of DNA polymerase
L.

In 1969, Jovin et al. elucidated the amino acid composition (Jovin et al. 1969a, b). That same
year, DeLucia and Cairns isolated an Escherichia coli strain with a mutation that affected the DNA
polymerase and surprisingly found that the mutant synthesized DNA normally. This discovery cast
doubts on the role of DNA polymerase in replication and led groups to search for other replication
enzymes. At the same time, Klenow and colleagues showed that the treatment of DNA polymerase
with the proteolytic enzyme subtilisin (type Carlsberg) resulted in an increase of polymerase activity
and decrease of exonuclease activity. The resulting DNA polymerase was isolated and was named the
"Klenow fragment" (Klenow and Henningsen 1970a, and Klenow and Overgaard-Hansen 1970).
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In 1970, DNA polymerase II of Escherichia coli was isolated and characterized by Arthur Kornberg’s
son, Thomas Kornberg (Kornberg and Gefter 1970). DNA polymerase II was also independently
reported on by Knippers and by Moses and Richardson in 1970 (Moses and Richardson 1970b). A year
later, Thomas Kornberg and Gefter identified DNA polymerase III (Kornberg and Gefter 1971).

Recent work with DNA polymerase I has included investigating the molecular basis of substrate
specificity through thermodynamic studies (Wowor ef al. 2010) and single-molecule FRET experiments
(Santoso et al. 2010). Hastings et al. have investigated the interactions of the five Escherichia coli
DNA polymerases during cellular stress (Hastings et al. 2010), and Kukreti et al.’s studies have aimed
to determine which residues are important for 3°-5° exonuclease activity (Kukreti ez al. 2008).

Molecular Characteristics

The gene encoding DNA polymerase I (polA) contains approximately 3,000 base pairs and encodes
approximately 1,000 amino acid residues in a simple polypeptide chain. Even organisms separated
by a billion years of evolution (such as Deinococcus-Thermus genera and Escherichia coli) have
approximately 35% amino acid identity and approximately 50% homology (Patel et al. 2001).

Specificity

DNA synthesis requires a primer strand with a free 3’-hydroxyl terminus annealed to a DNA template
strand and the deoxynucleotide triphosphates form base pairs with the template. Addition is in the 5 to
3’ direction with release of pyrophosphate. The enzyme is active with DNAs containing single stranded
gaps and also with DNAs with single-strand breaks or nicks. Under some conditions, RNA-DNA
hybrids and an RNA duplex may serve as template-primer (Setlow 1972).

The 5’ to 3’ exonuclease activity associated with DNA polymerase I degrades both single and double
stranded DNA in the 5’ to 3’ direction, yielding 5’-mononucleotides. The 5’ to 3’ exonuclease activity is
specific for double stranded DNA, yielding 5’-mononucleotides and oligonucleotides. DNA polymerase
I can also excise mismatched regions in DNA (Setlow 1972).

The similar structure of DNA polymerases has indicated that most DNA polymerase enzymes use an
identical two metal ion-catalyzed polymerase mechanism. One metal ion activates the primer’s 3’-OH
for attack on the a-phosphate of the dNTP. The other metal ion stabilizes the negative charge of the
leaving oxygen and chelates the b- and g-phosphates (Steitz 1999).

The Klenow fragment is a proteolytic product of Escherichia coli DNA polymerase I that retains
polymerization and 3’ to 5’ exonuclease activity, but has lost 5° to 3’ exonuclease activity.

Composition

DNA polymerase I is the predominant polymerizing enzyme found in Escherichia coli. It contains a
single disulfide bond and one sulfhydryl group (Jovin et al. 1969b). Five distinct DNA polymerases
have been isolated from Escherichia coli and have been designated I, 11, III, IV, and V. DNA polymerase
I functions to fill DNA gaps that arise during DNA replication, repair, and recombination. DNA
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polymerase II also functions in editing and proofreading mainly in the lagging strand (Kim et al. 1997,
Wagner and Nohmi 2000). DNA polymerase III is the main replicative enzyme. DNA polymerase
IV and V have large active sites that allow for more base misincorporation, and are therefore more
error-prone. They also lack proofreading-exonuclease subunits to correct misincorporations (Nohmi
2006, and Hastings et al. 2010). DNA polymerase V is present at significant levels only in SOS-induced
cells and over-expression restricts DNA synthesis (Marsh and Walker 1985).

The domain shape of all polymerases whose structures are known has been described as a "right
hand" with "thumb", "palm", and "finger" domains (Kohlstaedt et al. 1992). The palm region is
thought to catalyze the phosphoryl transfer, and the finger region is thought to interact with the
incoming nucleoside triphosphate and the template base it is paired to. The thumb is believed to help in
positioning the DNA and in translocation (Brautigam and Steitz 1998).

IUB
° 2.7.7.7

CAS
* 9012-90-2

Protein Accession Number
* P00582

Molecular Weight

* 109 kDa (Jovin et al. 1969a, b)
* Klenow fragment: 70 kDa (gel filtration, Klenow and Overgaard-Hansen 1970)

Optimal pH

* Maximum activity is obtained at pH 7.4 with potassium phosphate buffer for native DNA or poly
dAT template-primer systems (Richardson et al. 1964)

» Klenow fragment: Maximal activities are obtained at 7.4 with phosphate buffer and at 8.4 with
Tris - HCI buffer

Isoelectric Point
54

Extinction Coefficient

* 81,030 L L

J El;éo =7.86, In 10 mM sodium bicarbonate, the %zg ratio is 1.81 and the absorbance at 280 nm
of a 1 2 solution is 0.85 (Jovin et al. 1969a)
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Activators

* A divalent cation is required for activity

« Mg?" at a concentration of 7 mM yields optimum activity under the conditions of the standard
assay (Richardson et al. 1964)

+ Mn?* can partially fulfill the metal ion requirement

 Enzyme activity is also influenced by concentrations of monovalent cations such as K*, Rb™,
Cs™, and NHI

Inhibitors

» Kanchanomycin, mitomycin, bleomycin, phleomycin, ananthramycin, plurmycin A (Tanaka et
al. 1965), and neomycin (Lazarus and Kitron 1973)

* Actinomycin inhibits only when guanosine and cytosine nucleotides are present (Cohen and
Yielding 1965)

* Dideoxynucleoside

* Arabinosyl nucleotide triphosphate

* Deoxyuridine-5’-triphosphate and analogues of uridine and deoxyuridine with 5’-hydroxy or
amino substituents (Kornberg 1974)

* Chloroquine and some of its analogs (Cohen and Yilding 1965)

Applications

* High percentage incorporation of radioactivity for nick translation assays

* Standard reference material for the study of DNA polymerases

* Manufacturing of alternating copolymers such as poly d(A-T) and homopolymers such as poly
dG-poly dC

* Klenow fragment: DNA sequencing (Sanger et al. 1977), fill-in of 5’ overhangs and removal of
3’ overhangs to form blunt ends (Sambrook 1989), and second strand synthesis in mutagenesis
(Gubler 1987)

References
* Friedberg, E.: The Eureka Enzyme: The Discovery of DNA Polymerase, Nat Rev Mol Cell Biol 7, 143, 2006.
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Taq DNA polymerase is a DNA-dependent polymerase. Taq refers to Thermus aquaticus, the bacteria
from which this thermostable polymerase was first isolated. The enzyme exhibits optimal activity at
75°C.
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Figure 41.1: Enzymatic Reaction - DNA Polymerase, Taq

History

DNA polymerase I was the first enzyme thought to be involved in DNA synthesis and was the only
DNA polymerase to be studied from the late 1950s to the early 1970s (Kornberg et al. 1956, Bessman
et al. 1957, Buttin and Kornberg 1966, Englund ef al. 1968, Deutsch and Kornberg 1969, Englund e¢
al. 1969, and Kornberg et al. 1974). In 1969, DeLucia and Cairns isolated an Escherichia coli strain
with a mutation that affected the DNA polymerase and surprisingly found that the mutant synthesized
DNA normally. This discovery casted doubts on the role of DNA polymerase in replication and led
groups to search for other replication enzymes.
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DNA polymerase II and III of Escherichia coli were soon isolated and characterized (Kornberg and
Gefter 1972, and Livingston and Richardson 1975). However, few attempts were made to isolate
DNA polymerase from thermophiles (Stenesh and Roe 1972). In 1976, DNA polymerase from the
thermophilic bacterium Thermus aquaticus was first isolated and purified, and its remarkable stability
at high temperatures was described (Chien et al. 1976).

Soon after its purification, Tag DNA polymerase was found to be highly useful in the polymerase chain
reaction (PCR) method of DNA amplification. Compared to Escherichia coli DNA polymerase I, Taq
polymerase’s high specificity of primer binding at elevated temperatures was found to give a higher
yield of the desired product with less non-specific amplification product (Saiki et al. 1985, Mullis and
Faloona 1987, and Lawyer et al. 1989). This feature paved the way for dramatic improvements to the
PCR method. Since its optimal temperature is so high, Taq polymerase only needs to be added to a
PCR reaction at the beginning, rather than before each round of amplification.

The crystal structure was determined by Kim ef al. in 1995. Recent work with Taq polymerase has
included developing inhibitor-resistant mutants of Taq polymerases for use in PCR assays (Baar et
al. 2011) and investigating the molecular basis of substrate specificity through thermodynamic and
structural studies (Obeid et al. 2010, and Wowor et al. 2010).

Molecular Characteristics

Taq polymerase displays little, if any, 3’to 5’ exonuclease activity. It is possible that mutations, deletions,
or insertions destroyed this activity; Escherichia coli polymerase I displays little sequence similarity in
the region believed to be the 3’ to 5’ exonuclease region. Six amino acid residues believed to be essential
for polymerase activity in DNA polymerase I include Met-512, Arg-682, Lys-758, Tyr-766, Arg-841,
and His-881 (Lawyer ef al. 1989). All residues except Met-512 are conserved in Taq polymerase.

Thermophilic organisms have been found to have high GC content. Escherichia coli polymerase has
been shown to contain 52.0% GC conent, whereas the gene for Taq polymerase contains 67.9% (Lawyer
et al. 1989).

Specificity

DNA synthesis proceeds in the 5’ to 3’ direction and requires the presence of dNTPs and primer
template DNA. The similar structure of DNA polymerases has indicated that these enzymes use an
identical two metal ion-catalyzed polymerase mechanism (Beese and Steitz 1991). One metal ion
activates the primer’s 3’-OH for attack on the a-phosphate of the dNTP. The other metal ion stabilizes
the negative charge of the leaving oxygen and chelates the b- and g-phosphates (Steitz 1999).

The enzyme is thermostable and exhibits optimal activity at 75°C. It is stable at -20°C when undiluted.
If needed, it is recommended to dilute the enzyme in storage buffer containing 0.1% nuclease-free BSA
(Worthington Code:BSANF).

Composition

The enzyme consists of a single polypeptide chain. The domain shape of all polymerases whose
structures are known has been described as a "right hand" with "thumb", "palm", and "finger" domains
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(Kohlstaedt er al. 1992). The palm region is thought to catalyze the phosphoryl transfer, and the finger
region is thought to interact with the incoming nucleoside triphosphate and the template base it is paired
to. The thumb is believed to help in positioning the DNA and in translocation (Brautigam and Steitz
1998).

IUB
° 2.7.7.7

CAS
* 9012-90-2

Protein Accession Number
« P19821

Molecular Weight
* 94 kDa (gel filtration, Lawyer et al. 1993)

Optimal pH
* Active from 7.5-9.5, around 9 is optimal (20°C)

Isoelectric Point
¢ 6.03

Extinction Coefficient

11
* 110,380 L 1

1%
b Ezgo =11.75

Inhibitors

* Bromophenol blue (Wittwer and Garling 1991)

* Aptamer (Yakimovich et al. 2003)

* Pyranicin (Takahashi et al. 2008)

* Catalpol (Pungitore et al. 2004)

* KCI (greater than [75 mM)])

* Urea, DMSO, DMF, formamide, and SDS (Wittwer and Garling 1991)

Applications

* Polymerase chain reaction (PCR)
* Primer dependent DNA labeling or DNA sequencing (particularly since the reaction can proceed
at high temperature)
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Assay Information
Method

* One unit incorporates 10 nanomoles of total deoxynucleotides into acid precipitable products
with activated calf thymus DNA as primer-template, for 30 min. at 37°C, prepared according to
Aposhian and Kornberg 1962.

Reagents

* 150 mM Tris-HCI, pH 8.5 with 5 mM ammonium sulfate, 24 mM MgCl,, 30 mM 2-mercaptoethanol
and 0.2 Tf BSA

* Nucleoside Triphosphates: 30 uM dATP, dCTP, dGTP, dTTP spiked with [PH]dTTP to 10° - 2 x 10°.

0.5 == activated calf thymus DNA

10% perchloric acid

* 1% perchloric acid

Methyl Cellosolve® (ethylene glycol monomethyl ether)

Enzyme
* 0.05-0.2 units in 5 pl - 10ul Tris - HCL

Procedure

To clean glass tubes, add 50 ul each of Tris- HCl and DNA. Add 0.1 ml deoxynucleoside triphosphates.
Add enzyme 0.05 - 0.2 units in 5 ul - 10 gl volume (for dilution of the enzyme use Tris - HCI). Include
one tube without enzyme as a blank. Incubate at 37°C for 30 minutes. Stop reaction by the addition of 1
ml of 10% cold perchloric acid. Filter by suction through cellulose acetate filters, pores 1 ym - 10 pm.
Wash four times using 2 ml of 1% cold perchloric acid for each wash. Transfer filtrate to scintillation
vials and add 2 ml Cellosolve® to dissolve filter. Add 10 ml scintillation cocktail and count.

Calculation
o units __ 3.6 x (reaction CPM - blank CPM)
ml ~ total CPM x reaction volume in ml
units __ s

m
mgP % Lowry
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Bacteriophage T4 DNA polymerase is a DNA-directed 5’ to 3° DNA polymerase. It is the product of
gene 43 of the bacteriophage T4, and is therefore often referred to as T4 gp43 DNA Polymerase.
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Figure 42.1: Enzymatic Reaction: Polymerization
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Figure 42.2: Enzymatic Reaction: Proofreading

History

Bacteriophages were used by Alfred Hershey and Martha Chase in early experiments to support the
theory of DNA as the genetic material (Hershey and Chase 1952, and Hershey 1953).

Throughout the 1960s, the genetic studies on T4 mutants by Epstein, Edgar and their colleagues led
to the construction of a T4 phage genetic map (Epstein ef al. 1963, Edgar et al. 1964, and Edgar and
Lielausis 1964). Additional experiments with T4 showed that replication fidelity was determined by
nucleotide selection accuracy during polymerization, and by a balance between polymerization and
3’ to 5’ excision/proofreading (Goodman et al. 1993, and Nossal 1998). In 1965, de Waard et al.
demonstrated that T4 DNA polymerase was encoded by gene 43. Soon after, Speyer et al. found that
mutation frequencies in unlinked genes were increased after infection with phage and some polymerase
mutations (Speyer et al. 1966). These findings led to the surprising discovery that some polymerase
mutations could act as "antimutators" and decrease the frequency of other mutations (Drake and Allen
1968, and Drake et al. 1969).

The replication complex of bacteriophage T4 was one of the first systems to be successfully reconsti-
tuted in vitro (Morris et al. 1975, and Young et al. 1992). Throughout the 1970s, the laboratories of
Bruce Alberts and Nancy Nossal were instrumental in identifying the seven T4 coded gene products as
well as the single stranded DNA binding protein (Nossal 1979, and Nossal and Peterlin 1979).

T4 DNA polymerase found its use in molecular biology because, unlike other DNA polymerases, it does
not have the ability to extend from a nick, which is important in site-directed mutagenesis (Henikoff
1990). T4 DNA polymerase’s lack of 5’ to 3 exonuclease activity also prevents digestion of annealed
mutagenic oligonucleotides and reversion to parental sequence (Doetsch 1985).

Recent research on T4 DNA polymerase mutants has identified a new motif in the family of B DNA
polymerases (Li et al. 2010). Nelson and Bencovic have also studied the activity of the enzyme during
DNA replication after DNA lesions are introduced (Nelson and Benkovic 2010).

Molecular Characteristics

The T4 DNA polymerase is an 898 amino acid residue protein. It is related to the Pol B family, which
includes eukaryotic polymerases a, d, and e. The structure of RB69 DNA polymerase (a 903 residue
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protein) has been solved (Wang et al. 1997, and Franklin ef al. 2001). Sequence alignment shows
the two polymerases are 62% identical. The N-terminal domain of T4 DNA polymerase consists of
residues 1-102 and 340-380. The C-terminal domain contains a PCNA interacting peptide (PIP box)
motif at residues 883-903 which interacts with the sliding clamp protein (Mueser et al. 2010).

The bacteriophage T4 consists of an icosahedral head that contains the 166 kb genome and a tail
segment that contains tail fibers responsible for the virus binding to the surface of Escherichia coli.

Specificity

The enzyme catalyzes the polymerization of deoxynucleotide triphosphates in a 5’ to 3’ direction. It
possesses very active 3’ to 5° exonuclease activity that is more active on single than double stranded
DNA; T4 DNA poly