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Numerous recombinant proteins of industrial and pharmaceutical importance are secreted to the periplasm of 

Escherichia coli, which makes necessary to include traditionally cellular disruption methods in the recovery steps of downstream 

processing.  E. coli cells, capable of releasing periplasmic proteins into the extracellular medium without the need of cell lysis, can 

potentially be attractive for the biopharmaceutical industry to improve the manufacturing process. Antisense technology is a 

powerful tool finding increased application in cellular engineering for inhibition of the expression of a target gene in a sequence-

specific manner. This work describes an attempt to develop an antisense plasmid targeting the major outer membrane protein of 

E. coli, murein-lipoprotein (Lpp), to increase outer membrane permeability for extracellular production of recombinant 

periplasmic α-amylase. The antisense system can be used to increase release levels of periplasmic proteins, although further 

refinements and research into the use of this system would be required to achieve full release of these proteins. 
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INTRODUCTION 

 

 Escherichia coli is a gram-negative bacterium that is 

widely-used in the biotechnology industry for manufacturing 

of many therapeutic recombinant proteins. Almost 40% of all 

available recombinant therapeutic proteins are manufactured 

by E. coli expression systems (Langer, 2009). This fact is due 

to its well characterised genetics, rapid growth and high-yield 

production, using inexpensive growth media (Baneyx, 1999).  

 Frequently, the recombinant products expressed in E. coli 

are not secreted into the culture medium, but are instead 

retained at various locations within the cell, such as in the 

cytoplasm and periplasm. Recovery of these products 

normally involves cell lysis and many purification steps, 

being responsible for the reduction of the overall yield of the 

production process and for a large proportion of the 

production costs. Thus, achieving the release of the desired 

product to the culture medium is crucial for improving the 

process economics.   

 For gram-negative bacteria, translocating recombinant 

proteins outside the cell requires overcoming two membrane 

barriers. While directing recombinant proteins for 

periplasmic expression through either Sec or Tat pathways 

can be achieved by simply fusing an appropriate signal 

peptide gene with the structural gene of the protein of 

interest, a generally applicable method has yet to be 

developed to overcome the outer membrane barrier and to 

render extracellular recombinant protein production. 

 Many fermentation techniques, including changes of 

culture medium composition (Fu, 2010), temperature (Rinas 

and Hoffmann, 2004), aeration and calcium ion (Shokri et al., 

2003), osmotic pressure and induction conditions (Orr et al., 

2012), as well as the addition of supplements such as glycine 

(Yang et al., 1998) and Triton X-100 (Fu et al., 2005), have 

been explored to achieve the extracellular production of 

recombinant proteins in E. coli. The main disadvantage of the 

fermentation control for the extracellular production of target  

 

 

 

proteins is that the fermentation conditions vary greatly with 

different target proteins. 

 Studies with E. coli lpp (encoding Braun’s lipoprotein, 

outer membrane protein) mutant indicate that transposon 

interrupted LPP generates a periplasmic leaky phenotype, 

allowing some periplasmic proteins to escape from cells (Ni et 

al., 2007).  

 E. coli mutants can be designed to synthesise antisense 

RNAs that will bind to their complementary mRNA, thus 

preventing translation of a target protein. Targeting some 

membrane proteins can increase leakage of product from the 

periplasm. This study describes an attempt to develop an 

antisense plasmid targeting the Lpp protein to increase outer 

membrane permeability for extracellular production of 

recombinant periplasmic α-amylase in E. coli W3110 and 

BL21(DE3).  

 

 

 MATERIALS AND METHODS 

 

Chemicals, enzymes, media and antibiotics were supplied by 

differente brands, such as Sigma-Aldrich, Invitrogen, Merck, 

VWR International, Fisher Scientific and New England 

BioLabs. Some solutions, such as antibiotics, were filtered 

through a 0.2 µm sterile filters (Millipore).  

 

Bacterial Strains and Plasmids 

 

The E. coli strains W3110 (F- λ- rph-1 INV(rrnD, rrnE)) and  

BL21(DE3) (F-ompT gal dcm lon hsdSB(rB
-mB

-) λ(DE3 [lacI 

lacUV5-T7 gene 1 ind1 sam7 nin5])) were used in this study. 

The plasmids used were pQR187 (α-amylase production, 

kanamycin resistance) and pMMB66EH (8.8 kbp, ampicilin 

resistance). The plasmid pJ411 (4.2 kbp, kanamycin resistance) 

was used as a carrier of the antisense fragment Lpp (237 bp). 
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Growth conditions 

 

Strains were maintained on LB agar plates supplemented 

with 20 µg/mL kanamycin or 100 µg/mL ampicilin. Starter 

cultures were prepared by inoculating 50 mL sterile complex 

medium with 2-3 colonies from a fresh agar plate and 

incubated overnight (17 h) at 37 ºC and 250 rpm. In shake 

flask cultures, 100 mL complex media were inoculated at 

10% (v/v) and shaken (250 rpm) in 1 L shake flask for 3 h at 

37 ºC. Then, 500 mL defined media were inoculated at 10% 

(v/v), shaken (250 rpm) in 2 L shake flask and left overnight 

(17 h). Fermentations were carried out in a 7 L (4 L working 

volume) New Brunswick bioreactors. Bioreactor cultures 

were inoculated with a 10% (v/v) shake flask culture and 

grown at 32 ºC (growth temperature) or 28 ºC (production 

temperature) in defined media. The composition of the 

defined medium used in the fermentation had the following 

composition: (NH4)2SO4, 5 g/L; NaH2PO4, 3.312 g/L; KCl 

3.87 g/L; MgSO4.7H2O, 0.717 g/L; citric acid, 5 g/L; 

CaCl2·6H2O, 0.05 g/L; ZnSO4·7H2O, 0.0246 g/L; 

MnSO4.4H2O, 0.02 g/L; CuSO4·5H2O, 0.005 g/L; 

CoSO4·7H2O, 0.00427 g/L; FeCl3.6H2O, 0.0967 g/L; H3BO3, 

0.0003 g/L; NaMoO4 0.00024 g/L; polypropylene glycol 

(PPG, 25% v/v), 1 mL/L; glycerol, 3% (w/v). The aeration 

rate used was 1 vvm and the agitator speed was 1200 rpm. 

Dissolved oxygen tension (DOT) and pH were maintained at 

35% and 7.0, respectively. For induction, 1 mM of IPTG was 

used before addition of 120 mL of 80% glycerol (constant 

flow rate).  

 

Cell Growth Measumerent  

 

Cell growth was obtained my measure the optical density of 1 

mL samples in triplicate at 600 nm (OD600). For DCW 

measurements, triplicate 1 mL Eppendorf tubes were placed 

in the incubator at 100 ºC for 24 h, to achieve maximum 

dryness. The weight of the empty dried tubes were measured 

and recorded. To the dried test tubes, 1 mL sample was added 

before centrifugation at 13000 g for 10 min. The supernatant 

was discarded and the tubes were placed in the incubator in 

the same set conditions for more 24 h. Finally, the weight of 

the tube plus pellet was measured and recorded. The DCW is 

obtained subtracting the weight of tube plus pellet to the 

dried tube weight. 

 

Cell Fractionation 

 

From fermentation samples, 1 mL was reserved for cell 

fractionation purposes. These cells were transferred to sterile 

microfuge tubes and centrifuge at 13000 g for 5 min. The 

supernatant was removed and transferred to clean microfuge 

tubes, referred to as the supernatant fraction. The pellet was 

resuspended in 200 µL of cold extraction buffer containing  

20% sucrose, 1mM Na2EDTA, 200 mM Tris.HCl and 500 

µg/mL lysozyme. After vortex and incubation at room 

temperature (25 ºC) for  15 min, 200 µL of distilled water 

were added to the extract, mixed and left another 15 min at 

the same temperature. The mixture was vortex again and  

centrifuged in the same set conditions for more 10 min and 

the resulted supernatant was collected for later analysis, 

referred to as the periplasmic fraction. The remaining pellet  

 

 

 

was ressuspended in 500 µL of 50 mM cold Tris.HCl 

previously prepared, mixed under vortex and placed on ice. 

Samples were taken for sonication using a small probe with 5 

cycles of 10 s sonication and 10 s cooling before final 

centrifugation with the previous settings for 10 min. The 

supernatant was collected into a clean tube and  referred to as 

the cytoplasmic fraction.  

 

α-amylase activity assay 

α-amylase activity was measured by monitoring the rate of 

decrease of a coloured starch/iodine complex using a modified 

version of the Blanchin-Roland and Masson (1989) assay. A 

solution of 0.25% (w/v) soluble starch in 15 mM sodium 

phosphate buffer (pH 5.8) was heated to boiling point and 

filtered whilst hot through No. grade 1 filter paper (Whatman, 

Kent, UK) before being incubated in a 50 ºC water bath. For 

each sample to be measured for amylase activity, 950 µL of the 

starch solution was transferred to microfuge tubes within the 

water bath before the addition of 100 µL of the clarified cell 

fractions with stirring. Aliquots (50 µL) were removed at 

various time points over a 90 min period and transferred to 

cuvettes containing 1 mL iodine solution, thereby stopping any 

reaction. The iodine solution was freshly prepared by adding 

200 µL 2.2 % I2/4.4 % KI (w/v) into 100 mL of 2% (w/v) KI 

solution. The rate of decrease in absorbance over time was then 

measured at 620nm. One unit of enzyme activity corresponds 

to the hydrolysis of 143 µg/min of soluble starch at 50 ºC. 

  

DNA manipulations 

Plasmid DNA (pDNA) was obtained from minipreparation 

(QIAprep Spin Miniprep Kit,  cat. nos. 27104 and 27106) and 

maxipreparation (QIAGEN-tip 500 kit, cat. nos. 12162, 12163 

and 12165) protocols. The restriction endonuclease digests 

were performed according with the restriction enzymes (EcoRI 

and HindIII) supplier protocol (New England Biolabs, NEB, 

Beverly, MA, U.S.). Electrophoresis was performed using 1% 

(w/v) agarose in Tris/Borate/EDTA buffer at 100 V for 1 h. For 

pDNA extraction from agarose gel, the standard QiaQuick Gel 

Extraction Kit (cat. nos. 28704 and 28706) protocol was 

followed. Thermo Scientific FastAP kit (Catalog number: 

EF0654) was used before ligation to minimise pDNA 

recircularization. For ligations, quick (M2200S) and T4 DNA 

ligase (M0202S) kits from NEB were used (2-fold molar 

excess of insert) with subsequent ligase heat inactivation. For 

the last one, incubation overnight at 37 ºC was performed. 

Plasmids tranformations were made with the standard heat-

shock transformation (NEB, C2988). 
 

RESULTS AND DISCUSSION 
 

Production and Quantification of α-amylase within E. coli 

 

The growth characteristics of E. coli W3110 and BL21(DE3) 

strains were first determined by running 4 L fermentation 

without any transformed plasmid.  The growth profiles after 60 

hours of culture are illustrated in Figure 1.   
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As it can be seen in Figure 1, the two strains show similar 

growth profiles with minor differences that are important to 

refer. One relevant difference is the drop in cell density after 

the exponential phase, being this drop higher for BL21(DE3) 

in comparison with W3110 that has an insignificant drop. 

Additionally, both strains reach the OD peak at almost the 

same time (after ≈ 22 h post inoculation). The alternation of 

the type of nutrient may be responsible for the slight increase 

of OD600 after the cell density drop. The medium carbon 

source is the initial nutrient and, later, the bacteria started to 

synthesise enzymes to break down proteins that may be 

present after death of other cells for growth. Another 

observation is that, in the end of the 60 hours of culture, the 

OD600 is slightly higher for the W3110 strain. 

 

 

α-amylase Expression in E. coli W3110-pQR187 

 

α-amylase production by E. coli W3110 transformed with 

pQR187 was studied in 4 L fermentation. The growth profile 

and DCW analysis are illustrated in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The point of induction is denoted with an arrow in Figure 3 and 

occurred at the dissolved oxygen tension (DOT) spike which is 

after 24 h of culture. This point was selected for induction 

because it represents the highest cell density that can be 

achieved with the given amount of nutrients in the media. 

Therefore, in order for the metabolism and protein production 

carry on, a shot of glycerol was added to the bioreactor 

immediately after induction, being responsible for the 

prominent “dip and rise” observed in the cell growth profile. 

It is interesting to compare the growth profile of E. coli 

W3110 with (Figure 3) and without (Figure 1, left) the plasmid 

pQR187. As can be seen in Figure 3, E. coli W3110-pQR187 

shows a growth profile different from the one obtained for the 

non-transformed strain. Considering that both inoculums were 

in exponential phase,  a smaller lag phase and OD peak are 

observed for the transformed strain. While plasmid presence 

was shown to have minor influence on the final OD (OD600 ≈ 

37), induction led to a marked reduction of the cell growth. 

Possibly, the cells still had substrate and growth potential, but 

induction leads to nutrient consumption for α-amylase 

production instead of cell growth. 

 

All the samples taken from the fermenter during E. coli 

W3110-pQR187 culture were fractionated and assayed for α-

amylase activity. The results are present in Figure 4. In Figure 

4 (left), the enzyme production profile can be seen with 

emphasis on its location for the main accumulation. This 

observation is very important in the context of this project. It is 

absolutely key to be able to show that a periplasmically 

expressed protein accumulates in the periplasm because any 

modification aiming to release periplasmically accumulated 

products can be confidently illustrated. 

Figure 1. Growth profiles of E. coli W3110 (left) and BL21(DE3) (right) strains cultured in 4 L fermentation for 60 h. 

Data points are average of triplicate samples. 

Figure 2. Growth profile (up) of E. coli W3110-pQR187 culture in 

4 L fermentantion for 50 h and DCW analysis (down). Induction 

was performed with 1 mM IPTG after 24 h of culture as indicated 

by the arrow.  Data points are average of triplicate samples. 

Figure 3. Comparison of the growth profiles of E. coli W3110 with 

and without the production plasmid pQR187 cultured in 4 L 

fermentation. Data points are average of triplicate samples. 
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Figure 4 (right) shows that most of the product accumulates 

in the periplasm and not much of it is secreted into the 

medium. Furthermore, it shows that minor amylase activity 

was achieved even prior to induction which suggests that the 

plasmid is transcribed and translated from the beginning of 

the culture. The amount of amylase activity post induction in 

cytoplasm and supernatant remains relatively constant and 

equal to 100 (18%) and 25 U/OD600 (5%), respectively, as 

opposed to the activity observed in the periplasmic fraction 

that increases significantly and progressively with cultivation 

time. By the end of the fermentation, the total amylase 

production was ≈ 500 U/OD600, wherein ≈ 425 U/OD600 

(77%) of it was present in the periplasmic fraction. Longer 

cultivation times should be investigated in the future.   

 

α-Amylase Expression in E. coli BL21(DE3)-pQR187 

 

α-amylase production by E. coli BL21(DE3) transformed 

with pQR187 was studied in 4 L fermentation. The growth 

profile and DCW analysis are illustrated in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

Comparison of the growth profile of E. coli BL21(DE3) with 

(Figure 5) and without (Figure 1, right) the plasmid pQR187 is 

present in Figure 6. As expected, E. coli BL21(DE3)-pQR187 

shows a growth profile different from that of the parental 

strain. Considering that both inoculums were in exponential 

phase, a smaller lag phase and a higher OD peak are observed 

for the transformed strain, being this last behaviour opposite to 

that observed for the transformed E. coli W3110 (Figure 3). 

Additionally, by the end of the fermentation, the OD is higher 

for the transformed strain.  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 6. Comparison of the growth profiles of E. coli BL21(DE3) 

with and without the production plasmid pQR187 cultured in 4 L 

fermentation. Data points are average of triplicate samples. 

 
All the samples taken from the fermenter during E. coli 

BL21(DE3)-pQR187 culture were fractionated and assayed for 

α-amylase activity. The results are present in Figure 7. Most of 

the product accumulates in the periplasm of the transformed E. 

coli BL21(DE3) and not much of it is secreted into the 

medium. Once again, it can be observed that amylase activity 

was achieved even prior to induction. By the end of the 

fermentation, the total amylase activity obtained was ≈ 575 

U/OD600, wherein ≈ 375 U/OD600 (9%) of it was present in the 

periplasmic fraction. Post induction, the activity observed for 

the periplasmic fraction increases significantly and continues to 

rise. However, in the end of the fermentation, this activity 

seems decelerate. The amount of amylase activity post 

induction in supernatant remains relatively constant and equal 

to ≈ 50 U/OD600. Comparing the results obtained for the two 

transformed strains, the amylase activity in the supernatant of 

E. coli BL21(DE3)-pQR187 is notably higher. This may be 

interpreted such that this strain is more willing to allow 

periplasmically expressed products to escape into the medium. 

Figure 4. Specific amylase activity (left) and respective comparative levels (right) in the 3 fractions (supernatant, 

periplasm and cytoplasm) of E. coli W3110-pQR187 cultured in 4 L fermentation for 50 h. Induction was performed 

with 1 mM IPTG after 24 h of culture as indicated by the arrow.  Data points are average of triplicate samples. 

Figure 5. Growth profile (up) of E. coli BL21(DE3)-pQR187 

cultured in 4 L fermentation for 50 h and DCW analysis (down).  

Induction was performed with 1 mM IPTG after 24 h of culture as 

indicated by the arrow.  Data points are average of triplicate samples. 
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Strategy for creation of antisense strains 

 

The strategy for developing the antisense constructs aims to 

create a plasmid with a region of around 200 bp encoding the 

antisense region that can be activated with a suitable inducing 

agent such as IPTG. In order to achieve this, the antisense 

region must be obtained and inserted into an appropriate 

plasmid vector. The Lpp antisense fragment was already 

designed and supplied in the pJ411 vector at the start of the 

present work. The plan was to digest the antisense-Lpp DNA 

from the carrier plasmid pJ411 and ligate it into pMMB66EH 

before E. coli TOP 10 transformation for pMMB66EH-Lpp 

stocks production. It was chosen this antisense plasmid 

because it can coexist with pQR187 within the cells.  

TOP10 E. coli cells hosting the carrier plasmid pJ411 and 

the pMMB66EH plasmid (strains created by John Ward - 

University College London, UCL), were cultured in LB 

medium (25 mL) overnight (17 h). The cells were harvested 

by centrifugation at 13000g (15 min, 4 ºC). Plasmid 

pMMB66EH has a low copy number and, consequently, 

generating sufficient levels of the pDNA was difficult with 

low yields resulting from cultures. Initial minipreparation 

procedures and subsequent nanodrop examinations showed 

concentrations of, at most, 20 ng/µL with little no bands 

visible on agarose gels. Thereby, pDNA was obtained by a 

maxipreparation procedure. pDNA obtained (pJ411-Lpp and 

pMMB66EH) was double digested with EcoRI and HindIII. 

The gel of DNA digests is present in Figure 8.  

 

 

 

After observation of the smaller (Lpp) and bigger 

(pMMB66EH) fragments, these were extracted from the gel 

before subsequent quick ligation of the fragments. The ligation 

mixture was directly used for E. coli TOP10 transformation. 

 For ligation confirmation, 3 LB-agar Petri dishes 

supplemented with ampicilin were analysed: 1 ligation (E. coli 

TOP10-pMMB66EH-Lpp) + 2 controls (E.coli TOP10 + E.coli 

TOP10-pMMB66EH (uncut)). In the plate with non-

transformed cells, cell growth was not observed because the 

plasmid conferring the resistance to ampicilin was no present. 

However, unexpectedly, in the plate with the cells containing 

the plasmid uncut, no colonies were observed. The E. coli 

TOP10 cells used were obtained from cell banks previously 

prepared and stored at -80 ºC. The real conditions of competent 

cells preparation, storing and handling, were not known and 

cell competence could be compromised. More importantly, no 

colonies were observed in the plate resulting from 

transformation of the pDNA resultant from the ligation step. 

The non-competence of the cells was afterwards confirmed by 

a pUC18 transformation. It was chosen to perform 

transformation in competent E. coli W3110 and BL21(DE3) 

strains also obtained from cell banks previously prepared and 

stored at -80 ºC. The same 2 controls were made and growth 

was observed in the plate with the uncut plasmid, confirming 

the cells competence. In the plate with the transformed E. coli 

W3110, only one cell colony was observed (Figure 9, left). 

 

 

Figure 9. Plate resulting from agar medium propagation of E. coli 

W3110 transformed with the ligation mixture containing plasmid 

pMMB66EH with the antisense insert (left)  and 1% AGE of the pure 

pDNA recovered from 4 different samples of the E. coli W3110 

transformant colony (right). 

Figure 7. Specific amylase activity (left) and respective comparative levels (right) in the 3 fractions (supernatant, 

periplasm and cytoplasm) of E. coli BL21(DE3)-pQR187 cultured in 4 L fermentation for 50 h. Induction was performed 

with 1 mM IPTG after 24 h of culture as indicated by the arrow.  Data points are average of triplicate samples. 

Figure 8. 1% AGE resulting from EcoRI and HindIII restriction of 

pJ411-Lpp and pMMB66EH. The two ladders, 100 bp and 1 kb, are 

presented in the first and last wells, respectively. The gel shows the 

presence of the antisense Lpp fragment (237 bp) and  pMMB66EH 

plasmid.  
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One explanation for obtaining this low transformants number 

can be one modification of the quick ligation protocol used. 

Following the ligation procedures indicated in the protocol 

used in the laboratory, it was chosen to perform the heat 

inactivation of the T4 DNA ligase at 80 ºC for 20 min. 

Normally, T4 DNA ligase inactivation, when performed, is 

made at 65 ºC for 10 min. Probably, the conditions used for 

inactivation caused parcial pDNA destruction. According to 

Ribeiro et al. (2009), when DNA solutions are heated, DNA 

denaturation and depurination can occur. 

 Although the obtained transformant could be result of a 

possible contamination, it still could contain just the plasmid 

pMMB66EH or this plasmid with the antisense fragment 

inserted. For analyse of this transformant, it was chosen to 

culture 4 different parts of the observed colony and 

subsequently extract and digest their DNA. Figure 9 (right) 

shows an agarose gel where the purified pDNA samples 

(maxipreparations), cut with the restriction enzymes EcoRI 

and HindIII, were analysed by electrophoresis to determine 

the possible presence of the antisense fragment within the 

plasmid pMMB66EH. Four bands can be observed with 

about 9 kbp corresponding to the pMMB66EH weight (8.8 

kbp). Taking into account this observation, it can be 

concluded that, possibly, the viable transformant previously 

obtained only contain the plasmid religated without the 

antisense fragment, because no smaller band (between 300 

and 200 bp) is observed. 

 Some speculations can be made. First, it cannot be 

ensured that the bigger fragment observed in Figure 9 (right) 

is not the result from contamination with a laboratory strain 

containing also resistance to ampicilin. This strain could 

contain the pMMB66EH plasmid or even another plasmid 

that confers ampicilin resistant with a similar weight or even 

bigger than pMMB66EH but not contains restriction sites for 

the restriction enzymes used in this work (EcoRI and 

HindIII). Secondly, the antisense Lpp fragment can be 

present but it is not visible due to the small pDNA amounts 

used for running the gel. As it can be observed, the 4 bigger 

bands observed for the 4 samples taken are faded bands. If 

for a bigger fragment the bands are faded, it can be 

speculated that a smaller band is present but we simply 

cannot see it. 

 Taking into account these results, there are two possible 

solutions: increase the pDNA amounts used for running the gel 

to try to see the smaller antisense fragment or repeat the 

ligation procedure. At this point, it was chosen to do the 

ligation step again. The typical ligation protocol with T4 DNA 

ligase was performed. This protocol was followed with the 

exception that the incubation overnight was made at 37 ºC 

(according with the laboratory protocol) instead of 16 ºC 

(recommended by the ligase manufacturer) to try to enhance 

ligation and further transformation. Figure 10 shows the gel run 

for the ligated samples before transformation.  

In Figure 10, a band with approximately 9 kb (plasmid + 

Lpp) was supposed to be seen, confirming the presence of the 

ligated vector. However, no band is visible, showing the 

absence of the ligated vector in the samples. A possible 

explanation for this result is associated with the incubation 

overnight conditions. Probably, incubation at 37 ºC during a 

long period of time causes pDNA thermal destruction. Even if 

the ligation procedure was not successful and the incubation 

conditions did not lead to pDNA destruction, some bands 

corresponding to the plasmid religated could appear. The 

pDNA was destructed or pDNA amounts used for gel running 

was again not adequate to allow seeing some bands. The uncut 

sample should have been run in the gel. 

 

Due to lack of time, it was not possible to continue with this 

experimental work but some considerations are pertinent. 

Although, insert:vector molar ratio of 3 is normally sufficient 

for efficient ligation, this ratio can be optimised conducting 

different ligations with various ratios of recipient plasmid to 

insert. Total amounts of pDNA used to run AGE of samples 

must be better evaluated beforehand, because otherwise the 

fragments that we are looking for may be present but in 

quantities too low for detection. The pDNA samples should be 

previously concentrated using, for example, an evaporating 

concentrator system. Additionally, enzyme incubation and heat 

inactivation conditions are very important because they could 

affect the AGE results and thus must be improved. 

 A final and important speculation is associated with the fact 

that the antisense plasmid could be toxic for the cells. In Figure 

9 (left), just one viable transformant was observed. This low 

number of transformants can be associated with this 

speculation. Even without induction with IPTG, the plasmid 

could have some activity and would lead to cell death in case 

of being toxic. If such toxicity is associated with the loss of 

their integrity from inhibition of the synthesis of Lpp, would 

have to be investigated. At this point, cannot be known if the 

induction of the antisense plasmid has some negative effect 

upon the growth of the cells. This toxicity is not however 

expected because pMMB66EH is a low-copy number plasmid 

and because lpp has a weak promoter.  

 Gibbons (2012) showed that this toxicity does not exist. He 

followed a different approach to design and create the antisense 

plasmid. The antisense region was designed and inserted into 

an appropriate plasmid vector using PCR to amplify the region. 

These PCR products were blunt-ended and they were inserted 

into the subsequent intermediate vector in either orientation. 

The intermediate plasmid vector allowed the PCR product to 

be excised using restriction sites either side of the insert, so the 

construct was then inserted into the final plasmid vector of 

choice (antisense plasmid pMMB66EH) using the same 

restriction sites. From this study, it was observed an increase in 

Figure 10. 1% AGE resulting from the ligation protocol, showing 

that the insert and vector have not been ligated. 
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α-amylase release levels to the extracellular medium with the 

antisense plasmid during both 250 mL shake flasks cultures 

and 9 L fermentations of E. coli W3110-pQR187, being this a 

significant improvement comparing to the typical non-

antisense release levels.  

During shake flask cell cultures, the amount of α-amylase 

released was increased from the low basal levels of around 6% 

to as much as 57% when the antisense plasmid pDGALPP1 

(pMMB66EH-Lpp) was added to the same cells alongside the 

production plasmid pQR187 (appendix, Figure 11. ). In 

contrast, basal levels of around 14% α-amylase were present in 

the supernatant during the non-antisense fermentations, 

increasing to approximately 46% with the addition of 

pDGALPP1 (appendix, Figure ). While this does not provide a 

consistent majority of amylase released into the supernatant, 

this is a significant improvement on the typical non-antisense 

release levels. In all cultures, the induction of the antisense 

plasmid did not result in any negative effect upon the growth of 

the cells. However, Gibbons (2012) observed that, in 

fermentation cultures, the presence of the two plasmids being 

induced resulted in the growth rate being slowed down 

(appendix, Figure ). 
 Gibbons (2012) also observed that the pDGALPP1 culture 

without induction shows a similarly high level of release into 

the supernatant. Both the uninduced and induced antisense 

cultures showed greater level of specific activity within the 

supernatant. This suggests that the antisense RNA was being 

produced to some extent and affecting the release of the cells, 

even without the presence of an inducer. The amylase itself 

was produced in the uninduced cells at around 35% of the 

levels found in the induced cells. 

 

 

CONCLUSIONS AND FUTURE WORK 

 

The main aim of this thesis was to create an antisense plasmid 

to hinder the expression of the major outer membrane protein 

of E. coli, Lpp, to increase the membrane permeability for 

extracellular production of recombinant periplasmic α-amylase. 

 The initial experiments performed on the two E. coli 

strains, W3110 and BL21(DE3), with amylase-producing 

plasmid (pQR187), showed that the reporter enzyme amylase 

was efficiently translocated to the periplasm, providing the 

greatest level of activity with little released outside the cells 

into the supernatant fraction. By the end of the fermentation 

process, around 5 and 8% of the total amylase produced was in 

the supernatant fraction of E. coli W3110 and BL21(DE3), 

respectively. The results were in line with previous similar 

studies. Gibbons (2012) studied amylase expression from E. 

coli W3110-pQR187 in 2 L fermentations using a different 

media (Nutrient Broth Nr. 2) and similar running conditions. 

He observed that the vast majority of activity was within the 

periplasmic fraction and a small proportion of activity was 

found within the supernatant (roughly 9% by the end of the 

fermentation). Overall, the similarities found were in terms of 

product accumulation location and their evolution trend during 

fermentation. This shows that the experiment was relatively 

robust and reproducible. 

 In a second part of this work, the construction of the 

antisense plasmid (pMMB66EH-Lpp) was attempeted. Some 

experimental problems were encountered and it was not 

possible to complete the intended work during the internship 

time. These problems were previously discussed and was 

concluded that, in the future, caution should be taken when 

choosing the ligase heat inactivation and incubation conditions 

related to the ligation procedure. Possibly, the heat inactivation 

step is not necessary and may be avoided. Additionally, the 

pDNA amounts used to run AGE of samples are extremely 

important and must be optimal because otherwise some false 

negative results are possible. 

 An alternative experimental work that can be followed to 

create this antisense plasmid is described by Gibbons (2012). 

In this study, the antisense plasmid was successful create and 

used to study the influence of the antisense technology in the 

release levels of the periplasmic α-amylase. Despite the higher 

release levels observed, antisense inhibition was not able to 

provide the release of the majority of the target protein and 

downstream processing steps would still be required to obtain 

the proteins contained within the periplasm. Further 

refinements of the system are required, which could range from 

modifying the antisense system itself to optimising the 

production systems and fermentation regimens.  

While some success was observed with the increased 

release levels of Gibbons (2012) antisense system, the system 

still contained a significant drawback. The target protein α-

amylase and the antisense Lpp were both induced with IPTG, 

meaning that one could not be induced without simultaneously 

inducing the other. Antisense Lpp should be expressed whilst 

the cells are reproducing and undergoing division to create 

subsequent cells generations with the production of the targeted 

cell membrane component blocked. As such, it is necessary to 

develop a dual-plasmid induction system, so that the antisense 

plasmid can be activated during the growth of the cell culture, 

while the production plasmid can be activated later on in the 

fermentation cycle. This will be one aim of future work. 

 This project primarily examined the use of antisense Lpp to 

increase levels of protein release, but other constructs can be 

developed besides the ones studied by Gibbons (2012), Pal and 

TolB, that showed potential for periplasmic protein release. 

There are also many other potential antisense targets that could 

be examined in the future. One first example of potential 

antisense target is the IM lipoprotein, nlpA, which is one of 

very few envelope components that have been characterized 

and found to have a dominant effect on outer membrane 

vesicles production (OMV) production. It was previously 

established that nlpA is not essential for growth and its loss 

caused decreased OMV production (McBroom et al., 2006). It 

is important to say that the target does not necessarily need to 

be a membrane protein. Many proteins involved in the 

transport across membranes, such as chaperone proteins, could 

be a potential target. One important chaperone protein is LolA, 

an outer membrane lipoprotein carrier responsible for the 

transport of Lpp to the outer membrane after the release of this 

lipoprotein to the periplasm. E. coli lolA gene can be modified 

to impair the cells ability to localise Lpp to the outer 

membrane, increasing the leakiness of the cells.   

 Besides E. coli, there are alternative host systems that can 

be used for antisense studies, such as other prokaryotic systems 

like yeast.  While the systems would require a lot of additional 

work before any potential use in yeast, there are other bacterial 

systems that could also make use of antisense technology, such 

as Pseudomonas species, since the bacterium shares some 
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characteristics with E. coli, including being Gram-negative, 

and so shares a similar outer cell membrane composition. 

This project was not concluded and it was not yet possible 

to study the influence of the antisense technology in the release 

levels of the periplasmic α-amylase. However, its continuation 

is in perspective and the recent study developed by Gibbons 

(2012) will be taken into account, considering the potential 

modifications and additions that can be implemented to his 

experimental work. With additional research, the antisense 

technology could provide a methodology to drastically reduce 

the time and resources required for the recovery of industrially-

relevant proteins during downstream processing. 

 

 

APPENDIX 

 

Some of the main resultants obtained by Gibbons (2012) in his 

experimental work, developed for the study of the influence of 

the antisense technology in the release levels of periplasmic 

recombinant proteins from E. Coli, are present here.  
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