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Abstract. In this paper, Ugi reaction was used to synthesize the modified polylysine (M-ε-PL) in two steps, 
and OD value was measured by ultraviolet spectrophotometer to determine the inhibitory rate of M-ε-PL in 
different concentrations of Escherichia coli and Staphylococcus aureus. The results showed that the 
antibacterial effect was better with the increase of concentration of M-ε-PL. Among them, 20 mg/mL M-ε-
PL had better bacteriostatic effect on E. coli and S. aureus. The antibacterial rate was 70% and 44%.

1.Introduction 

The ε-polylysine is a homopolymer composed of the 
essential amino acid, which is connected by the hydroxyl 
group and the amino group to form an amide bond. It is a 
natural product with antiseptic function and also a 
nutritive biological preservative [1]. Because of its good 
antibacterial activity, it is often used in bacteriostatic 
experiments against various kinds of bacteria. Liu et al 
studied the effects of ε-polylysine on the bacterial 
community. The results show that ε-polylysine can 
inhibit the growth of Pseudomonas, Shewanella and 
Acinetobacter [2]. The ε-polylysine has good 
antibacterial effect and broad-spectrum antibacterial 
property, but it also has some disadvantages such as 
short release time [3, 4]. Therefore, we modified it and 
synthesized M-ε-PL by Ugi reaction using Nα-Boc-L-
lysine as the substrate. The reaction condition is mild, 
the efficiency is high, the atom economy is good, is 
widely used in the synthetic chemistry, the 
pharmaceutical and the life science domain. M-ε-PL is 
an amphiphilic polymer containing hydrophilic amino 
and hydrophobic subunits, which has better 
bacteriostatic effect than general bacteriostatic agents, 
and has a good application prospect in food preservation. 

2.Materials and methods 

2.1.Synthesis of M--PL 

The required amount of tertiary butyl nitrile (0.18 g, 2.2 
mmol) was added to a suspension of MeOH (2 mL) 
containing Nα-Boc-L-lysine (0.24 g, 1.0 mmol) and 
benzaldehyde (0.23 g, 2.2 mmol) and then under the 
magnetic stirrer for 95 h at 25 ° C. The volatile matter 
was removed by vacuum, and the residue was dissolved 
in 2 mL CH2Cl2, the solution was precipitated several 
times in petroleum ether and dried under vacuum at 

room temperature to give the polypeptide P1 as a white 
solid. 

Trifluoroacetic acid (1.2 mL) was slowly added to a 
solution of P1 (1.0 g) in dry CH2Cl2 (6.0 mL) at 0 ℃ and 
then under the magnetic stirrer for 3 h at 25 ℃. The 
polymer solution was concentrated and precipitated in 
petroleum ether. White solid (M--PL, 0.981 g) was 
obtained [5]. The synthetic route of M--PL is shown in 
Fig.1. 
                                   M-ε-PL 

Fig.1 The synthesis of M--PL compounds 

2.2.The antibacterial experiments of M-ε-PL to 
Escherichia coli and Staphylococcus aureus  

Firstly, the OD value at 600 nm was measured by 
ultraviolet spectrophotometer. When the OD value was 
1.0, different concentrations of M-ε-PL were added, and 
the OD value was tested again after 24 h. The standard 
OD difference from the addition of M-ε-PL was used to 
calculate the percent inhibition of E. coli and S. aureus 
against different concentrations [6]. 

On the basis of the above inhibition efficiency test, 
the inhibition efficiency of 20 mg/mL M-ε-PL was tested 
again by using the dilution plate method, and the above 5 
mL bacterial solution was diluted to 1 mL with 20 mL. 
Then, 10 microliters are moved to 1 mL with a pipette 
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and diluted to 5 mL and from 5 mL to 50 microliters for 
dilution of E. coli and S. aureus [7]. 

2.3. SEM characterization of Pseudomonas 
fluorescens by M-ε-PL 

Take a certain amount of Pseudomonas fluorescent and 
sterile Phosphate Buffer solution (PBS) buffer, adjust the 
concentration to OD600 = 0.5, then take 20 mL PBS 
suspension, one group is a blank control group, and the 
other group is treated with 0.2% M-ε-PL, shake at 30°C 
for 12 h and centrifuge at 3000 r/min for 10 min. After 
centrifugation twice, the supernatant was decanted, 2 mL 
of cooled 2.5% glutaraldehyde was mixed with the 
bacteria, fixed for 2 h, and then rinsed with sterile water 
2-3 times. After dehydration with absolute ethanol, it 
was dried at 37°C for 72 h, and then observed with a 
scanning electron microscope [8]. 

3.Results and discussion 

3.1.Antibacterial effect of M--PL on E. coli and 
S. aureus 
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Fig. 2. Percentage inhibition of (a) E. coli and (b) S. aureus by 

M-ε-PL 
As shown in Figure 2, the inhibitory percentage of M-ε-
PL on E.coli and S. aureus also increased with the 
increase of concentration of M-ε-PL. When the 
concentration of M-ε-PL is 100 mg/ml, the sterilization 
rates of E. coli and S. aureus are both above 80%. 

 
 

 
Fig. 3. The number of colonies treated E. coli by (a) M-ε-PL，  

(b) the blank control 

      

      

Fig. 4 The number of colonies treated S. aureus by (a) M-ε-PL, 
(b) the blank control 

Figure 3a shows the E. coli treated with M-ε-PL, the 
colony number is 109, and Figure 3b shows the untreated 
E. coli, the colony number is 362, and the sterilization 
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rate can reach 70%. It can be seen that M-ε-PL has 
obvious antibacterial effect on E. coli [9]. 

Figure 4a shows the S. aureus treated with M-ε-PL, 
and the colony number is 149. The colony number of the 
untreated S. aureus is 268 (Figure 4b), and the 
sterilization rate can reach 70 %. It can be seen that M-ε-
PL also has obvious antibacterial effect on S. aureus [10]. 

3.2.SEM images of Pseudomonas fluorescens 

 

 

Fig. 5. Scanning electron micrograph of P. fluorescens without 
(a) and with (b) by M-ε-PL 

 
Figure 5 shows the surface morphology of P. fluorescens 
after treatment with M-ε-PL has undergone significant 
changes. The cell wall membrane in the middle part of 
the bacterial body is broken and cracked, with obvious 
depressions. After analysis, it is believed that M-ε-PL 
causes the protein in the cell membrane to be lost due to 
degradation, the example channel on the bacterial cell 
membrane is opened or lysed and damaged, the cell is 
ruptured, and the contents of the bacteria leak [11, 12], 
thereby achieving the antibacterial effect. 

4.Conclusions 

The M-ε-PL synthesized by Ugi has mild reaction 
conditions, high reaction efficiency, low cost and simple 
operation. The antibacterial experiment proved that 20 
mg/mL M-ε-PL can kill 70% of E. coli and 44% of S. 

aureus. SEM can also show that it has a significant 
inhibitory effect on P. fluorescens, and the effect is 
better than general antibacterial agents, which have a 
good prospect in antibacterial research. 
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