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Abstract  

 Pseudomonas aeruginosa is a Gram-negative aerobic bacterium that has become one of the most 

nosocomial pathogens. The main goal of this research project was to determine genotypes associated with LPS 

transport and antibiotic-resistance genes (lptD and lptE) of clinical isolates of P. aeruginosa. Characterization of 

the strains of P. aeruginosa that are widespread in Iraqi patients was done by collecting 140 clinical samples from 

wounds, burns, ear swaps, sputum, and urinary tract infections taken from seven general hospitals in Baghdad. 

Isolation methods for identifying P. aeruginosa relied on culture methods; 102 was positive growth while the 

remaining 38 had negative growth; biochemical tests and conventional culture method on selective media showed 

that only 50 from 102 isolates were P. aeruginosa VITEK-2 system was used to confirm the diagnosis, and also 

antibiotic sensitivity test, The results showed that 100% of these 50 isolates were P. aeruginosa. In this study, 

molecular techniques to identify P. aeruginosa, including DNA extraction and PCR, were used. To determine the 

presence of the virulence genes lptD and lptE, which play a role in lipopolysaccharide (LPS) transport across the 

outer membrane, polymerase chain reaction (PCR) was used to amplify specific regions of DNA. In conclusion, 

the prevalence of antibiotic-resistant P. aeruginosa strains among hospitalized patients presents a significant 

challenge in managing infections. These genes were found to be closely associated with LPS transport and, hence, 

the ability of these bacteria to resist antibiotics. 
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Introduction  

 Pseudomonas aeruginosa, a versatile gram-negative bacterium with rod-shaped, thrives in various 

environments such as water, soil, plants, and even humans 1 2 3. It's remarkably resilient, enduring temperatures 

between 4 to 42°C and flourishing in hard conditions. Notably, it can persist for up to six months on dry surfaces 

within hospital environments, showcasing its adaptability and survival skills 4 5. 

 In both community and hospital settings, P. aeruginosa stands out as a prominent opportunistic pathogen, 

frequently associated with otitis media, nosocomial infections, respiratory tract infections and burns 6 7. The 
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emergence of multidrug-resistant strains further complicates treatment, leading to an increasing incidence of P. 

aeruginosa infections, which pose significant challenges in healthcare settings 8. 

 The bacterium's ability to infect various tissues contributes to its morbidity and mortality rates, 

particularly evident in burn wound infections where it finds an ideal niche 9 10. Burn patients are particularly 

susceptible due to factors such as compromised immunity, extensive hospital stays, and exposure to large body 

surface areas11 12. 

 P. aeruginosa harbors numerous virulence factors, including flagella, pili, and LPS, aiding in host 

adhesion and colonization. Additionally, it produces causative tissue damage, proteases and toxins, to deliver 

effectors and toxins into the host secretion systems utilizes and employs biofilm formation and quorum sensing to 

communicate and resist antimicrobial therapies13 14 15. 

 In a new study on P. aeruginosa, scientists investigated a protein transport system (Lpt) crucial for 

building the bacterial outer membrane. This shell relies on LPS. While previous research showed seven proteins 

called Lpt proteins were essential for LPS transport via the outer membrane 16 17, they found some surprise with 

LptE. mutations in the LptE gene didn't prevent bacterial growth, but the bacteria were weaker 18 19. 

 They were easier to kill with antibiotics and less infectious in insects. Interestingly, the LPS transport 

system appeared to function adequately even in the absence of LptE. However, the levels of another key protein, 

LptD, were much lower. This suggests LptE might not directly move LPS, but instead helps LptD function 

properly 20 21.  

Even though the bacteria can survive with a flawed LptD, it makes them more vulnerable. Understanding 

LptE' role could be a new way to fight this pathogen 22 23. By targeting LptE, scientists might be able to make 

these bacteria easier to treat with antibiotics or less able to cause infections 24 23.  

Materials and Methods  

Bacterial Isolates Collection 

 For four months from October 2023 to January 2024, one hundred and forty clinical specimens were 

grabbed from hospitalized patients at general hospital in Baghdad City, Iraq. These isolates were obtained from 

both genders and varying ages of patients. Then, the samples were transferred to the lab. As part of the sampling 

method, from clinically deep burn wound sites that showed clinical symptoms of wound infection after changing 

the wound bandage, swaps were taken, and other sources such as wound, sputum, ear swap and urinary tract 

infection.  By bacterial cultures (on nutrient agar and MacConkey agar) subculture on Cetrimide agar which is 

selective media the isolates were determined to be P. aeruginosa according to previous studies, these pure 

colonies were identified based on their cultural characteristics. In addition, VITEK-2 system was used to identify 

P. aeruginosa isolates. 

 

Bacterial DNA Extraction from P. aeruginosa 

Genomic bacterial DNA extraction from isolates was conducted using a high-yield DNA Purification Kit 

following the instructions of the manufacturer (presto mini gDNA Bacterial kit/Taiwan). The purity of the 

bacterial DNA was evaluated using a Nanodrop on UV-Vis Spectrophotometer (Thermo Fisher Scientific, 

Waltham, MA, USA) and stored at –20°C for subsequent PCR amplification. Table 1 outlines the primer 

sequences and expected amplification band sizes for lptD and lptE. Each PCR mixture (20 μl) comprised 10 μl of 

green master mix (Promega, USA), 5 μl of nuclease-free water, 1 μl of each primer (forward and reverse primers 

in this study were designed by NCBI and are suitable for the working conditions.) and 3 μl of DNA template. 

Table 2 shows the reaction conditions for all primers in detail. The resulting amplicons were visualized via 

agarose gel electrophoresis and exposed to UV light (Cleaver Scientific Ltd., Rugby, UK). Furthermore, by 

comparison with 100 to a 1500–bp DNA ladder (Promega, USA) which was used to determine the size of the 

amplicons (fig 1). 
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Table 1: Forward and Reverse primers sequences used in this study. 

Genes Primers sequences (5ʹ→3ʹ) 
size (bp) 

 
References 

LptD 

F: AACTCGCCTTCCAGCATCAT 

333 bp 

This study 

R: GCTCAAGGATGGCACCTACA 

LptE 

F: GGAGTTCGAGCTGACCAACA 

349 bp 
R: TCACGGGGTGGGGAACTC 

 

Table 2: A mixture of working solution PCR reaction. 

Components Reaction Volume (μl) 

Forward Primer 1 

Reverse Primer 1 

Templet DNA 3 

Nuclease-free water 5 

Master Mix 10 

Total volume 20 

 

 

Results and Discussion  

Isolation and identification of P. aeruginosa  

 One hundred and forty different clinical specimens were collected from various clinical sources and 

patients in Baghdad General Hospitals, from October 2023 to January 2024. The results showed that from a total 

of 140 specimens, only 102 (72.8%) were clinical positive growth samples, while the rest 38 (27.14 %) were 

negative growth samples. Negative growth results may suggest absence of infection at the time of sample 

collection or successful treatment of infection, some organisms may not grow easily in standard lab conditions. 

 

 Depending on the conventional culture method, and morphological trait, biochemical and microscopic 

examination found that 50 isolate was P. aeruginosa while the rest 38 (27.14%) samples were other bacterial 

isolates. The high isolation rate was from burn infections 48 (47.05%) isolates, wounds 30 (29.41%) isolates, 

sputum 11 (10.78%), urine sample 8 (7.84%) and 5 (4.9%) from ear swap sample, as explained in Table (3). 

 

Table 3: Number and percentage of isolates according to the source of samples. 

No. Source of isolates No. of isolate % 
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Figure 1: This is a figure of p. aeruginosa on 

MacConkey agar 

  

 

VITEC-2 Test 

Fifty isolate (35.71%) from positive growth were identified as P. aeruginosa by culturing on selective medium 

such as MacConkey agar, cetrimide agar and some biochemical tests as well as VITEK-2 system as a 

confirmatory test. The isolates were diagnosed as P. aeruginosa. The VITEK-2 System test identified the 

presence of P. aeruginosa in all 50 (100%) samples with 95-99% identity. Additionally, the result of VITEK-2 

system test mentioned in Fig. 2 showed the antibiotic sensitivity of P. aeruginosa isolates which was resist to 

more than 8 antibiotics. 

1 Burns 48 47.05% 

2 Wounds 30 29.41% 

3 Sputum 11 10.78% 

4 Urine 8 7.84% 

5 Aer swap 5 4.9% 

6 Total 102 100% 
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Figure 2: Results of Vitek2 test for P. aeruginosa. 

 

PCR Analysis 

 A total of 50 isolates of P. aeruginosa which identified by VITEK2ـ system has been used for molecular 

detection of both lptD and lptE genes. The presence of genes was detected using PCR, which amplifies specific 

regions of DNA. The result of PCR products were then separated using agarose gel electrophoresis based on their 

molecular weight which showed that 48 of 50 (96%) P. aeruginosa isolates gave a positive result for the lptD 

gene represented by observation of the lptD gene band of 333 bp molecular weight as shown in Fig. 3 while only 

8 of 50 (16%) gave a positive result for the lptE gene band with molecular weight 349 bp as shown in Fig. 4 in the 

bottom line, only 7 of 50 (14%) isolate carried both virulence gene lptD and lptE ,table 4 referred to the seven 

isolate that already mentioned and their sensitivity.   
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Figure 3: PCR profile for the amplified lptD gene bands on 333bp of P. aeruginosa isolates were fractionated on 

agarose 1.5% at 100v/m Amp for 60 minutes, Lane M: DNA ladder marker (100 bp-1500 bp).  

 

Figure 4: PCR profile for the amplified lptE gene bands on 349 bp of Pseudomonas aeruginosa isolates were 

fractionated on agarose 1.5% at 100v/m Amp for 60 minutes, Lane M: DNA ladder marker (100 bp-1500 bp). 
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Table 4: Antibiotic sensitivity test on P. aeruginosa isolates 

 

Isolates 

Antibiotic 

1 2 3 4 5 6 7 8 9 11 12 13 14 15 16 17 

C-3 R R R S S S R R S S S S S S S S 

C-4 R R R S R R R R S S S S S S S S 

C-5 R R R S R S R R S S S S S S S S 

C-7 S S R S R S R R S S S S S S S R 

Y-6 R R R S S S R R S S S S S S S S 

K-1 R R R S S S R R S S S S S S S S 

K-2 R R R S S R R R S S S S S S R R 

C: Imam Ali Hospital, Y: Al-Yarmouk Teaching Hospital, K: Al-Kindy Teaching Hospital, S: Sensitive, R: 

Resistance, 1: Ampicillin /Sulbactam, 2: Piperacillin /Tazobactam, 3: Cefazolin, 4: Ceftazidime, 5: Ceftriaxone, 6: 

Cefepime, 7: Aztreonam, 8: Ertapenem, 9: Imipenem, 10: Meropenem, 11: Amikacin, 12: Gentamicin, 13: 

Tobramycin, 14: Ciprofloxacin, 15: Levofloxacin, 16: Tigecycline, 17: Trimethoprim /Sulfamethoxazole 

Discussion  

 P. aeruginosa is one of the most common microbes causing hospital-acquired infections, after completing 

the process of culturing bacteria on dishes in order to diagnose the bacteria and confirm their diagnosis using the 

VITEK2ـ system device, the confirmatory results of the device showed that 102 isolates (72.85%) out of 140 

isolates (100%) were infected with Pseudomonas bacteria. The reason for not finding this bacterium in all the 

isolates is due to sample collection conditions where isolates were collected from more than one place. In the 

current study, the highest rate of infection with this bacterium was in samples isolated from burn patients, which 

was about 62 isolates (44.29%). The reason for this percentage is because the number of samples that were 

isolated from burns was numerous and immediate infections, and this percentage is considered close to a study 

conducted by the researcher 25. where the rate of infection with this bacterium among burn patients was about 71 

isolates out of 110 samples, or about (64.55%), which is an intuitive percentage. While in previous studies in 

Morocco and Egypt, it was about 15.1% and 19.8%, respectively, and these percentages are not consistent with 

the results of the current study 26. 

 The results of the current study showed that the number of infected women was about 82 samples 

(58.58%), while among males there were 58 isolates (41.5%). These differences in percentage can be attributed to 

biological and physiological factors in women, this percentage is similar to a previous study conducted by 

researcher 25, where the infection rate for males was about (26%) and for females was (38%).  
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 Based on the PCR results, the current study found that 48 out of 50 isolates of P. aeruginosa bacteria 

contained the lptD gene, while only 8 isolates contained the lptE gene. Based on the results of gel electrophoresis, 

only 7 out of 50 isolates carried both genes. The reason for this result is that the presence of these genes lptD and 

lptE in different isolates of these bacteria may be affected by many factors such as natural genetic differences, 

environmental pressure, horizontal genetic transfer, as well as the use of antibiotics, as the pressure that results 

from the use of antibiotics can lead to this. To an increase in the spread of resistance genes, these results may also 

indicate that the lptD gene provides more benefit to the bacteria in the environments from which it was isolated, 

or that the environmental conditions in which the isolates were collected may have a significant impact on this.   

 The name LptD comes from the LPS protein transport because of its intrusion in OM biogenesis 27 28. 

LptD in P. aeruginosa is also involved in LPS transport, controls membrane permeability, and confers resistance 

to many known antibiotics 29 30. The findings of Sundar Pandey and co-workers certainly suggest that LptD, an 

amino acid transporter protein, may have a specific role in regulating alginate production Since the P. aeruginosa 

LptD importance has been experimentally demonstrated 31, this evidence suggests that very low amounts of LptD 

and even LptE may be sufficient to support LPS transport and growth in P. aeruginosa, as previously observed in 

Neisseria meningitidis 32. It is noteworthy that LptE-deficient cells were competent to grow under laboratory 

conditions but were severely resistant to detergents and antibiotics. This result was confirmed in our study, where 

all isolates showed significant growth, while the PCR results confirmed the absence of these genes in a number of 

isolates, meaning that depletion of these genes does not negatively affect growth.  

 According to a study that proved that lptE is directly involved in LPS transport and is essential for it in E. 

coli 33 23, while it can be dispensed with for LPS transport to the OM in Neisseria meningitidis 34 lptE, in both 

bacteria was found to play an important role in the maturation of the integral OM component of the LPS transport 

mechanism LptD, where it acts as a companion to stabilize LptD and/or assist LptD in folding and inserting into 

the OM 34 24.  

 This infection assay shows that depletion of LptE severely weakens the ability of P. aeruginosa to cause 

disease in Galleria mellonella larvae, indicating that this protein can play an important role during the P. 

aeruginosa infection process24. As a result of our study, it was found that the most resistant isolates are those 

carrying the LptE gene. 

Conclusions 

 The study points to the importance of multiple virulence factors that contribute to the severity and delayed 

recovery of infections caused by P. aeruginosa. The study shows that this bacterium possesses a wide range of 

virulence traits that enable it to adapt to diverse conditions and cause different types of infections, making it 

difficult to treat. Multi-drug resistance among P. aeruginosa isolates poses a major challenge, which may be 

attributed to the overuse or inappropriate use of antibiotics. This resistance increases the complexity of infection 

management and limits effective therapeutic options. The lptD and lptE genes are associated with the transport of 

LPS which contribute to bacterial resistance to antibiotics. The technique used to detect these genes revealed a 

great diversity among different P. aeruginosa isolates, reflecting the complexity of this infection. 

Overall, the study highlights the importance of: 

 Understanding the mechanisms of virulence and resistance in P. aeruginosa to develop effective therapeutic 

strategies. 

 Judgmental use of antibiotics to avoid the development of drug resistance. 
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 Developing accurate tests to identify genes responsible for virulence and resistance to improve diagnosis and 

treatment of infections. 

Acknowledgments 

We express our gratitude to Al-Nahrain University and the College of Biotechnology, namely the head of the 

College, for their consent to proceed with this study. Gratitude is expressed to the researchers who contributed to 

the successful completion of this study. 

 

Author’s Declaration 

- We hereby confirm that all the Figures and Tables in the manuscript are original and have been created by us.  

- We have obtained ethical clearance for our study from the local ethical committee at [Al-Nahrain 

University/College of Biotechnology]. This approval underscores our commitment to ethical research practices 

and the well-being of our participants. 

- Ethical Clearance: The project was approved by the local ethical committee at [Al-Nahrain University/College of 

Biotechnology], ensuring adherence to ethical standards and the protection of participants' rights and welfare. 

 

Author’s Contribution Statement 

[First Author]: Contributed to the conception and design of the study, conducted some experiments, data 

rearrangement and drafted the initial manuscript. 

[Second Author]: conducted some experiments, collected a part of literature review  and conducted some 

characteristics of the products. 

References 

1. That, B. R. & Environment, H. Biomedicines-11-01221.Pdf. (2023). 

2. Al-yasiri, S. & Risan, M. H. Identification , characterization and antibiotic susceptibility testing of 

Pseudomonas aeruginosa isolated from clinical sources. (2024). 

3. Ahmad, R., Mohammed, R. & Alagely, H. Study the Phenotypic and Antimicrobial Susceptibility of 

Pseudomonas aeruginosa Isolated Clinically from Baghdad Hospitals. J. Biotechnol. Res. Cent. 18, (2024). 

4. Sathe, N. et al. Pseudomonas aeruginosa: Infections and novel approaches to treatment “Knowing the 

enemy” the threat of Pseudomonas aeruginosa and exploring novel approaches to treatment. Infect. Med. 2, 

178–194 (2023). 

5. Morley, S. A. et al. Testing the Resilience, Physiological Plasticity and Mechanisms Underlying Upper  

Temperature Limits of Antarctic Marine Ectotherms. Biology (Basel). 13, (2024). 

6. Young, L. S. & Amstrong, D. Pseudomonas Aeruginosa Infections. CRC Crit. Rev. Clin. Lab. Sci. 3, 291–

347 (1972). 

7. Wood, S. J., Kuzel, T. M. & Shafikhani, S. H. Pseudomonas aeruginosa: Infections, Animal Modeling, and 

Therapeutics. Cells 12, 1–37 (2023). 

8. Elfadadny, A. et al. Antimicrobial resistance of Pseudomonas aeruginosa: navigating clinical impacts,  

current resistance trends, and innovations in breaking therapies. Front. Microbiol. 15, 1374466 (2024). 



 
 

10 
 

Iraqi journal of Bioscience and Biomedical 

Published Online First:  31/ December /2023. 

p-ISSN: 3007-5491 /  e-ISSN:3007-5505   

 
9. Roy, S. et al. Microbial infections in burn patients. Acute Crit. Care 39, 214–225 (2024). 

10. Maslova, E., Eisaiankhongi, L., Sjöberg, F. & McCarthy, R. R. Burns and biofilms: priority pathogens and 

in vivo models. npj Biofilms Microbiomes 7, 1–9 (2021). 

11. Maitz, J., Merlino, J., Rizzo, S., McKew, G. & Maitz, P. Burn wound infections microbiome and novel 

approaches using therapeutic microorganisms in burn wound infection control. Adv. Drug Deliv. Rev. 196, 

114769 (2023). 

12. Ahmed, A. S. Production of silver nanoparticles from the aerobic and anaerobic cultures supernatants of 

Pseudomonas aeruginosa. 1–10 (2024). 

13. Jurado-Martín, I., Sainz-Mejías, M. & McClean, S. Pseudomonas aeruginosa: An Audacious Pathogen 

with an Adaptable Arsenal of  Virulence Factors. Int. J. Mol. Sci. 22, (2021). 

14. Holban, A. M., Gregoire, C. M. & Gestal, M. C. Conquering the host: Bordetella spp. and Pseudomonas 

aeruginosa molecular regulators in lung infection. Front. Microbiol. 13, 1–18 (2022). 

15. Liao, C., Huang, X., Wang, Q., Yao, D. & Lu, W. Virulence Factors of Pseudomonas Aeruginosa and 

Antivirulence Strategies to  Combat Its Drug Resistance. Front. Cell. Infect. Microbiol. 12, 926758 (2022). 

16. Bertani, B. & Ruiz, N. Function and Biogenesis of Lipopolysaccharides. EcoSal Plus 8, (2018). 

17. Okuda, S., Sherman, D. J., Silhavy, T. J., Ruiz, N. & Kahne, D. Lipopolysaccharide transport and 

assembly at the outer membrane: the PEZ model. Nat. Rev. Microbiol. 14, 337–345 (2016). 

18. Kaito, C. et al. Non-pathogenic Escherichia coli acquires virulence by mutating a growth-essential  LPS 

transporter. PLoS Pathog. 16, e1008469 (2020). 

19. Stocks, N. 済無No Title No Title No Title. 1–23 (2016). 

20. Chng, S.-S., Ruiz, N., Chimalakonda, G., Silhavy, T. J. & Kahne, D. Characterization of the two-protein 

complex in Escherichia coli responsible for  lipopolysaccharide assembly at the outer membrane. Proc. 

Natl. Acad. Sci. U. S. A. 107, 5363–5368 (2010). 

21. Romano, K. P. & Hung, D. T. Targeting LPS biosynthesis and transport in gram-negative bacteria in the 

era of  multi-drug resistance. Biochim. Biophys. acta. Mol. cell Res. 1870, 119407 (2023). 

22. Romano, K. P. & Hung, D. T. Targeting LPS biosynthesis and transport in gram-negative bacteria in the 

era of multi-drug resistance. Biochim. Biophys. Acta - Mol. Cell Res. 1870, 119407 (2023). 

23. Lo Sciuto, A. et al. Pseudomonas aeruginosa LptE is crucial for LptD assembly, cell envelope  integrity, 

antibiotic resistance and virulence. Virulence 9, 1718–1733 (2018). 

24. Chimalakonda, G. et al. Lipoprotein LptE is required for the assembly of LptD by the β-barrel assembly 

machine in the outer membrane of Escherichia coli. Proc. Natl. Acad. Sci. U. S. A. 108, 2492–2497 (2011). 

25. Reem, A. et al. Pseudomonas aeruginosa and related antibiotic resistance genes as indicators for 

wastewater treatment. Heliyon 10, e29798 (2024). 

26. Mahmoud, A., Zahran, W., Hindawi, G., Labib, A. & Galal, R. Prevalence of Multidrug-Resistant 

Pseudomonas aeruginosa in Patients with Nosocomial Infections at a University Hospital in Egypt, with 

Special Reference to Typing Methods. J. Virol. Microbiol. 2013, 1–13 (2013). 

27. Braun, M. & Silhavy, T. J. Imp/OstA is required for cell envelope biogenesis in Escherichia coli. Mol. 

Microbiol. 45, 1289–1302 (2002). 

28. Sperandeo, P. et al. Characterization of lptA and lptB, two essential genes implicated in 



 
 

11 
 

Iraqi journal of Bioscience and Biomedical 

Published Online First:  31/ December /2023. 

p-ISSN: 3007-5491 /  e-ISSN:3007-5505   

 
lipopolysaccharide transport to the outer membrane of Escherichia coli. J. Bacteriol. 189, 244–253 (2007). 

29. Werneburg, M. et al. Inhibition of Lipopolysaccharide Transport to the Outer Membrane in Pseudomonas 

aeruginosa by Peptidomimetic Antibiotics. ChemBioChem 13, 1767–1775 (2012). 

30. Balibar, C. J. & Grabowicz, M. Mutant alleles of lptD increase the permeability of Pseudomonas 

aeruginosa and define determinants of intrinsic resistance to antibiotics. Antimicrob. Agents Chemother. 

60, 845–854 (2016). 

31. Hassett, D. J. Anaerobic production of alginate by Pseudomonas aeruginosa: Alginate restricts diffusion of 

oxygen. J. Bacteriol. 178, 7322–7325 (1996). 

32. Bragonzi, A. et al. Nonmucoid Pseudomonas aeruginosa expresses alginate in the lungs of patients with 

cystic fibrosis and in a mouse model. J. Infect. Dis. 192, 410–419 (2005). 

33. Wu, T. et al. Identification of a protein complex that assembles lipopolysaccharide in the outer membrane 

of Escherichia coli. Proc. Natl. Acad. Sci. U. S. A. 103, 11754–11759 (2006). 

34. Malojčić, G. et al. LptE binds to and alters the physical state of LPS to catalyze its assembly at the cell 

surface. Proc. Natl. Acad. Sci. U. S. A. 111, 9467–9472 (2014). 

 


