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Abstract 
A simple time- and labor-saving one-step procedure suitable for analytical-, 
semipreparative-, and preparative-scale preparation of bacteriocins and other 
cationic antibacterial peptides (for example as lysozyme) has been developed. 
Suspensions of bacterial cells, other colloidal- and fast-particle materials, and 
dissolved anionic molecules passed through the column; however, cationic 
bacteriocins were separated by chromatography. The purity of the target sub-
stance at more than 97% was achieved by the judgment of spectral, chroma-
tographic, and antimicrobial activity. A many-fold concentration increase 
was achieved for bacteriocins, lysozyme, and bacitracin (a commercial antibi-
otic) in comparison with the starting solutions (see the text below). In the 
experiments, homemade cation-exchange columns have been used. The col-
umns have been prepared by the grafting of glass fibers with a diameter of 0.2 
μm. In this paper, applications of a new type of liquid chromatogra-
phy—colloidal high-performance liquid chromatography (CHPLC)—were 
demonstrated. 
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New Type of Liquid Chromatography, Colloidal High-Performance Liquid 
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1. Introduction 

The discovery of colicin V, a bacteriocin, by André Gratia (1893-1950) in 
1924-25 has been mentioned in [1] [2] [3]. Sir Alexander Fleming, in 1923, had 
discovered the bacteriolytic property of a cationic animal enzyme, lysozyme. The 
discovery of the first fungus antibiotic substance—penicillin—by Fleming put a 
hold on the development of bacteriocins; the second factor in the delay in de-
velopment of bacteriocins was World War II. Many generations of penicillin 
have been developed since and up today [1], together with many generations of 
tetracyclines [1]. However, growing microbial resistance and multi-resistance to 
antibiotics developed today has turned attention to several other classes of anti-
bacterial substances—antibiotics from plants [4]-[13] and other sources. Some 
of the well-known antibiotics have unwanted side effects [14]. The antibiot-
ic-resistant and multiple antibiotic-resistant (especially Methicillin-Resistant 
Staphylococcus aureus (MRSA)) species are the result of mass migration and 
insufficient hygiene and sanitation in the developing countries from which the 
mass migrations take place [1] [15]. The same phenomenon of spreading un-
known new diseases in the regions to the native population occurred after 1492 
in the Americas [1] [16] and in Europe [17]. The use of antibiotics in poultry 
[18], fish farming [19], and animal farming [20] contributed to and continues to 
contribute to antibiotic resistance and multiple antibiotic resistances, especially 
the spreading of MRSA. Bacteriocins and other cationic peptides/small proteins 
(such as lysozyme) became an antibiotic group for use for topical application 
and for use in the food industry [21]. The general problems in the mass produc-
tion of these are the viscosity of raw material (as for lysozyme), or presence in 
the culture medium/Complex Medium of colloidal and fast-particle materials 
together with bacteria that are the producing source for bacteriocins [21] [22] 
[23] [24] [25]. Nearly the same problems are found in the production of antibio-
tics from all existing natural sources. All described protocols [21] [22] [23] [24] 
[25] and many others include numerous steps of precipitation, filtration, and 
even centrifugation prior to chromatographic purification. All described proto-
cols recognize the loss of a significant part of activity and loss of target sub-
stance. All described protocols include the production of large volumes of liquid 
waste. These wastes contain antibacterial substances, remains of bacteria/molds, 
even small quantities of vital bacteria/molds, and significant quantities of nutri-
tion broth, salts, and debris. Often the waste is not deactivated by sterilizing in 
autoclaves. All this waste, in some cases, is being canalized in nature/the envi-
ronment, especially by pharmaceutical companies in developing countries. This 
is a significant contributor to the development of antibiotic resistance, multiple 
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antibiotic resistance, and MRSA in wild creatures such as mammals, birds, fish, 
lizards, amphibians, and even in insects. From wild animals and vector insects 
that are carriers of microorganisms with resistance to antibiotics, the resistance 
to antibiotics is spreading to domesticated animals and to humans. By the vector 
insects, these are host organisms to microorganisms with strong single antibiotic 
resistance, multiple antibiotic resistance, and MRSA the resistance to antibiotics 
are also spreading to domesticated animals and to humans. The present paper 
describes a direct chromatographic procedure avoiding centrifugation, filtration, 
precipitation, and other time- and labor-consuming procedures. The advantages 
of the presented procedure are: 1) the high purity of the target substance, and 2) 
minimal loss of activity and target substance, if any, of antibacterial activi-
ty/antibacterial substance has been wasted. Generation of waste is minimal. 

2. Materials and Methods 
2.1. Instrumentation 

For Colloidal High-Performance Liquid Chromatography (CHPLC) analysis, an 
HP 1100 instrument (Hewlett-Packard, Palo Alto, CA, USA) equipped with a 
diode array detector and ChemStation software were used. Detection was done 
at 245 and 254 nm, and a simultaneous UV scan was obtained in the range 190 - 
400 nm. The homemade analytical column was prepared by grafting glass fibers, 
similar to that described in [26]. Glass fibers with a diameter of 0.2 μm were 
used in the experiment. The analytical column was 150 mm long and 4.6 mm 
(intern diameter) i.d. The homemade injector was a syringe type with a volume 
of 250 mL. For chromatography, the following solutions were prepared: 1) 
glass-distilled purified water, 2) sterilized and centrifuged at 5000 rpm, Complex 
Medium was filtered through a 2 μm filter, 3) eluate number 1 was 0.00001 M 
HCl pH 6.04, eluate number 2 was 0.001 M HCl pH 3.26. The program was to 
inject 250 mL of the culture medium, wash the column with three injector vo-
lumes of solution number 2, wash the column with 5 mL of solution number 1 
(under injection and washing the detector was switched off), then start with 
100% of eluate number 1 with a linear program for 45 min to 100% of eluate 
number 2, hold elution with eluate number 2 for 5 min and wash with 
glass-distilled purified water for 5 min. After this regenerate column by washing 
with sterilized, centrifuged at 5000 rpm, and filtered through a 2 μm filter Com-
plex Medium for 5 min. The column is then ready for a new cycle of chromato-
graphy. Column flow under the procedure was 9.9 mL/min. 

2.2. Biological Materials and Bacteriocin Assay 

Bacterial samples, cultivation, and testing of bactericide activities of bacteriocins 
are described in [21]. Bacitracin was obtained by cultivation of Bacillus licheni-
formis. Bacillus licheniformis and a Bacitracin Standard were purchased from 
Analytical Standards, (Analytical Standards, Analytical/Chromatography, Phar-
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macopeia & Metrological Institutes Standards, USP Standards). Bacitracin’s em-
pirical formula with molecular weight 1422.69 amu is C66H103N17O16S. 

Homogenized hen egg white diluted with distilled water (solution 1) 1 to 10 
v/v was prepared for the chromatographic isolation of lysozyme. 

Every collected fraction was diluted with Complex Medium to 50 mL and its 
activity was tested against filtered culture medium. The final activity of a fraction 
was decided by the dilution at which the activity of the fraction was equal to the 
activity of the filtered culture medium. The bacteriocin assay details have been 
described in [21]. 

3. Results 

The chromatogram of Complex Medium in which Lactobacillus sake NCDO 
2714 (type strain has been cultivated) was used to demonstrate the ability of 
CHPLC. On trail A, the first part of the chromatogram has been presented and 
on trail B the second part has been presented (the chromatogram was too long to 
be presented as one piece, for presentation in the paper it was necessary to cut it 
into 2 parts) Figure 1. The most of antibacterial active substance was detected 
under the peak with Rt = 15.670 min, the substances under peaks with Rt = 
10.945, 31.686, and 37.008 min were also antibacterial active, however with sig-
nificantly lower activity. 

The volume of the original fraction collected under the peak with Rt = 15.670 
min was less than 5 mL; however, its antibacterial activity was equivalent to that 
of the culture medium of 200 mL. By this, it is possible to estimate a minimal 
40-fold increase in activity. The purity of the substance under the peak with Rt = 
15.670 min has been analyzed by DAD with a simultaneous UV scan in the 
range 190 - 400 nm using ChemStation software. The purity of the fraction un-
der the peak with Rt = 15.670 min is more than 97%. The spectral purity of the 
fraction under the peak exceeds the threshold limit at 99.7% (spectral purity 
analysis not shown). 

The chromatography of homogenized hen egg white diluted with distilled wa-
ter 1 to 10 v/v was subjected to chromatographic isolation of lysozyme (chro-
matogram not shown). One in ten v/v solutions of lysozyme exceeded the vis-
cosity of a solution that normally can be subjected to traditional HPLC; however, 
for the grafted glass fiber cationic column of CHPLC, this viscosity was not a 
problem. 

Lysozyme, besides its medical application, is used in the study of the toxicity 
of pesticides and suppression of immunity by different pesticides [27]. Lysozyme 
is a glycoside hydrolase enzyme that normally catalyzes the hydrolysis of 
1,4-beta linkages between N-acetylmuramic acid and N-acetyl-D-glucosamine 
residues in peptidoglycan, which is the major component of gram-positive bac-
terial cell walls. However, it was shown that lysozyme can be active also against 
gram-negative bacterial cells by hydrolysis of links in LPS if detergents such as 
synthetic EDTA, or natural taurine or gal acids have been added [27]. Active  
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(A) 

 
(B) 

Figure 1. The chromatogram of complex medium in which lactobacillus sake NCDO 
2714 (type strain) was cultivated. The A and B trails are the chromatograms recorded by 
DAD at 254 nm. 
 
lysozyme with purity more than 95.5% was isolated in the chromatographic ex-
periment. 

Finally, the bacitracin was chromatographically isolated from Complex Cul-
ture Medium inoculated with Bacillus licheniformis. The authenticity analysis of 
the bacitracin from the collected peak with Rt = 14.955 min was judged by the 
retention time of bacitracin fraction/bacitracin standard, and the purity of the 
peak was more than 95% following the purity factor of the fraction analyzed by 
DAD with a simultaneous UV scan in the range 190 - 400 nm, with references at 
360 and 100 nm, using ChemStation software for the peak at Rt = 14.955 min; 
see Figure 2 and Figure 3. 

A semipreparative glass grafted fiber cationic column of large dimension was 
prepared and is under evaluation. The possibility of chromatography by using 
CHPLC of other antibiotics and small molecular weight cationic/anionic sub-
stances is under evaluation. 
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Figure 2. The peak at Rt = 14.955 min. 
 

 
Figure 3. The purity factor for the fraction with peak Rt = 14.955 min. The structural 
formula of bacitracin is shown in Figure 4. 
 

 
Figure 4. The structural formula of bacitracin. 
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4. Discussion 

The main technological achievement of CHPLC is direct possibility to use col-
loidal liquids by HPLC columns without of clotting danger. It was possible be-
cause of special arrangement of fibers in the column, absence of sinter in the 
head of column and the sinter with 0.5 mm at the bottom of column. 
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