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“Proteins” are normally produced and work within cells. They may also ve

active outside cells but under limited circumstances.

In frequent applications of proteins and enzymes as pharmaceutical agents, or

catalysts for instance, the “Protein” is naturally withdrawn from the cell and

subjected to an environment quite different from that inside the cell.

Under unphysiological conditions, “protein” often lose their initial conformation

and functions: for instance removal of water from an aqueous protein solution

(drying) causes “protein” conformational changes and that an enzyme activity is

markedly reduced as the result of adhesion onto a solid surface (adsorption);

Adsorbed protein molecules on a solid surface turn into proteinaceous stains.

Theories and Technologies 

for Industrial Applications of Proteins and Biomolecules 

under UnPhysiological Environments

I – Introduction: a bit of context
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How can we preserve the conformation and functions of protein/enzyme under the

unphysiological conditions, as much as under physiological condition ?

Unphysiological conditions provide protein molecules a quite different set of

interactions from that in the physiological one:

1 - For example, in a drying process, hydration water molecules that initially

supported the protein structure are removed from protein molecules; Proteins

inside the cell then never encounter the direct interaction with solid surface.

II – Protein/enzyme preservation

2 – When an aqueous solution of sugar is dehydrated, under appropriate

conditions sugar molecules form a solid amorphous matrix 



Amorphous sugar matrix is one of the materials, indispensable for

food and drug manufacturing industries.

It exhibits extremely appealing features: water sorption, glass-to-

rubber transition, encapsulation of O/W emulsion, embedding and

stabilization of protein during dehydration and storage, relaxation of

structural enthalpy, crystallization, compaction characteristics and

others.

III –A –Amorphous sugar matrix

III -- In the following studies we aim at understand and 

control protein/enzyme

local environment under unphysiological conditions.  



We have been for a long time engaged in the control of the

amorphous sugar matrix to maximize its functions and expand the

usability:

** Elucidation and control of hydration states heterogeneity in

amorphous sugar matrix,

** Innovative methods for protein stabilization based on amorphous

sugar matrix,

**Development of new solid dispersion technique are the present

targets of our research groups.



Amorphous Sugar Matrix

* Embedding various sizes of Substances UNIFORMLY and STABLY ???
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Amorphous Sugar Matrix
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* Various Physico-Chemical Properties.
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#1 Impacts of Drying Conditions to Physical Properties of Amorphous Sugar

#2 Impacts of Processing and Storage

#3 Construction of Database of Physical Properties for Various Amorphous Sugars

#4 Theoretical Investigation of Intermolecular Interactions

Simulated model of 

amorphous trehalose matrix
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Physical properties

>Glass transition temperature1)

>Stabilization effect2)

>True density3)

>Water sorption behavior4)

>Crystallization propensity

Intermolecular 
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Understanding the mechanism by which proteins adsorb onto a

metal oxide surface is a major concern in the manufacture of

food/bioproducts and in various biotechnological fields such as the

preparation of biocompatible materials and biosensors.

During the manufacture of foods and bioproducts, proteins tend to

strongly adsorb onto the surface of equipment composed of metal

oxides such as stainless steel and titanium (Ti).

The development of an effective cleaning method for removing the

adhering matter from solid surfaces is thus tremendously important.

Investigating the adsorption characteristics of proteins to a

metal surface and the removal behavior of adsorbed proteins

from a metal surface is a major topics in our group.

III- B - Understanding and Control 

of protein adsorption onto metal surface 



Adsorption of Protein1)
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* Screening peptide sequence in protein

that directly interact with solid surface

* Contribution of individual amino acid

residues to the peptide adsorption

* Protein Adsorption involves different three scales of phenomena, 

Interactions of (1) Protein, (2) Peptide, 

and (3) Amino Acid with Surface

* Shape of adsorption isotherm

* Reversibility of adsorption

* Relationships between protein

structure and adsorption behavior

* Adsorption process

* Modes of amino acid

-surface interaction

* Ionization states and orientations

of adsorbed amino acids
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Adsorption of Peptide2) Adsorption of Amino Acid3)

1) Imamura et al., J. Biosci. Bioeng., 

in press, (2008)

2) Sakiyama et al., J. Biosci. Bioeng., 88, 536 

(2008); Imamura et al., J. Colloid Interface 

Sci., 267, 294 (2003); J. Biosci. Bioeng., 103, 

7 (2008) 

3) Imamura et al., J. Colloid Interface Sci., 

229, 237 (2000)



Protein adsorption in the presence of external electric field

pH, ionic strength, temperature, coexisting substances

Electrostatic 
interaction

Protein type (structure, amino acid 
composition), protein concentration

Material，Electric potential，
surface modification, ….
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