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ABSTRACT 

Inhibition of PGN elongation caused by activation of PGN autolysin 

by lysis of the bacteria PGN cell wall by electrolyte ions. Another 

electrolyte ion-mediated lysis of the bacteria cell wall is thought to be 

due to disruption of the outer membrane structure by N- and C-

terminal lipoproteinases, but is mitigated by the activity of PGN 

hydrolases and autolysins. We investigated bacterial cell wall lysis by 

electrolyte  ions by using  minimum inhibitory concentration value for 

the solution against gram positive bacteria .Halo antibacterial tests 

also found that Cu , Zn ,Mg,Li ions  have strong antibacterial activity 

against bacteria. Lysis of bacteria peptidoglycan (PGN) cell walls by 

electrolyte  ions is thought to result from damage to PGN biosynthesis 

by TG and TP and PGN inhibition by PGN autolysin activation.  The 

other is caused by lysis of the outer membrane cell wall of bacteria by 

electrolyte  ions and is thought to result from disruption of the outer 

membrane structure and inhibition of PGN elongation through 

disruption of PGN biosynthetic TPs. and activation of PGN autolysin. 

 

 

 

       

 

 

 

INTRODUCTION 

In Gram-positive bacteria, wall teichoic acid (WTA), lipoteichoic acid (LTA), and 

peptidoglycan are important bacterial components for binding metal ions from the environment. 

Peptidoglycan is a sugar chain (polysaccharide) backbone composed of N-acetylmuramic acid and 

N-acetylglucosamine, and peptide side chains (amino acids and diaminopimelic acid) are 

crosslinked by peptide bonds to form a three-dimensional structure. increase. Teichoic acids are 
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polysaccharides of polyglycerol phosphate or polyribitol phosphate (depending on the bacterial 

strain) that are either anchored to the cytoplasmic membrane (LTA) or covalently attached to the 

cell wall (WTA) (Bhavsar, Erdman et al. (2004). The carboxyl group on peptidoglycan is the 

anionic site for metal binding and the phosphodiester group is the primary metal binding site for 

teichoic acid. (1) Previous studies on the metal-binding behavior of B. subtilis have focused on 

metal-binding capacity and affinity. Analysis suggested the possible presence of negative 

cooperativity. Most Gram-positive cell walls have similar functional groups that contribute to 

metal binding. Current studies using solid-state NMR show that Mg2+ preferentially binds to 

phosphate groups and displaces D-alanine from phosphate groups. Solid-state NMR experiments 

were also performed to estimate the wall teichoic acid binding constant using the 31P chemical 

shift based on the magnesium concentration used in the experiment.( 2, 3, 4) 

As the cell wall approaches saturation with metal ions, the slope of the Scatchard plot 

gradually decreases, with a concomitant decrease in apparent binding affinity. This decrease 

becomes more pronounced as the steady-state concentration increases . As the equilibrium 

concentration increases, the bound/unbound ratio decreases correspondingly. Data from the 

lower/unbound ratio show a line and slope indicating weaker binding affinity. This can also be 

interpreted as a decrease in the cell's electrostatic potential and consequently in its affinity for 

metal ions. Data points were selected in region I based on the limits of quantification and the point 

where the curvature begins.(5) 

The data show the variation of the bound/unbound ratio range for both region I and region 

II in each experiment. In the standard addition process metal ions are added and bind to the cell 

wall. After adding the first group of ions, the concentration of unbound metal ions is too low to be 

detected. However, the equilibrium concentration required to generate a response depends on the 

cell wall mass and varies from experiment to experiment. The difference in bound/unbound ratio 

after each standard addition can be seen from the two highest values . In Region II, the variation 

in bound/unbound range is less dramatic and is a result of variations in equilibrium concentrations 

at the end of each experiment. A high proportion of unbound metal ions in solution reduces the 

bound/unbound area as the cell wall sample reaches the saturation point for metal binding. Ideally, 

a Scatchard plot analysis provides a concise view of this equilibrium behavior regardless of 

bound/unbound regions. The numbers representing the relationship between bound and unbound 

metal ions must be very accurate.(6) 

However, equilibrium constant cannot be defined as it depends on the particle size and the 

electrostatic properties of individual particles. Measurements in B. subtilis sacculus (whole cell 

wall) showed a similar binding capacity, but a higher binding affinity was observed. This sample 

yielded a binding affinity for region I and a binding affinity of region II. The bound/unbound area 

was much higher than the fragment samples. Nevertheless, the equilibrium remains perturbed by 

the inhibition of diffusion. (7) 

Binding affinities are attributed to a combination of diffusion effects and the concentration 

dependence of the affinity constant, because the process of disrupting the cells in the French press 
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produces a distribution of particle sizes, it is expected that each experiment will yield a different 

particle size distribution. Peptidoglycan forms a three-dimensional network and the diffusion of 

metal ions through large fragments is very different from that through small fragments. Within the 

fragment distribution, each particle exhibits a unique balance of metal ions between the interior 

and exterior of the cell wall fragment. The negative cooperativity of metal binding to the cell wall 

also affects on affinity constant, causing the calculated values to be dependent on the equilibrium 

concentration range.. The larger bonded/unbonded region examined, the higher the binding 

constant for region II. We conclude that the value of affinity constant for region I does not depend 

on the bound/unbound ratio. (8,9) 

Revision of the metal binding model requires comparison with previous literature. The 

bound/unbound area dependence of region II may be due to electrostatic interactions between the 

cell wall, metallic cations and counter ions. The cell wall is polyelectrolyte in terms of the 

peptidoglycan and teichoic acid components, both of which have a strong negative charge due to 

deprotonated carboxyl and phosphoryl functionalities around pH 7. The metal binding behavior of 

other polyelectrolytes has been (10). Studies using two polyelectrolytes, RNA and humic acid, 

showed similar binding behavior compared to cell wall samples. Humic acids are natural organic 

polyelectrolytes containing multiple carboxyl and phenolate groups. Using voltammetry, it was 

shown that the stability constants of metal ion complexes decreased with increasing metal ion 

concentrations and decreased with increasing ionic strength values . Increasing the Zn2+ 

concentration decreased the stability constant .Gradually increasing the ionic strength of the 

solution at a constant Zn2+ concentration decreased the observed stability constant. .(11,12) 

The most extreme MgSO4 concentration ever measured was used to demonstrate bacterial 

growth. Growth studies in media containing up to about 1 M (25%) MgSO4 have been performed 

in previous studies . The study also describes an increase in experimental media containing the 

highest concentration of magnesium ever used. Previous studies with Dead Sea water used up to 

1.5 MgCl2.  There are not many studies on growth at high lithium concentrations, and this work 

appears to be the first to document growth at high concentrations of LiSO4. One report describes 

a Micrococcus strain adapted to the following conditions: Growth was poor in 2 M LiCl and not 

in 1 M LiSO4, but growth was observed in 1.5 M LiCl. We have shown that salt-tolerant bacteria 

can thrive in soils containing much higher concentrations of her MgSO4 than are typical on Earth. 

It should be noted that MgSO4 salts may also be abundant . The finding that isolates can grow 

under conditions of 2M MgSO4, alkaline pH, and low temperature suggests that microbes may 

also survive in near-surface condition .However, there is no reason to believe that the anaerobic 

isolates are less cold-tolerant than the aerobes studied here. Further research is needed to isolate 

and study hardy anaerobic bacteria under conditions.  At these locations, organisms have been 

found that are psychotolerant, anaerobic, and able to grow on 2 MgSO4 in the laboratory. It seems 

possible that microbes could survive and thrive. (13,14,15). 

The importance of magnesium ions in cell viability is well documented). Magnesium ions 

play a role in peptidoglycan synthesis, cell wall strength, and prevention of cell lysis . Gram-

positive bacterial surfaces contain carboxyl, phosphoryl, hydroxyl, and amino functional (16). At 

physiological pH, these groups are deprotonated and contribute to metal binding .(17) 
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Magnesium ions are important biologically active metal ions and are among the most 

abundant divalent cations in nature. We found that electrostatic effects are responsible for the 

strong bonding between metal ions. This binding strength is reduced when the cell's negatively 

charged functional groups are neutralized by divalent metal ions. Purified cell wall fragments of 

B. subtilis  (including peptidoglycan and WTA) However, binding still occurs in region II 

Fragments. As explained below, these values change as pH changes and WTA is also chemically 

removed from the cell wall. We therefore envision a cell wall binding model in which 

peptidoglycan provides the metal binding sites required for structural integrity and WTA provides 

the metal sites required for bacterial cytoplasmic biochemistry. (3 16) 

The observation of two distinct binding regions has not been demonstrated in previous 

studies of metal binding to cell walls. Metal binding affinities have always been expressed as a 

single value using experimental protocols that mixed different samples containing a single 

concentration of metal ion . Comparison with literature reports the binding affinity of region I for 

Ca2+ with peptidoglycan, and WTA also contains region II, binding 1.8-fold greater from previous 

study . Observation of region I is important because if the binding data are limited to region II 

only, it can be misleading that the binding is weak. A similar trend is observed for Mg2+ binding 

to cell wall fragments. The binding affinity of region I for Mg2+ was previously reported for a 

fragment of a cell wall sample containing both peptidoglycan and WTA . Region-binding II is 3.1 

times larger than the previous report, whereas it is 28 times larger than the previous report.(18) 

Furthermore, there was little difference in the metal-binding properties of Mg2+ and Ca2+ 

in our cell wall metal-binding data, and that of Zn2+ and Cd2+ (10). RNA has a poly(ribose 

phosphate) backbone similar to the poly(glycerol phosphate) backbone of teichoic acid. Mg2+ ions 

bound to RNA have also been found to exhibit curvature in Scatchard plots (19). This behavior 

has been explained as a result of electrostatic changes leading to negative cooperativity or as two 

classes of binding sites . Class 1 is the group of strongly bound ions and class 2 is the group of 

weakly bound ions that cause tails in the Scatchard plot . As a result, diffuse ionic binding is based 

on long-range electrostatic interactions, which do not obey the laws of mass action, and thus 

conventional equilibrium constants cannot be defined (20). Other studies on RNA have shown that 

ionic strength plays a major role in determining binding affinities with RNA and metal ions, thus 

providing evidence for the classification of two classes of binding sites. . Application of this 

electrostatic model at low sodium concentrations has been shown to fit experimental data well . It 

has been shown that as the concentration of competing monovalent cations increases, electrostatic 

effects reduce the curvature of the Scatchard plot and subsequently decrease the affinity .(21) 

As a result, the reported stability constants for metal binding to polyelectrolytes are directly 

dependent on many variables such as ionic strength, temperature and divalent metal ion . The 

dependence on ionic strength appears to have a greater impact on region I of the Scatchard plot 

(often referred to as class 1 binding sites in other publications) . Individual experiments with 

different ionic strengths were not performed, but based on observations with other 

polyelectrolytes, one can expect the affinity within region I to decrease with increasing ionic 

strength . If the cell wall electrostatic potential is already neutralized by the binding of cationic 

metal ions, the electrostatic effect is less pronounced. concentration ( 10). 
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By comparing the binding of both cell wall fragments (including WTA covalently attached 

to peptidoglycan) to the binding of peptidoglycan alone, it has been reported that peptidoglycan 

contributes half of the cell's metal-binding capacity . These results indicate that calcium has a 

binding constant and a binding capacity for cell walls containing both peptidoglycan and WTA  

Peptidoglycan alone was found to have a binding constant and a binding capacity . Although our 

region I binding constants are much larger, the binding capacity data are similar to those reported 

by Matthews et al. . For B subtilis, peptidoglycan is responsible for 47% of Ca2+ binding, but 34% 

of Mg2+ binding. The apparent difference in binding capacity between Ca2+ and Mg2+ and 

peptidoglycan is not statistically different with 95% confidence intervals. The observation that 

calcium binds to peptidoglycan at levels similar to Mg2+ contrasts with previous reports that 

teichoic acid alone is responsible for Ca2+ binding to the cell wall . Since metal binding strongly 

depends on the electrostatic properties of cells, we cannot expect perfect specificity for any 

particular divalent cation. (22,23) 

Based on statistical t-test analysis, no obvious differences are observed between the affinities 

or binding capacities of specific metal ions for the cell wall. In subsequent studies by Doyle et al. 

For Ca2+, Mn2+, Ni2+, Sr2+, Zn2+, and Mg2+ . Similarly, the binding capacities for all divalent 

metal ions are excellent with values . It turns out that Similar to Ca2+, Mn2+, Ni2+, Sr2+, Zn2+, 

Mg2+ (3,24) 

First, experiments were performed at a measured pH of 5.65, with dissolved carbon dioxide 

. Additional experiments were performed with a low concentration of 0.001 M HEPES buffer 

adjusted to pH 7.25 to investigate the effect of pH on the binding constant and binding capacity of 

Mg2+. Increased binding capacity due to more binding sites. This makes sense for both regions I 

and II, as they bind to the carboxyl groups of diaminopimelic acid. Increasing the pH with NaOH 

causes binding site competition between Na+ and Mg2+ . However, due to its high charge density, 

Mg2+ overwhelms Na+ binding and preferentially displaces Na+, resulting in higher binding 

capacity. There appears to be a change in regions I and II when the pH is increased from 5.65 to a 

buffered pH of 7.25. The decrease in region I affinity constant is likely due to the trace addition of 

NaOH to adjust the pH to 7.25. The slightly higher ionic strength is expected to reduce the 

electrostatic potential of the cell wall (25). However, although an increase in KA is observed in 

region II, statistically this increase makes no difference between pH 5.65 and 7.25. (26) 

The two regions of binding affinity on the Scatchard plot are sometimes described as two 

classes of binding sites. The washed cell wall contains two types of binding sites (carboxyl and 

phosphoryl groups). However, we also observe two regions of binding affinity for peptidoglycan 

purified . A two-site model predicts a similar volume of region I between the two samples, but this 

is not observed. Rather, the binding capacities of regions I and II are best interpreted in terms of 

electrostatic effects, although these two regions cannot be assigned to specific functional 

groups. (27,28) 
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Conclusion 

In these experiments, the binding constants and capacities of metal ions (Mg2+) were 

determined using purified Bacillus subtilis cell wall fragments containing either peptidoglycan or 

peptidoglycan with covalently attached WTA. We found much higher metal ion stability constants 

than those previously reported. It has similar metal binding capacity he tested no significant 

difference between the two ions (Mg2+). This is in contrast to the binding capacity results 

published by Beverridge. for Mg2+, as well as showing that teichoic acid alone is responsible to 

the cell wall binding capacity. Metal binding affinity values have been found to depend on the 

amount of metal bound to the sample due to electrostatic effects. Under the conditions used in 

these experiments, we obtained much higher binding constants than previously reported. 

Metallic bonding is believed to be primarily an electrostatic phenomenon at low ionic 

strengths. This model should be able to explain how bacteria grow under different conditions, 

including the amount of divalent metal ions present. We show that the cell wall has a strong affinity 

for metal ions in solution when the ionic strength is low. This property may be part of a cell survival 

mechanism that traps and binds important bioactive divalent metal ions to the cell wall. Metal ions 

are required for cell wall integrity, and binding to peptidoglycan provides this stability. However, 

cell wall-associated metals also serve as reservoirs from which the cytoplasm draws metals when 

extracellular metals are scarce. The initial metal binding event is very strong, but eventually 

transitions to weaker binding when the metal is abundant in the cell wall. Weak binding indicates 

that metals may return to the extracellular fluid, but these metals may also penetrate the cell wall 

and enter the cytoplasm . When metal-rich, these weakly interacting cations are available for 

biochemical processes without the need to remove the peptidoglycan-bound metal. 

References 

1. Mueller,E.A.α Levin,P.A.2020. Bacterial Cell Wall Quality Control during 

Environmental Stress. mBio, 11, 5. 

2. Kern T, Giffard M, et al. 2010.Dynamics Characterization of Fully Hydrated Bacterial 

Cell Walls by Solid-State NMR: Evidence for Cooperative Binding of Metal Ions. 

Journal of the American Chemical Society. 132(31):10911–10919. 

3. Doyle RJ, Matthews TH, et al. 1980.Chemical basis for selectivity of metal ions by the 

Bacillus subtilis cell wall. Journal of Bacteriology. 143(1):471–480. 

4. Yee N, Fowle DA, et al. 2004.A Donnan potential model for metal sorption onto 

Bacillus subtilis. Geochimica et Cosmochimica Acta. 68(18):3657–3664. 

5. Amir ,A., Babaeipour,F., McIntosh, D.B., Nelson,D.R. α Suckjoon.2014. Bending 

forces plastically deform growing bacterial cell walls  Jun Edited by Tom C. Lubensky, 

University of Pennsylvania, Philadelphia, PA, and approved February 28, 16,111,5783-

5778 

6. Boucher,E.α A.,C. 2015. Cell Research Plasma membrane and cytoskeleton dynamics 

during single-cell wound healing, MandatoBiochimica et Biophysica Acta (BBA) - 

Molecular 1853, 10, Part A, , 2649-2661 



WOS: Journal on Modern Research Methodologies   ISSN: 2835-3072 

 

© 2023 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the 

terms and conditions of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/). 

3
3

 

7. Cuajungco,M.P., Ramirez,M.S. αTolmasky,M.E.2021 Zinc: Multidimensional Effects 

on Living Organisms.Center for Applied Biotechnology Studies, Biomedicines 9(2), 

208; 

8. Garzon  ,M., Sosik,P., Drastík ,J., α Skalli,O.2022. A Self-Controlled and Self-Healing 

Model of Bacterial Cells 

Membranes, 12, 678. 

9. Hummels,K,R., Berry,S.P., Li,Z., Taguchi,A., Min,J.K .,Suzanne Walker,S., 

Marks,D.S. & Bernhardt,Th.G.2023.Coordination of bacterial cell wall and outer 

membrane biosynthesis  .Nature 

10. van den Hoop MAGT, Porasso RD, et al.2002. Complexation of heavy metals by humic 

acids: analysis of voltammetric data by polyelectrolyte theory. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects. 203(1–3):105–116. 

11. Ishida,T. 2018.Hydrolytic and Degradative Activities of Zn2+ Ions for Bacterial Cell 

Walls, Viral RNA Degradation, and Regulation of Tumorous Cell Growth .ARC Journal 

of Immunology and Vaccines,3 2,: 1-6 

12. Olaifa,A.K. α S. T. Fadason,S.T .2016.Studies on Zinc and Copper Ion in Relation to 

WoundHealingin Male and Female West African Dwarf Goats 

Niger. J. Physiol. Sci. 171-176 

13. Bunch-Nielsen,T. α Hansen,K.K.2019 .Properties of magnesium oxide boards used as 

sheathing in exterior wallsJanuary MATEC Web of Conferences 282:02091Carsten 

Rode 

14. Musei,N.N., Onu,Ch.E., Ihuaku,K.I., α Igbokwe,Ph.K.2021.  Effects of Lithium Sulfate 

and Zinc Sulfate Additives on the Cycle 

Life and Efficiency of Lead Acid Batteries 

ACS Omega , 6, 4423−4429 

15. Haghniaz,R., Rabbani,A., Vajhadin,F., Khan,T., Kousar,R., Khan,A.R., 

Montazerian,H., Iqbal,J., Libanori,A.α Kim,H-J.2021. Anti‐bacterial and wound 

healing‐promoting effects of zinc ferrite nanoparticles   J Nanobiotechnology. 19: 38 

16. Fein JB, Daughney CJ, et al. 1997.A chemical equilibrium model for metal adsorption 

onto bacterial surfaces. Geochimica et Cosmochimica Acta. 61(16):3319–3328. 

17. ISHIDA,T 2017.Bacteriolyses of Bacterial Cell Walls by Cu(II) and Zn(II) Ions Based 

on Antibacterial Results of Dilution Medium Method and Halo Antibacterial Test  J Adv 

Res Biotech 2(2): 1-12 

18. Alison,M., Adriana E.,G.α Bement, William M.,B. (2015). Cell healing: Calcium, repair 

and regeneration. Seminars in Cell & Developmental Biology, (), 

S1084952115002268–. doi:10.1016/j.semcdb..09.026 

19. Misra VK, Draper DE. On the role of magnesium ions in RNA stability. Biopolymers. 

1998;48(2–3):113–135. [PubMed] [Google Scholar] 

20. Wyman J, Gill SJ. Binding and linkage: Functional chemistry of biological 

macromolecules. Mill Valley, Calif.: University Science Books; 1990. 

21. Fernández,M., Marín,R., Proverbio,F.α Ruette,F.2021.Effect of magnesium sulfate in 

oxidized lipid bilayers properties by using molecular dynamics  aBiochemistry and 

Biophysics Reports26, , 100998 



WOS: Journal on Modern Research Methodologies   ISSN: 2835-3072 

 

© 2023 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the 

terms and conditions of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/). 

3
4

 

22. Chaerun,S.Kh., Syarif,R.α Wattimena,R.K.2020. Bacteria incorporated with calcium 

lactate pentahydrate to improve the mortar properties and self-healing 

occurrenceScientific Reports. 10,: 17873 

23. Zhang,Y., Li,X., Li,J., Zaved,Md. Khan,H., Ma,F αXiuhua LiuX.2021. A novel zinc 

complex with antibacterial and antioxidant activity BMC Chemistry 15, 17 

24. Chernomordik,L.V; Melikyan,G.B.α Chizmadzhev,Y.A. 1987. Biomembrane fusion: a 

new concept derived from model studies using two interacting planar lipid bilayers. , 

906(3), 309–352. 

25. Barkleit A, Moll H, et al.2009. Complexation of uranium(vi) with peptidoglycan. Dalton 

Transactions.;(27):5379–5385. 

26. Zheng,Z., Lü,Sh.. αLong,M .2022. Simulation and prediction of membrane fusion 

dynamics.Theoretical and Applied Mechanics Letters ,12, 1. 

27. Belliveau,N.M., Chure,G., Hueschen,Ch.L., Garcia,H.G., Kondev,J.,  

Fisher,D.S., Theriot,J.A. α Phillips,R. Fundamental limits on the rate of bacterial 

growth 

28. Choramo ,A.2022. A Review on Chemical and Physical Methods of Controlling 

Microbial Growth  Journal of Community Medicine & Public Health Care 

 

 

 


