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‣ Ruminococcus albus, R. flavefaciens, and Fibrobacter succinogenes are among 

the most important plant cell wall-degrading bacteria in the rumen.

‣ In batch cultures, they generate ATP by fermenting glucose to ethanol, acetic 

acid, CO2, and H2 according to the following reaction with two hydrogenases:

     Bifurcating, Evolving, and Sensory [FeFe]-hydrogenase

     Glucose + 3.3 ADP + 3.3 Pi  →  

                                    1.3 Acetate + 2.6 H2 + 0.7 Ethanol + 2 CO2 + 3.3 ATP

‣ Hydrogenotrophic methanogens are dominant in terms of both methane 

emissions and community composition. these organisms use molecular hydrogen 

(H2) to reduce carbon dioxide (CO2) to methane through the Wolfe cycle of 

methanogenesis. 

     4 H2 + CO2  →  CH4 +2 H2O

     4 HCOOH  →  CH4 + 3 CO2 + 2 H2O

Greening et al., 2019 ISME
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‣ In co-cultures with H2-consuming microorganisms (Wolinella succinogenes or 

Methanogens), R. albus generates more acetic acid, H2, and ATP by fermenting 

glucose according to the following reaction with a hydrogenase:

     Bifurcating [FeFe]-hydrogenase

     Glucose + 4 ADP + 4 Pi  →  2 Acetate + 4 H2 + 2 CO2 + 4 ATP

‣ Because H2 partial pressure is kept low in co-cultures, R. albus can divert carbon 

flux from ethanol production to the more energetically efficient pathway of 

acetate production by bifurcating [FeFe]-hydrogenase.

‣ Therefore, in the natural rumen environment where the H2 partial pressure is low, 

R. albus might generate more hydrogens than other cellulolytic bacteria.
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‣ Endolysins are hydrolytic enzymes that can specifically identify and cleave the bacterial peptidoglycan cell wall.

‣ Endolysins are produced and expressed at the end of the phage lytic cycle, releasing phage progeny follow degradation of the bacterial 

peptidoglycan cell wall.

‣ Most endolysins pass through the cell wall with the help of holin proteins, which are small hydrophobic hole-forming proteins. 

Saier and Reddy, 2015 J. Bacteriol



Introduction
3. Endolysin

07

EAD CBD EAD

EAD CBD

EAD CBD EADCBD

Enzymatically Active Domain Cell wall Binding Domain

Modular structure of gram-positive target endolysin

‣ Endolysins have been of interest as potential antimicrobial agents for several reasons.

① The lytic activity can also occur when the lysin is applied exogenously in the from of a recombinant protein.

② The CBDs of endolysins are responsible for their specificity to bacterial targets due to their recognition and binding of ligands 

noncovalently to a particular substrate in a target cell wall.

③ The development of drug resistance in bacteria toward endolysin is also lower than that in antibiotics.

Endolysin

Schmelcher et al., 2012 Future Microbiol.
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Materials and Methods

‣ Ruminococcus albus 7 (KCTC 15045)

: Indicator strain, KCTC media No. 947,

  anaerobically incubated in water bath at 39℃

‣ Escherichia coli BL21 (DE3)

: Expression host, Luria-Bertani (LB) broth medium,

  aerobically incubated at 37℃ with kanamycin (50 μg/ml)

1. Bacterial strains, Cloning and Overexpression of RalLys8
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Materials and Methods
2. Characterization of RalLys8
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Materials and Methods
3. Lytic activity test of RalLys8 under clarified rumen fluid

5. Statistics

‣ Statistical analysis of the Characterization data was conducted using R software (R version 4.3.1). 

A non-parametric Kruskal Wallis test using the kruskal.test function was applied because residuals did not follow the normal distribution 

Differences among different groups were compared with the Dunn’s multiple comparison using dunnTest function from the FSA package, 

if a significant effect was observed.
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Results and Discussion
1. Conserved Domain and Structure Analysis of Endolysin RalLys8

Conserved Domain of  RalLys8 in this study Conserved Domain of  PanLys.1 in previous study

Moon et al., 2023 Anim Biosci
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Results and Discussion
2. Purification of RalLys8 and its Lytic Activity against Ruminococcus albus (KCTC 15045). 

1) SDS-PAGE 2) Lytic activity of RalLys8 against R. albus in KCTC media

33.5 kDa
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Results and Discussion
3. Identification of optimal conditions for the lytic activity of RalLys8.

1) Lytic activity of RalLys8 with various dosage 2) Lytic activity of RalLys8 under various condition
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Results and Discussion
4. Scanning Electron Microscopy of Ruminococcus albus (KCTC 15045) after Incubation with RalLys8.

Shape of coccus Osmotic Lysis

15



5. Lytic Activity of RalLys8 against Ruminococcus albus (KCTC 15045) in clarified rumen 
fluid.pH 6.5

Results and Discussion

pH 7.0 pH 7.5 pH 8.0

‣ RalLys8 (400 μg/mL) was treated with 10 mM of MgCl2 after incubation with 5 mM EDTA to chelate divalent cations.

‣ The addition of RalLys8 reduced the optical density of Ruminococcus albus by over 80% after 30 minutes of incubation.

‣ Based on the above observations, RalLys8 might have potent lytic activity against R. albus under in vitro rumen conditions. 
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Summary

① In the present study, a novel endolysin, 

RalLys8, was developed and then confirmed 

its lytic activity against Ruminococcus albus.

② Further studies are needed to verify the effect 

of RalLys8 against R. albus and its impact on 

methane mitigation in the in vitro rumen 

condition.  

Present ResearchFurther Research
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