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Abstract 

The role of Luteibacter as a cellulose degradation microorganism is examined in this 

thesis. An overview of some of the key functions of cellulose in the biosphere is given as well as 

a review of cellulolytic strategies and mechanisms employed in the microscopic world. A brief 

characterization of the genus Luteibacter is also provided. Experiments were aimed at evaluating 

loss of function cellulase mutants and abnormal phenotypic mutants in order to better 

characterize potential genetic pathways used by Luteibacter in cellulose degradation. While there 

is still much work to be done evaluating this system, initial results indicate that the protein GfcC 

as well as a phosphokinase and a type I secretion system likely play important roles in 

Luteibacter’s ability to secrete cellulase. Future plasmid sequencing data will likely shed more 

light on the specific gene regions associated with cellulase production and secretion in 

Luteibacter. Further understanding of the mechanisms and genetics behind cellulose degradation 

in Luteibacter will provide key insights into the process of microbial cellulose utilization as a 

whole, a process which has implications in a wide variety of innovative biological and industrial 

fields.  

 

Introduction 

 The most abundant organic compound on the Earth, cellulose, can be found in plants, 

bacteria, fungi, algae, certain animals and in the soil (Klemm). Cellulose functions not only as a 

crucial structural molecule for plant life, but also as a significant component of organic energy 

utilization, the carbon cycle and biofilm formation in bacteria (O’Sullivan). The degradation of 

cellulose functions as an important biological process for many organisms ranging from single 

celled prokaryotes, to multicellular mammals. By studying microbial cellulose utilization, a 

process responsible for one of the largest source material recycling in earth, a better grasp of 



carbon flux and a more thorough analysis of the carbon cycle can be elucidated (Lynd). 

Additionally, as industry turns its attentions towards the applications of biofuels, cellulose will 

likely play a key role as cellulose itself and its derivatives stand to provide an accessible source 

of energy to drive industry and technology. By understanding the role microorganisms play in 

the degradation of cellulose, the mechanisms these microorganisms employ in breaking down 

cellulose might be modified to better suite industrial purposes.  

At its core, cellulose consists of a linear polysaccharide chain structure (Updegraff). This 

chain structure consists of repeating glycosidically bound D-glucose units. These β-1, 4-

glycosidic linkages can chain together anywhere from several hundred, to many thousands of 

glucose units in a given cellulose structure. Cellulose is typically found in nature in a crystalline 

structure, a somewhat unusual trait when compared to other complex polysaccharides (Lynd). 

This rigid structure lends cellulose to form densely compacted crystalline array matrices. In its 

crystalline structure form, cellulose serves as a vital structural compound and can prove difficult 

for foreign molecules, such as enzymes, to penetrate. At the other end of the structural spectrum, 

cellulose structures can form amorphously, often providing an easier target for degradation.  

The plethora of covalent bonds present in the structure of cellulose makes it a molecule 

that, when broken down, has the potential to release a lot of stored energy.  Cellulose can be 

denatured through the process of thermolysis or through cellulolysis. Thermolysis initiates 

around 350℃ and leads to the decomposition of cellulose into different chars, vapors and gases 

(Mettler). When condensed, the vapors produced from thermolysis form pyrolysis oil which has 

research applications as a petroleum substitute (Czernik). In contrast to thermolysis, cellulolysis 

proceeds as a hydrolysis reaction aimed at breaking cellulose down into smaller polysaccharides 

or even individual glucose units (Barkalow). This process is more readily used by various 



organisms through the production of enzymatic proteins called cellulases. Microorganisms that 

can degrade cellulose in this manner stand to gain an evolutionary advantage through the extra 

energy they gain from an otherwise unusable resource. Different evolutionary strategies in 

cellulose degradation have led to two distinct sets of biochemical machinery that 

microorganisms, particularly bacteria, employ in utilizing cellulose. One strategy involves the 

use of complex cellulase systems on the cell surface while the other method involves the 

excretion of extracellular cellulase enzymes. 

Figure 1. Diagram of the hydrolysis cellulase by noncomplexed (A) and complexed (B) cellulase systems. 

Amorphous and crystalline cellulose structures are represented. Enzymes and structures are not depicted to scale 

(Lynd). 

            
Complex cellulase systems are almost universally employed by anaerobic cellulose 

degrading bacteria. Such complex cellulolytic machinery has in some instances been well 

characterized, as is the case in the polycellulosome organelles of the thermophilic bacterium 

Clostridium thermocellum (Schwarz). In C. thermocellum, cellulolytic enzymes have been found 

on both the cell surface as well as in extracellular solution (Lynd). Unlike C. thermocellum, 

many other anaerobic cellulose degrading bacteria only have cellulolytic enzymes on the surface 



of their membranes, and thus require direct contact with cellulose sources for degradation to 

proceed.      

Organisms that degrade bacteria aerobically, including bacteria and some fungi, almost 

exclusively use noncomplex cellulase systems. Noncomplex cellulase systems involve the 

internal production of cellulase enzymes, which are then secreted from the cell in large 

quantities. This cellulolytic capability does not require direct contact with the cellulose source 

(Kauri). Similar methods of cellulose degradation in nonbacterial organisms such as fungi have 

likely evolved convergently under the selective pressure of abundant cellulose availability 

following the development of cellulose biosynthesis by early single celled life (Carlile).  

Biofilms represent a significant and currently understudied habitat for a wide variety of 

microorganisms. In biofilm formation, cellulose plays an important role as a structural building 

block. For bacteria that are found on and inside biofilms, such as E. coli, cellulose can help 

create elasticity and cohesion within the biofilm, making it a more stable and suitable habitat for 

various bacterial species (Hobley). Cellulose has also been known to play an important role in 

preventing desiccation within the biofilm as well as contributing to the overall shape of the 

biofilm as a whole.     

Of the many bacterial variants that have the ability to degrade cellulose, Luteibacter 

represents a unique organism that might shed more light on this fascinating process. Luteibacter 

is a genus of bacterium in the family Rhodanobacteraceae. Broadly, these bacteria are 

characterized by Gram-stain-negative, aerobic, heterotrophic, catalase and oxidase-positive, 

urease-negative, and yellow-colored rod structure characteristics (Wang). Currently, the genus is 

fairly small as new species are still being discovered. Additionally, many of the species of 

Luteibacter have not been well characterized yet. One of the more recently characterized species 



of the genus is Luteibacter jiangsuensis, which was characterized as a Gram-stain-negative, non-

motile, rod-shaped bacterial strain that could be cultured on Luria broth plates and produced 

circular, smooth, transparent, yellow-colored colonies (Wang). 

 
Figure 2. Microscope image of Luteibacter jiangsuensis. Bacteria were isolated from a Methamidophos-

Manufacturing Factory in Jiangsu China. Phenotype includes a distinct rod shape. 
 

 The particular strain of Luteibacter investigated in this project was isolated from Pestalotiopsis 

neglectans obtained from a forest near Duke University. Pestalotiopsis is a genus of ascomycete 

fungi that, depending on the isolate and context, can be characterized as either an endophyte or a 

plant pathogen (Hoffman). In Luteibacter, cellulose degradation activity is closely associated 

with the extracellular polymeric substance (EPS) secreted by the bacteria, forming something of 

a micro-biofilm around each colony. This dynamic offers an interesting look into the role 

cellulose degradating bacteria play in endosymbiotic relationships with other organisms, a 

dynamic that also present in many other forms in nature, including cellulose-utilizing 

microorganisms that take up residence inside the guts of like bovine and termites (Lynd).      

 Previous work on the cellulose degradation in Luteibacter project prior to the inception of 

this thesis project was conducted in the Baltrus Lab. Such pre-existing work included inducing 

random mutations in the Luteibacter genome by using the Tn5 transposon system off of the 

plasmid pRL27. pRL27 is a low-copy pir-dependent conjugative plasmid that utilizes an R6K 



origin of replication and encodes the kanamycin resistant hyperactive Tn5 system (Larsen). 

Following the mutation of the Luteibacter genome, thousands of mutants were screened in the 

hopes of finding mutants with loss of cellulase function. Additionally, mutants exhibiting 

unusual phenotypic characteristics, such as abnormal colony surface texture, color or shape, were 

also isolated for further study and labeled as EPS mutants.   

The portion of the project elaborated in this thesis focuses on two primary aspects. The 

first focus is on reconstructing the cellulase mutant genome with a transposon insertion in the 

gfcC and gfcD gene regions in order to better characterize the role of these gene regions in 

cellulose degradation processes. The second aspect being investigated is where exactly in the 

Luteibacter genome the transposon insertions occurred in order to induce the various EPS mutant 

phenotypes observed. By investigating these two aspects of the project, the overall cellulolytic 

function in Luteibacter might be better characterized.     

 

Materials & Methods 

Congo Red Cellulose Mutant Screening 

 Mutant bacteria were broadly screened for a loss of function mutation in cellulase 

activity. Suspected mutants were replica plated onto cellulose positive agar plates and allowed to 

grow overnight. Resulting colonies were then washed off using dilute ethanol solutions and 

water. Plates were stained using congo red dye and allowed to sit for several minutes. The dye 

was rinsed off of plates using a salt water solution water and disposed of using appropriate 

biohazard methods. Plates were inspected; areas where there was clearing represented a colony 

with cellulase activity whereas areas where there was no clearing on the plate represented 

colonies with no functional cellulase activity.  



  
Figure 3. Cellulose degrading enzymes assay on Cellulose+ Congo-Red Agar plate post destaining. Clearing zones 

indicate the functional hydrolysis of cellulose by the replica plated bacteria (Farouk).  
 

 

Mutant Genome Fragmentation  

 By using several polymerase chain reaction (PCR) procedures, the cellulase mutant 

Luteibacter genomes were fragmented in order to isolate and amplify genes of interest that were 

suspected to play a role in cellulase degradation pathways. A follow up bridge PCR was 

attempted in order to combine target gene regions into one DNA fragment and prepare the target 

gene region for insertion into a donor vector. These target gene regions of interest could then be 

further manipulated and ultimately reintroduced back into bacteria.   

Initial PCRs were performed with the intent of producing two genomic DNA fragments 

in the 300-600bp range using the two primer pairs 534 & 535, and 533 & 536. These PCRs were 

run in 50µL reactions containing 5µL of 10x buffer, 2.5μL of  0.1x forward primer , 2.5μL of 

0.1x reverse  primer, 1.25μL of dNTPs, 0.6μL of TAQ Polymerase and 1μL of genomic DNA 

with water added to 50µL. Reactions were run for 5 minutes at an initial temperature of 95℃.  

Subsequent steps were repeated for 34 cycles in which the reaction was held at 95℃ for 15 

seconds for the denaturing step, then the temperature dropped to 55℃ for 30 seconds for the 

annealing step, and then the temperature was raised to 72℃ for 60 seconds for the extension step. 

Subsequent PCRs followed a similar protocol, however, individual parameters were changed as 

needed in order to solve experimental problems. For instance, alternative polymerases such as 



high fidelity Phusion and PFX were explored in an attempt to optimize and streamline PCR 

results. Additionally, in some instances, alternative buffers and purification methods were 

investigated to aid in the PCR experiments.      

Gel electrophoresis was used to separate PCR products by size. Gels were made at a 

concentration of 1%. 1g of agarose was dissolved into every 100mL of 1x TAE solution used. 

2µL of ethidium bromide was added for each 100mL of TAE used to pouring the melted solution 

into a gel mold to set. The set gels were placed in the gel electrophoresis apparatus and covered 

in additional 1x TAE buffer solution. 3.5µL of a 1Kb DNA ladder was loaded into the first well 

of each gel. Additional wells were filled using approximately 10µL of the desired PCR product 

mixed with 1µL of a 10x loading dye. Following loading the gels, the electrophoresis apparatus 

was connected to a power source set to 100 volts, making sure safety precautions were taken and 

that the loaded gels were positioned away from the red electrode. After running for 

approximately 30-40 minutes, gels were removed from the electrophoresis apparatus and 

visualized using a UV source.   

Following initial PCR reactions, an additional bridge PCR step was run in order to 

combine the two initial 300-600bp gene region products into one single target DNA fragment of 

700-1100bp. Bridge PCR procedures were fundamentally similar to initial PCR procedures; 

however, the polymerase PFX was used and additional steps were taken. Prior to the addition of 

primers, there was an extension reaction that was designed to combine and amplify the two 

initial PCR products. Following this extension, the primers 3 & 4 were added to the reaction in 

order to prepare the product for integration into a donor vector.     

  

 

 



Gateway Cloning of Cellulase Mutant 

 The Gateway cloning system was employed following difficulties with bridge PCR 

product confirmation. The target 700-1100bp DNA sequence was assembled synthetically by a 

third party provider. attB1 and attB2 sequence sites were added to the 5’ and 3’ ends of the 

synthesized gene fragment to facilitate manipulation using the gateway system. The target 

sequence was then inserted into donor vector pDONR207 using the proprietary BP clonase 

enzyme. The pDONR207 vector with the target gene region insert was then purified from the 

reaction. 

The modified pDONR207 was then combined with the entry vector pMNT1907 using the 

proprietary LR clonase enzyme mix. pMNT1907 has gene regions encoding tetracycline 

resistance as well as the sacB gene region, which can both be used in tandem with the kanamycin 

resistance gene from the original transposon region to screen for successful integration of the 

target gene region.  

 
Figure 4. Diagram of Gateway Cloning System steps provided by Invitrogen.   

 

 

Genomic DNA Isolation of EPS Mutants  

 Mutant strains 2-65 were inoculated in 2mL of KB solution and incubated at 37℃ for 48 

hours. Samples were spin down in a centrifuge at 6000rpm for 3 minutes. The supernatant was 



removed and 600µL of nuclei lysis was added to each sample. The condensed pellet was 

resuspended in the nuclei lysis and then set in a water bath at 80℃ for 5 min. The samples were 

then cooled in an ice bucket to approximately room temperature. 200µL of protein precipitation 

solution was added to each sample and then the samples were aggressively vortexed. Samples 

were then placed on ice for 5 minutes. Samples were then centrifuged at 4℃ for 3 minutes. 

600µL of isopropanol was then added. The supernatant was then gently suspended using the 

isopropanol pipette to check for the presence of individual DNA strands. If DNA was present, 

the sample was mixed gently. Samples were centrifuged at a high rpm for 1 minute. The 

supernatant was carefully removed. 600µL of 70% ethanol solution was added to each sample, 

then vortexed and centrifuged for 1 minute. The supernatant was removed again and the samples 

were left in the hood for the excess ethanol to evaporate. 100µL of pure H2O was added to each 

sample and the genomic DNA was gently resuspended. 

 

Digestion & Ligation of EPS Mutants 

 Isolated genomic DNA from the EPS mutants was digested using 1μL of NEBuffer 3, 

5μL of purified genomic DNA, and 1μL of BamHI enzyme up to a reaction volume of 10μL 

using water to reach the desired reaction volume. The reaction was run overnight, and then 

column purified. The digested EPS mutant DNA was then ligated back together. The ligation 

reaction was carried out overnight in a water bath in a refrigerated room at 16℃. The reactions 

were composed of T4 ligase and 1x T4 DNA Ligase Reaction Buffer combined with the purified 

restriction enzyme digested genomic EPS mutant DNA and water.   

 

 

 



Transformation 

 For the cellulase mutant, transformation proceeded via heat shock. Competent pir+ S17 

E. coli cells were thawed on ice. 5μL of entry vector DNA was mixed with 50μL of competent 

cells in a falcon tube on ice and left to thaw for 20 minutes. The cells were then heat shocked at 

42℃ in a water bath for 45 seconds. Cells were then placed in an ice bath for 2 minutes. 500μL 

of Luria broth liquid media was added to each tube and incubate for 45 minutes in 37℃ shaker. A 

portion of each transformation was frozen for later use, while the rest of the sample was plated 

on Luria broth plates containing kanamycin at a concentration of 50 µg/mL and left to incubate 

overnight at 37℃. 

 For the EPS mutants, transformation was conducted by electroporation. Electrocompetent 

pir+ S17 E. coli cells were thawed in an ice bucket. 10µL of ligased genomic EPS mutant DNA 

was added to 100µL competent cells. The 110µL sample was added to a shock use cuvette and 

then shocked at approximately 2500 volts for a few milliseconds. 300µl of Luria broth were then 

added to the cuvette sample and then cells were incubated overnight in a shaker at 37℃. A 

portion of each sample was saved in the freeze, and the rest was plated on Luria broth plates with 

kanamycin (50 µg/mL) and grown overnight.   

 



 
Figure 5. Example of transformed pir+ S17 E. coli overgrown on Kan+ LB plates after several days growing in a 

37℃ incubator. Insufficient concentrations of Kan+ in the media resulted in the control plate (top left), which 

contained S17 E. coli transformed with water instead of the kanamycin resistant target construct, to grow regularly.   
 

 

Results 

Mutant Screenings 

 Two distinct cellulase mutants were obtained from the cellulose degrading enzymes assay 

screening procedures. The first cellulase mutant was mutant 12. Mutant 12 exhibited no cellulase 

activity whatsoever, but had no other explicit phenotypic mutations. Analysis into this mutant 

suggests that the source of this disruption in cellulase expression might be the results of the 

transposon jumping into the third gene of the gfc operon, gfcC. The second cellulase mutant 

isolated was mutant 35. Mutant 35 also exhibits EPS mutant characteristics in addition to having 

nonfunctional cellulase activity. 

Eight EPS mutants were isolated from the mutant screening procedures, including the 

double mutant 35. The EPS mutants that still have intact cellulase activity include mutants 2, 3, 

4, 35, 38, 57, 58 and 65. EPS mutant phenotypes appear extra gooey and have less regular 

shapes.      



Mutant Genome Fragmentation 

 Gel electrophoresis results suggest that the target 300-600bp DNA fragments from the 

initial PCRs were successfully amplified.    

  
Figure 6. Gel electrophoresis image of PCR products. Lane 1 is a 1KB DNA Ladder. Lane 2 is unpurified PCR 

product from primers 533 & 536. Lane 3 is unpurified PCR product from primers 534 & 535. Lane 3 is purified 

PCR product from primers 533 & 536. Lane 4 is purified PCR product from primers 534 & 535. All DNA products 

appear to be within the 300-600bp range based on their visualization in comparison to the ladder.  

 

 Gel electrophoresis results from the secondary Bridge PCRs do not consistently show the 

target 700-1000bp DNA region being successfully amplified at high enough levels for further 

study.  

 
Figure 7. Gel electrophoresis image of Bridge PCR products. Lane 1 is a 1KB DNA Ladder. Lane 2 is a purified & 

concentrated bridge PCR product. Lane 3 is an unpurified, raw bridge PCR product.   

 

 

 



Cellulase Mutants 

 Cellulase mutant was transformed into electrocompetent pir+ S17 E. coli. Accuracy of 

this transformation will be unknown until transformed E. coli can be successfully grown on 

kanamycin or tetracycline positive Luria broth plates and isolated for further testing.   

EPS Mutants 

 Isolation of EPS mutant 2 plasmid was completed. DNA sequencing for the target 

plasmid from EPS mutant 2 will be required. Further results will not be known until all EPS 

mutant DNA can be isolated and sequenced.  

 

Discussion & Future Directions 

The mutant phenotypes observed via the congo screening procedures were obtained using 

broad measurements. While these assays reported cellulose degradation inhibition occurring in 

Luteibacter mutants, at this time it cannot be precisely determined whether this degradation was 

due to an active mutation in a gene associated with cellulase in the bacteria or if this breakdown 

in cellulase can be attributed to some function of the EPS. Observations into Luteibacter 

behavior show that cellulase activity is confined to areas covered by the EPS. For this reason, 

understanding the genetic differences and overlap between the cellulase mutants and the EPS 

mutants will be an important factor in further characterizing this unique cellulolytic bacterial 

system. 

 For the cellulase mutants identified, suspected regions of mutation for each play a large 

role in why each mutation might result in loss of cellulase function. For mutant 12, the gfc region 

makes sense as a possible gene region affected by the transposon insertion. The gfc gene region 

is suspected to play a role in capsule protein formation on the plasma membrane. A mutation in 



this sort of gene region is likely detrimental to the excretion of cellulase by Luteibacter into 

extracellular matrices. 

 
Figure 8. Diagram of gfc gene region in characterized E. coli strain BW2952 (King). 

 

 Theories on possible mutation sites for mutant 35 include a gene region encoding phosphokinase 

activity and the gene region of a possible type I secretion system promoter. Mutations in either of 

these sites could easily explain a mutant with no cellulase activity and an abnormal cell surface 

phenotype as both of these gene regions play a role in the export of proteins to the cell surface 

and beyond.    

 Further research will be required on this project in order to determine more about the 

genetics that underlie cellulose degradation machinery in Luteibacter. Next steps for this project 

include isolating and sequencing all the plasmids from the EPS mutants in order to better 

characterize mutant genes that do not inhibit cellulase function, and as such, are likely not 

involved in cellulose degradation pathways in Luteibacter. Additionally, selecting for E. coli that 

has been successfully transformed with cellulase mutant gene regions on antibiotic positive 

plates, and then mating those E. coli with wild-type Luteibacter in order to determine if the 

transposon was actually responsible for the cellulase mutations will be a vital step in the project.  

Elucidating the underlying mechanisms and genetics behind cellulose degradation in 

Luteibacter promises to provide further insight into microbial cellulose utilization as a whole, a 

field which has potential implications in a wide spectrum of exciting biological and industrial 

fields.     
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