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Immobilized Biocatalysts
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ABSTRACT

Immobilized biocatalysts, including immobilized microbial cells,
mammalian cells, and enzymes, have been the object of considerable
industrial and academic research. A variety of methods and supports
are used for preparing these biocatalysts. Applications for immobi-
lized biocatalysts include the production of chemical, pharmaceutlcal
and food products in both aqueous and nonaqueous solvents by mi-
crobial transformation, bioconversion, and enzymatic reaction. Re-
cent US patents and scientific literature on immobilized biocatalysts
are surveyed. A description of these patents and a list of references
are given.

INTRODUCTION

The objective of the Patents and Literature Section is to keep readers
aware of significant inventions and trends in industrial research, as well
as to highlight those areas of research that may lead to new biotechnolog
ical opportunities. Three subject areas will be surveyed in 1987: immobi-
lized biocatalysts; monoclonal and immobilized antibodies; and bioas-
says based on immunological, enzyme, gene probe, and electrochemical
methods. The subject of the first Patent and Literature Section of 1987 is
Immobilized Biocatalysts.

Patents

This section identifies and gives a brief description of patents from
US patent literature from January 1985 to October 1986. The major search
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heading was immobilized (minor search headings included adsorbed,
entrapped, encapsulated, microencapsulated, bound, and cross-linked)
with the cross-terms: enzymes, cells, and microbes. Both patent abstracts
and titles were searched. Copies of US Patents can be obtained for $1.50
each from the Commissioner of Patents and Trademarks, Washington,
DC 20231.

Amotz, S., Rugh, S., Markussen, E. K., and Thomsen, K.
CARRIER FOR IMMOBILIZING ENZYMES

US 4,572,897, Feb. 25, 1986

Assignee: Novo Industri A/S

Immobilized enzyme granules are prepared by mixing inert filler into a
solution or dispersion of water soluble binder, followed by granulating
the mixture. Enzyme is immobilized on hydrophilic surfaces of the car-
rier granules. A water-soluble binder in the granules can be rendered in-
soluble. Proteins are preferred binder materials, and glutaraldehyde is
used for bonding enzyme to the carrier granules and for water insolu-
bilizing the binder.

Bigwood, M. P., and Naples, |. O.

OXIRANE RESINS FOR ENZYME IMMOBILIZATION
US 4,612,288, Sept. 16, 1986

and

US 4,582,860, Apr. 15, 1986

Assignee: Rohm and Haas Co.

Carriers for immobilizing enzymes may be prepared by suspension co-
polymerizing an oxirane-group-bearing, monovinyl monomer and a ma-
jor amount of a trivinyl cross-linking monomer having a hydrophilic
character, in the presence of a phase separator that does not react with
the oxirane group. The resulting carriers, in bead form, have high poros-
ity, high surface area, and pores of diameter sufficient for ready penetra-
tion by enzymes and substrates.

Blattler, W. A., Lambert, ]. M., and Senter, P.D.

ACID-CLEAVABLE COMPOUND

US 4,542,225, Sep. 17, 1986

and

ACID-CLEAVABLE COMPOUND, USE IN PROTEIN CONJUGATES
AND DRUG DELIVERY SYSTEMS

US 4,569,789, Feb. 11, 1986

Assignee: Dana-Farber Cancer Institute, Inc.

Amino-sulthydryl cross-linking reagents that are cleavable under mildly
acidic conditions are described. Methods of making the cross-linkers, as
well as using the cross-linkers, are described. Uses include delivery of a
biologically active substance across the membranes of selected cells in a
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heterogeneous cell population; once inside the cell the active substance is
released, intact, by the transient, mild acidity of certain cell structures.
Finally, a method of characterizing complex multichain protein struc-
tures is also described.

Boross, L. E., Szaj, E., and Kovacs, K.

IMMOBILIZED CHOLINESTERASE ENZYME PREPARATIONS AND A
PROCESS FOR THE PREPARATION THEREOF

US 4,556,637, Dec. 3, 1985

Assignee: Reanal Finomvegyszergyar

Immobilized cholinesterases are prepared by treating a polymeric resin,
built up from acrylic acid and/or methacrylic acid and acryl amide and/or
methacryl amide monomers with an acryl- or allyl-type cross-linking
agent and containing at least 0.1 meq/g of carboxylate functional groups.
These carboxylate groups are activated with a carbodiimide that is solu-
ble in water or in an organic solvent at temperatures below 0°C. A solu-
tion of cholinesterase (pH of 4.5-8.5) is applied to the activated support,
washed, and dried.

Boross, L. E., Dar, E. Ivony, K. K., Seres, G. E. Szanj, E., and Szejtli, |.E.

PROCESS FOR THE IMMOBILIZATION OF CYCLODEXTRINE
GLYCOSYLTRANSFERASE ENZYME

US 4,593,004, Jun. 3, 1986

Assignee: Reanal Finomvegyszergyar

A process for the preparation of an immobilized cyclodextrine glycosyl-
transferase is described. Immobilization can be carried out by two meth-
ods. In the first, a cyclodextrine glycosyltransferase enzyme is activated
with a solution of a carbodimide and is then applied at a pH of 4.5-8.5 to
a polysaccharide derivative having >0.1 meq/g of free amino groups. In
the second method the enzyme, in a solution of pH 4.5-8.5, is applied to
a polymer produced from an acrylic acid and/or methacrylic acid or
acrylic amide and/or methacrylic amide monomer by means of a cross-
linking agent of the acrylic or allylic type. The polymer has at least >0.1
meq/g of functional carboxy group, which is activated with a solution of a
carbodiimide, washed, and dried. The advantage of this process is that
the immobilized enzyme is suitable for long lasting application and can
be readily used on industrial-scale, continuous production.

Bozzelli, |. W., and Cheng, R. C.

IMMOBILIZATION OF BIOLOGICAL MATTER VIA COPOLYMERS OF
ISOCYANATOALKYL ESTERS

US 4,582,805, Apr. 15, 1986

Assignee: The Dow Chemical Co.

The chemical immobilization of biological material, such as bacteria and
enzymes, is described. A vinyl addition polymer of an isocyanatoalkyl
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ester of an ethylenically unsaturated carboxylic acid is used. The vinyl
addition polymer is versatile in that it can be copolymerized with varying
amounts and types of comonomers.

Calvo, L. C.

IMMOBILIZED ENZYMES

US 4,556,554, Dec. 3, 1985

Assignee: Germaine Monteil Cosmetiques Corp.

A cosmetic composition is provided for the removal of sebum exudate
from the skin. The composition contains immobilized enzymes in cos-
metically acceptable vehicles for topical application. The immobilized en-
zymes are lipolytic lipases, proteolytic proteases, and enzymes for the
breakdown of sugar oligomers from glycoproteins in the skin exudates.
The enzymes may be present individually or in any desired combination.
The enzymes are immobilized by chemical and/or physical means and are
released upon application to the skin.

Campbell, D. N., and Schmidt, |. C.
ENZYMATIC TOXIC GAS SENSOR
US 4,525,704, Jun. 25, 1985
Assignee: Allied Corp.

An enzymatic toxic gas sensor having a plurality of parallel planar sur-
faces and a buffered electrolyte reservoir is described. The buffered elec-
trolyte is conveyed by means of diffusion to dissolve the substrate. The
substrate diffuses to an immobilized enzyme, where it is hydrolyzed if
the enzyme is active. An electrochemical cell continuously monitors the
hydrolyzed substrate concentration, which is an indication of the enzy-
matic activity and presence of toxic gas. A circuit responds to the current
output of the electrochemical cell to indicate the presence or absence of a
toxic gas. The shelf life of the sensor is extended by means of a separator
for maintaining the enzyme dry and inactive. The enzyme in the pre-
ferred embodiment is acetylcholinesterase.

Cannon, |. |.

IMMOBILIZATION OF CATALYTICALLY ACTIVE
MICROORGANISMS IN AGAR GEL FIBERS

US 4,578,354, Mar. 25, 1986

Assignee: Ptizer Inc.

A process is described for immobilizing enzyme-containing microbial
cells by contacting the cells with an aqueous agar solution containing
from 1.0 to 8.0 wt% sulfate and then contacting a solution of inorganic
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sodium salts with a stream of the cell mixture. Agar fibers containing
cells are thus formed.

Chibata, 1., Tosa, T., and Takamatsu, S.

PROCESS FOR PREPARING IMMOBILIZED MICROORGANISM
US 4,526,867, Jul. 2, 1985

Assignee: Tanabe Seiyaku Co. Ltd.

A process for preparing an immobilized microorganism is described in
which a microorganism is cultivated in a culture broth. When cultivation
is completed, the broth is treated with glutaraldehyde, and the microbial
cells are collected from the broth. The microbial cells are mixed with an
aqueous solution of a polysaccharide having >10 wt% sulfate and then
gelled to entrap the microbial cells. The process is suitable for the indus-
trial preparation of immobilized microorganisms.

Degelaen, ]., Loffet, A., and Durieux, |. P.

ENZYMATIC PROCESS FOR THE DETERMINATION OF
BETA-LACTAM ANTIBIOTICS

US 4,546,076, Oct. 8, 1985

Assignee: UCB Societe Anonyme

An enzymatic process for the determination of beta-lactam antibiotics in
a biological liquid is described using the following steps. (1) The liquid
is incubated with D-alanyl-D-alanine-carboxypeptidase produced by Acti-
nomadura R 39, immobilized on a water-insoluble support. The beta-
lactam antibiotic reacts with the immobilized enzyme to form an inactive
and equimolecular enzyme-antibiotic complex. (2) The immobilized en-
zyme is separated from the liquid and washed. (3) The immobilized en-
zyme is incubated with a substrate solution to hydrolyze it and form an
amount of D-alanine corresponding to the residual enzymatic activity. (4)
The amount of D-alanine formed is determined. (5) The determination of
step (4) is compared with a standard to obtain the concentration of the
antibiotic in the biological liquid. A test set for carrying out this process
and composing the necessary reagents is also described.

Freedman, H. H.

CROSS-LINKED GELATIN FOAMS
US 4,530,905, Jul. 23, 1985
Assignee: The Dow Chemical Co.

Gelatins are cross-linked in a nonanhydrous environment to yield water-
swellable, essentially water-insoluble foams. The gelatin is contacted
with a polyisocyanate between pH 6 and 8 and subjected to a high rate of
agitation. The process of this invention can be employed to immobilize
proteins, enzymes, antibodies, and the like.
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Gardner, D. L.

DUAL MICROCAPSULES AND PROCESS FOR THEIR PREPARATION
US 4,532,123, Jul. 30, 1985

Assignee: Battelle Development Corp.

Dual Microcapsules are disclosed. The outer membrane encapsulates a
liquid having one or more smaller microcapsules (Mini-Microcapsules)
suspended within it. The Mini-Microcapsules contain a conjugate or a re-
action product of a Drug that diffuses into the liquid in which Mini-
Microcapsules are suspended. The suspending liquid contains an en-
zyme that reacts with drug complex or reaction product to regenerate or
release the drug. The drug diffuses through the outer membrane into a
host.

Hafner, E. W., and Jackson, D. M.

CONSTITUTIVE GLUCOSE ISOMERASE PRODUCER
US 4,532,208, Jul. 30, 1985

Assignee: UOP Inc.

A mutant Streptomyces coelicolor, NRRL 15398, produces glucose isome-
rase constitutively at a level at least as great as the parent does induc-
tively in common growth media. The immobilized isomerase can be ef-
fectively used to convert glucose to fructose in a continuous process.

Hagerdal, B. G. R., and Mosbach, K. H.

PREPARATION OF CATALYSTS FOR BIOCHEMICAL CONVERSION
REACTIONS

US 4,524,137, Jun. 18, 1985

A catalyst is disclosed that can be used to continuously carry out two or
more stages of a biochemical conversion reaction simultaneously in one
reaction space. The conversion requires the presence of an enzyme for
certain reaction stages and for other reaction stages, the presence of a
microorganism. The catalyst consists of solid bodies of one or more poly-
mers of which at least one is cross-linked. At least one enzyme is bound
to the polymer material of the solid bodies by covalent bonds, and at
least one microorganism is physically entrapped in the three-dimen-
sional structure of the cross-linked polymer of the solid bodies.

Ho, G-H., and Liao, C-C.

MULTILAYER IMMOBILIZED ENZYME COMPOSITIONS
US 4,506,015, Mar. 19, 1985

Assignee: Borden Co. Ltd.

A high-activity, immobilized-enzyme composite is prepared by cova-
lently bonding a second enzyme layer to a first enzyme layer immobi-

lized to a carrier. The silica gel carrier is activated by treatment with a
strong base followed by treatment with a strong acid. The first enzyme
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layer is covalently bonded to the activated silica gel with an aminosilane
and a polyfunctional reactant, and the second enzyme layer is covalently
bonded to the first layer with a polyfunctional reactant. Third, fourth,
and more successive enzyme layers may be covalently bonded. The com-
posite has high activity per unit volume, superior stability, and good
half-life.

lkeda, M., Sakamoto, S., and Suzuki, K.

MAGNETIC PARTICULATE FOR IMMOBILIZATION OF BIOLOGICAL
PROTEIN AND PROCESS OF PRODUCING THE SAME

US 4,582,622, Apr. 15, 1986

Assignee: Fujirebio Kabushiki Kaisha

A magnetic particulate composed of gelatin, water-soluble polvsaccha-
ride, sodium polymetaphosphate, and ferromagnetic substance is used
as a carrier for immobilization of biological proteins, such as antigens,
antibodies, or enzymes. A process of producing the magnetic particulate
is also described.

Jao, Y-C., and Good, I. C.

METHOD FOR THE PREPARATION OF SPHERICAL MICROOR-
GANISM CELL AGGREGATES

US 4,543,332, Sep. 24, 1985

Assignee: Miles Laboratories, Inc.

A method for preparing spherically shaped bacterial cell aggregates is de-
scribed. The cells are flocculated from aqueous medium with a cross-
linked polyamine that is the reaction product of an epihalohydrin/poly-
amine copolymer and a cross-linking agent. Prior to being extruded, a
cake having 68-76 wt% water is produced by filtration of the flocculated
cells and is ground into particles <60 mesh. Spheronizing is with a plate
rotating at a tangential velocity of 4.5-12 m/s within a cylinder containing
the plate. Toughness of the spherical aggregates produced can be in-
creased by the addition of a binder after filtration and before extrusion.
During spheronizing, fines may be produced. These fines can be recy-
cled by mixing them with the wet filter cake and binder before extrusion.

Jarvis, A. P., and Lim, F.

METHOD OF CULTURING ANCHORAGE-DEPENDENT CELLS
US 4,495,288, Jan. 22, 1985

Assignee: Damon Biotech, Inc.

A method is described for growing anchorage-dependent cells: Cells of
the type that normally undergo mitosis only when anchored on a sub-
strate, e.g., fibroblasts or epithelial cells. The method involves the steps
of encapsulating a seed culture of the cells within a semipermeable mem-
brane and suspending the capsules in a growth medium. The interior
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surfaces of the capsule membrane and/or collagen enclosed within the
capsules serve as a substrate for the cells. The ratio of the available sub-
strate surface area to the volume of the culture may be large, allowing the

cells to be grown substantially throughout the volume of the culture me-
dium.

Jarvis, A. P.

PROCESS FOR RECOVERING NONSECRETED SUBSTANCES PRO-
DUCED BY CELLS

US 4,582,799, Apr. 15, 1986

Assignee: Damon Biotech, Inc.

A process for recovering nonsecreted substances produced by cells is de-
scribed. The process eliminates some of the high-molecular-weight con-
taminants, simplifying the purification process. The cells are encapsu-
lated within a semipermeable membrane having properties that permit
rapid passage of the relatively low-molecular-weight substances of inter-
est, but retard or prevent passage of higher-molecular-weight contami-
nants. The encapsulated cells are suspended in a culture medium and
undergo normal cell growth and mitosis. The encapsulated cell culture
grows to substantially fill the capsules, but not rupture them. The cell
membrane is then lysed without disrupting the capsule membrane. The
permeability of the capsule membrane is such that the substances of in-
terest diffuse rapidly through the capsule membrane into the extracapsu-
lar fluid while the higher-molecular-weight contaminants and cell frag-
ments are retained within the capsule. The process is particularly useful
for obtaining low- to moderate-molecular-weight substances produced
by prokaryotic, genetically modified organisms because the crude prod-

uct can be collected free of high-molecular-weight pyrogenic contami-
nants.

Karasawa, Y., and Takata, Y.
MALTOSE SENSOR

US 4,547,280, Oct. 15, 1985
Assignee: Hitachi, Ltd.

A method is described for assaying maltose to quantitatively determine
amylase. An enzyme membrane having immobilized alpha-glucosidase
and glucose oxidase is used to improve an enzyme electrode where a hy-
drogen peroxide electrode with a palladium cathode is used for assaying
maltose.

Kasahara, Y., Suzuki, H., and Ashihara, Y.

IMMUNOQOASSAY METHOD USING TWO IMMOBILIZED BIOLOGI-
CALLY ACTIVE SUBSTANCES

US 4,582,792, Apr. 15, 1986

Assignee: Fujirebio Kabushiki Kaisha
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A biologically active composition with two immobilized phases, an im-
mobilized antigen or antibody, and an immobilized enzyme, enzyme in-
hibitor or activator is described that can be used to measure an antigen or
antibody using a simple procedure with high sensitivity.

Katz, E., Benedicktus, |. J., Knarr, E. L., and Scallet, B. L.

IMMOBILIZED GLUCOSE ISOMERASE CONTAINING MICROBIAL
CELLS

US 4,604,354, Aug. 5, 1986

Assignee: Busch Industrial Products Corp.

An immobilized glucose isomerase having increased productivity and
stability is prepared by mixing a smectite filler and 50-100-mesh, granu-
lar-activated carbon with flocculated cells of Actinoplanes sp. and forming
the resulting mixture into discrete particles.

Keyes, M. H., and Vasan, S.

PROCESS FOR THE PRODUCTION OF MODIFIED PROTEINS AND
PRODUCT THEREOF

US 4,609,625, Sep. 2, 1986

Assignee: Owens-lllinois, Inc.

A process is described for chemically modifying naturally occurring pro-
teins to produce enzyme-like, modified proteins. The process involves
partially denaturing a cofactor containing holoprotein by removal of the
cofactor to produce a partially denatured apoprotein. The partially dena-
tured protein is contacted with an inhibitor of a selected model enzyme
and cross-linked. The resultant protein product is an enzyme-like, mo-
dified protein having the catalytic characteristics of the model enzyme
whose inhibitor is contacted with the partially denatured apoprotein.

Kuu, W. Y.

IMMOBILIZED BIOCATALYSTS
US 4,518,693, May 21, 1985
Assignee: Research Corp.

Biocatalysts, such as microbial cells, are immobilized by forming spheri-
cal gel beads containing the microbial cells from a hydrogel, such as agar
or carrageenan. The beads are incubated for a time sufficient to permit
the microbial cells to produce carbon dioxide to decrease resistance of the
beads to diffusion. A monomer, cross-linking agent, and accelerator are
diffused into the beads, which are then contacted with a polymerization
initiator. The polymerized monomer prevents breakup characteristic of
hydrogels containing growing microbial cells. This method is particularly
suitable for the immobilization of microbial cells for use in fermentation
to produce ethanol.
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Malloy, T. P., and DeFilippi, L. |.
SURFACE-MODIFIED ELECTRODES
US 4,581,336, Apr. 8, 1986

Assignee: UOP Inc.

Surface-modified electrodes with an enzyme immobilized on a support
are described. The support consists of at least a monolayer coating of a
carbonaceous pyropolymer possessing recurring units containing at least
carbon and hydrogen atoms composited on a high-surface-area, refrac-
tory, inorganic oxide. The coated support is then treated by impregna-
tion with a water-soluble polyamine followed by contact with a solution
of a molar excess of a bifunctional monomeric material to form a copoly-
mer that provides pendant bonding sites. The copolymer is entrapped
and adsorbed in the pores of the support material. The treated support is
then contacted with an excess of an enzyme to effect the conjugate at-
tachment of the enzyme to the treated support. The immobilized enzyme
will act as a working electrode in the presence of a predetermined sub-
strate, such as glucose, to provide electrical energy.

Manecke, G., and Klussmann, U.
POLYMER-CONTAINING BIOCATALYST
US 4,546,078, Oct. 8, 1985

Assignee: Schering Aktiengesellschaft

Microorganisms, such as Arthrobacter simplex, Aspergillus ochraceus, Bacil-
lus sphaericus, Curvularia lunata, Flavobacterium delydrogenans, Mycobacter-
wm sp., or Saccharaomyces uvarum, are immobilized on a copolymer of
acrolein and 1-vinyl-2-pyrrolidine, cross-linked by reaction with an alky-
lenedioxydiamine. This biocatalyst is used in the preparation of steroids.

Metcalfe, L. D. and Frank, D.

IMMOBILIZATION OF PROTEINS ON POLYMERIC SUPPORTS
US 4,539,294, Sep. 3, 1985

Assignee: Akzona Inc.

A protein is immobilized on a porous, polymeric support by a first
soaking in a dilute, long-chain cationic solution and a second soaking in a
dilute, aqueous protein solution. The long-chain cationic is a nitrogen
compound, such as a diamine, having at least one alkyl or alkenyl group
containing at least eight carbon atoms. The immobilization of a protein,
such as catalase or the two-enzyme system of catalase and glucose oxi-
dase, is described.

Meyers, W. E., and Beck, L. R.
METHOD AND DEVICE FOR CELL CULTURE GROWTH
US 4,546,083, Oct. 8, 1985

Assignee: Stolle Research & Development Corp.
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A cell-culture device is described for the cultivation of animal, plant, mi-
crobiological, or artificial cells. The device involves a three-dimensional
arrangement of fibers within a housing arranged to provide maximum
exposed fiber surface flow channel diameter while also reducing the tor-
tuosity of the flow path. Cells are bound to the fibers to allow them to
contact nutrient fluid solution to remove any substances originating in
the cells, such as viruses and pharmaceuticals.

Miyashiro, Y., Ogawa, M., Yamazaki, Y., and Igarasi, S.
POLYSACCHARIDE BEADS

US 4,493,894, Jan. 15, 1985

Assignee: Takeda Chemical Industries, Ltd.

A matrix composed of a water-insoluble, beta-1,3-glucan gel in the shape
of beads with diameters within the range of about 5-1000 wm is prepared
by dispersing an alkaline aqueous solution of a water-soluble, beta-1,
3-glucan in a water-immiscible organic solvent, and adding an organic
acid to the resultant dispersion. The matrix is useful as carrier materials
for immobilized enzymes, affinity chromatography, gel filtration, ion ex-
change, and other applications.

Miyata, T., and Namiki, S.

SUBSTRATE CONSISTING OF REGENERATED COLLAGEN FIBRILS
AND METHOD OF MANUFACTURING SAME

US 4,565,580, Jan. 21, 1986

Assignee: Koken Co. Ltd.

A substrate consisting of regenerated collagen fibrils is used in the form
of a bead or microsphere. These fibrils consist of irregularly entangled
regenerated collagen fibrils, each having a diameter of 10-1000 pm. An
aqueous solution between the regenerated collagen fibrils makes the con-
tent of the regenerated collagen fibrils 20-0.01 wt%. An acidic aqueous
collagen solution is dispersed in a water-immiscible organic solvent in
the form of numerous droplets to form an emulsion, and the droplets are
then coagulated by addition of a water-miscible organic solvent and an
alkali to the emulsion. Alternatively, a neutral collagen solution is dis-
persed in a water-immiscible organic solvent in the form of numerous
droplets to form an emulsion, and the droplets are then coagulated by
raising the temperature of the emulsion to 30—40°C. The collagen beads
or microspheres prepared by the methods described above may be cross-
linked by hexamethylenediisocyanate or glutaraldehyde. The substrate
can be used for cell culture or for measuring adhesion activity of blood
platelet.

Nees, S.

PROCESS FOR THE CULTIVATION OF MATRIX-BOUND BIOLOGIC
CELL SYSTEMS

US 4,542,101, Sep. 17, 1985
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A process is described for cultivation of matrix-bound biologic cell sys-
tems on microcarrier particles within a replenishable nutrient medium. A
step for providing the controlled displacement of a culture vessel and its
contents, to effect uniform cell exposure to nutrient material, is also de-
scribed.

Niiyama, Y., Mori, |., and Sugahara, K.

ELECTROCHEMICAL SENSOR HAVING AN IMMOBILIZED ENZYME
MEMBRANE

US 4,579,642, Apr. 1, 1986

Assignee: Hitachi, Ltd.

A recess is formed in the bottom of a cylindrical vessel and a hole for the
liquid-junction is formed at the center of the recess, to which is joined a
resilient, ammonium-selective membrane. Since this membrane has a
thickness larger by about 0.1 mm than the depth of the recess, the
ammonium-selective membrane protrudes from the bottom of the vessel.
A polyester woven fabric on which urease is immobilized is attached to
the vessel covering the ammonium-selective membrane. Since the immo-
bilized enzyme membrane is applied with an appropriate tension by the
slightly protruded ion selective membrane, bondability between the two
membranes is improved.

Noll, L. A.

CELL CULTURE USING A MONOLITHIC SUPPORT
US 4,514,499, Apr. 30, 1985

Assignee: Corning Glass Works

An immobilized cell composite used in cell culture is described. The com-
posite is comprised of: (a) a high-surface-area monolithic support having
a number of parallel channels passing through it. The channels have
walls formed of an insoluble, nontoxic composition and the support has
at least about 20 channels/in® of cross-sectional area; and (b) a population
of plant or animal tissue cells anchored to the porous channel walls.

Pierce, P. |.

THE USE OF GALLIUM AND INDIUM SALTS FOR THE IMMOBILIZ-
ATION OF PROTEINS

US 4,551,431, Nov. 5, 1985

Assignee: Phillips Petroleum Co.

A dry, stable, particulate hydrous gel/protein composite is prepared by
coprecipitation of hydrous aluminum, gallium, or by alkaline indium gel,
(i.e., aluminum hydroxide gel) and a protein, separating, and drying.
The dried composite can be ground and sized.
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Pinnavaia, T. ]., Mortland, M. M., and Boyd, S. A.

CLAY-ENZYME COMPLEXES AND METHOD FOR PREPARING
SAME

US 4,605,621, Aug. 12, 1986

Assignee: Michigan State University

Immobilized enzymes are prepared by coupling an enzyme to an organo-
clay. The immobilized enzymes are enzyme-organoclay complexes in
which the binding is substantially pH independent.

Reischl, A.

FILLER-CONTAINING POLYURETHANE (UREA) COMPOSITIONS
PREPARED FROM PREPOLYMERS REACTED WITH WATER IN
THE PRESENCE OF LIGNITE OR PEAT

US 4,608,397, Aug. 26, 1986

Assignee: Bayer Aktiengesellschaft

A process is described for the production of polyurethane (urea) compo-
sitions that contain lignite and/or peat bound in an abrasion-proof man-
ner, which are modified cationically and have a very high water absorba-
bility. The compositions are produced by reacting isocyanate-terminated
prepolymers, which are cationically modified and have a functionality of
more than 2.1, with more than the stoichiometric quantity of water in the
presence of hgmte and/or peat and optionally in the presence of organic
and/or inorganic fillers and biomasses (living cells, living bacteria, or en-
zymes). The corresponding polyurethane compositions contain up to
95% by weight of lignite and/or peat in the filler-containing polyurethane
(urea) composition and are already swollen from production. The water
absorbability value is from 33 to 97 wt%. The compositions containing
biomasses can be used in microbial synthesis for the production of com-
plicated organic compounds or as carriers for the growth of plants.

Rembaum, A., and Yen, R. C. K.

HYBRID MICROSPHERES

US 4,534,996, Aug. 13, 1985

Assignee: California Institute of Technology

Substrates composed of inert, synthetic, organic resin beads or sheets,
such as polystyrene, are coated with a covalently bound layer of poly-
acrolein by irradiation of a solution of acrolein or other aldehyde with
high-intensity radiation. Individual microspheres are formed that attach
to the surface to form the aldehyde-containing layer. The aldehyde
groups can be converted to other functional groups by reaction with ma-
terials such as hydroxylamine. Adducts of proteins, such as antibodies or
enzymes, can be formed by direct reaction with the surface aldehyde
groups.
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Robertson, J. S., LiPuma, M. M., and Gross, S. E.

PREPARATION OF CATALYST SUPPORTS AND MATERIALS
PRODUCED THEREBY

US 4,581,338, Apr. 8, 1986

Assignee: Manville Service Corp.

A spherical catalyst support is prepared by: (a) forming a mixture com-
posed of: (i) 30-85 wt% diatomite, (ii) 1540 wt% solvent, (iii) 0~15 wt%
fluxing agent, and (iv) 0-15 wt% organic burnout material; (b) forming
this mixture into spherical balls; (c) calcining these balls at a temperature
in the range of about 700-2300°F for 10-45 min; and (d) depositing at least
one catalytically active substance on the surface of spherical support. The
spherical support produced by the above process is especially useful as a
support for immobilizing enzymes and microbial cells.

Rohrbach, R. P., Maliarik, M. J., and Malloy, T. P.
PRODUCTION OF HIGH-SUGAR SYRUPS

US 4,511,654, Apr. 16, 1985

Assignee: UOP Inc.

The preparation of syrups that contain a high glucose or maltose content
is effected by a two-step process. In the first step, starch that has been
pretreated with alpha-amylase to adjust the dextrose equivalent is
treated with immobilized amyloglucosidase or beta-amylase. The contact
time is adjusted by changing the residence time and the liquid hourly
space velocity to provide a conversion of from 50 to 85%, to avoid the
formation of undesired products. The partially hydrolyzed reaction mix-
ture from the enzyme treatment is then passed through an ultrafiltration
membrane where the permeate having high glucose or maltose content is
recovered, while the retentate is recycled for mixture with the partially
hydrolyzed reaction mixture or for further treatment with the immobi-
lized enzyme.

Rohrbach, R. P.

SUPPORT MATRIX AND IMMOBILIZED ENZYME SYSTEM
US 4,525,456, Jun. 25, 1985

Assignee: UOP Inc.

An ion exchanger matrix for immobilizing enzymes consisting of a func-
tionalized polyethylenimine deposited on a core support is described.
This matrix may be prepared from a variety of core supports since the
functionalized polyethylenimines of this invention show excellent adhe-
sive properties even to smooth surfaces. Such support matrices are par-
ticularly useful when the enzyme to be immobilized has a limited half-
life. The functionalized polyethylenimine is a carboxylic acid amide of
polyethylenimine, a sulfonic acid amide of polyethylenimine, or a poly-
alkylated polyethylenimine.
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Roland, |. F.

IMMOBILIZED ENZYME SYSTEMS
US 4,585,738, Apr. 29, 1986
Assignee: Kraft, Inc.

Immobilized enzyme systems that contain a tea polyphenol-enzyme ad-
duct and the methods for preparing and using such immobilized enzyme
systems are described.

Rosevear, A., and Lambe, C. A.

PRODUCTION OF CHEMICAL COMPOUNDS WITH IMMOBILIZED
PLANT CELLS

US 4,578,351, Mar. 25, 1986

Assignee: United Kingdom Atomic Energy Authority

Plant cells containing intracellular chemicals are induced to excrete these
compounds by maintaining the cells at a high cell density. This high call
density is maintained by immobilizing the cells in a modified poly-
acrylamide gel containing polyacrylamide and a minor amount of
xanthan gum or sodium alginate. Vinca plant cells can be immobilized to
produce the chemical compounds, ajmalicine and serpentine. Alterna-
tive to immobilizing the cells, a sufficiently high cell density can be pro-
vided by maintaining the cells in a permeable enclosure, such as a woven
nylon bag.

Sakata, C., and Inai, H.

METHODS OF IMMOBILIZING MICROORGANISMS
US 4,547,463, Oct. 15, 1985

Assignee: Nippon Oil Company, Ltd.

A method of immobilizing microorganisms is described. A suspension of
living microbial cells are brought into contact with a water-insoluble co-
polymer containing structural units derived from 2-acrylamido-
ethanesulfonic acid. The microorganism becomes adsorbed on the copol-
ymer, and the water-insoluble copolymer having the microorganism
adsorbed are brought into contact with a nutrient medium for cultivation
to increase the number of cells present on the copolymer.

Szaj, E., Kiss, |. E., lvony, |. E., Huber, I. E., Boros, L. E., and Dar, E.
IMMOBILIZED AMINOACYLASE ENZYME
US 4,608,340, Aug. 26, 1986

Immobilized aminoacylase having high specific activity is obtained by
covalent binding of aminoacylase to a partially hydrolyzed Akrilex P-type
acrylamide-N,N-methylene-bis (acrylamide) copolymer. Covalent bond-
ing is carried out by partially hydrolyzing the copolymer with a base or
an acid to form carboxy groups, activating the carboxy groups with a
carbodiimide and coupling aminoacylase to the activated carboxy
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groups. The aminoacylase may be isolated from mammal kidneys by
forming an aqueous kidney extract, heat treating the extract, and
isolating aminoacylase from the heat-treated extract.

Tennent, D. L., and Sharma, B. P.

IMMOBILIZED ENZYME COMPOSITE/PROCESS USING A MICA
CARRIER

US 4,522,924, Jun. 11, 1985

Assignee: Corning Glass Works

An immobilized enzyme composite having a mica carrier is described.
The composite consists of a mixture of an enzyme and a water-swelling
mica (i.e., fluorohectorite, boron fluorophlogopite, hydroxyl boron
phlogopite) and solid solutions of at least one mica and a structurally
compatible species (i.e., talc, fluorotalc, polylithonite, fluoropolylitho-
nite, phlogopite, and fluorophlogopite).

Turkov, E., and Stamberg, |. E.

PROTEOLYTIC, DRY BIOPOLYMERIC COMPOSITION FOR TREAT-
MENT OF WOUNDS, AND METHOD OF USING SAME

US 4,613,502, Sep. 23, 1986

Assignee: Ceskoslovenska Akademie Ved.

A wound cover in the form of a powder or a dry powdery fluid that is
useful in covering and treating of ulcerous and necrotic wounds is de-
scribed. It consists of animal or fungous chitin and chitosan in a pow-
dered form of particle size 0.01-0.3 mm or of cross-linked dextran in the
form of spheric particles of diameter 0.05-0.5 mm and of an immobilized
protease. Enzymes are chemically bonded to the structure of the biopoly-
meric carrier and provide cleaning of the wound by dissolution of un-
desirable protein material, in particular fibrin, necrotic tissues, compo-
nents of pus, and the like. The adsorption and regeneration effects of
powder act to provide suction of exudate and purulent matter infected
with bacteria into interstitial capillary space. This cover acts by fast clean-
ing of necrotic defects and speeds up the granulation and healing of the
wound and can be utilized in pharmaceutical production.

von Blucher, H., von Blucher, H., and de Ruiter, E.
YARN HAVING SPECIFIC PROPERTIES
US 4,610,905, Sep. 9, 1986

Yarns that are sheathed with active ingredients, such as adsorbents, fire-
proofing agents, ion-exchangers, decontaminating agents for chemical
combat agents, catalysts, or fixed enzymes are described. The active in-
gredients are adhered to the surface of the yarn or embedded in a bind-
ing agent. The sheathing may be additionally braided or flocked.
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Wolfe, S., Westlake, D., and Jensen, S.

STABLE EPIMERASE REAGENT, CYCLASE REAGENT, AND RING
EXPANSION REAGENT FOR CELL-FREE PRODUCTION OF
CEPHALOSPORINS

US 4,536,476, Aug. 20, 1985

Assignee: Queen’s University at Kingston

Cyclase, epimerase, and a ring expansion enzyme are isolated separately
from a cell-free extract of a prokaryotic beta-lactam producing organism
to provide separate and stable enzyme reagents for commercial produc-
tion of cephalosporins from peptide precursors. The enzymes may be im-
mobilized on a suitable support and the production of cephalosporins
may be carried out continuously.

Wood, L. L., and Calton, G. J.

IMMOBILIZED CELLS FOR PREPARING PHENYLALANINE
US 4,600,692, Jul. 15, 1986

Assignee: Purification Engineering, Inc.

A process is described for preparing phenylalanine by contacting phenyl-
pyruvic acid or phenylpyruvate with immobilized whole cells having
transaminase activity in the presence of an amine donor. The cells are
preferably immobilized with a polyazetidine polymer. Ruptured or per-
meabilized cells, with the enzyme in the free or immobilized state, may
also be used. The preparation of phenylalanine from cinnamic acid using
immobilized cells having phenylalanine ammonia lyase activity is also
described.

Yoshioka, T., Teramoto, K., and Shimamura, M.

ENZYME REACTION METHOD FOR ISOMERIZATION OF GLUCOSE
TO FRUCTOSE

US 4,563,425, Jan. 7, 1986

Assignee: Toray Industries, Inc.

A carrier-bound metal ion, iron, is particularly suitable for inhibiting
deactivation of glucose isomerase when isomerizing glucose to fructose.
Glucose isomerase life is remarkably prolonged by contacting carrier-
bound iron ions with a glucose substrate solution prior to isomerizing
with glucose isomerase.

Literature

This section surveys the literature in the area of immobilized biocata-
lysts published from January 1985 to October 1986. This section is not in-
tended to be all encompassing and lists only some of the major articles
and reviews that appeared during this period.

Applied Biochemistry and Biotechnology Vol. 14, 1987



138 Linhardt
REFERENCES
1.

10.

11.

12.

13.

14.

15.

16.

Abraham, M., Horvath, L., Simon, M., Szajani, B., and Boross, L. (1985),
Characterization and comparison of soluble and immobilized pig muscle
aldolases. Appl. Biochem. Biotechnol. 11, 91-100.

. Aleksiev, B., Valtcheva, E., Draganova, R., Nenkova, S., and Valtchev, 1.

(1985), Thermodynamic and kinetic aspects of the hydrolysis of ethyl(r-2-
(benzyloxycarbonylamino)-3-(s((benzylox carbony in the presence of free
and immobilized alpha-chymotrypsin. Biol. Chem. Hoppe. Seyler. 366, 33-9.

. Anderson, B. M., Yost, D. A., Anderson, C. D. (1986), Snake venom NAD

glycohydrolase: purification, immobilization, and transglycosidation.
Methods Enzymol. 122, 173-181.

Arnold, M. A. (1985), Enzyme-based fiber optic sensor. Anal. Chem. 57,
565-566.

Arrio, D. M., Coulet, P. R., Gautheron, D. C. (1985), Coupled reaction of
immobilized aspartate aminotransferase and malate dehydrogenase. A
plausible model for the cellular behaviour of these enzymes. Biochim.
Biophys. Acta. 829, 58-68.

Bahadur, A., and Bahadur, P. (1985), Trypsin immobilization on anionic
polymeric latex Indian |. Biochem. Biophys. 22, 107-110.

Bakh, N. L., and Semina, I. E. (1985), Production of immobilized Sall and
Pvull restrictase preparations. Zh. Mikrobiol. Epidemiol. Intmunobiol. Feb. (2),
32-34.

Bartoshevich, I. E., Nys, P. S., Shviadas, V. I., and Navashin, S. M. (1986),
Status and prospects in the use of biocatalysis in the synthesis of beta-
lactam antibiotics. Antibiot. Med. Biotekhinol. 31, 98-104.

Basheeruddin, K., Rothman, V., and Margolis, 5. (1985), Immobilized E.
coli alkaline phosphatase. Its properties, stability, and utility in studying
the dephosphorylation of proteins. Appl. Biochem. Biotechnol. 11, 133-140.
Belikov, P. P., Gonchar, A. M., Salganik, R. I., Moreva, N. A., and
Smirnova, S. P. (1985), Use of the immobilized proteolytic enzyme
profezim in the combined treatment of periodontal diseases. Stomatologiia
(Mosk). 64, 17-18.

Bespalov, 1. A., Lis, L. G., Krasovskaia, L. ., and Martsev, S. P. (1986),
Hydroxylation of steroids in a dienzyme svstem consisting of cytochrome
P-450 and immobilized adrenodoxin. Bicorg. Khim. 12, 565-568.

Bisse, E., Scholer, A., and Vonderschmitt, D. ]. (1985), Continuous-flow
analysis for glucose with use of glucose dehydrogenase immobilized in
glass tubes. Clin. Chem. 31, 137-139.

Boitieux, J. L., Desmet, G., and Thomas, D. (1985), Biosensor development
in clinical analysis. Ann. Biol. Clin (Paris) 43, 183-191.

Boppana, V. K., Fong, K. L., Ziemniak, J. A., and Lynn, R. K. (1986), Use
of a post-column immobilized beta-glucuronidase enzyme reactor for the
determination of diastereomeric glucuronides of fenoldopam in plasma
and urine by high-performance liquid chromatography with electrochem-
ical detection. J. Chromatogr. 353, 231-247.

Bourget, L., and Chang, T. M. (1985), Phenylalanine ammonia-lyase im-
mobilized in semipermeable microcapsules for enzyme replacement in
phenylketonuria. FEBS Lett. 180, 5-8.

Bowers, L. D. (1986), Applications of immobilized biocatalysts in chemical
analysis. Anal. Chem. 58, 513A, 514A, 516A, 518A, 5204, 522A, 524A,
526A, 528A, 530A.

Applied Biochemistry and Biotechnology Vol. 14, 1987



Patents and Literature 139

17

18.
19.

20.

23.

24.

31.

32.

33.

34.

35.

Brodelius, P. (1985), The potential role of immobilization in plant cell
biotechnology. Trends Biotechnol. 3, 280-285.

Brodelius, P. (1985), Immobilized plant cells. Biotechnol. Ser. 5, 109-48.
Burstein, C., Adamowicz, E., Boucherit, K., Rabouille, C., and Romette, J.
L. (1986), Immobilized respiratory chain activities from Escherichia coli util-
ized to measure D- and 1-lactate, succinate, L-malate, 3-glycerophosphate,
pyruvate, or NAD(PYH. Appl. Biochem. Biotechnol. 12, 1-15.

Bychikhin, N. P., Vlasov, L. G., Gliantsev, S. P., Mednikov, S. N., and
Ryltsev, V. V. (1986), Treatment of suppurative wounds with trypsin im-
mobilized on a cellulose fabric carrier. Kiin. Khir 1, 51-54.

. Campanella, L., Mascini, M., Palleschi, G., and Tomassetti, M. (1985), De-

termination of choline-containing phospholipids in human bile and serum
by a new enzyme sensor. Clin. Chim. Acta. 151, 71-83.

. Caras, S. D., Petelenz, D., and Janata, ]J. (1985), pH-based enzyme

potentiometric sensors. Part 2. Glucose-sensitive field effect transistor.
Anal. Chem. 57, 1920-1923.

Carrea, G., Bovara, R., Mazzola, G., Girotti, S., Roda, A., and Ghini, S.
(1986), Bioluminescent continuous-flow assay of adenosine 5'-triphosphate
using firefly luciferase immobilized on nylon tubes. Anal. Chem. 58,
331-333.

Carrie, M. L., Terouane, B., Brochu, M., Nicolas, |J. C., and Crastes
delPaulet, A. (1986), Bioluminescent immunoassays of progesterone: A
comparative study of three different procedures. Anal. Biochem. 154,
126-131.

. Chang, H. N., and Park, T. H. (1985), A theoretical model for immobilized

whole cell enzyme. |. Theor. Biol. 116, 9-20.

. Chang, T. M. S. (1985}, Biomedical applications of artificial cells containing

immobilized enzymes, proteins, cells, and other biologically active materi-
als. Biotechnol. Ser. 5, 263-281.

. Chibata, 1., Tosa, T., and Sato, T. (1985), Immobilized biocatalysts to pro-

duce amino acids and other organic compounds. Biotechnol. Ser. 5, 37-70.

. Chepcheruk, G. S., and Lishenko, V. V. (1985), Immobilized enzymes in

surgical practice. Vestn. Khir. 134, 126-130.

. Claremont, D. ]., Penton, C., and Pickup, ]J. C. (1986), Potentially-

implantable, ferrocene-mediated glucose sensor. |. Biomed. Eng. 8, 272-274.

. Colliss, J. S., Wright, J. M., and Ginman, R. F. (1985), Bioluminescence in

the continuous flow analysis of creatinine using immobilized creatinine
amidohydrolase. Med. Lab. Sci. 42, 310-317.

Cortes, E., Viniegra, S., Aguilar, M. S., and Gallar, ]. (1985), Citrate deter-
mination with aconitase immobilized on solid support. Int. J. Biochem. 17,
131-134.

Corcoran, E. (1985), The production and use of immobilized living micro-
bial cells. Top. Enzyme Ferment. Biotechnol. 10, 12-50.

Damsma, G., Westerink, B. H., and Horn, A. 5. (1985), A simple, sensi-
tive, and economic assay for choline and acetylcholine using HPLC, an en-
zyme reactor, and an electrochemical detector. |. Neurochem. 45, 1649-1652.
Demers, A. G., and Wong, S. S. (1985), Increased stability of
galactosyltransferase on immobilization. |. Appl. Biochem. 7, 122-125.
Deniakina, E. K., Nekliudov, A. D., Loginova, T. A., Krestianova, I. A.,
and Bartoshevich, I. E. (1985), Production and properties of an immobi-
lized enzyme preparation with peptidase activity. Prikl. Biokhini. Mikirobiol.
21, 177-183.

Applied Biochemistry and Biotechnology Vol. 14, 1987



140

36

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

51.

52.

53.

54.

Linhardt

Fukui, S., and Tanaka, A. (1985), Enzymatic reactions in organic solvents.
Endeavour 9, 10-17.

Gerlach, G., and Hofer, H. W. (1986), Interaction of immobilized
phosphofructokinase with soluble muscle proteins. Biochim. Biophys. Acta.
881, 398-404.

Girotti, 5., Roda, A., Ghini, S., and Carrea, G. (1986), Analytical applica-
tions of immobilized bioluminescent enzymes. Chim. Oggi. 33-36.
Gnanasekaran, R., and Mottola, H. A. (1985), Flow injection determination
of penicillins using immobilized penicillinase in a single bead string reac-
tor. Anal. Chem. 57, 1005-1009.

Gostishchev, V. K., Tolstykh, P. I., Khanin, A. G., Vasilkova, Z. F., and
Iusupov, K. A. (1985), Trypsin, immobilized on a textile cellulose matrix, in
the treatment of suppurative wounds of soft tissue. Vestn. Khir. 134, 68-71.
Gostishchev, V. K., Tolstykh, P. I., Vasilkova, Z. F., Vlasov, L. G., and
Virnik, A. D. (1985), Experimental and clinical use of various forms of im-
mobilized proteinases and their inhibitors. Vopr. Med. Khim. 31, 21-24.
Gostishchev, V. K., Tolstykh, P. I., Khokhlov, A. M., Mamedov, E. I., and
[usuf, M. I. (1985), Role of thermography in assessing the therapeutic ac-
tion of immobilized proteolytic enzymes on suppurative wound healing.
Klin. Khir. 1, 11-12.

Gough, D. A,, Lucisano, J. Y., and Tse, P. H. (1985), Two-dimensional en-
zyme electrode sensor for glucose. Anal. Chem. 57, 2351-2357.
Guilbault, G. G., and Neto-Graciliano, D. O. (1985), Enzyme, microbial,
and immunochemical electrode probes. Biotechnol. Ser. 5, 227-261.
Gundorova, R. A., and Romaschchenko, A. D. (1985), Immobilized
streptokinase (streptodecase) in the treatment of traumatic intra-ocular
hemorrhage. Vopr. Med. Khim. 31, 47-51.

Hartmeier, W. (1985), Immobilized biocatalysts—from simple to complex
systems. Trends Biotechnol. 3, 149-153.

Honda, K., Miyaguchi, K., Nishino, H., Tanaka, H., Yao, T., and Imai, K.
(1986), High-performance liquid chromatography followed by
peroxyoxalate chemiluminescence detection of acetylcholine and choline
utilizing immobilized enzymes. Anal. Biochem. 153, 50-53.

Hsuanyu, Y., and Laidler, K. J. {1986), Flow kinetics of immobilized beta-
glucosidase. Biochem. Cell Biol. 64, 139-145.

Ichinose, N. (1986), Biosensors: Today and Tomorrow. J. Electron. Eng. 23,
80-81, 87.

Ihler, G. M., and Tsang, H. C. (1985), Erythrocyte carriers. Crit. Rev. Ther.
Drug Carrier Syst. 1, 155-187 (Review).

Ishimatsu, Y. (1985), Development and application of immobilized biocata-
lysts. Chem. Econ. Eng. Rev. 17, 36-41.

Ivanova, L. A., Rakhimov, M. M., Elchits, S. V., Ruzieva, D. M., and
Sandul, G. V. (1985), Activity and stability of glucoamylase preparations in
different methods of immobilization. Ukr. Biokhim. Zh. 57, 31-36.
Janolino, V.G., Swaisgood, H. E., and Horton, H. R. (1985), Renaturation
of soluble and immobilized ribonuclease: Are the polypeptide folding
pathways for structure formation the same for soluble proteins and for pro-
teins associated with a surface? J. Appl. Biochem. 7, 33-37.

Kaetsu, I. (1985), Recent progress on the immobilization of biocomponent
by radiation polymerization and the application to biomedical uses. Radiat.
Phys. Chem. 25, 517-528.

Applied Biochemistry and Biotechnology Vol. 14, 1987



Patents and Literature 141

55.

56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Karel, S. F., Libicki, S. B., and Robertson, C. R. (1985), Review article num-
ber 17. The immobilization of whole cells: Engineering principles. Chem.
Eng. Sci. 40, 1321-1354.

Karube, I., and Suzuki, S. (1985), Immobilized enzymes for clinical analy-
sis. Biotechnol. Ser. 5, 209-226.

Karube, 1. (1985), Enzyme-tip sensor. Tanpakushitsu Kakusan Koso. 30,
277-284 (Review).

Kasidas, G. P., and Rose, G. A. (1986), Measurement of plasma oxalate in
healthy subjects and in patients with chronic renal failure using
immobilised oxalate oxidase. Clin. Chim. Acta 154, 49-58.

Kasidas, G. P., and Rose, G. A. (1985), Continuous-flow assay for urinary
oxalate using immobilised oxalate oxidase. Ann. Clin. Biochem. 22, 412-419.
Kawashima, T. (1985), Principles of enzyme electrodes. Tanpakushits
Kakusan Koso. 30, 247-263 (Review).

Kennedy, J. F., and Cabral, J]. M. S. (1986), Use of titanium etc. species for
the immobilization of bioactive compounds—enzymes. Transition Met.
Chem. (Weinheim, Ger.) 11, 41-66.

Kernevez, J. P., Doedel, E. ]., and Thomas, D. (1985), Mathematical model-
ing of immobilized enzyme systems. Biomed. Biochim. Acta. 44, 993-1003.
Kieslich, K. (1986), Production of drugs by microbial biosynthesis and
biotransformation. Possibilities, limits and future developments (1st com-
munication). Arzneimittelforschung 36, 774-8.

Kiffer, D., and Minard, P. (1986), Reactivation by imidazo-pyridinium ox-
imes of acetylcholinesterase inhibited by organophosphates. A study with
an immobilized enzyme method. Biochem. Pharmacol. 35, 2527-2533.
Kuhlmann, W. D., and Peschke, P. (1986), Glucose oxidase as label in his-
tological immunoassays with enzyme-amplification in a two-step tech-
nique: Coimmobilized horseradish peroxidase as secondary system en-
zyme for chromogen oxidation. Histochemistry 85, 13-17.

Kulis, I. I, lasaitis, I. I., and Razumas, V. I. (1985), Electrochemical regula-
tion of the activity of immobilized alkaline phosphatase. Dokl. Akad. Nauk.
SSSR. 285, 710-712.

Kuriyama, T., Kimura, J., and Kawana, Y. (1985), Development of
biosensors with immobilized enzyme. Chem. Econ. Eng. Rev. 17, 22-27.
Kurstak, E. (1985), Progress in enzyme immunoassays: Production of rea-
gents, experimental design, and interpretation. Bull WHO 63, 793-811 (Re-
view).

Lapidot, A., and Kahana, Z. E. (1986), Biological process for preparing
compounds labeled with stable isotopes. Trends Biotechnol. 4, 2-4.
Larue, C., Munnich, A., Charpentier, C., Saudubray, |. M., Frezal, |.,
Remy, M. H., and Rivat, C. (1986), An extracorporeal hollow-fiber reactor
for phenylketonuria using immobilized phenylalanine ammonia lyase.
Dev. Pharmacol. Ther. 9, 73-81.

Linko, M. (1985), Immobilized enzymes and cells. Proc. Congr.—Eur. Brew.
Conv. 20TH, 39-50.

Linko, Y. Y., and Linko, P. (1985), Immobilized biocatalysts in organic syn-
thesis and chemical production. Stud. Org. Chem. (Amsterdam) 22,
159-178.

Manaev, B. M., lamskov, I. A., Ashubaeva, Z. D., and Davankov, V. A.
(1985), Immobilization of proteolytic complexes on pectin-containing carri-
ers. Prikl. Biokhim. Mikrobiol. 21, 58-62.

Applied Biochemistry and Biotechnology Vol. 14, 1987



142

74

75.

76.

77.

78.

/9.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.
90.

91.

Linhardt

. Marg, G. A., Millhauser, G. L., Skerker, P. S., and Clark, D. S. (1986), Ap-

plication of EPR methods in studies of immobilized enzyme systems. Ann.

NY Acad. Sci. 469, 253-258.

Martinek, K., and Mozhaev, V. V. (1985), Immobilization of enzymes: An

approach to fundamental studies in biochemistry. Adv. Enzymol. 57,

179-249 (Review).

Mascini, M., Fortunati, S., Moscone, D., Palleschi, G. Massi-Benedetti, M.,

and Fabietti, P. (1985). An i-lactate sensor with immobilized enzyme for

use in in vivo studies with an endocrine artificial pancreas. Clin. Chem. 31,

451-453.

Mevkh, A. T., Sudina, G. F., lakusheva, L. A., Miagkova, G. I., and

Evstigneeva, R. P. (1985), TI Isolation and characteristics of immobilized

preparations of prostaglandin synthetase. Biokhimiia 50, 974-979.

Mikhailin, V. S., Kondrashin, A. A., and Berezov, T. T. (1986), Character-

istics of immobilization and catalytic properties of the Soviet commercial

preparation of L-asparaginase in liposomes composed of soybean

phospholipids. Vopr. Med. Khim. 32, 68-72.

Mitin, 1. V. (1986), Enzymatic synthesis of peptides. Antibiot. Med.

Bioteckhnol. 31, 93-98.

Mori, A. (1985), Production of vinegar by immobilized cells. Process

Biochem. 20, 67-74.

Mosbach, K., and Satoh, I. (1985), The enzyme thermistor. Tanpakushitsu

Kakusan Koso. 30, 285-298 (Review).

Mosbach, K. (1985), Immobilized enzymes in organic synthesis. Ciba

Found. Symp. 111, 57-70.

Mowlah, G., Dosako, S., Ahiko, K., Sogo, Y., Kamoi, 1., and Obara, T.

(1985), Some aspects of utilization of immobilized biocatalysts. 1. Carbohy-

drate utilization system. Nogaku Shuho (Tokyo Nogyo Daigaku) 30,

143-163.

Mullen, W. H., Churchouse, S. J., and Vadgama, P. M. (1985), Enzyme

electrode for glucose based on the quinoprotein glucose dehvdrogenase.

Analyst. 110, 925-928.

Murachi, T. (1986), A bioreactor for diagnostic use. Tanpakushitsu Kakusan

Koso. 31, 206-209.

Muzykantov, V. R., Sakharov, D. V., Smirnov, M. D., Domogatsky, S. P.,

and Samokhin, G. P. (1985), Targeting of enzyme immobilized on erythro-

cyte membrane to collagen-coated surface. FEBS Lett. 182, 62-66.

Nabi-Rahni, M. A., Guilbault, G. G., and de Olivera, N. G. (1986), Immo-

bilized enzyme electrode for the determination of oxalate in urine. Anal.

Chem. 58, 523-526.

Nakamura, N., Murayama, K., and Kinoshita, T. (1986), Immobilization of

uricase on protamine bound to glass beads and its application to determi-

nation of uric acid. Anal. Biochen. 152, 386-390.

Osawa, H. (1985), Development and applications of enzyme electrode sen-

sors. Tanpakushitsu Kakusan Koso. 30, 264-278 (Review).

Owen, V. M. (1985), Non-electrode biosensors in clinical biochemistry.

Ann. Clin. Biochem. 22 (Pt 6), 559-564 (Review).

Pastorino, A. M., Dalzoppo, D., and Fontana, A. (1985), Properties of

Sepharose-bound beta-lactamase from Enterobacter cloacae. |. Appl. Biochem.

7, 93-97.

. Plate, N. A., Chupov, V. V., Valuev, L. I, and Burdygina, I. F. (1985), En-
hanced selectivity of the activity of proteolytic enzymes covalently immobi-

Applied Biochemistry and Biotechnology Vol. 14, 1987



Patents and Literature 143

93.

94.

95.
96.
97.
98.
99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

lized in a matrix of polymer hydrogels. Dokl. Akad. Nauk. SSSR. 282,
1010-1013.

Prenosil, J. E., and Pedersen, H. (1986), Immobilization of beta-
galactosidase in porous supports. Ani. NY Acad. Sci. 469, 289-293.
Proctor, A., Castner, J. F., Wingard, L. B. Jr., and Hercules, D. M. (1985),
Electron spectroscopic (ESCA) studies of platinum surfaces used for en-
zyme electrodes. Anal. Chem. 57, 1644-1649.

Radovich, J. M. (1985), Mass transfer limitations in immobilized cells.
Biotechnol. Adv. 3, 1-12.

Radovich, ]. M. (1985), Mass transfer effects in fermentations using immo-
bilized whole cells. Enzyme Microb. Technol. 7, 2-10.

Raghavan, K. G., and Tarachand, U. (1986), Degradation of oxalate in rats
implanted with immobilized oxalate oxidase. FEBS Lett. 195, 101-105.
Rhodes, M. J. C. (1985), Immobilized plant cell cultures. Top. Enzyme Fer-
ment. Biotechnol. 10, 51-87.

Ristau, O., Pommerening, K., Jung, C., Rein, H., and Scheler, W. (1985),
Activity of urease in microcapsules. Biomed. Biochim. Acta. 44, 1105-1111.
Roberts, D. C., Osborn, J. A., and Yacynych, A. M. (1986), Proteolvtic en-
zyme modified metal oxide electrodes as potentiometric sensors. Anal.
Chem. 58, 140-144,

Romaschenko, A. D., and Makarova, V. . (1985), Experience in treating
intraocular hemorrhage using immobilized streptokinase. Oftalmol. Zh 3,
148-151.

Rosevear, A., and Lambe, C. A. (1985), Immobilized plant cells. Adv.
Biochem. Eng./Biotechnol. 31, 37-58.

Rossi, S. S., Clayton, L. M., and Hofmann, A. F. (1986), Determination of
chenodiol bioequivalence using an immobilized multi-enzyme biolumines-
cence technique. J. Pharm. Sci. 75, 288-290.

Rouxhet, P. G. (1985), New ways of enzyme utilization—immobilization of
biocatalysts. Cerevisin 10, 167-184.

Samsonov, G. V., Danilichev, V. F., and Koltsova, S. V. (1985), Immobi-
lized thrombolytic enzymes and their use in ophthalmology. Vopr. Med.
Khim. 31, 51-54.

Schachinger, L., Schippel, C., Altmann, E., Diepold, B., Yang, C., Jaenike,
M., and Hochhauser, E. (1985), Effect of irradiation on immobilized en-
zymes compared with that on enzymes in solution. Radiat. Environ.
Biophys. 24, 259-270.

Schnaar, R. L., Langer, B. G., and Brandley, B. K. (1985), Reversible
covalent immobilization of ligands and proteins on polvacrylamide gels.
Anal. Biochem. 151, 268-281.

Schubert, F., Scheller, F., and Mohr, . (1985), Application of cytochrome
P-450 in enzyme reactors and enzyme electrodes. Pharmazic 40, 235-239
(Review).

Senatore, F., Bernath, F., and Meisner, K. (1986), Clinical study of
urokinase-bound fibrocollagenous tubes. |. Biomed. Mater. Res. 20, 177-178.
Senatore, F. F., and Bernath, F. R. (1985), Fibrinolytic activity of immobi-
lized plasminogen activator. Res. Commun. Chem. Pathol. Pharmacol. 49,
295-304.

Shapovalov, I. A., and Gladyshev, P. P. (1985), Study of the sorption im-
mobilization of coenzyme-dependent oxidoreductases and their functions
in electro-enzymatic processes and biological membranes. Mol. Biol.
(Mosk). 19, 662-670.

Applied Biochemistry and Biotechnology Vol. 14, 1987



144 Linhardt

112. Shargool, P. D. (1985), Biotechnological applications of plant cells in cul-
ture. Biotechnol. Adv. 3, 29-38.

113. Shintani, H. (1986), Simultaneous determination of serum uremic toxins,
cations and anions and urea determination by post-column colorimetry
using immobilized enzyme. |. Chromatogr. 378, 95-108.

114. Shintani, H., and Ube, S. (1985), Simultaneous determination of serum cat-
ions, anions and uremic toxins by ion chromatography using an immobi-
lized enzyme. |. Chromatogr. 344, 145-156.

115. Simon, L. M., Kotorman, M., Szajani, B., and Boross, L. (1985), Compara-
tive studies on soluble and immobilized rabbit muscle pyruvate kinase.
Appl. Biochem. Biotechnol. 11, 195-205.

116. Soeda, S., Kishimoto, Y., and Hashimoto, T. (1986), Immobilization of
fatty acyl-CoA synthetase: Effect on its stability and substrate specificity.
Biochem. Int. 12, 225-233.

117. Stevanato, R., Avigliano, L., Finazzi-Agro, A., and Rigo, A. (1985), Deter-
mination of ascorbic acid with immobilized green zucchini ascorbate oxi-
dase. Anal. Biochem. 149, 537-542.

118. Storozhuk, V. T., Shamolina, [. I., and Lobova, A. B. (1985), Immobilized
papain in the treatment of acute destructive lactation mastitis. Vestn. Khir.
135, 42-46.

119. Sturgeon, C. M., and Kennedy, |. F. (1985), A Quick-reference summary of
recent literature on molecular immobilization and bioaffinity phenomena:
Survey nos. 40, 41, 44, 45, 57, and 48. Enzyme Microb. Technol. 7, 182-183,
243-244, 409-410, 468-469, 578-579, and 635-636.

120. Sturgeon, C. M., and Kennedy, ]. F. (1986), A Quick reference summary of
recent literature on molecular immobilization and bioaffinity phenomena:
Survey nos. 49 and 50. Enzyme Microb. Technol. 8, 58-59 and 125-127.

121. Sung, C., Lavin, A., Klibanov, A., and Langer, R. (1985), An immobilized
enzyme reactor for treatment of severe neonatal jaundice. Trans. Am. Soc.
Artif. Intern. Organs. 31, 264-269.

122. Swaisgood, H. (1985), Immobilization of enzymes and some applications in
the food industry. Biotechnol. Ser. 5, 1-24.

123. Tabata, M., Totani, M., and Murachi, T. (1986), Immobilized enzyme
reactors—their use in chemiluminescence detection. Tanpakushitsu Kakusan
Koso. 31, 220-229 (Review).

124. Tanaka, A., and Fukui, S. (1985), Bioconversion of lipophilic compounds
by immobilized biocatalysts in the presence of organic solvents. Biotechiiol.
Ser. 5, 149-176.

125. Tolstykh, P. 1., Gostishchev, V. K., Khanin, A. G., lusupov, K. A., and
Vasilkova, Z. F. (1985), Trypsin, immobilized on a synthetic matrix, in the
treatment of suppurative wounds of the soft tissues. Khirurgiia (Mosk). 11,
102-107.

126. Tolstykh, P. I., Gostishchev, V. K., Vlasov, L. G., Ryltsev, V. V., and
Larionova, N. L. (1985), Clinical application of immobilized enzymes in sur-
gery. Status and prospects (review of the literature). Khirurgiia (Mosk). 9,
129-136 (Review).

127. Tor, R., and Freeman, A. (1986), New enzyme membrane for enzyme elec-
trodes. Anal. Chem. 58, 1042-1046.

128. Torchilin, V. P., Maksimenko, A. V., Tishchenko, E. G., Papisov, M. L,
and Smirnov, V. N. (1986), Drug preparations of immobilized enzymes
with enhanced affinity for the site of action. Antibiot Med. Bioteckhnol. 31,
122-127.

Applied Biochemistry and Biotechnology Vol. 14, 1987



Patents and Literature 145

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

Torchilin, V. P., Papisov, M. L., and Smirnov, V. N. (1985), Magnetic

Sephadex as a carrier for enzyme immobilization and drug targeting. |.

Biomed. Mater. Res. 19, 461-466.

Torchilin, V. P., and Mazaev, A. V. (1985), Long acting thrombolytic im-

mobilized enzymes. |. Controlled Release 2, 321-330.

Toyota, T., Kuan, S. S., and Guilbault, G. G. (1985), Determination of total

protein in serum using a tyrosinase enzyme electrode. Anal. Chem. 57,

1925-1928.

Tramper, J. (1985), Immobilizing biocatalysts for use in syntheses. Trends

Biotechnol. 3, 45-50.

Tran, M. C. (1985), Immobilized enzyme probes for determining inhibitors.

Ion-Sel. Electrode Rev. 7, 41-75.

Ugarova, N. N., Brovko, L. L., and Lebedeva, O. V. (1986), Bioluminescent

analysis in medicine and biotechnology. Antibiot. Med. Biotekhnol. 31,

141-147.

Weaver, M. R., and Vadgama, P. M. (1986), An O,-based enzyme elec-

trode for whole blood lactate measurement under continuous flow condi-

tions. Clin. Chim. Acta. 155, 295-307.

Weetall, H. H. (1985), Enzymes immobilized on inorganic supports. Trends

Biotechnol. 3, 276-280.

Whitesides, G. M. (1985), Applications of cell-free enzymes in organic syn-

thesis. Ciba Found. Symp. 111, 76-96.

Winquist, F., Spetz, A., Armgarth, M., Lundstroem, ., and Danielsson, B.

(1985), Biosensors based on ammonia sensitive metal-oxide-semiconductor

structures. Sens. Actuators 8, 91-100.

Winquist, F., Lundstrom, I., and Danielsson, B. (1986), Determination of

creatinine by an ammonia-sensitive semiconductor structure and immobi-

lized enzymes. Anal. Chem. 58, 145-148.

Wu, M. C,, Takagi, K., Okuyama, S., Ohsawa, M., Masahashi, T., Narita,
O., and Tomoda, Y. (1986), Determination of serum delta 5-3 beta-

hydroxysteroid sulphates by combined high-performance liquid chroma-

tography and immobilized 3 beta, 17-beta-hydroxysteroid dehydrogenase

in column form. J. Chromatogr. 377, 121-129.

Yao, T., Sato, M., Kobayashi, Y., and Wasa, T. (1985), Amperometric as-

savs of total and frte cholesterols in serum by the combined use of immobi-

lized cholesterol esterase and cholesterol oxidase reactors and peroxidase

electrode in a flow injection system. Anal. Biochem. 149, 387-391.

. Yuan, Z. Y., and Chang, T. M. (1986), Rat microsomes and cytosol immobi-

lized by m1cr0encapsulat10n in artificial cells. Int. |. Artif. Organs. 9, 63-68.

. Zueva, N. N., Iakovleva, V. I., Verevkin, A. N., Avsiuk, I. V., and Aren,

A. K. (1985) Comparison of the apartase act1v1tv and its stabﬂlty in
Escherichia coli cells immobilized on polyacrylamide gel and carrageenan.
Prikl. Biokhim. Mikrobiol. 21, 334-341.

Applied Biochemistry and Biotechnology Vol. 14, 1987



