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ABSTRACT

The  aim  of  this  work  was  to  contribute  to  the
development  of  a  simple  and  cheap  biomimetic  sensor,
providing  a  higher  sensitivity  and  selectivity  toward
microbiological  contaminations  in  a  test  product.  The
biosensor  is  composed  of  two different  layers:  a)  mirror
layer  and  b)  biomimetic  poly  (lactic-coglycolic  acid)
(PLGA) layer  that can be degraded by microbial lypolitic
enzymes. Changes in the thickness of the polymer layer are
resulting in a colour change of the biosensor´s surface. We
have  investigated  the  biology and  propagation  of  several
bacteria  (Pseudomonas,  Enterobacter,  Proteus and
Salmonella) and their metabolitic pathways. Not all bacteria
produced an equal amount of lipolytic enzymes at the same
stage  of  their  reproduction,  and  there  was no connection
with  a  total  bacterial  counts.  Under  addition  of  certain
substrates in the matrix of the biosensor, it was possible  to
stimulate  the  bacteria  for  better  enzyme  production,
resulting higher sensitivity of the PLGA biosensor.

Keywords:  lipolytic  enzymes,  biosensor,  polymer
degradation,  microbial detection

1 INTRODUCTION

Most  of  microorganisms  such  as  bacteria  are  often
exposed  to  chemical  and  physical  changes  of  their
environment  which  directly  influence  their  metabolism.
These  changes  can  be  in  pH,  temperature  or  in
environmental  nutrient  presentation  [8][9].  Bacteria  are
capable  of  adapting  their  metabolic  processes  to  the
ecological conditions and to regulate differently an enzyme
production  in  presence  or  absence  of  certain  substrate
components  [7][8].  The  metabolic  characteristics  of
bacteria and their ability to excrete enzymes have already
been  used  as  a  detecting  element  for  the  recognition  of
bacterial contamination by using biosensor technology [1-
4].  Enzymes  are  proteins  with  a  high  selectivity  toward
substrates which can be immobilized at the surface of the
transducer  by  covalent  attachment,  adsorption  or  being
incorporated into the polymer layer of the biosensor [12]. In
this  work  we  have  optimized  the  biosensor  prototypes

which  setup  was  developed  in  course  of  our  previous
studies [2][4], by choosing PLGA as a polymer layer and
inconnel as a mirror layer. Application of biosensors is very
large and can be found in food industry, crime detection, in
quality  control  as  well  as  in  medical  diagnostic  [10][11]
[13]. Biosensors are analytical devices which are capable of
providing  specific,  quantitative  information,  based  on
bioreceptor  that  is  in spatial  contact  with transducer.  The
bioreceptor  is  biological  recognition  element  such  as
enzyme,  antibody  or  nucleic  acid  [3].  A  biological
component  in  biosensor  presents  a  sensing  element  that
normally  determines  the  type  of  the  biosensor.  If  the
sensing  element  is  an  antibody,  the  biosensor  is  called
immunosensor,  and if the interaction between the analyte
and the biological element is influenced by some substrates
followed by changes in detection signal, it can be described
as  a  metabolism  sensor  [12].  The  measurable  biosensor
signal  that  can be optical,  magnetic  or electrochemical  is
produced  by  transducer.  The  development  of  optical
biosensors recently became very intensive.  There are two
types of optical biosensors: a) those based on the detection
of  visible  light  (or  UV  and  Infrared  light)  as  the
consequence  of  certain  chemical  reaction,  and  b)  optical
biosensors detecting some luminescent processes [14]. The
biosensors also enable rapid pathogen detection in different
types of testing sample [6].

2 MATERIALS AND METHODS

2.1 Spirit Blue Agar

Spirit  blue  agar  contains  Lipase  Reagent  (mixture  of
tributyrin and polysorbate 80) or some other lipid source for
detection of lipolytic microorganisms. Spirit blue is a dye
without  any toxic  effects  and  that  makes  it  suitable  for
many  lab  protocols.  Peptone  is  also  a  very  important
component  of  spirit  blue  agar,  as  a  source  of  carbon,
nitrogen and vitamins.

2.2 Generation of Phosphatidylcholin-
Specific Phospholipase C (PC-PLC) Line
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The  Amplex®  Red  Phosphatidylcholine-Specific
Phospholipase C Assay Kit provides a sensitive method for
continuous  monitoring  of  phosphatidylcholine-specific
phospholipase  C  (PC-PLC)  activity  in  vitro  using  a
fluorescence  microplate  reader.  In  this  enzyme-coupled
assay,  PC-PLC activity  is  monitored indirectly  using 10-
acetyl-3,  7-dihydrophenoxazine  (Amplex  Red  reagent),  a
sensitive fluorogenic probe for H2O2. [15]
A  calibration  line  was  generated  with  increasing
Phosphatidylcholine-specific  phospholipase  C  activities.
For calibration line we used a stock of Phosphatidylcholine-
specific  phospholipase  C  with  specific  activity  from  10
U/mL. 
Dilutions of enzyme solutions were made with 1X working
solution of Reaction Buffer.
The following protocol describes the assay of PC-PLC in a
total volume of 200 μL per microplate well. The volumes
recommended here are sufficient for about 100 assays:

i)  Dilute the PC-PLC–containing samples in 1X Reaction
Buffer. A volume of 100 μL will be used for each reaction.

ii)  Prepare a positive control by diluting the 10 U/mL PC-
PLC stock solution (prepared in step 1.7) into 1X Reaction
Buffer to produce a 0.1 U/mL PC-PLC solution. Use 1X
Reaction Buffer without PC-PLC as a negative control. A
volume of 100 μL will be used for each reaction.

iii) Prepare another positive control by diluting the 20 mM
H2O2 working solution to 10 μM in 1X Reaction Buffer.

iv) Pipette 100 μL of the diluted samples and controls into
separate wells of a microplate.

v)  Master  mix   of  Amplex  Red  reagent  was  prepared
containing: 200  µL of Amplex Red reagent stock solution
(400 μM), 100 µL of horseradish peroxidase (2U/mL), 200
µL of alkaline phosphatase stock solution (8U/mL), 100µL
of  choline  oxidase  stock  solution  (0,2  U/mL  and  78µL
lecithin (1mM) to 9,32 mL of 1x Reaction Buffer.
Reaction was started by adding 100 µL of Master Mix to
each microplate well  containing the samples and controls
(positive  control  10  U/mL  of  PC-PLC  and  as  negative
control 1x Reaction Buffer). The microplate with samples
was incubated for 1 hour at 37°C, protected from light. The
emitted  fluorescence  was  measured  in  a  fluorescence
microplate reader using excitation by 560 nm and emission
detection at 590 nm. 

2.3 Biosensor Prototypes Production

For  the  biosensor  prototypes  production,  the
biomimetic  polymer  solution  of  PLGA  [poly(lactic-
coglycolic  acid)]  is  directly transferred  onto the Inconnel
layer via Gravure Printing. The polymer solution has to be
applied onto the printing plate, after which the impression

roller can be run over the plate resulting in a defined layer
with the desired thickness over the mirror layer. 

2.4 Biosensor´s Functionality and Sensitivity 
Test

For  the  functionality  and  sensitivity  test  we  have
prepared biosensors with different concentrations of PLGA,
different  additives  and  also  different  concentrations  of
Desmodur.  All  of  the  chosen  additives  were  mimicking
agar  components  in  order  to  provide  a  nutrimental
environment for the bacteria  and to trigger  the release of
lipolytic enzymes which are consecutively responsible for
the degradation of the polymer layer.

3 RESULTS AND DISCUSSION

3.1 Quantitative Detection of Bacterial  
Enzymatic Activity

The  four  Gram  negative  bacteria  of  Pseudomonas,
Enterobacter,  Proteus  and  Salmonella genus  were
examined for exogenous enzyme secretion by using Spirit
Blue Agar.  The bacteria were incubated at three different
temperatures (4°C, 30°C and 37°C) and for three different
incubation times (24h, 48h and 120h). 

Figure 1. Quantitative evidences of enzyme activity for
A:  Pseudomonas (106 CFU/mL),  B:  Enterobacter (106

CFU/mL),  C:  Proteus (106 CFU/mL),  and D:  Salmonella
(106 CFU/mL) by using Spirit Blue Agar base as a nutrient
medium. Incubation at 37°C for 24 hours.

All  bacterial  cultures  showed  the  strongest  enzyme
activity after 24 hours  of incubation at 30°C and 37°C, that
was observed as a white circle forming around the growing
colonies (Fig. 1).
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3.2 Phospholipase Enzyme Activity 

The  samples  of  two  different  bacteria,  Pseudomonas
and  Enterobacter,  pooled from the  log-phase of  bacterial
growth were tested for the presence of PC-PLC activity. As
shown  in  Fig.  2,  the  Pseudomonas showed  the  highest
phospholipase  activity  (2.09  U/mL)  after  7  hours  of
incubation at 37°C, at bacterial count of 1.6 x 107 CFU/mL.
Suprisingly, the samples taken from later stages of the log-
phase,  with  higher  bacterial  counts,  did  not  exhibit  the
higher enzymatic activity as it was expected (Fig. 2). 

Figure 2. Phosphatidylcholin-specific Phospholipase C
(PC-PLC)  activity  of  Pseudomonas in  log-phase  of
bacterial growth.

Figure 3. Phosphatidylcholin-specific Phospholipase C
(PC-PLC)  activity  of  Enterobacter   in  log-phase  of
bacterial growth.

The similar results were observed for the Enterobacter,
displaying the highest enzymatic activity after 14 hours of

incubation  at  37°C,  though  the  total  bacterial  count  was
much  lower  as  in  later  points  of  bacterial  log-phase,
counting  1.5 x 105 CFU/mL (Fig. 3).

3.3 Increased Biosensor Sensitivity

The  matrix  of  the  biosensor  prototypes  produced
according to  [2][4] was changed by addition of substrates
that were expected to increase the biosensor functionality
and  sensitivity.  The  choosen  additives  were  bacterial
nutritional components such as glucose and tributyrat. The
substrates application stimulated bacteria for better enzyme
secretion and increased the intensity of optical signal on the
biosensor´s surface (Fig.  4, IIa).  There was no significant
changes in sensor sensitivity toward commercially available
phospholipase which was used as the postive control (Fig.
4, Ib and IIb).  The negative control, as expected, was not
detectable on the PLGA layer of the biosensor (Fig. 4, Ic
and IIc). 

Figure  4. Substrate  addition  and  increased  biosensor
sensitivity (I) in comparsion to biosensor without substrate
addition (II). a: bacteria (108 CFU/mL), b: positive control
and c: negative control.

4 CONCLUSION

An  optimization  of  the  matrix  of  the  optical  thin  film
biosensor-chip, which setup was explained in some of our
previous  work  [2][4],  required  several  parallel  studies
regarding  bacterial  growth  and  their  enzymatic  activity
under  different  environmental  conditions.  The  sensor  is
composed  of  two different  layers:  a)  mirror  layer  (Ni-Cr
composition called inconnel)  and, b)  biomimetic polymer
[poly (lactic-coglycolic acid), PLGA]. The PLGA polymer,
which is integrated in such two layer biosensor setup, can
be  degraded  by  lipolytic  enzymes  excreted  by
microorganisms.  During presented study we were able to
show some new findings about bacterial secretion of lytic
and lipolytic enzymes.  Monitoring of secretion of lipolytic
enzymes  from  different  bacteria  such  as  Pseudomonas,
Enterobacter,  Proteus and  Salmonella,  and  everything  in
correlation with their growth under different conditions, led
to conclusion that  there is  no connection between a total
bacterial count and amount of secreted lipolytic enzymes. A
higher bacterial count did not automatically mean a better
secretion of lipolytic enzymes. For example, we have seen
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that  the highest  yield of secreted aminopeptidase enzyme
could  be  detected  from bacteria  in  logarithmic  phase  in
concentration of 107 cfu/mL (Fig.  2). Following generally
known bacterial  features  and  changing  the  matrix  of  the
biosensor by addition of certain substrates, we could show
that with a proper choice of substrate,  its exactly defined
amount  and bacterial  incubation conditions,  was  possible
to induce the above mentioned bacteria for better enzyme
production resulting in stronger colour change of degraded
polymer layer. What was even more important, under such
conditions  bacteria  were  not  forced  to  grow  faster,  in
contrary  they continued their  normal  logarithmic  growth,
but only the enzyme secretion and sensitivity of the sensor
for secreted enzyme was higher. The substrates served as a
trigger for enhanced bacterial metabolic activity. 
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