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Abstract 

Skin and soft tissues infections treatment is based majorly in the use of antibiotics, but the recent rise in 

microbial drug resistance is a growing challenge for future therapies of bacterial infections. This thesis seeks to 

be the base to the development of new and alternative antibacterial materials. To accomplish that, it is divided in 

two separate sections. Firstly, successive depositions of oppositely charged polyelectrolyte layers (PE) allowing 

the coating of commercially available Gantrez nanoparticles (NP) with layer-by-layer (LbL) technique. The use 

of aminocellulose, besides providing antibacterial effect, introduces functional moieties for further grafting of 

quorum sensing (QS) molecules that will allow directed cell targeting. Secondly, the optimization of the 

production and purification protocol of the quorum quenching enzyme lactonase, which in the future will be 

incorporated in the LbL particles, enhancing antibacterial effect. For LbL NPs production, the Gantrez NPs 

dilutions were  and purification, after each PE deposition, was made through ultracentrifugation resulting in 

particles with 5 layers, with a mean size of 400.7nm, 302.4nm and 369.1nm, respectively, measured through 

NTA and 665.34nm, 716.69nm and 725.69nm, respectively, measured through DLS. At the same time, their 

final PDI was 0.424, 0.864 and 0.771, respectively. The final purification yields were 1.14%, 1.21% and 0.624%, 

respectively. Regarding the production and purification of lactonase, the protein was produced and assessed 

through Coomassie staining and Western Blot that, in the purification step, the protein elutes at a range between 

250mM and 300mM of Imidazole concentration in a HNa2PO4/H2NaPO4 buffer.  
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 Introduction 

 

The estimated incidence rate of Skin and soft tissue 

infections (SSITs) is 24.6 per 1000 person per year, 

approximately 7% to 10% of the total of 

hospitalized patients are affected by SSTIs, and 

among the patients with infection only, in the 

emergency care setting, SSITs represent the third 

most common diagnosis, after only chest pain and 

asthma[1]. (SSTIs) treatment is traditionally a 

pharmacotherapeutic approach based on antibiotics, 

which doesn’t provide a sustainable solution. With 

increased antibiotic exposure and prolonged 

hospitalization, patients are at an increased risk of 

infections by antibiotic resistant species[1]. 

Conventional antibiotics kill or interfere with 

essential housekeeping functions like DNA, RNA 

and protein synthesis. This imposes a life-or-death 

selection pressure, promoting evolution of the 

resistance in these microorganisms. 

Quorum Quenching (QQ) enzymes and 

Antibacterial Nanoparticles (ANPs) have been 

shown to have high antibacterial properties, while 

not developing resistance in bacteria. QQ is known 

as signal interference, blocking cell-to-cell 

communication, disabling the activation of the 

genes that allow regulation of bacterial processes 

that are quorum sensing (QS) dependent[2]. QQ 

enzymes are able to degrade/modify the quorum 

sensing signals and have been majorly reported in 

gram-negative bacteria QQ. The Acyl homoserine 

lactones are the QS signals released by these 

organisms. AHL-Lactonase and AHL-Acylase are 

enzymes that have been shown to have QQ 

properties. Lactonase expression in P. aeruginosa 

decreased the production os virulence factors  and 

swarming motility[3], while heterologous 

expression of AHL acylase genes in P. aeruginosa 

have also affected the production of virulence 

factors and other QS-dependent traits[4]. ANPs 

trigger a vast range of antibacterial mechanisms due 

to the materials that compose them. These can bind 

electrostatically to the cell, its membrane potential 

and integrity is disrupted, leading to a consequent 

imbalance of transport, impaired respiration, and 



interruption of energy transduction and/or cell lysis 

and finally cell death[5]. At sufficiently high 

concentrations, metallic based ANPs release ions, 

e.g. copper and silver, which induce the formation 

of reactive oxygen species (ROS), capable of 

inhibiting DNA replication and amino acid 

synthesis, leading to cell death[6].  

This thesis aims to mix both the QQ effect and the 

Antibacterial Nanoparticles in one single material. 

For that, the objective was to coat the rather inert 

surface of commercially available Gantrez 

nanocaposules with layer by layer technique and 

introduce functional moieties for further grafting of 

quorum sensing (QS) molecules. QS molecules 

may serve as a target for driving with high 

specificity the antibacterial-loaded nanocapsules to 

the site of infection, In this line, the empty capsules 

were coated with oppositely charged 

polyelectrolytes – hyaluronic acid and 

aminocellulose. Based on previous antimicrobial 

work made in the GBMI, the presence of 

aminocellulose in the assemblies would not only 

result in capsules functionalization with amino 

functional groups but also may impart antibacterial 

properties against bacteria[7]. QQ enzymes (e.g. 

acylase and lactonase) and other antibacterial 

enzymes might be also deposited in the particles 

shell to synergistically improve the antibacterial/ 

antibiofilm effect towards bacteria. The LbL coated 

Nanoparticles would allow that the applicability of 

LbL methods had an increased range, allowing their 

use in other ways than coatings, like creams, lotions 

or liquids. 

Materials and Methods 

Materials and reagents 

Gantrez Nanoparticles LbL 

The Gantrez Nanoparticles (NPs) were kindly 

provided by Bionanoplus. Cationic derivative of 

cellulose, 6-deoxy-6-(ω-aminoethyl) 

aminocellulose (AC, ~15 kDa), was synthesized 

from microcrystalline cellulose (Fluka, Avicel PH-

101) via a tosyl cellulose intermediate, using a 

previously described procedure [8], [9]. Prior LbL 

assembling, aminocellulose solution (20g/l) was 

diluted to 5g/l in mQ water and then filtered 

through a 0.45 μm syringe filter in order to remove 

any impurities. . Negatively charged hyaluronic 

acid (HA) with average Mw~75.7 kDa was 

obtained from Lifecore Biomedical (USA) in the 

form of its sodium salt. Na2CO3, NaHCO3, NaOH 

and HCl were used without purification. 

Antibacterial activity 

Gantrez Nanoparticles Layer-by-Layer previously 

prepared in the laboratory, Mueller Hinton (MH) 

broth, Centrimide Agar broth, Braid Parker broth, 

Streptomyces aureus plate culture. Pseudomonas 

Aeruginosa plate culture and KH2PO4 buffer 

solution. 

Lactonase Expression and Purification 

For bacterial maintenance and growing: Luria 

Bertani (LB) media, LB agar and Super Optimal 

Broth, were used according to the supplier 

directives. Auto-inducing media was prepared by 

mixing phosphate buffer 0.1M, 2%(w/v) Tryptone, 

0.5% (w/v) yeast extract, 0.5%(w/v) NaCl 

containing filtered sterilized 0.05% (w/v) Glucose, 

0.6% (v/v) Glycerol and 0.02% (w/v) Lactose. 

Buffers used for bacterial resuspension and protein 

purification and characterization: Bacteria were 

resuspended in Resuspension Buffer 50mM 

(HNa2PO4/H2NaPO4) at pH7.9 containing 500 mM 

NaCl, 10 mM Imidazole and 100 μM PMSF 

(Phenylmethylsulfonyl fluoride). Protein 

purification was performed in the same buffer but at 

different imidazole concentrations (10 (Binding 

Buffer), 50, 100, 150, 200, 250, 300, and 500 mM). 

For SDS-electrophoresis gel the buffers were: 

Resolving gel (0.1% Ammonium persulfate (APS), 

0.5% N,N,N',N'-tetramethylethane-1,2-diamine 

(TEMED), 0.75M Tris-HCl (1.5M pH 8.8), 0.1% 

SDS and 12 % Acrylamide/Bisacrylamide (Bio-

Rad)), Stacking gel (0.1% APS, 0.5% TEMED, 

0.125M Tris-HCl (0.5M pH 6.8), 0.1% SDS and 5% 

Acrylamide/Bisacrylamide (Bio-Rad)), 4x protein 

loading buffer (0.0625 M Tris, 2% SDS, 10% 

Glycerol, 0.4 M DTT (1,4-Dithiothreitol), 0.1% 

Blue Bromophenol dissolved in destilled water 

(ddH2O)), running buffer (3 g Tris, 14.4 g Glycine, 

1 g SDS, rise with ddH2O up to 1 L and adjust to 

pH 8.3). For protein detection: Coomassie brilliant 

blue solution (10% (v/v) Methanol, 10% (v/v) 

Acetic acid and 0.025% (w/v) Coommasie blue G), 

Coomassie destaining solution (400 ml Methanol, 

100 ml Glacial Acetic Acid and rise with ddH2O up 

to 1 L). Western-blot was carried out by utilizing 



the following buffers: Transfer buffer (25 mM Tris, 

192 mM glycine, 10% methanol). TBS buffer (8.7 g 

NaCl, 1.21 g Tris, 0.4 ml HCl in 1L ddH2O, pH 8.0) 

and TTBS buffer (1 ml Tween 20 dissolved in 1L 

TBS solution). Reagents used for western-blot are; 

Horseradish peroxidase (HRP) conjugated to anti-

mouse secondary antibody, anti-HISTag Mouse 

IgG antibody and super signal west pico 

chemiluminescent substrate (Thermo Scientific).  

Methods 

Preparation of LbL AC/HA Gantrez Nanoparticles 

ultracentrifugation for washing 

 

Several dilutions of Gantrez NPs were prepared 

(1.98x10
12

NP/ml, 9.9x10
11

NP/ml and 4.95x10
11

 

NP/ml, corresponding diluting the sample 2000x, 

4000x and 8000x, respectively). For the 1
st
 layer, 4 

ml NPs, were mixed with 4 ml AC (3.5g/l) in 15 ml 

falcons. The samples were then agitated at 85 rpm 

for 5 mins and left for 45 mins without agitation for 

polyelectrolyte deposition. Afterwards, the samples 

were purified using ultracentrifuge at 18 000 rpm 

for 20 mins. The pellets were resuspended in 4 ml 

mQ water (pH 4.5) and transferred to a new falcon. 

The 2
nd

 layer was formed with 4 mL 3.5 g/l HA 

(75.7kDa) solution and centrifugation only for 15 

mins. The changes in the surface charge and the 

size were monitored after each deposition step with 

DLS and Zeta Potencial. This procedure was 

repeated until the desired number of layers was 

obtained.  

Characterization of the LbL AC/HA Nanoparticles 

The particle growth was followed through 

Dyanamic Light Scattering (DLS) with a Particle 

size analyser (Vasco), exporting data of the mean 

particle size and polydispersity index (PDI), while 

Nanoparticle tracking analysis (NTA) with a 

Nanoparticle tracking analyser (Malvern 

instruments) was used only for when the particles 

had 5 layers, in order to determine the mean size 

and particle concentration. Zeta Potential (ZP) was 

also followed for every layer with Zetasizer Nano Z 

(Malvern instruments). 

Antibacterial activity 

 

Turbidity-based microdilution assay in MH broth: 

75 μL Mueller Hinton (MH) broth were added to 

column 2-12 of a sterile 96 well-plate.150 μL of 

LbL NPs (triplicate for all LbL NPs) were put in 

column 1 before transferring 75 μL of the LbL NPs 

(column 1) to column 2 and mixed. After mixing, 

75 μL of the samples from column 2 to column 3, 

mixed again and the process was repeated down the 

length of the plate until reaching column 12. 

Bacteria (Streptomyces aureus and Pseudomonas 

aeruginosa), previously grown overnight in MH, 

was diluted to OD (600nm) =0.01 in MH and 75 μL 

of bacterial inoculum was added to each well. 

Absorbance was measured at 600 nm (0 time) and 

incubated plate overnight at 37 °C and 230rpm. 

Controls were also made in triplicates: Negative 

control = 75 ul MH + 75 μL bacteria (OD=0.01); 

Positive control = 75 μL (gentamicin 100 μg/mL) + 

75 μL bacteria (OD=0.01); Sterility control = 150 

μL MH; Gantrez Control: 75 μL Gantrez + 75 μL 

MH. On the next day, the absorbance of the 

samples was measured again at 600nm, the 

difference between time 0 and the next day was 

calculated and the turbidity of the samples was 

compared with the controls. 

Spot Plating: 30 μL from P. aeruginosa and S. 

aureus inocula were serially diluted using 180 μL 

of 0.3mM KH2PO4 sterile buffer solution. The 

cultures were spot platted (the one that were serially 

diluted) on agar plates – Cetrimide for P. 

aeruginosa and Braid Parker for S.aureus. Incubate 

for 24 h at 37 °C. After 24h, CFU were counted in 

order to ascertain the how much of growth 

inhibition. 

Lactonase Expression 

 Gene aiiA coding for lactonase from Bacillus sp. 

isolates A23 [Reimann et .al, 2002] was cloned into 

a pET22b plasmid for expression in E.coli by a 

commercial service (GenScript, USA) through MscI 

and XhoI restriction sites. This vector contains a 

6xHisTag fused downstream the gene for 

purification by immobilized metal affinity 

chromatography. Chemically competent E. Coli 

BL21 (DE3) cells were transformed through heat 

shock and plated overnight in LB agar + Ampicillin 

(100µg/ml) media at 37ºC. Several colonies were 

picked and each incubated in different falcons with 

LB + Ampicilin (100µg/ml) overnight (between 16 

and 18h), at 37ºC and 230 rpm. One falcon was 

chosen, while the remaining were stored at -80ºC 

for further analysis, and diluted to 0.05 Absorbance 

(at λ=600nm) in 50ml LB, split in five 50 ml falcon 

(10 ml culture each) to facilitate aeration and 



incubated at 37ºC and 230rpm until they reached an 

absorbance of ≈0.7. Different Isopropyl β-D-1-

thiogalactopyranoside (IPTG) concentrations 

(between 0.1mM to 1.0mM) were then added to the 

different cultures and incubated overnight at room 

temperature and 230 rpm. The samples were 

centrifuged at 4000 rpm for 20 min, the supernatant 

was discarded and the pellet was resuspended in 

resuspension buffer, and sonicated 5 times for 30 s 

at a 30% amplitude in a sonicator of 750W. The 

lysed cells were centrifuged at 35000rpm for 35 

min and the soluble part (supernatant) was loaded 

to a SDS gel (optionally, the pellet can also be 

loaded into the gel to analyse the insoluble part) 

and ran at 100V for ≈2 hours. For Coomassie 

assessment, the gel was stained overnight with 

Coomassie Blue and destained with Coomassie 

destaining solution the next day. In Western Blot 

analysis, the transference occurred for 30 min at 

15V, to a nitrocellulose membrane (0.45 μm porus 

size, from Bio-rad). For detection, an anti-HisTag 

Mouse IgG antibody was applied, followed by a 

HRP conjugated anti-mouse antibody. 

Development was performed using super signal 

west pico chemiluminescent substrate according to 

the manufacturer.  

Autoinducing protocol  

The same protocol as the IPTG one was followed, 

with the difference that instead of using 50ml media 

(split in 5 falcons, 10ml each), the falcon culture 

would be mixed in 200ml of autoinducing media 

and grown overnight at 37ºC and 230rpm. 

Lactonase Purification 

 Purification was performed in a Column 

HisTrap
TM

 HP (1 ml) from GE. Prior to sample 

loading, several column volumes of binding buffer 

were used for column equilibration. Then, sample 

was loaded and the flow-through (FT) collected for 

further analysis. For washing, around 3 ml of 

300mM imidazole buffer were loaded and FT 

collected. Finally, protein was eluted by utilizing 

3ml 500mM imidazole buffer. For final wash and 

column storage, binding buffer containing 20% (v/v) 

ethanol was used. For gradient purification, the 

same protocol was followed, with the difference 

that several washing steps were performed 

employing 50, 100, 150, 200, 250, 300mM 

imidazole concentrations to determine the 

imidazole concentration where the protein would be 

eluted. 

Results and Discussion 

Assembling the multi-layered particles 

 

The results from the DLS suggest a good layering 

of the particles. The expected behavior of layer 

addition is to get bigger with AC/HA additions but 

the AC/HA interactions cause the structure to 

become more compact[10], becoming smaller 

particle structures. This way an up-down-up 

variation with the addition of the different layers is 

expected. Observing the mean size variation 

(Figure 1.A) in all the particle dilutions the up-

down-up variation happens, except maybe for the 

4000x sample, where from the 3rd to the 5th layer 

there was a decrease of the average size value of 

around 15 nm. Evaluating now the polydispersity 

variation (Figure 1.B), it’s fair to say that the 

particles that show the best deposition profile 

should be the 2000x diluted, as their PDI never 

goes over 0.6, while the other ones do. It is 

recommended, for the DLS technique, that the PDI 

stays lower than 0.6-0.7, as values bigger than those 

promote a higher reading error and they’re not 

recommended for DLS reading[11].  

The successful buildup is confirmed by the graphs 

in Figure 1.C. Knowing that the AC and the HA 

are, the polycation and the polyanion, respectively, 

and that the Gantrez is negatively charged, it is 

expected that, when the AC deposition occurs, the 

ZP should be positive, and when the HA adsorbs, 

the ZP should be negative. That can be observed in 

Figure 1.C, where the zeta potential oscilates 

between negative and positive values, which means 

the layers are being successively deposited for 

every particle dilution. 

Having no monodisperse samples, the DLS isn’t the 

most reliable method to measure particle size, 

because average particle size is intensity biased 

towards the larger/contaminant particles within a 

sample. That being the case, the NTA provides 

results more reliable when compared to DLS, 

because the NTA has a particle-by-particle 

approach which allows a better resolution of NP’s 

sizes and there’s no intensity bias towards larger 

particles. [12]. NTA, as it is a time consuming 

measurement, it was only measured when the 

particles had 5 layers. The graphs in Figure 2(A,B 

and C) back up the PDI values previously shown.  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is clear the existence of different particle 

concentration peaks for different particle sizes, 

proving that we do have polydisperse samples in all 

cases and that the 2000x diluted is the less 

polydisperse sample, as it has less variety of 

different sized particles. 

On the Figure 2.D, the value that differs most from 

the others is the one for the 4000x sample. This 

may be due to the not so good layering in these 

particles, corroborating the results previously 

shown in the Figure 1.A with the size variation, 

showing that the size didn’t get bigger, like what 

happened with the other samples, and remained 

with a final size a little lower. Although this 

happened, it is strange that the 2000x and 8000x 

managed to layer correctly, while the 4000x didn't. 

So, probably a practical error was the cause. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NTA also gives data on total particle concentration 

and has into account the dilution of the NPs.   

Gantrez particle initial concentration was 3.96x10
15

 

NP/ml and the final concentration of particles for 

each sample was 4.53x10
13

, 4.81x10
13

 and 

2.47x10
13

 NP/ml (considering no dilution), for the 

samples 2000x, 4000x and 8000x and 

correspondent yields of 1.14%, 1.21% and 0.624%. 

A low yield was expected due to the 

ultracentrifugation. There have been reports that, 

for Gold NPs yields of around 80% for each 

washing step were attained[13], so in that case, 5 

washing steps would lead to 0.85 = 0.32, or 32% 

yield. This value is higher than what we had, but it 

is important to mention that it was the first time 

these polymers were used for this kind of process, 

so it is not yet fully optimized. Also, after every  
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Figure 1: DLS and Zetasizer results;  - Gantrez Template,  - 8000x,  - 4000x,  - 2000x; Mean particle size variation 
with the addition of layers (A); Polydispersity index variation with the addition of layers (B); Zeta Potential variation 
with the addition of layers (C). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

layer deposition, several measurements were 

performed (DLS, ZP and on the 5th Layer NTA 

was also made), and inevitably some particles are 

lost in the measurements. 

Antibacterial Effect 

Knowing that the AC has an antibacterial effect, 

and that bacteria are capable of producing enzymes 

capable of degrading Hyaluronic Acid, the particles 

could have the AC released and produce an 

antibacterial effect. To observe the antibacterial 

capacity of the assembled particles, tests were made. 

Firstly, the antibacterial capacity of the 

Aminocelulose was observed, and the results 

obtained are shown in Figure 3. The 

aminocellulose showed an overall high antibacterial 

effect, for either gram-positive (S. aureus) or gram-

negative (P. aeruginosa) bacteria. But for the gram-

negative bacteria, growth isn’t inhibited at all in 

concentrations lower than 0.05625mg/ml, while in  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the gram-positive, there is still significant 

antibacterial effect on the same concentration. 

 

 

 

 

 

 

 

 

 

 

Although it was previously proved that the 

aminocellulose had high antimicrobial activity, it is  
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Figure 2 – NTA results; NPs concentrations for different sizes in solution for the dilutions of 2000x(A), 4000x(B) and 
8000x(C); Average NP size after 5 layers for every dilution (D) Gantrez is unlayered. 
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Figure 3: Aminocellulose antibacterial test results;                
 - P. aeruginosa,  - S. aureus 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

plain to see that that the particles do not show any 

kind of antibacterial effect, nor for the gram-

positive bacteria and neither for the gram-negative 

bacteria. The only one that shows any sign of it is 

the 2x dilution, but that can be explained due to the 

pH used (4.5), which is the same for all the 

dilutions and gantrez template. As acid pH has 

antimicrobial properties, that dilution shows some 

effect, but it can’t be attributed to the particles and 

this is the reason all of the samples show the same 

behavior in every dilution. The weak antimicrobial 

power can be explained by a few factors. Firstly, 

the starting work concentrations were already really 

low (8000x, 4000x, 2000x), and besides, the yield 

of the whole process reduces the number of  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

particles to around 1% of the original particle 

concentration. This low concentration of particles 

also means a low concentration of amino cellulose, 

which is the only component with antibacterial 

activity in the samples. It was previously shown in 

Figure 3  that there is no bacterial growth 

inhibition in cases of low concentrations of AC, 

which is certainly this case. Secondly, the number 

of layers is only 5, from which only 3 correspond to 

amino cellulose layers, which gives us a very low 

amount of AC around each particle. As a 

consequence, there is very little antibacterial effect 

around each LbL NP. These two factors indicate 

very low amounts of AC in the media, explaining 

why the antibacterial tests failed. 
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Figure 5: NPs LbL antibacterial test on P. aeruginosa results serially diluted up to 128 times.  - Gantrez Template,  - 8000x, 
 - 4000x,  - 2000x, Control (-)was 75μl Gentamycin (100μg/ml) + 75μl bacteria (OD=0.01) and the Control (+) was 75μl MH + 
75μl bacteria (OD=0.01). 
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Figure 4: NPs LbL antibacterial test on S. aureus results serially diluted up to 128 times.  - Gantrez Template,  - 8000x,  - 
4000x,  - 2000x, Control (-)was 75μl Gentamycin (100μg/ml) + 75μl bacteria (OD=0.01) and the Control (+) was 75μl MH + 
75μl bacteria 



 

Lactonase Expression through IPTG induction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The only lane that shows a stronger band at around 

28kDa, corresponding to the molecular weight of 

Lactonase [14], is 3, suggesting 0.2 mM IPTG the 

best conditions for lactonase expression. However, 

Coomassie staining dyes all the protein content, so 

another technique is needed in order to specifically 

confirm that band as lactonase. For this purpose, a 

Western Blot using an antibody specific for the 

6xHisTag was carried out. 

 

 

 

 

 

 

 

 

 

 

 

 

Western-blot results confirm the conclusions 

obtained from the SDS-PAGE, being 0.2 mM the 

best IPTG concentration for expression. Moreover, 

this very sensitive technique also detects lactonase 

when using 0.1 and 0.4mM IPTG, not easy to 

observe by Coomassie blue staining. 

Lactonase Purification (IPTG) 

 Having confirmed the production of Lactonase, 

purification followed with an Imidazole gradient to 

discover the concentration where the protein elutes. 

 

 

 

 

 

 

 

 

 

 

 

On the 7th and 8th lanes, it is possible to see bands 

around the 30kDa size, possibly being the lactonase. 

Western blot results that followed did not show any 

band, indicating lack of lactonase, so, after trying 

new cells with fresh media, and still no results, the 

only problem possible was that the original DNA 

containing the gene had some kind of problem. So a 

new DNA was amplified and purified, but 

unfortunately, it was impossible to do the same 

method with the new DNA while the internship 

lasted. 

Lactonase Purification (Autoinducing media) 

After lactonase expression, purification followed 

right after without verifying in the lactonase had 

been expressed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

1     2     3    4   5    6     7 

Figure 6: SDS-Page results for the expression of the 
Lactonase in E. Coli BL21 (DE3) under different 
concentrations of IPTG. Lane 1,2,3,5,6 and 7 were 
samples induced with 0, 0.1, 0.2, 0.4, 0.8 and 1 mM IPTG, 
respectively. The molecular weight marker was run in 
lane 4. The set of protein standards used to identify the 
approximate size of lactonase are shown on the right. 

 

Figure 7: Western Blot results for the expression of the 
Lactonase in . E. Coli BL21 (DE3) under different 
concentrations induction with IPTG 

   1     2    3  4   5  6   7   8   9  10 

Figure 8: SDS-PAGE results for the Purification of 
Lactonase using different concentrations of Imidazole in 
the washing steps. Lanes: 1-Initial Sample, 2-Sample FT, 
3,4,5,7,8,9- Washing steps using 50, 100, 150, 200, 250 
and 300mM Imidazole, respectively, 6-Molecular weight 
Marker, 10-Elution (in 500mM Imidazole). Information 
about the protein standards size is on the right for better 
comprehension. 

   1  2  3  4 5  6  7   8  9  10 

Figure 9: SDS-PAGE results for the Purification of the 
Lactonase through Auto-Induction in E. Coli BL21 (DE3). 
Lane 1- Molecular weight marker; 2,3,4,5,6,7 - Washing 
steps using 50, 100, 150, 200, 250 and 300mM 
Imidazole, respectively; 8-Eluted protein (at 500mM 
Imidazole); 9-Initial Sample; 10-Sample FT. Standard 
protein size are on the right for better comprehension. 

 



After purification (through the use of the gradient 

again), the lanes that showed the best results were 

the 5
th

 and the 6
th

, showing evident bands around 

the 30kDa, After this, another Western blot was 

carried out. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Western blot indicates that there is lactonase in 

lanes 5, 6 and 7, corresponding to concentrations of 

imidazole of 250mM, 300mM and 500mM, 

respectively. Which mean it elutes at concentrations 

above and equal to 250mM Imidazole. 

 

Conclusions and Future Works 

 

Through the Ultracentrifugation method, it is 

possible to create and purify Layer-by-Layer 

polyelectrolyte Nanoparticles, at least up to 5 layers. 

Although the final sample is polydisperse, through 

NTA and Laser Doppler Micro-electrophoresis it is 

still possible to characterize most of the particle 

properties with confidence. Even though the 

production of the LbL Nanoparticles was 

accomplished, several improvements still have to 

be made to the protocol. Particle concentration 

should be higher, and, in order to accomplish that, 

the protocol made should be made for several 

higher concentrations. This would help understand, 

in these conditions, what is the maximum 

concentration of particles which is possible to work 

with, still allowing good polyelectrolyte deposition 

and small levels of aggregation. Besides, the 

centrifugation yield is very low, giving even lower 

final particle concentrations than expected. This can 

be raised by optimizing centrifugation times, as 

usually, with more prolonged centrifugation times, 

a higher yield is obtained[15]. After maximum NP 

concentration and ideal centrifugation time are 

assessed, the next step would be working on having 

more layers, to improve the particle antibacterial 

property. Regarding the lactonase production and 

purification, production was shown to be possible 

through both protocols used, and the purification 

protocol also worked. But, in the purification, the 

next step needs to be accomplished in the near 

future. Which means, knowing that the lactonase 

elutes between 250mM and 300mM Imidazole 

concentrations, a real purification has to be made, 

obtaining a purified solution of lactonase, able to be 

used for future experiments. And also, produce 

higher amounts of it, by growing larger volumes of 

bacterial suspensions that are able to produce this 

enzyme. When the particle and lactonase 

productions are finely tuned, the next phase will 

start. Here, hybrid LbL particles will be produced. 

The lactonase would be incorporated in the 

particles as one of the layers. This is theoretically 

possible as the lactonase is positively charged 

below its isoelectric point of 4.7[16], and the pH 

used for the LbL experiment is 4.5 (This pH may 

need to be lowered for the lactonase incorporation, 

as it may not provide enough positive charge on the 

enzyme).  Hopefully after all this, a new hybrid NP 

system will be obtained with high antimicrobial 

activity, while maintaining its non-toxic properties 

against human cells, making it possible to apply on 

the skin through future cream and lotion 

formulations. 
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