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Abstract  
Transversal competencies related to research skills are very important in a Biotechnology degree. 
Students graduates should be able to apply the theoretical knowledge acquired in practice, generating 
new ideas (creativity). They must know how to operate in a laboratory, using the appropriate material 
and instruments. They must know describing and measuring relevant variables of processes or 
experiments, analyzing and interpreting the scientific data generated. All these competencies, 
necessary for good professional performance, are however difficult to acquire by the student and 
difficult to teach for the teacher. 

We believe that the teaching methodology PBL (Problem-based learning) associated to projects that 
propose in their context the development of a biotechnological product, is the most effective way to 
achieve the simultaneous development of these difficult competencies. However, if activities based on 
"professional projects” are chosen, the design of PBL activities is not easy, and involves two 
fundamental problems: the limited time available for project development and the high price of the 
required materials. However, it is possible to made real biotechnology projects of a "professional" level 
by solving time and material cost constraints. For achieve this, we propose to perform related previous 
classroom activities dealing with experimental design and project planning; and a convenient 
adaptation of the experimental protocols to overcome the economic and time constraints available. In 
the present work, we describe two paradigmatic examples of PBL activities carried out in our 
university in detail, showing how to implement them with an acceptable cost of time and materials, 
even for large groups of students.  

In the project "Encapsulation of the cell transcription-translation machinery in vesicles for the 
construction of artificial cells for in vitro synthesis of proteins" students are situated in the context of an 
R&D team of biotechnologists whose objective is to design an educational kit of laboratory practices 
for institutes or universities, as economical as possible, based on a professional biotech protocol for in 
vitro transcription-translation of proteins. 

In the project "Development of a bacteriophage-based meat disinfectant" the students are placed in 
the context of an R&D biotech team that isolates and assays strains of phage viruses obtained from 
samples collected in the possible sources of contamination by enterotoxigenic bacteria; to develop an 
effective product for the food industry in order to eliminate bacteria without producing organoleptic 
alterations. 

Keywords: research skills, Problem-based learning, PBL activities, classroom activities, competencies 
in biotechnology. 

1 INTRODUCTION 
University laboratory practices are often too simple, and they present an elaborate protocol that 
students must follow strictly step by step and often suffer from stimuli that promote creativity and the 
ability to apply theoretically learned content to practice. 

Many of the practices carried out by university students in science degrees such as biotechnology are 
simple, and therefore far from the reality of the activity carried out in the laboratory by the professional 
in real biotechnology. The reasons for this are diverse, but there are two fundamental ones: on the 
one hand, the cost of laboratory materials is high, sometimes completely unapproachable for a 
university practice, or very expensive specialized instrumentation is required that is not available in the 
student´s laboratory. On the other hand, the intrinsic complexity of the development of many 
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professional laboratory protocols, which can be very elaborate and require a long time to complete, as 
well as require a skill or sophistication in laboratory work that the student has not yet acquired. 

For these and other reasons laboratory practices are often too simple and do not replicate the 
necessary and real professional skills. There is a gap or gap between the learning provided by the 
simple practices and the learning needs for the competent biotechnologist who works at a professional 
level. 

We believe, however, that it is possible to carry out "professional" type practices in the laboratory if 
they are appropriately adapted to the aforementioned restrictions of economic cost, complexity in their 
realization, and available development time. A very convenient and motivating way for the student is 
that the practice is focused on the achievement of a "biotechnological development", so that the 
sequence of experimental methods and protocols that it carries out is focused on the obtaining of a 
product. In addition, the didactic methodologies "project-based learning" and "problem-based learning" 
can be used in association with this type of laboratory practices to develop very interesting skills such 
as the generation of new ideas (creativity) and the ability to apply theoretically learned knowledge to 
practice, which presumably are not obtained in other simpler laboratory practices. 

The project "Encapsulation of the cell transcription-translation machinery for the construction of 
artificial cells for in vitro synthesis of proteins" is an example of laboratory practices focused on the 
development of a real biotechnological product (liposomes encapsulating the protein synthesis 
machinery for in vitro protein synthesis) that is performed according to the methodology Project-based 
learning and that can be used even in the students of the first courses of the degree in biotechnology. 

On the other hand, the laboratory practice "Development of a bacteriophage-based meat disinfectant" 
is a project developed under the didactic methodology Problem-based learning (PBL), more complex 
to realize for the students and suitable only for students of the superior courses of the Degree. In our 
degree in biotechnology the project is developed in the subject Virology on the third year. 

2 METHODOLOGY 
In the project "Encapsulation of the cell transcription-translation machinery in vesicles for the 
construction of artificial cells for in vitro synthesis of proteins" students must fulfill, through a series of 
steps guided by the teacher, the task of constructing liposomal vesicles containing the transcription-
translation machinery to perform in vitro protein synthesis from DNA plasmids that contains a green 
fluorescent protein gen reporter. This project is based on the procedure described by A.C. Spencer et 
al in the Journal of visualized experiments [1], a scientific journal that has the special feature that 
presents a video report of the protocols and methods described in their research articles. To do this, 
the introductory class presents the video associated with the article. Students are placed in the 
following context: as professional biotechnologists hired for the research and development team of a 
company that designs and sells educational kits for university practices, they must obtain a version of 
the product shown in the video article (liposomal vesicles similar to artificial cells for protein synthesis 
in vitro) but that must be economically affordable and therefore suitable for mass production as a 
product for education. 

The Project "Development of a bacteriophage-based meat disinfectant" by the contrary is developed 
under the PBL methodology. Students are placed in the context of the development of a 
biotechnological product based on bacteriophages to disinfect hamburgers in the meat industry that 
have been contaminated by an E. coli 0157:H7 enterotoxigenic strain. Unlike the previous one, they 
should be able to fully develop the project without the teacher's guidance, from a handbook of 
bacteriophage management protocols provided [2]. This project is based on the work of doctoral thesis 
“La desinfección basada en bacteriófagos como herramienta de biocontrol de Salmonella en 
alimentos” [3]. 

As a starting point, students are given soil samples that "have been isolated from farms where animals 
have probably acquired the contaminating bacteria", and must find one or more appropriate phages to 
remove these bacteria (since phages are natural predators of the bacteria in which they multiply, 
presumably in those soil samples are one or more bacteriophage species capable of lysing and killing 
the bacteria of interest). They are also given a culture of an enterotoxigenic bacteria strain that is the 
cause of the problem. From here, and according to the premises of the PBL methodology, the teacher 
stops intervening and is limited to supervise and observe the autonomous work of the students to 
develop the required product, intervening only in case of urgent need. In the PBL methodology, non-
intervention of the teacher is a requirement for this to work. 
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In fact, the strain provided is not such. It is a normal E. coli strain B. providing a true strain producing 
food toxinfection would represent a totally unnecessary risk, since the development of the project is 
identical with the inoffensive strain B. In addition, soil samples have been previously inoculated with 
T4 phages that highly depredate this strain to facilitate the development of the practice. 

It is also necessary to provide, on the part of the teacher, a certain "structure" or sequentially 
organized steps for student work, so that the PBL methodology operates effectively. In our case we 
have chosen the ABP 4x4 of Nieto and col. [4] to schedule the meetings and supervision of the work 
of the students associated with the development of the practical project. 

3 RESULTS 

3.1 Project "Encapsulation of the cell transcription-translation machinery in 
vesicles for the construction of artificial cells for in vitro synthesis of 
proteins" 

3.1.1 Adapting the protocol to make it economically viable 
The protocol “hot spots” for expensive reagents or instruments are as follows: 

• Lipids purified to build liposomal vesicles are always priced high (with the exception of 
cholesterol that is quite affordable) 

• The transcription-translation machinery they encapsulate is the PURE® commercial system, 
which consists of ribosomes and other purified components and is very much expensive 

• Some specialized devices are used and are probably not available in a standard laboratory, 
such as a liposome extruder, and a rotary evaporator. 

The solutions adopted to realize to economize the project are: 

Use a simple and poorly purified lipid phosphatidylcholine extract. What costs lipids as a reagent are 
the costs required to obtain them as pure reagents. However, a simple extract of phosphatidylcholine 
from egg yolk and having a richness of about 70% in phosphatidylcholine serves perfectly to prepare 
liposomes (bearing in mind that this is a university practice and we estimate that it is not necessary for 
liposomes have a pure composition). 

Change the method of preparation of liposomes for another that does not require a rotary 
evaporator. There are many methods available to prepare liposomes to encapsulate proteins, as is our 
case. The method of preparing SUV or MLV-FT vesicles, for example, requires a probe ultrasound 
apparatus and a lyophilizer respectively. 

Use a non-purified cell extract instead of the purified PURE protein synthesis system. The PURE® is a 
mixture of RNA molecules and individually purified proteins, which can be encapsulated in the vesicles 
to perform protein synthesis inside the liposomes, however, the PURE® system is economically much 
more expensive, which is disadvantageous as a biotechnological system for its commercial 
application. A concentrated cell extract from E. coli using water as the extraction base reagent yields 
almost the same as the PURE® system. In our adapted protocol we used Escherichia coli cell extracts 
according to the Fujiwara KI & Nomura SM method as a source of the components of cellular 
biosynthetic machinery [5]. 

3.1.2 Adapting the protocol to make it affordable to students 

In order to carry out a protocol of these characteristics, there is an important limitation: some devices, 
although they are available in the laboratory, being a large number of students, it is not possible to use 
them in the practice session because their use represents a bottleneck since they can only be used by 
one student at a time. 

On the other hand, certain devices require management skills that students do not possess. In both 
cases adaptation is that these "limiting steps" have to been made by the teacher. In the present 
project we have detected some of these limiting steps, which are cell lysis with the ultrasonic 
apparatus or overnight lyophilization of the liposomes. It is recommended that these steps be carried 
out by the teacher (with the material delivered by the students) to overcome these limitations. 
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3.2 Project "Development of a bacteriophage-based meat disinfectant" 

3.2.1 Adapting the protocol to make it economically viable 

This project has been chosen because the starting materials are very cheap and the instrumentation 
common and affordable for any simple microbiology laboratory. Basically, E. coli cell cultures, 
bacteriophages, Petri dishes, 0.45 micron bacterial filters, volumetric micropipettes, ultracentrifuges 
and absorption spectrophotometers, and centrifuge containers of various types are required. All of 
them are commonly available in any university biotechnology laboratory. With these simple 
requirements, students can develop a complete biotechnological product development project that 
involves the following experimental techniques: 

− Capture of wild phage from the soil samples provided with the "drop test" 
− Isolation of bacteriophage capable of lysing E. coli enterotoxigenic cells 
− High titer culture of bacteriophages 
− Titration of bacteriophage by plaque assay on double agar layer 
− Experiments one step growth 
− Determination of kinetics of bacteriophage uptake 
− Endpoint testing for bacteriophage titration 

3.2.2 Adapting the protocol to make it affordable to students 
Given the simplicity of the target to be achieved (a suspension of a bacteriophage that is capable of 
killing E. coli enterotoxigenic bacteria) and that a laboratory manual is provided in which a multitude of 
protocols are available, students can trace their own way of product development using the materials 
and instrumentation of the laboratory of practices that adapt to the protocols selected by themselves. 

4 CONCLUSIONS 
The adaptation of real professional protocols for laboratory practices focused on obtaining 
biotechnological products is very motivating for the student of biotechnology, but economically 
unaffordable and sometimes technically too complex for students in training. Making adaptations of 
these protocols to the availability of the laboratory instrumentation and budget is possible to implement 
them as university laboratory practices, and offer us a higher degree of competence development 
such as creativity, the application of theory to real practice and ability to perform well in the 
biotechnology laboratory. 

The underlying philosophy in adapting the protocols has been the following. Since it is a matter of 
conducting university practices and not the achievement of research results, it is not a priority that the 
results obtained are accurate or reliable. For example, substitution of 99% purified phosphatidylcholine 
by a sparingly purified extract from egg yolk (containing 60% phosphatidylcholine) dramatically lowers 
the costs of this product (0.14% over the price of pure product). And yet, it serves perfectly to prepare 
liposomes. However, the composition of these will not be chemically well defined and the results 
obtained with the experiment would not normally be accepted in a research journal. But the 
educational benefit achieved by the student is exactly the same as with liposomes prepared with pure 
lipid. 
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