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Encapsulation of bacteria in a semipermeable polymer membrane gives a lot of technological 
possibilities. Our aim was to evaluate the performance of bacteria  encapsulated in hollow 
fibers when treated with chosen antibiotic. The antibiotic application may cause release of 
biologically active substances for which production the bacteria may be genetically modi-
fied.  The encapsulated in HF bacteria Escherichia coli transfected with pQE-GFP (green 
fluorescent protein) plasmid were incubated with addition of gentamycin or tetracycline. 
The encapsulated in hollow fibers E. coli culture with addition of tetracycline proves the 
tetracycline impact on the bacteria viability increasing the necrotic bacteria share. Po-
lypropylene modified membranes allow to avoid permeation of the bacteria through the 
membrane wall. E. coli encapsulated in HF may be used in future, in systems releasing 
the therapeutic factor. 
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1. Introduction

Encapsulation of bacteria in a semipermeable polymer membrane gives a lot of tech-
nological possibilities: improves the bacteria stability during passage under adverse 
conditions of the gastrointestinal tract in food industry applications [1–4], increases 
the rate of substrat biodegradation by the bacteria in waste treatment applications. For 
example degradation 90% of petrol hydroxycarbons runs 3 times more quickly with 
application of the encapsulated bacteria then non-encapsulated. Also, such a system 
allows avoiding an attack of the implanted microorganisms to the host and the host 
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immunological response after implantation into the animal. Some encapsulated 
microorganisms may carry a transfected human gene, and thus become a source of 
valuable regulatory factors. Such factors released in strategic locations may direct 
or modify the biological processes in the eukaryotic organism [5–7]. 
 The most commonly performed procedure is based on calcium-alginate gel cap-
sule formation and the bacteria applied in therapeutic purposes are encapsulated in 
microcapsules. For example genetically modified bacteria E. coli DH5 encapsulated 
in microcapsules may act in  diminishing of creatinine, urea, ammonia and another 
metabolites level during renal or  liver dysfunction [6, 7]. 
 The polypropylene surface modified hollow fiber [8] was applied for bacteria E. coli 
isolation. The membrane surface was double layer modified with different siloxanes. 
Such modification improves biocompatibitity of the membrane and allows to avoid 
bacteria escaping from the lumen of the membrane (what is not equal to avoiding of 
bacteria  adhesion which problem was the subject of many authors’ interest [9–13]).
 Our aim was to evaluate the performance of the bacteria  encapsulated in the 
hollow fibers when treated with a chosen antibiotic. The antibiotic application may 
cause release of biologically active substances for which production the bacteria may 
be genetically modified.  

2. Materials and methods

2.1. Materials

Hollow fibers (HF) – polypropylene K600 PP, Accurel (Akzo-Nobel, Germany; in-
ner diameter 0.6 mm, wall thickness 0.2 mm) with surface modified by siloxanes, 
sterilized in 70% ethanol, and washed with sterile physiological saline.
 Reagents – Isopropyl β- D- 1- thiogalactopyranozyd (IPTG) (ICN, USA), tetra-
cycline (ICN, USA), gentamycin (ICN, USA), propidium iodide (PI) (Sigma, USA).
 Media – RPMI 1640 (GIBCO, USA); Luria-Bertan, Broth, Miller (Difco, USA); 
media mixture (LB): Luria-Bertan and RPMI1640 1:10 supplemented with100 μg/ml 
kanamycin and 100 µg/ml streptomycin. 
 Bacteria – Escherichia coli (E. coli) strain SG3103 (Qiagen) was transfected with 
pQE-GFP (green fluorescent protein) plasmid by dr S. Świeżewski, (IBB, Poland). 
The pQE-GFP plasmid was created by cloning into the pQE60 (Qiagen) vector of 
the GFP gene. The GFP sequence amplified was: 5’CAT G*CC ATG G*CA ATG 
AGT AAA GGA GAA GAA CTT-3’ and GFP_1 5’CG*G GAT CC*A TGT TTG 
TAT AGT TCA TCC ATG CC 3’ primers from pBINmGFP5er kindly provided by 
J. Haseloff (Cambridge, UK). 
 The expression of the GFP in the bacteria was induced by 2 mM IPTG for 2 
hours, before the encapsulation (bacteria E. coli GFPI). 
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2.2. Procedures

Evaluation of the antibiotic impact on bacteria E. coli
The bacteria E. coli (GFPIs) at the concentration of about 1.5×108 bacteria/ml (the 
initial concentration of the bacteria was set by spectrophotometer at the wave length 
of 550 nm to absorbance 0,125) were incubated for 2 hours in LB culture medium 
with addition of gentamycin or tetracycline in concentration 1mg/ml (35ºC). As 
a negative control the encapsulated in HF bacteria E. coli was incubated in the LB 
medium. After 2-hour incubation the samples of bacteria suspension were evaluated 
in cytochemical reaction with PI in a flow cytometer to assess the presence of GFP 
fluorescence of organisms as well as the PI fluorescence of organisms with eventu-
ally damaged cell membrane.

Evaluation of the optimal antibiotic concentration 
The bacteria E. coli (GFPI) at concentration about 6.8×108 bacteria/ml or 20-times 
diluted in concentration about 3.4×107 bacteria/ml or 40-times diluted in concentra-
tion about 1.7×107 bacteria/ml were incubated (35ºC) in the culture medium LB 
with addition of tetracycline in concentration 0.01 mg/ml, 0.1 mg/ml, 1mg/ml for 2 
hours. After incubation the samples of bacteria suspension were taken and analyzed 
in cytochemical reaction with PI in the flow cytometer to assess the presence of GFP 
fluorescence of organisms as well as the PI fluorescence of organisms with eventu-
ally broken cell membrane.

Evaluation of the tetracycline impact on encapsulated bacteria E. coli 
The encapsulated in HF bacteria E. coli (GFPI) at concentration about 1.5×108 bac-
teria/ml were incubated (35ºC) for 1-, 2-, 24-, 48-hours in the LB culture medium 
with addition of tetracycline in concentration 1mg/ml (35ºC). As a negative control 
the encapsulated in HF bacteria E. coli was incubated in the LB medium. After 
1-, 2-, 24-, 48- hour incubation the HF content was evaluated in the cytochemical 
reaction with PI in the flow cytometer to assess the presence of GFP fluorescence 
of organisms as well as the PI fluorescence. The samples of the culture medium in 
which the HF encapsulated E. coli were cultured were analyzed for the presence of 
bacteria as well.

Flow cytometry
The presence of organisms was assessed using the FACS Calibur flow cytometer 
(Becton Dickinson Immunocytochemistry Systems, USA) equipped with an argon 
ion (488 nm) laser. The results were processed by the CellQuest software system 
(Becton Dickinson, USA). The organisms were separated from other events on light 
scatter characteristics (the gate of FSC and SSC). 
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3. Results and Discussion

Evaluation of the antibiotic induced changes in GFP expression on bacteria E. coli
The E. coli GFPI were incubated for 2 hours in the culture medium LB or LB sup-
plemented with tetracycline or gentamycin. As a negative control the E. coli GFPI 
were incubated in the LB medium. 
 The percent number of the GFP+–PI+ E. coli population (with damaged cell 
membrane) was for gentamycin 0.54±0.0, for tetracycline 20.74±4.51 (Fig. 1). 

Fig. 1. The percentage of the GFP+–PI+ E. coli population with damaged cell membrane during culture 
with different antibiotics

Evaluation of the optimal  antibiotic concentration 
It was observed no tetracycline influence in concentrations 0.01 and 0.1 mg/ml on 
the bacteria E. coli viability in the initial bacteria concentration as well as diluted. 
The bacteria viability decreased about 80% (from about 90% to 10%)  with antibiotic 
concentration increase for 20-times diluted bacteria as well as for 40-times diluted 
bacteria. The viability decrease for the initial bacteria concentration (6.8×108 bac-
teria/ml) was 10% (Fig. 2). 
 Application of tetracycline concentration 1mg/ml for bacteria in concentration 
below about 108 bacteria/ml allows to observe the antibiotic impact on viability of 
the microorganisms.

Evaluation of the tetracycline induced changes in GFP expression on encapsulated 
bacteria E. coli
There was a difference between the percent number of the GFP+-PI+ E. coli popula-
tion as compared to a negative control. It was observed that the percent number of 
the population 
 GFP+-PI+ of the encapsulated E. coli cultured with tetracycline increased during 
2 hours about 20 times (18.24±2.19%) as compared to a negative control (0.95±0.78%). 
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After 24-hour culture it was 61.70±21.18% (7.12± in negative control), after
48-hour culture it was 85.78±12.70% (11.57± in negative control) (Fig. 3). There 
was no microorganisms GFP observed in the culture medium where the encapsulated 
E. coli were cultured.   

4. Conclusions

 (1) E. coli are not susceptive on gentamycin
 (2) Polypropylene modified membranes allow to avoid permeation of the bacteria 
through the membrane wall. 

Fig. 3. The percent number of the GFP+–PI+ encapsulated E. coli population (with damage cell
membrane) during the culture in tetracycline presence

Fig. 2. The bacteria viability dependence on the antibiotic concentration
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 (3) The encapsulated in hollow fibers E. coli culture with addition of tetracycline 
proves the tetracycline impact on bacteria viability increasing the necrotic bacteria 
share. 
 (4) E. coli encapsulated in HF may be used in future, in systems releasing the 
therapeutic factor. 

References 

 1. Charalampopoulos D., Wang R., Pandiella S.S., Webb C.: Application of cereals and cereal compo-
nents in functional foods. Int. J. Food Microbiol., 2002, 79, 131–141. 

 2. Shah N.P.: Probiotic bacteria: selective enumeration and survival in dairy foods. J. Dairy Sci. , 2000, 
83, 894–907. 

 3. Hou R.C., Lin M.Y., Wang M.M., Tzen J.T.: Increase of viability of entrapped cells of Lactobacillus 
delbrueckii ssp. bulgaricus in artificial sesame oil emulsions. J. Dairy Sci., 2003, 86, 424–428. 

 4. Sultana K., Godward G., Reynolds N., Arumugaswamy R., Peiris P., Kailasapathy K.: Encapsulation 
of probiotic bacteria with alginate-starch and evaluation of survival in simulated gastrointestinal 
conditions and in yoghurt. Int. J. Food Microbiol., 2000, 62(1–2), 47–55. 

 5. Chang T.M., Prakash S.: Procedures for microencapsulation of enzymes, cells and genetically engi-
neered microorganisms. Molec. Biotechnol., 2001, 17(3), 249–260. 

 6. Prakash S., Chang T.M.: Artificial cells microencapsulated genetically engineered E. coli DH5 cells 
for the lowering of plasma creatinine in vitro and in vivo. Artif. Cells, Blood Substitutes & Immobi-
lization Biotechnology, 2000, 28(5), 397–408. 

 7. Prakash S., Chang T.M.: In vitro and in vivo uric acid lowering by artificial cells containing micro-
encapsulated genetically engineered E. coli DH5 cells. Int. J. Artif. Organs, 2000, 23(7), 429–35. 

 8. Granicka L.H., Wdowiak M., Kosek A., Świeżewski S., Wasilewska D., Jankowska E., Weryński 
A.,  Kawiak J.: Survival analysis of Escherichia coli encapsulated in hollow fibre membrane in vitro
& in vivo. Preliminary report. Cell Transplantation, 2005, 14, 323–330. 

 9. Lewis A.L., Cunning Z.L., Goreish H.H., Kirkwood L.C., Tolhurst L.A., Stratford P.W.: Crosslinkable 
coatings from phosphorylcholine- based polymers. Biomaterials, 2001, 22(2), 99–111. 

10. Homma H., Nagaoka S., Mezawa S., Matsuyama T., Masuko E., Ban N., Watanabe N., Niitsu Y.: 
Bacterial adhesion on hydrophilic heparinized catheters with compared with adhesion on silicone 
catheters, in patients with malignant obstructive jaundice. J. Gastroenterol., 2006, 31(6), 836–843.

11. Wang J., Huang N., Yang P., Leng Y., Sun H., Liu Z.Y., Chu P.K.: The effect of amorphous carbon films 
deposited on polyethylene terephalate on bacterial adhesion. Biomater., 2004, 25(16), 3163–3170. 

12. Emery B.E., Dixit R., Formby C.C., Biedlingmaier J.F.: The resistance of maxillofacial reconstruction 
plates to biofilm formation in vitro. Laryngoscope, 2003, 113(11), 1977–1982. 

13. Walker S.L., Hill J.E., Redman J.A., Elimelech M.: Influence of growth phase on adhesion kinetics 
of Escherichia coli D21g. Appl. Environ. Microbiol., 2005, 71(6), 3093–3099. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


