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Courses addressing topics in biotechnology are 
becoming more common in the chemical engi­

neering curriculum. Many departments offer a sen­
ior- or first-year graduate course in biochemical en­
gineering fundamentals , often following the curricu­
lum developed by Bailey and Ollis. 11 •21 Tavlarides131 

also describes a course in enzyme and biochemical 
engineering for graduate students. However, the text 
of Baily and Ollis, now in its second edition,141 ap­
pears to be the book of choice, due to the fact that its 
orientation is towards chemical engineering while 
most other books are aimed at biochemists or bio­
technologists. The only exception to this might be 
the text of Aiba, et al., 151 which is (unfortunately) out 
of print. There has been an increase in the number 
of potential texts during the last few years, such as 
the text by Bu'lock and Kristiansen. 161 

Basic enzyme technology is often addressed in 
such an introductory course, and it usually includes 
enzyme kinetics in some detail along with some ref­
erence to immobilized enzymes. More advanced 
courses in enzyme kinetics are quite often handled 
by chemistry departments at the graduate level. 
However, selected advanced enzyme technology con­
cepts within chemical engineering are frequently in­
cluded as special topics in courses such as advanced 
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kinetics and reactor design. In most of these cases, 
the topic of immobilized cells is given only passing 
reference at best. One application example that is 
sometimes addressed relates to biofilms which im­
mobilize microbes that form on the walls of fermen­
tation vessels , including the aeration tanks in waste­
water treatment. Biosensors may also be discussed. 
Otherwise, applications are often only briefly cov­
ered, if at all. 

The technology of immobilized enzymes and cells 
has grown tremendously over the last decade. Chemi­
cal engineers are involved in the immobilization proc­
esses themselves in addition to the ultimate utiliza­
tion in some bioreactor configuration. The descrip­
tion of the kinetics and mass transfer aspects of 
immobilized systems depends on a good foundation 
in chemical engineering transport phenomena and 
reaction engineering. Many enzyme applications 
involve the enzyme in an immobilized form due to a 
number of advantages (versus the free form ) such as 
ease of recovery, maintenance of the active form at 
higher levels for longer times, more freedom in reac­
tor operation, and less potential product contamina­
tion problems.171 

Economic considerations often favor the immobi­
lized system181 for the same reasons stated above in 
addition to the higher throughput rates (relative to 
the free form) that can often be realized. However, a 
detailed economic analysis must consider the costs 
of the immobilization process itself since prepara­
tion for the more sophisticated techniques may be 
expensive. 

Immobilized cells enjoy many of the same bene­
fits as immobilized enzymes. In the case of mam­
malian cells, immobilization is often the only way 
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Immobilization technology has found its way into a variety of applications, including organic chemical 
production, food processing, pharmaceutical production, environmental engineering, and (rece tly) 

biomedical situations . ... This article describes a course in chemical engineering which 
addresses, in some detail, the technology of immobilized enzymes and cells. 

that cells can be used in most reactor systems, due 
in most cases to their fragility. For example, mam­
malian cells may not be able to tolerate even the 
gentlest of mechanical agitation. 

Immobilization technology has found its way into 
a variety of applications, including organic chemical 
production, food procesing, pharmaceutical produc­
tion, environmental engineering, and (recently) bi­
omedical situations. Increased employment of this 
technology will probably parallel the continuing suc­
cesses of molecular biology. Immobilized enzymes 
and cells are also important in the biosensor area, 
where very specific probes are now possible as a 
result of this technology. 

This article describes a course in chemical engi­
neering which addresses, in some detail, the tech­
nology of immobilized enzymes and cells. It is meant 
to be an elective course for advanced seniors or gradu­
ate students in chemical engineering or some other 
technical discipline. The course has been offered twice 
at this writing, and will be offered in the future as 
part of a series of chemical engineering electives in 
the biotechnology area. 

COURSE OUTLINE 

Table 1 presents the course outline. As can be 
seen, the one-semester course (3 semester credits) 
covers a variety of topics, including the basic immo­
bilization methods, transport phenomena and kinet­
ics of immobilized systems, reactor configurations, 
and applications. An important application area 
which received special attention involved biosensors. 
The topic of basic microbe physiology and the impact 
of immobilization procedures on viable organisms 
was also addressed. 

Two texts were required for the course. Process 
Engineering Aspects of Immobilized Cell Systems, by 
Webb , et al., 191 was used along with Immobilized 
Microbial Systems: Principles, Techniques, and In­
dustrial Applications, by Kolot .11°1 In addition, a 
number of journal articles and other readings (see 
Table 2, next page) were utilized. 

Each class meeting typically started with the 
presentation of an application example, either by 
one of the students or by the instructor. The presen­
tation and following discussion were limited to ten 

TABLE1 
Course Outline 

1. Introduction to immobilized enzyme and cell technology 

2. Immobilization methods 
A. Entrapment 

• gels 
• fibers 
• microencapsulation 
• other methods 

B. Binding 
• Carrier binding 

- physical adsorption onto surfaces (including physical 
aspects of various carriers) 

- ionic binding 
- chelation or metal binding 
- covalent binding 

C. Cross-linking 
D. Analytical methods used to study the effectiveness of 

immobilitation 

3. Immobilized cell physiology 
A. Importance of cell physiology prior to immobilization 
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B. Effect of immobilization on cell physiology 
C. Activity of immobilized cell particles, including mass 

transfer and control of cell growth and metabolism 

4. Immobilized system kinetics 
A. External mass transfer resistances 
B. Intraparticle diffusion and chemical reaction 
C. Simultaneous internal and external resistances 

5. Reactor design considerations 
A. Basic enzyme kinetics 
B. Reactor configurations used for immobilized biocatalysts 
C. Miscellaneous topics 

• biofilm formation 
• mixing and agitation approaches 
• oxygen supply 
• control schemes 

6. Biosensors 
A. Types of sensors and underlying principles 
B. Applications 

83 



minutes. The two texts included a number of appli­
cation discussions and were eventually addressed as 
part of this series. Additional examples, beyond those 
in the texts, were presented by the instructor during 
the course and are listed in Table 3. 

There were also a few supplementary exercises. 
In the first exercise, students were instructed to con­
tact an industrial supplier of immobilized enzymes 
and, if the supplier was cooperative, to obtain a 
sample of the product along with any descriptive 
literature. The samples thus obtained were displayed 
in one session for all to see. We also viewed some of 
the samples under a scanning electron microscope. 

The second exercise involved the analysis of US 
Patents involving immobilized systems, specifically 
"Process for Preparing Biomass Attached to a Car­
rier" (Patent No. 4,560,479) and "Immobilization of 
Microorganisms on a Plastic Carrier" (Patent No. 
4,696,901 ). 

For the final exercise, students presented three 
in-class presentations on the following topics: 

• A method of physical adsorption of an enzyme or 
cell onto a surface, including the underlying 
physical principles 

• An analytical procedure which could be used to 
determine the extent of success of an 
immobilization procedure 

• An application example 

Students were told that the presentations should 
last ten to fifteen minutes. The general class was 
allowed to direct questions to the presenter follow­
ing the presentation. 

The students also did simple experiments involv­
ing the immobilization process itself. They formed 
alginate gels (no enzyme or microbe involvement) 
starting with sodium alginate solutions,I11I and they 
formed K-carrageenan gels by dissolving the mate­
rial in physiological saline, warming, and contacting 
with a gel-inducing agent. I10I 

DISCUSSION 

The two texts used in the course were good selec­
tions. Their technical depth is satisfactory, and they 
are reasonably priced ( the combined price is less 
than $70). Neither book addresses immobilization 
methods in any depth. Also, analytical procedures to 
establish the success (or lack thereof) of an immobi­
lization procedure are not cited. As a result, both of 
these important topics were addressed via outside 
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sources (see Table 2). Additionally, the topic of bio­
sensors is not considered in either text , so outside 
supplementation in that area was also necessary 
(noted in Table 2). The discussion on biosensors 
stressed the underlying enzymatic principles involved 
and did not emphasize any associated electronics or 
probe hardware aspects. Finally, the texts do not 
consider engineering economic analysis at all, but 
this was easily handled by additional materials. 

Application examples were presented through­
out the course, some by the students themselves but 
most of them by the instructor. I found that mixing 
in the applications with the technical material was 
effective, and it helped the students to focus on the 
concept that there are many real applications, i. e., 
that the topic is not just theoretical in nature. The 
students also found the discussion on the patents to 
be interesting, both as to the technical content and 
as to the nature of the patent and patenting process 

TABLE2 
Selected Additional References 

General Materials 
• Enzyme Engineering Case Study: Immobilized Lactase1141 

• Industrial Applications of Immobilized Enzymes: A com-
mercial Overviewl•J 

• Immobilized Enzymes: A Survey1151 

Immobilization Methods 
• Preparation and Properties of Gel Entrapped Enzymesl1•1 

• Microbial Adhesion in Perspectivel171 

• Adherence of Marine Micro-Organisms to Smooth Surfacesl1•1 

• Mechanisms involved in Sorption of Microorganisms to 
Solid Surfacesl191 

• Microcarrier-Bound Mammalian Cells l201 

• A Range of Ceramic Biosupports1211 

• Carriers for Immobilized Biologically Active Systems1221 

• Immobilization of Enzymes by Adsorption l23I 

• Covalent Linkage III: Immobilization of Enzymes by 
Intermolecular Cross-Linkingl241 

• Some Techniques Involved in Study of Adsorption of 
Microorganisms to Surfaces l251 

Mass Transfer and Kinetics 
• Mass Transfer in Immobilized Cellsl2•J 

• Oxygenation of Processes Involving Immobilized Cellsl27J 

• Diffusion and Kinetics with Immobilized Enzymesl2•1 

Reactor Technology 
• Design and Operation of Immobilized Enzyme Reactorsl291 

• Reaction Engineering Parameters for Immobilized 
Biocatalystsl3o1 

Biosensors 
• Biosensors1311 

• Membrane Systems: Analysis and Design1321 

• Immobilized Enzymes for Clinical Analysis1331 
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itself-something most of the students knew little 
about. 

Most students who selected this course had pre­
viously taken the senior chemical engineering class 
titled "Theory and Design of Bioprocesses," a course 
which uses the text of Bailey and Ollis. However, 
there are always some students who have not-typi­
cally, students in the environmental engineering 
sequence of civil engineering. Their participation in 
the course required several lectures on basic enzyme 
kinetics. Also, the section on intraparticle transport 
phenomena and kinetics required a presentation of 
some preliminary background (Bailey and Ollis give 
a good elementary treatment) in order to bring all 
the students up to speed. 

The weakest area of the course involved the labo­
ratories. Ideally, several experiments should be done 
(at least as demonstrations) which cover a variety of 
immobilization methods. A minimal series could in­
clude an example of gel entrapment, covalent cross­
linking, microencapsulation, and physical absorp­
tion. These should be supported by SEM or some 
other appropriate analytical inspection procedure. 
Several recipes are presented by Trevan11 21 and by 
Rosevear_l1 31 Another good experiment could involve 
a comparison of free and immobilized enzymes in a 
simple reaction experiment. I intend to improve the 
laboratory aspect of the course in future offerings. 

Finally, the in-class presentations were effective 
for two reasons: it made students more aware of the 
available sources of information on the subject, and 
it gave students good practice in organizing and 
orally presenting a technical topic, something in 
which most of them did not have much experience. 

TABLE3 
Selected Application Examples 

(in addition to examples in the texts) 

• Antibody Productionl34 l 

• Separation ofL-Amino Acids from Mixtures of the L- and 

D-Amino Acids135•361 

• Hybridoma and Monoclonal Antibody Productionl371 

• Drug Production from Immobilized Plant Cellsl3•1 

• Hydrolysis of Lactosel391 

• Encapsulation of Vaccines and Hormones l•01 

• High-Fructose Corn Syrup Productionl•11 

• Bioconversion of Lipophilic Compoundsl•21 

• Effect of Biofilm Presence on Reactor Performance1•1 
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In summary, the course effectively presents a va­
riety of new information regarding immobilized en­
zyme and cell technology. All the students claim to 
have received new knowledge, and all could see the 
potential and demonstrated significance of the tech­
nology. While this is a good stand-alone elective, it is 
especially effective when the students have previ­
ously taken an introductory course in biochemical 
engineering. 
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tations for the two-semester senior course. For twenty 
years now we have continuously worked on upgrad­
ing the laboratory experiments and its format. 

During these years, together with colleagues in 
the civil engineering department, Angie also initi­
ated cooperative efforts at the graduate level in en­
vironmental engineering. The first joint effort was to 
secure an interdisciplinary water-pollution training 
grant for graduate civil and chemical engineers, 
funded by the Federal Water Pollution Control 
Administration. This then led to the development of 
an interdisciplinary program in environmental engi­
neering. Angie developed courses in unit operations 
of water treatment processes and in solid waste man­
agement processes. 

Angie and John Liskowitz developed other highly 
successful joint research and programs that eventu­
ally led to numerous EPA research grants as well as 
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an Exxon grant that funded an environmental toxi­
cology option under the direction of Dick Trattner. 
Out of all these efforts came the impetus for the 
Institute for Hazardous and Toxic Waste Manage­
ment and the NSF-initiated Haz-Tox Center. 

While Angie's research efforts have been in the 
main environmentally oriented, his research inter­
ests span the spectrum from ultrasonic-aided mass 
transfer to characterization of leachate from MSV 
incinerator ash. His current interest is in MSW in­
cinerator residue, which he has been working on 
jointly with Don Sundstrom and Herb Klei (Univer­
sity of Connecticut). This research is an outgrowth 
of a two-year (1988-90) stint as a visiting professor 
of chemical engineering and a research fellow at the 
Environmental Research Institute at UConn. 

A fellow of AIChE and ASEE, he is the recipient 
of numerous citation certificates and awards, includ­
ing the ASEE/MidAtlantic Western Electric Award, 
the DELOS Distinguished Service Award, and the 
ODKAward of Merit. 

Chemical Engineering Education 


