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ABSTRACT 
 

Plant biomass is efficiency decomposed by a great number of different microbial enzymes. The 

enzyme systems in cellulolytic bacteria have been genetically improved via plasmid transfer and genome 

shortening. In this study six conjugations were done between six parental strains carrying the opposite genetic 

markers from which 18 transconjugants were evaluated for biodegradation of cellulose. Three strains of 

Rhizobium leguminosarum bv. trifolii were used as recipients against Bt and Serratia strains expressing 

cellulose activity as donors. The wild type strains of Bacillus thuringiensis and Rhizobium encoded significant 

cellulose biodegradation after genome shortening. In addition, all transconjugants resulted from the mating 

between Bt1 and Rh11 expressed significant cellulase activities after curing. In constrant, all transconjugants 

results from the mating between Bt2 x Rh6 and Bt2 x Rh11 appeared insignificant differences in cellulase activity 

before and after curing. Meanwhile, the parental strains Rh6 and Rh11 expressed significant cellulase activity 

after curing. Furthermore, all transconjugants resulted from the mating between Sm x Rh6 and Sm x Rh15 

encoded significant cellulase activity after curing.  This work provides efficiently encoded cellulases in 

genome shortening mutants than in the wild type. The enzymes encoded in this study represented that cellulase 

expressing genes were located on the bacterial chromosome and plasmids. Though, plant infection of legumes 

was affected by Rhizobia cellulases which considered as important determinant in nodulation process. 

Keywords: Plasmid curing, cellulose biodegradation, genome shorting. 
 

INTRODUCTION 
 

About half of the bacteria containing cellulase genes, 

hemicellulases and pectinases which are efficiently degrading 

the wastes of plant biomass (Medie et al. 2012). However, 

only a small number of bacteria strains possess more than three 

genes for b-1,4-glucanases (cellulases), which were  effective 

for biodegradation of natural cellulose (Schwarz et al. 2004). 

Truly cellulolytic microorganisms had great importance 

for providing the genetic information on the production of 

cellulolytic and hemicellulolytic enzymes that can be used for 

application in many industrial and biotechnological processes. 

Recently the genomic sequences of a number of truly cellulolytic 

species became publicly available (Schwarz et al. 2011). 

Cellulolytic activity in bacteria is regulated on the transcriptional 

level. The regulatory mechanisms for the synthesis of extracellular 

cellulolytic enzymes are still poorly understood. The presence of 

cellulose in the medium might function as an inducer (Nataf et al. 

2010). Cellulases (CelS) transcription is induced under conditions 

of carbon or nitrogen limitation (Dror et al. 2003). 

Cellulose is the most plentiful molecule on the earth. 

Most plants are composed of cellulose and hemicellulose 

polymers along with minor amounts of other sugar polymers 

such as starch and pectins (Han and Rowell, 1996). Cellulose is 

organic polymer and is the main component of plant biomass 

that provides stability. Cellulose is a linear polysaccharide 

containing thousands of D-glucose residues per individual 

cellulose unit (Russell et al. 2008). Cellulose is a stable 

macromolecule and is more resistant to hydrolysis. Molecular 

weight of cellulose ranges from 200,000 to 2,000,000, 

corresponding to 1250-12,500 glucose molecules per residues 

(Bashir et al. 2013). Cellulose requires temperature beyond 

32°C to attain the amorphous state which can be digested by the 

application of strong acid and produces nano-crystalline 

cellulose after the breakdown (Zhang and Zhang 2013). 

The biological lysis of cellulose is an enzymatically 

controlled synergistic process. Three types of glycoside 

hydrolases: endo -β-1,4-glucanases, exo-β 1,4  

cellobiohydrolases and β- glucosidases are involved in 

cellulose 1,4-  hydrolysis (Willis et al. 2010). To decrease the 

level of polymerization of the cellulose chain, β-1,4 glycosidic 

bonds of the cellulose strands are randomly broken down by 

endo-β-1,4- glucanases. Further, exo-β-1,4-cellobiohydrolases 

releases cellobiose or glucose by removing subunits at both 

reducing and non-reducing ends of the cellulose chain. To 

complete the biodegradation of cellulose, glucose is produced 

through hydrolysis β-glucosidases from cellobiose or water 

soluble cellodextrin. Several factors play important roles in the 

successful bioconversion of cellulose that include, nature of 

cellulose, source of cellulolytic enzymes, optimal condition for 

catalytic activity (like temperature, presence or absence of 

oxygen) and production of enzymes (Chandra et al. 2007). 

Large diversity of microorganisms including bacteria can 

synthesize cellulases during their development on cellulosic 

materials (Kuhad et al. 2011). 

When cellulose, xylan or pectin was added as carbon 

source to the cultures, a high-level expression of various 

cellulase, hemicellulase, and pectin lyase genes was induced. 

This suggests a coordinated expression in transcriptional units 

of cellulose and hemicellulase genes and an influence of 

hemicellulose on cellulose degradation  (Demain et al. 2005).  
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Moreover, the effective degradation of cellulose has been 

considered as one of the most critical processes in degrading corn 

stover (Liang et al. 2010). Adding cellulose-degrading 

microorganisms is a valid way to boost cellulose degradation 

(Kato and Miura 2008). In consideration of the rapid growth, 

research has focused on a variety of cellulose-degrading bacteria 

(Jeong et al. 2017). Knockout mutants lacking the CelC2-

encoding gene (CelC), are unable to penetrate the cell wall 

(Robledo et al. 2008). Furthermore, inoculation with a CelC2 

overexpressing (CelC2+) derivative leads to aberrant 

symbiotic phenotypes in Trifolium. repens (Robledo et al. 

2011). Inoculation of Medicago truncatula with 

Sinorhizobium meliloti heterologously expressing CelC2 also 

altered signalling and nodulation (Robledo et al. 2018). 

Bacillus subtilis and Bacillus safensis showed significant 

cellulolytic activity on carboxymethyl cellulose agar plates 

(Melo et al. 2014).  

Several studies appeared that rhizobia produce 

enzymes capable of degrading plant cell-wall polymers which 

constitute the primary barrier for host infection (Oldroyd et al. 

2013) . In particular, Rhizobium leguminosarum bv trifolii 

synthesize a ß-(1–4)-endoglucanase, called cellulase CelC2, 

that has been biochemically and functionally characterized. 

CelC2 is involved in the establishment of the symbiosis 

between this bacterium and, white clover.  

This study will provide valuable information on the 

process of cellulose biodegradation by Rhizobium strains and 

their transconjugants to improve the biotechnological 

applications of cellulose- degrading strains. 
 

MATERIALS AND METHODS 
 

Bacterial strains  

Wild type isolates of Rhizobium meliloti were isolated as 

previously described on yeast extract mannitol medium at 28° C 

(Karanja and Wood 1988). These isolates were isolated from root 

nodules of clover plants grown in the farm of Genetic 

Department , Faculty of Agriculture , Mansoura University 

through the winter season of academic year 2015/2016. All 

bacterial strains used in this study, as well as, their references, are 

listed in Table 1. 
 

 

 

 

 

Growth conditions 

Yeast agar medium (YEMAM) was used as a full 

synthetic medium according to Allen (1959).However, 

YEMAM with Cango –red was used according to Vincet 

(1970).While Peptone glycerol medium PG It was used for 

Serratia strains according to Palleroni (1984) . In addition, TGY 

medium was used for Bt according to Mazza et al. (1992). 

Furthermore, Yeast extract cellulose agar medium (YECAM) 

was used for screening cellulase producing bacteria which was 

performed on cellulose agar medium and incubated at 28ºC. This 

was done according to Somasegaran and Hoben (1985). 

Table 1. The bacterial strains were used in this study and 

their sources. 

Strains Source or reference Designation 

Rhizobium 

meliloti 
Root nodules of clover plants 

Rm6, Rm11 

and Rm15 

Serratia 

marcescens 

Microbiology Dept., Soil, Water and 

Environmental Research Institute, 

Agricultural Research Center (ARC). 

Sm 

Bacillus 

thuringiensis 

Microbiology Dept., Soil, Water and 

Environmental Research Institute, 

Agricultural Research Center (ARC). 

Bt1 

Bacillus 

thuringiensis 

Bacillus Genetics Stock Center, 

Biochemistry Dept., Ohio University, 

Columbus, USA. 

Bt2 

 

Genetic marking based on antibiotic susceptibility assays 

Antibiotic susceptibility was measured by plate 

diffusion method according to Collins and Lyne (1985) using 

different antibiotics listed in Table 2. 

Table 2. Different antibiotics used for genetic marking 

Rhizobial strains. 

Concentration (g/ml) Symbol Antibiotics 

0.01 Xt Xithrone 

0.03 Tb Tobrin 

0.05 Am Amikacin 

0.03 Nm Neomycin 

0.01 Um Uvamine 

0.05 Cp Ciprofloxacin 

0.05 Op Ospen 
 

The conjugation between different bacterial strains 

harboring the oppsite genetic markers was done according to 

Grinsted and Bennet (1990) between Bacillus and Serratia 

strains as a donors against Rhizobium strains as a recipients as 

shown in Table  3. 

 

Table 3. Conjugation between Serratia and B. thurinogiensis as a donor strains against Rhizobium strains as a recipient strains. 
Mating Revelant geneotype Selective markers Number of transconjugant (Tr) colonies isolated 

Bacillus thuringiensis (Bt1) 
X 
Rhizobium meliloti ( 6) 

XT-,AM+,CP+ 
X 

XT+AM-,CP- 
XT+,AM+,CP+ 

Tr1 
Tr2 
Tr3 

Bacillus thuringiensis (Bt1) 
X 
Rhizobium meliloti (11) 

UM+,OP- 
X 

UM- , OP+ 

UM+,OP+ 
- 

Tr4 
Tr5 
Tr6 

Bacillus thuringiensis (Bt2) 
X 
Rhizobium meliloti ( 6) 

XT-, AM+,UM -,CP+ 
X 

XT+ AM--,UM +,CP- 
XT+, AM+,UM +,CP+ 

Tr7 
Tr8 
Tr9 

Bacillus thuringiensis (Bt2) 
X 
Rhizobium meliloti (11) 

Serratia marcescens (Sm) 
X 
Rhizobium meliloti ( 6) 

Serratia marcescens (Sm) 
X 
Rhizobium meliloti ( 15) 

XT - ,AM +, CP+ 
X 

XT + ,AM -, CP - 

TB- , NM+ , UM+ , CP – 
X 

TB+ , NM- , UM- , CP+ 

UM- , CP -, OP – 
X 

UM+ , CP +-, OP + 

XT+ ,AM+, CP+ 
 

 
TB+ , NM+ , UM+ , CP+ 

 

 
UM+ , CP +-, OP + 

Tr10 
Tr11 
Tr12 

Tr13 
Tr14 
Tr15 

Tr16 
Tr17 
Tr18 
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Screening cellulase activity  

For enrichment cellulose - producing bacteria, a 

cellulose agar medium (YMCAM) containing cellulose as a 

sole carbon and energy source was used. Cellulase activity was 

assayed qualitatively on agar plates by observing the size of 

the halo zones formed around the colonies after seven days of 

incubation at 28°C according to Morales et al. (1984 ). 

Genome shortening 

Approximately 109 cells from a log phase culture of 

Rhizobium isolates were starved by growing in a medium free 

of carbon as mentioned by Thorne and Williams (1997). 

Starvated cultures are shifted to incubated at 40°C for one day 

and then maintained at  28°C for two days. Single colonies 

from the cultures heat treated were selected and retested for 

antibiotic resistance pattern. The inabitily of Rhizobium to 

grow on the antibiotic supplemented medium indicating that 

plasmid was cured (Baldani et al. 1992). 

Statistical analysis 

The data were subjected to the analysis of variance 

according to Snedecor and Cochran (1955). Least signification 

difference (L.S.D) was used to compare between means if the 

F-test was significant.  
 

RESULTS AND DISCUSSION 
 

The data summarized in Table 4 and Figure 1 illustrated 

that all transconjucants resulted from the mating between 

Bacillus (Bt1) and Rhizobium (Rh6 , Rh11) appeared insignificant 

differences between different genotypes in cellulose 

biodegradation  after curing, while they were appeared significant 

differences before curing. On the other hand, the wild type strains 

Bt1 and Rh6 expressed significant cellulose biodegradation after 

curing. While, all transconjucants Tr4, Tr5 and Tr6 resulted from 

the mating between Bt1 and Rh11 produced significant amounts 

of cellulase after curing. This result agreed with Mateos et al. 

(2001), who suggested a complementary function of rhizobial 

cell- bound hydrolytic enzymes exists in the initial host infection. 

This indicated that genome shortening may delete some of 

suppressor genes which extrachromosomal located that may 

decrease the level of cellulase production. 
 

           

  
Bt1 before curing Bt1 after curing 

  
before curing11 Rh Rh11 after curing 

  
Tr4 before curing Tr4 after curing 

Figure 1. Cellulose biodegradation by cured mutants of Rhizobium recombinants resulted from the mating between Bt1 x Rh11. 
 

The data summarized in Table 5 and Figure 2 illustrated 
that all transconjucants resulted from the mating between Bt2 x 
Rh6 and Bt2 x Rh11 appeared insignificant differences between 
different genotypes in cellulose biodegradation before curing and 
after curing. This indicated that genome shortening do not affect 
on the activity of cellulase genes. However, the parental strains 
(Rh6 and Rh11) expressed significant cellulose biodegradation 

after curing. Furthermore, all transconjugants resulted from both 
matings appeared insignificant differences in cellulose 
biodegradation between wild type strains and cured mutants. 
This result was  agreed with Morales et al. (1984), who  showed 
that curing of pSym did not affect on cellulase production from 
R. leguminosarum bv. trifolii .  
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Bt2 before curing Bt2 after curing 

  
before curing 6Rh Rh6 after curing 

  
8Tr Tr8 

Figure 2. Cellulose biodegradation by cured mutants of Rhizobium recombinants resulted from the mating between Bt2 x Rh6. 
 

Table 4. Effect of plasmid curing in Rhizobium recombinants 

resulted from the mating between Bt1 x Rh6 and Bt1 

x Rh11 on cellulose biodegradation. 

Strains 

Cellulose biodegradation 
 
F-
test 

L.S.D 
Diameter of 
clear zones 

before 
curing(cm) 

Diameter  
of clear  

zones after  
curing (A) 

Diameter of 
clear zones 

after  
curing (B) 

0.05 0.01 

1Bt 1.13 

 

1.35 

 

1.99 ** 0.262 0.396 
6 Rh 1.25 1.63 1.71 ** 0.234 0.354 

Mid-parent 1.19 1.49 1.85    
1Tr 1.25 1.63 1.58 IS   
2Tr 1.15 1.73 1.42 IS   
3Tr 1.35 1.63 1.42 IS   
1Bt 1.13 1.35 1.99 ** 0.262 0.396 

11 Rh 1.10 1.74 1.68 * 0.410 0.622 
Mid-parent 1.12 1.53 1.83    

4Tr 1.05 1.35 1.57 * 0.325 0.492 
5Tr 1.10 1.55 1.55 * 0.383 0.579 
6Tr 1.00 1.38 1.43 * 0.331 0.501 

F-test ** IS IS    
LSD  0.05 3.64      
LSD  0.01 4.97      
*,**: Significant differences at 0.05 and 0.01 levels of probability. 

IS: Insignificant differences. 

A: Cellulose added to agar spot. 

B: Cellulose added and disrubted in the medium. 

Table 5. Effect of plasmid curing in Rhizobium recombinants 

resulted from the mating between Bt2 X Rh6 and 

Bt2 x Rh11 on cellulose biodegradation. 

Strain 

Cellulose biodegradation 
 
F-
test 

L.S.D 
Diameter  
of clear 

zones before 
curing (cm) 

 

Diameter  
of clear 

zones after 
curing (A) 

 

Diameter  
of clear 

zones after 
curing (B) 

0.05 0.01 

2Bt 1.20 

 

1.48 

 

1.83 * 0.422 0.640 
6 Rh 1.25 1.63 1.71 ** 0.234 0.354 

Mid-parent 1.22 1.55 1.77    
7Tr 1.25 1.38 1.83 IS   
8Tr 1.20 2.10 1.58 IS   
9Tr 1.20 2.00 1.74 IS   
2Bt 1.20 1.48 1.83 * 0.422 0.640 

11 Rh 1.10 1.74 1.68 * 0.410 0.622 
Mid-parent 1.15 1.61 1.75    

10Tr 1.25 1.35 1.30 IS   
11Tr 1.25 1.47 1.40 IS   
12Tr 1.30 1.38 1.30 IS   

F-test **  **  IS    
LSD   0.05 6.81  0.36      
LSD   0.01 9.35  0.49      
*,**: Significant differences at 0.05 and 0.01 levels of probability.      

IS: Insignificant differences.  A: Cellulose added to agar spot.  

B: Cellulose added and disrubted in the medium. 

The data summarized in Table 6 and Figure 3 

illustrated that all transconjucants resulted from the mating  
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between Sm x Rh6 and Sm x Rh15 appeared significant 

differences in  cellulose biodegradation  between wild type 

strains and their cured mutants. On the other hand, all parental 

strains (Sm , Rh6 and Rh15) expressed significant cellulose 

biodegradation  after curing. However all transconjugants 

Tr13, Tr14  and Tr15 resulted from the mating between Sm and 

Rh6  appeared  significant degradation of cellulose after 

curing. Furthermore, all transconjugants Tr16, Tr17  and Tr18 

resulted from the mating between  Sm and Rh15  appeared the 

same trend of cellulose biodegradation after curing. This 

agreed with Mateos et al. (1992), who reported that 

cellulolytic enzymes are produced commonly by different 

rhizobial species. 

The results obtained herein agreed with Medie et al. 

(2012), who reported that most bacteria that encode a 

cellulase  harboring only one cellulase gene in their genotypes 

which were located in all phyla analysed. However, bacteria 

harboring two or three cellulases genes were present in all 

phyla except for synergistetes. Therefore, some of the bacteria 

harboring more than three cellulases which are found in the 

phyla actinobacteria, bacteroidetes, thermotogae and in the 

class clostridia. In addition, bacteria degraded plant cell walls 

often encode various cellulases together with hemicellulolytic 

and pectiolytic enzymes. Thus, the cooccurrence of genes 

encoding cellulases and those encoding hemicellulolytic and/ 

or pectinolytic enzymes accompanies a true saprophytic 

lifestyle. Various bacteria produced cellulase using the 

enzymes encoded by the bacterial cellulose synthesis (bcs) 

operon. The bcs operon also encoded a cellulose of the GH8 

family. Thus, the bacteria encoding cellulases are likely to be 

involved in cellulose synthesis. 
 

Table 6. Effect of plasmid curing in Rhizobium 

recombinants resulted from Sm x Rh6 and Sm x 

Rh15 on cellulose biodegradation. 

Strain 

Cellulose biodegradation 

 

F- 

test 

 

L.S.D 

D
ia

m
et

er
  o

f 

cl
ea

r 
zo

n
es

 

b
ef

o
re

 c
u

ri
n

g
 

(c
m

) 

D
ia

m
et

er
  o

f 

cl
ea

r 
zo

n
es

 

a
ft

er
 c

u
ri

n
g
(A

) 

D
ia

m
et

er
  o

f 

cl
ea

r 
zo

n
es

 

a
ft

er
 c

u
ri

n
g
 

(B
) 

0.05 0.01 

Sm 1.38 

 

1.39 

 

2.19 * 0.521 0.788 

Rh6 1.25 1.63 1.71 ** 0.234 0.354 

Mid-parent 1.31 1.51 1.95    

Tr13 1.20 1.83 1.97 ** 0.205 0.310 

Tr14 1.50 1.80 2.08 * 0.357 0.541 

Tr15 1.35 1.55 2.03  0.186 0.282 

Sm 1.38 1.39 2.19 * 0.521 0.788 

Rh15 1.05 1.50 1.84 ** 0.231 0.351 

Mid-parent 1.21 1.44 2.01    

Tr16 1.05 1.50 1.52 ** 0.328 0.497 

Tr17 1.00 1.50 1.52 ** 0.260 0.394 

Tr18 1.15 1.20 1.53 ** 0.201 0.484 

F-test ** ** *    

LSD  0.05 5.73 0.201 0.452    

LSD  0.01 7.82 0.275 0.619    
*,**: Significant differences at 0.05 and 0.01 levels of probability. 

A: Cellulose added to agar spot. 

B: Cellulose added and distributed in the medium. 
 

On the other hand, Menendez et al. (2019) decided 

that cellulase is a symbiotic endoglucanase originally 

described in Rhizobium leguminosarum biovar trifolii that 

specially nodulates white clover. Furthermore, rhizobial 

cellulases plays a significant role for the localized penetration 

of compatible rhizobia into root hairs of specific legume hosts 

(Menedez et al.2019). When the bacteria were bound to the 

root hair tip, cellulase effects seem to be more localized than 

the addition of purified enzyme, indicating that it is cell – 

boun ( Jimenez- Zurdo et al. 1996). Changes in the production 

of these signals can hamper early steps of symbiosis 

development. Rhizobium leguminosarum bv. trifolii cellulase 

has a strong substrate specificity for noncrystalline cellulose 

located in the root hair tips of its specific host. The substrate 

specificity is the key to the success of  the canonical primary 

infection in Rhizobium trifolium  symbiosis. Moreover, 

cellulase led to alterations in the primary infection points 

confirming the importance of cellulase in the symbiotic 

process. Furthermore, Doi and Kosugi (2004) decided that the 

complete digestion of cellulose is largely restricted to a 

specific group of cellulolytic microorganisms that produce 

combinations of cellulases, hemicellulases and pectinases 

which act synergistically to break down cellulose and 

associated cell wall components. In addition, Buttner and 

Bonas (2010) reported that plant pathogens produce several 

types of cell wall – degrading enzymes as cellulases, 

pectinases, xylanases and proteases. These enzymes play a 

crucial roles in pathogenicity because  they break down the 

components of the host plant cell walls. 

The importance of cellulases in pathogenicity and 

symbiotically performance has studied through mutational 

analyses of cellulase- encoding genes in both bacterial and 

fungal pathogens (Van Vu et al.2012). Morever, Medie et al. 

(2012) reported that 40% of bacterial plant pathogens genome 

encode at least one cellulase gene. Cellulase- lacking mutants 

of Xanthomonas oryzae causing bacterial leaf blight in rice 

showed attenuated virulence in the host plants ( Xia et al. 

2016). 

The fungal rice blast pathogen Magnaporthe oryzae 

has two cellulase genes that play significant roles in its 

virulence (Van Vu et al. 2012). The genetic analysis of 

Clavibacter michiganensis reveled 130- kb chromosomal 

pathogenicity island that carries various virulence genes 

(Gartemann et al. 2003). Besides the pathogenicity, two 

extrachromosomal plasmids are known to be involved in the 

pathogenicity (Gartemann et al. 2008). These plasmids were 

important in the pathogenicity as confirmed by virulence 

assayes using strains naturally lacked one or more plasmids 

or mutants that lost one or both plasmids ( Thapa et al. 2017). 

The celA gene plasmids located encode a cellulase and this 

gene was critical for causing disease in tomato ( Eichenlaub 

and Gartemann 2011). The cel A gene was importance in 

pathogenicity through infection (Thapa et al. 2017).The 

genome analysis revealed another cellulase gene, celB on its 

chromosome (Cartemann et al. 2008). The expression of celB 

was up- regulated through infection of tomato plants 

(Chalupowicz et al. 2010) 

Cellulases are enzymes that degrade cellulose fibers a 

major components of plant cell walls. Cellulases are major 

virulence factors that play important roles in pathogenicity 

during infection of Rhizobium. Thus, the transposon- inserted 

cellulase mutant lost most of the ability of microbe to cause 

disease in the host plant indicating that cellulase genes are 

required for pathogenicity. In addition, mutants carrying a 

partial deletion in cellulose genes fail to recover its 

pathogenesis. The biodegradation of cellulose fibers needing 
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a better contact with cellulase enzymes. The results obtained 

in this study indicated that cellulose genes are chromosomal 

and plasmids located which led to focus on the efficiency of 

cellulases in plasmid cured mutants. The secreted cellulases 

from plasmid cured mutants may increase than in the wild 

type strains to overcome the deletion of cellulose genes which 

extrachromosomal located, because it is very likely a 

functional cellulase genes that can be more secreted cellulase 

enzymes in plasmid cured mutants. 

In conclusion, this study focus about the effect of 

plasmid curing on the effective of cellulase genes from 

Rhizobium and Bt to be understand the potential 

biotechnological applications of cellulases to overcome 

agricultural wastes. Genes encoding cellulase provides more 

effective in plasmid curing strains than the wild type strains 

which indicated that the genome shortening strains were more 

effective in cellulases production than that carried the whole 

genome. Thus, the cellulase genes might expressed as active 

enzymes in genome shortening strains because of the 

problems related to heterologous gene expression between 

chromosomal and extrachromosomal genes. Therefore, 

cellulases genes represented at least some of the cellulases 

operating efficiency in genome shortening strains.  

 

  
Sm before curing Sm after curing 

  
before curing 15Rh Rh15 after curing 

  
before curing 19Tr Tr19 after curing 

Figure 3. Cellulose biodegradation by Rhizobium recombinants resulted from the mating between Sm x Rh15. 
            

Furthermore, cellulase activity and secretion 

efficiency are critical in plasmid curing mutants. It will be 

important to conducted further studies on cellulase genes 

that are plasmids and chromosomal located to explore their 

genetic locations in the bacterial genome and their roles in 

the biodegradation of cellulose fibers. 
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                                                                                                              التخلص الآمن من السليلوز من خلال تحليله حيويا  بواسطة إتحادات وراثية جديدة من الرايزوبيوم تحمل جينات السليوليز 
  أشرف حسين عبد الهادي و  ، خليفه عبد المقصود زايد ، ميرفت جلال شرابيه ميرفت إبراهيم كمال

 مصر –جامعة المنصورة  –الزراعة  كلية –قسم الوراثة 
 

          راثيا  من المختلفة. تم في هذه الدراسة تطوير البكتيريا المحللة للسليلوز والميكروبية المادة النباتية بكفاءة بواسطة العديد من الإنزيمات  تحللعادة 

لال وذلك من خآباء تعمل علامات وراثية متفارقة  ستبين م إجراء ست تزاوجات تخلال النقل البلازميدى وإختزال حجم الجينوم. لتحقيق هذا الهدف 

عن نشاط إنزيم                                                                                                                           إستخدام ثلاث سلالات من الرايزوبيم كمستقبلات للمادة الوراثية بينما إستخدمت سلالات الباسيليس ثيرونجنسز والسراتيا المعبرة وظيفيا  

لبرية . أحدثت السلالات السليلوزامن المتحولات التزاوجية بالنسبة لكفاءتها في تحليل  81ومن خلالها تم عزل وتقييم السليوليز كآباء معطية للمادة الوراثية 

لات التزاوجية والأبوية من الباسيليس ثيرونجنسز والرايزوبيم تغيير معنوى في تحليل السليلوز بعد إختزال حجم الجينوم. هذا بالإضافة إلى أن كل المتح

يز بعد إختزال حجم الجينوم. على النقيض من ذلك ، أظهرت كل المتحولات لقد عبرت عن نشاط معنوى لإنزيم السليو 11Rhx  1Btالناتجة عن التهجين بين 

إختلافات غير معنوية في نشاط إنزيم السليوليز بين السلالات المختزل والغير مختزل فيها  11Rhx  2Bt,  6Rhx  2Btالتزاوجية الناتجة عن التهجين بين 

عن نشاط معنوى لإنزيم السليوليز بعد إختزال حجم الجينوم. علاوة على ذلك ، عبرت كل الهجن  11Rh, 6Rhبينما عبرت السلالات الأبوية  حجم الجينوم.

جم ح عن نشاط معنوى لإنزيم السليوليز بعد إختزال حجم الجينوم. هذه الدراسة تعكس كفاءة إختزال  6Rhx  Sm  ،15Rhx  Sm الناتجة من التزاوج بين 

النباتات  عدوىذلك فإن لالجينوم على كفاءة التعبير الوظيفى في إنتاج إنزيمات السليوليز في الطفرات المختزل فيها حجم الجينوم مقارنة بالسلالات البرية. 

 لجذرية. قولية يتأثر بشدة بإنزيمات السليوليز التى تنتجها الرايزوبيا والتى تعتبر عامل محدد في عملية تكوين العقد ابال
 


