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Abstract: Chaotropic agents decrease the strength of hydrophobic interactions between nonpolar compounds.
The aim of this study is to present the chaotropic effects of sodium perchlorate on bacterial membrane. The membrane
permeabilization by chaotropic treatment was highlighted using PAGE electrophoresis and fluorescent microscopy with
hypericin from Hypericum perforatum as an effect marker.

Electrophoresis for membrane enzyme activity of ALP, ATP-ase, G6PDH and GFOR revealed perchlorate
effect. The two ADH isoforms deserve further attention. This technique can be useful in membrane enzymes extraction in
biotechnological purpose. On the other hand, since Z. mobilis is very difficult for genetic manipulation, the use of
NaClO, can be a solution for membrane permeabilization in perspective of genetic engineering.

INTRODUCTION

The plasmatic membrane and the cell wall have the role of protecting the cell from the environment,
maintaining within their boundaries the right conditions for metabolic reaction and also ensuring energy and matter
transfer between the cell and the environment (Hansruedi, 1981).

The form of the bacterial cell is given by the cell wall. For both Gram positive and Gram negative bacteria, the
cell wall contains peptidoglycans (chains of glycans connected to each other through extensible peptides, which protect
the cell from lyses because of their elastic structure). The cell wall glycans initially contain up to 100 disaccharide units,
with each unit being synthesized so that it connects to a peptide that can later attach to a peptide belonging to another
glycan chain (Huang et all, 2008).

Chaotropic agents

Chaotropic agents and ions in particular, have the capacity of loosening the strength of the hydrophobic
interactions between apolar compounds by destabilizing the structure formed by water molecules. They have been
therefore used in the study of proteins or membranary lipids and enzymatic complexes, by increasing their degree of
solubilization.

An impediment in studying particles such as proteins, enzymes, membranary compounds, hem, purines,
pyrimidines or some vitamins is their strong hydrophobic reaction (given by their significant number) which makes them
highly stable in water.

Chaotropic agents allow proteins to unfold and thus expose their hydrophobic core by changing the structure
of the hydrogen bond. In effect, the contact energy between the hydrophobic residues in the solution decreases. One
chaotropic agent used despite its low solubility in water is thiourea (Herbert, 1999).

One of the objectives of this study is to demonstrate the applicability of the chaotropic agents treatment on the
Z. mobilis bacterial cells as an efficient and profitable method of permeabilization of the cell wall.

The sodium perchlorate chaotropic agent chosen for the experiment was used on the bacterial cells for the first
time.

MATERIALS AND METHODS

Sample preparation. For this study were used NCIB 11163 and NCIB 11163/70 Z. mobilis strains, the latter
being a mutant strain derived from NCIB 11163.

The cell cultures have been grown on a liquid media that contains: 29% glucose / sucrose, 0.5g% Yeast
Extract, 0.5ml% solution (NH,),SO, (20%), 0.5ml% solution MgSQO, (10%), 1ml%, solution KH2PO4 (10%). (Douka et
all 1999). The cell cultures were incubated at 30°C with shaking at 60rpm.

For the experiments developed on cells found in the exponential growth phase incubation was stopped at a rate
of absorbance situated between 0.550 and 0.600 and for those that reached the peak of the growth incubation was stopped
at a rate of absorbance situated between 1,300 and 1,400.

After stopping incubation 100 ml of liquid culture have been kept on ice for 10 minutes and then centrifuged
at 5000 rpm and 4°C for another 10 minutes. The supernatant was removed and the sediment was resuspended in 1 ml of
physiological serum (0.9% NaCl in distilled water), washed through vortex and then centrifuged at 10000 rpm for 10
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minutes. The washing operation was repeated for 3 times. After the last centrifugation the resulted sediment was
resuspended in 0.5ml of physiological serum.

The resulting samples were subjected to alkaline hydrolysis in NaOH 0.5N for 30 minutes at 60°C. After this
operation the protein was dosed according to Lowry method (Lowry et all., 1951) and the samples were subjected to
sodium perchlorate chaotropic agent treatment.

The reaction blend contains 50 mM Tris HCI tampon, 1mM EDTA pH 7.5; 5mM Ditiothreitol (DTT) solution;
NaClO, 0.5M solution; cellular sediment and distilled water. Depending on the protein concentration the total reaction
volume was calculated so that it would be uniformized at 10 mg/ml.

The treatment was carried for 30 minutes at 30°C and 300 rpm shacking speed, after which the samples were
centrifuged at 12000 rpm for 10 minutes. From the supernatant 200 pl were set for dialysis in Tris-EDTA tampon for 24
and 90 hours. Over the cellular sediment resulted in the centrifugation Tris-EDTA tampon was added, in an equal volume
as the initial volume of the reaction with the chaotropic agent. The samples were then incubated with shacking at 30°C
and 300 rpm for 24 and 90 hours.

At the end of these intervals the samples were centrifuged at 12000 rpm and the supernatant was processed as
follows: after 24 hours the protein resulted after dialysis and tampon extraction was dosed through Bradford method
(Bradford, 1976). After 90 hours the samples resulted after dialysis and tampon extraction were protein dosed through
Lowry method with a Bio-Rad D.C. protein assay kit.

The remaining cellular sediment after the centrifugation of the cells in Tris-EDTA buffer was resuspended in a
physiological serum volume equal to the initial volume of the reaction with the chaotropic agent and then sonicated on ice
for 6 X 10 seconds.

To reveal the enzymatic activities polyacrylamide gels were used by subjecting the samples to migration on
the previous mentioned gels in the presence of Nonidet (undenatured nonionic detergent) at 4°C.

The concentration of the separation gel was 7.5%, and that of the concentration gels was 4%. The tension
induced for the migration process was 70V until the samples went through the separation gel and the increased to 90V.

Glucose 6 phosphate dehydrogenase: after electrophoresis the gels were incubated 15 minutes in Tris-HCI
25mM; MgCl, 5mM, pH 7,4 buffer. The evidencing system was composed of: 10 ml Tris-HCI, 0,2 M, pH (7,4-8,0);
buffer, 1 ml NADP", (1%); 20 mg Glucose 6 phosphate, 1 ml NBT (1%); 0.5 ml PMS (1%); 25 mg EDTA

Alcohol dehydrogenase (ADH): 0,4 ml ethanol 95%, 5 mg NAD®, 3 mg Nitro-blue tetrazoliu, 0,2 mg
phenazine methosulphate in 9,6 ml Tris-HCI pH 8 buffer. (O’Mullan et all, 1994)

Glucose fructose oxidoreductase (GFOR): 0,4 M glucose, 0,8 M fructose, 2 mM NADP+, 3 mg Nitro-blue
tetrazolium, 0,2 mg phenazine methosulphate, 20 ml 10 mM MES-KOH pH 6,4 (Stoian et. all 2005)

NADPH dehydrogenase: 3 mg NADPH, 5 mg Nitro-blue tetrazoliu in 50 mM MES-KOH pH 6,4 (Quilles et
all).

NADH dehydrogenase: 3 mg NADH, 5 mg Nitro-blue tetrazoliu in 50 mM MES-KOH pH 6,4 (Quilles et all).

Hypericin coloration. For observing the membrane degree of permeabilization by the chaotropic agent an
alcohol hypericin solution (1.01 x10? uM concentration) was used. The pictures were taken by an Olympus CX 31
fluorescence microscope, endowed with a 100X Plan C immersion objective.

RESULTS AND DISCUSSIONS

Alcohol dehydrogenase

ADH is involved both in ethanol production and regeneration of NAD® in the
fermentative metabolic pathway. Z. mobilis posses 2 isoforms hamed ZADH 1, and ZADH 2.
Both are capable to reduce acetaldehyde to ethanol.
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Figure 1. ADH evidentiation. 1-NCIB11163/w.t. sucrose in exponential growth phase, 2-NCIB11163/w.t. sucrose in the
peak growth phase, 3-NCIB11163/w.t. glucoze in exponential growth phase, 4-NCIB11163/w.t. glucoze in the peak
growth phase

Presence of ADH in 24 and 90 hours buffer proves that the enzyme was easily extracted
with the method presented. This indicates a membrane localization of the enzyme, especially
ADH 2 isoform witch is a new discovery that could prove important in biotechnology.

Glucose 6 phosphate dehydrogenase

Glucose 6 phosphate dehydrogenase is the enzyme that assures NADPH intracellular
regeneration (Ai Hyang Shina, 2004), indirectly contributing to glutathione and oxidized proteins
regeneration. Is one of the enzymes implicated in Entner-Doudorof pathway.

Figura 2. Glucose 6 phosphate dehydrogenase evidentiation: 1-NCIB11163/w.t. sucrose in exponential growth phase, 2-
NCIB11163/w.t. sucrose in the peak growth phase, 3-NCIB11163/w.t. glucoze in exponential growth phase, 4-
NCIB11163/w.t. glucoze in the peak growth phase

Enzyme activity on all three electrophoretical gels suggests membrane localization of
G6PD. The two strips revealed indicate two isoforms.

Glucose fructose oxidoreductase (GFOR)

Periplasmatic localization of GFOR represents an export method of NADP" to the
periplasmatic area of the cell. (Wiegert et all 1996). The way that the NADP™ is exported is not
yet known for Z.mobilis (Sprenger,1996; Wiegert et all, 1996).
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On the sonication loaded gel two isoforms can be found. The chaotropic treatment
released only one of these forms.

NADH oxidase

NADH oxidase (EC 1.6.99.3) are enzymes described for aerobic and anaerobic bacteria.
Their role is to mediate direct electron transfer from NADH and molecular oxygen. These
enzymes allow bacteria to use environmental oxygen (Thad and colab, 1993).
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In this case the chaotropic treatment did not had any effect, enzyme activity is visible
only on the sonication loaded gel.

NADPH oxidase

NADPH oxidase activity in Z. mobilis presents similarities with citocrom b oxidase
found in NADPH membrane oxidase system from mammal fagocites (Fujii et all, 1995). Other
flavoproteins like 77-kDa protein (Laporte et all, 1991) and nitro blue tetrazolium reductase
(Miki et all, 1992), have been reported as candidates for NADPH dehydrogenase activity.
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In this case the optimum time for buffer extraction was 24 hours. The intensity of the
strips on the 24 hours buffer samples loaded gel were similar to the sonication samples loaded

gel.

In addition to the electrophoresis the membrane degree of permeabilization was
observed in the microscopy part of the experiment. A ethanol solution of hypericin extracted
from Hypericum perforatum was used to color the cells. Hypericin penetrates the outer
membrane degraded by NaClO, and reaches in the periplasmatic space from were under UV light
it makes the cell “glow”
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Figure 6. NCIB 11163 strain on glucose medium, exponential growth phase. Legend: 1-
cells before treatment; 2- cells before treatment UV; 3-cells after treatment; 4- cells after
treatment UV

In visible light it can be observed how hypericin surrounds the treated cells.
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Figure 7. NCIB 11163 straln on glucose medium peak growth phase. Legend: 1-cells
before treatment; 2- cells before treatment UV; 3-cells after treatment; 4- cells after treatment UV

After the treatment the cells retain their shape but they are not as well outlined as before.
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Flgure 8. NCIB 11163 strain on sucrose, exponential growth phase. Legend: 1-cells
before treatment; 2- cells before treatment UV; 3-cells after treatment; 4- cells after treatment UV
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In UV light is clear how hypericin penetrates the cells treated with chaotropic
agent, ,lightening” the entire cell. This fact proves the permeabilization of the cell envelope by
sodium perchlorate
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Figure 9. NCIB 11163 strain on sucrose, peak growth phase. Legend: 1-cells before
treatment; 2- cells before treatment UV; 3-cells after treatment; 4- cells after treatment UV

Hypericin is very effective as permeabilization marker — 1,01 x10? pM was enough to
visualize the permeabilization process.

CONCLUSIONS

Sodium perchlorate proved it self to be an effective chaotropic agent for Z. mobilis.

The pairs of strips on the electrophoresis gels for ADH, G6PD, and GFOR indicate
isoforms of these enzymes worthy to be studied in the future.

Because Zymomonas mobilis is a bacterium difficult to genetically manipulate, NaClO,
treatment is an affordable method to permeabilize the membrane in the perspective of genetically
engineering.

Hypericin can be used as a membrane permeabilization marker.

The membrane attached enzymes can be used in biotechnological processes.



Analele Stiintifice ale Universitatii ,,Alexandru loan Cuza”, Sectiunea Genetica si Biologie Moleculara, TOM XI, 2010

REFERENCES

Bradford, M.M. A rapid and sensitive method for the quantitation of microGram quantities of protein utilizing
the principle of protein-dye binding. Anal.Biochem. 72, 248-254, 1976

Doelle Garen & Levinthal, 1960 A fine structure genetic and chemical study of the enzyme alkaline
phosphatase. Bwchimica et bwphysica acta 38, 470- 483

Eugenia Douka, Anna Irini Koukkou, Georgios Vartholomatos, Stathis Frillingos, Emmanuel M. Papamichael,
and Constantin Drainas™ “A Zymomonas mobilis Mutant with Delayed Growth on High Glucose Concentrations”, Journal
of Bacteriology, August 1999, p. 4598-4604, Vol. 181, No. 15 1999

Gunasakaran, P., Kanurakaran, T., Nellaiah, H., Kamini, N.R., Mukundan, A.G. Current status and prospects
of an ethanol producer, Zymomonas mobilis. Indian J.Microbiol., 30, 107-133, 1990

Hasruedi Felix 1991 Permeabilized Cells.

Hatefi si Hanstein 1969, Solubilizarea proteinelor particulare si a nonelectrolitilor de catre agentii chautropi.

Herbert, 1999, Advances in protein solubilisation for two-dimensional electrophoresis

Kerwyn Casey Huanga,1, Ranjan Mukhopadhyayb, Bingni Wena, Zemer Gitaia, and Ned S. Wingreena 2008,
Cell shape and cell-wall organization in Gram-negative bacteria

Lars Hederstedt and Lars Rutberg 1981, Succinate Dehydrogenase-a Comparative Review Microbiological
Reviews, Dec. p. 542-555

Loos, H., Ermler, U., Sprenger, G.A., Sahm, H. Cristallization and preliminary X-ray analysis of glucose-
fructose oxidoreductase from Zymomonas mobilis. Protein Sci. 3, 2447-2449, 1994b

Loos, H., Krdmer, R., Sahm, H., Sprenger, G.A. Sorbitol promotes growth of Zymomonas mobilis in
environments with high concentrations of sugar: evidence for a physiological function of glucose-fructose oxidoreductase
in osmoprotection. J.Bacteriol. 176, 7688-7693, 1994

Loos, H., Véller, M., Rehr, B., Stierhof, Y-D., Sahm, H., Sprenger, G.A. Localisation of the glucose-fructose
oxidoreductase in wild type and overproducing strains of Zymomonas mobilis. FEMS Microbiol.Lett. 84, 211-216, 1991

Lowry, O.H., Rosebrough, N.J. Farr, A.L., Randall, R.J. Protein measurement with the Folin phenol reagent.
J.Biol.Chem. 193, 265-275, 1951

Mackenzie, K.F., Eddy, C.K., InGram L.O., Modulation of alcohol dehydrogenase isoenzyme levels in
Zymomonas mobilis by iron and zinc. J.Bacteriol. 171, 1063-1067, 1989

Michel G.P.F. si Baratti J.C., 1988, Phosphate-irrepressible Alkaline Phosphatase of Zymomunas mobilis

Neale, A.D., Scopes, R.K., Kelly, J.M., Wettenhall, R.E. The two alcohol dehydrogenases of Zymomonas
mobilis. Purification by differential dye ligand chromatography, molecular characterisation and physiological roles.
Eur.J.Biochem. 154, 119-124, 1986

Nelson, N., Eytan, E., Notsani, B., Sigrist, H., Sigrist-Nelson, K.& Gitler, C. (1977) Proc. Nati. Acad. Sci.
USA 74,936-940.

Nixon J, Wang A, Field J, Morrison H, McArthur A, Sogin M, Loftus B, Samuelson J (2002): *Evidence for
Lateral Transfer of Genes Encoding Ferredoxins, Nitroreductases, NADH Oxidase, and Alcohol Dehydrogenase 3 from
Anaerobic Prokaryotes to Giardia lamblia and Entamoeba histolytica’ Eukaryotic Cell, April 2002, p. 181-190, Vol. 1,
No. 2

O’Mullan PJ, Buchholz SE, Chase Jr T, Eveleigh DE (1995): ,Roles of Alcohool dehydrogenase of
Zymomonas mobilis (ZADH): characterisation of ZADH-2 — negative mutant’, Appl Microl Biotechnol, 43; 675-678

Pankova, Y.E., Shvinka, J.E., Beker M.J. Regulation of intracellular H+ balance in Zymomonas mobilis 113
during the shift from anaerobic conditions. Apll.Microbiol.Biotechnol. 28, 583-588, 1988

Parker, C., Peerhaus, N., Zhang, X., Conway, T. Kinetics of Sugar Transport and Phosphorylation Influence
Glucose and Fructose Cometabolism by Zymomonas mobilis. Appl Environm.Microbiol. 63, 3519-3525, 1997

Parker, C., Peerhaus, N., Zhang, X., Conway, T. Kinetics of Sugar Transport and Phosphorylation Influence
Glucose and Fructose Cometabolism by Zymomonas mobilis. Appl Environm.Microbiol. 63, 3519-3525, 1997

Reid, M.F., Fewson, C.A. Molecular characterization of microbial alcohol
dehydrogenases.Crit.Rev.Microbiol. 20, 13-56, 1994
Reid, M.F., Fewson, C.A. Molecular characterization of microbial alcohol

dehydrogenases.Crit.Rev.Microbiol. 20, 13-56, 1994

Ruhrmann, J., Krdmer, R. Mechanism of glutamate uptake in Zymomonas mobilis. J Bacteriol 174, 7579-
7584, 1992

Schiebel, E., Driessen, A.J.M., Hartl, F.-U., Wickner, W. DmH+ and ATP function at different steps of the
catalytic cycle of preprotein translocase. Cell 64, 927-939, 1991

Scopes, R.K. An iron-activated alcohol dehydrogenase. FEBS Lett. 156, 303-306, 1983

23



Andrei Tanase et al — Studies regarding chaotropic effects of sodium perclorate on Zymomonas mobilis bacterial
membrane

Scopes, R.K., Testolin, V., Stoter, A., Griffiths-Smith, K., Algar, E.M. Simultaneous purification and
characterization of glucokinase, fructokinase and glucose-6-phosphate dehydrogenase from Zymomonas mobilis.
Biochem.J. 228, 627-634, 1985

Snoep, J. L., Arfmann, N., Yomano, L. P., Westerhoff, H. V. Conway, T., InGram L. O. Control of glycolytic
flux in Zymomonas mobilis by gene products from the glf-zwf-edd-glk operon. Biotechnol.Bioeng. 51, 190-197, 1996

Sprenger, G.A. Carbohydrate metabolism in Zymomonas mobilis: a catabolic highway with some scenic
routes. FEMS Microbiol Lett 145, 301-307, 1996

Stoian, G., G. Leurzeanu, V. Zaharescu, |. lorgulescu, A. Dinischiotu, I. Tripsa, M. Costache, A. Perisinakis,
C. Drainas Studies concerning ethanol production from sweet sorghum extract using a Z. mobilis high productive mutant
strain. Proceedings of Balkan Scientific Conference of Biology, 19-21 May, Plovdiv, Bulgaria p. 126-168, 2005;

Stryer L., Jeremy M. Berg, John L. Tymoczko, 2002, Biochemistry, 5th edition

Swings. J., De Ley, J. The biology of Zymomonas. Bacteriol Rev 41, 1-46, 1977

Tamarit, J., Cabiscol, E., Aguiar, J., Ros, J. Differential Inactivation of Alcohol Dehydrogenase Isoenzymes in
Zymomonas mobilis by Oxygen J.Bacteriol. 179, 1102-1104, 1997

Thad B., Stanton, Neil S. Jensen (1993): ‘Purification and Characterization of NADH Oxidase from Serpulina
(Treponema) hyodysenteriae’ JOURNAL OF BACTERIOLOGY, May 1993, p. 2980-2987 Vol. 175, No. 10

Tse, P., R. Scopes, K. Wedd, A. G. Bakshi, E. Murray, K. S. An iron-activated alcohol dehydrogenase: metal
dissociation constants and magnetic and spectroscopic properties. J.Am.Chem.Soc., 110, 1295-1297, 1988.

Wiegert, T., Sahm, H., Sprenger, G.A. Export of the periplasmic NADP-containing glucose-fructose
oxidoreductase of Zymomonas mobilis, Arch Microbiol 166, 32-41, 1996

Acknowledgments. This work was supported by project zysoprod, PN 1162-068/2008. Thanks for the support
Assoc. Prof. Dr. G. Stoian, project director and Prof.Dr. M.Costache, head of department.

Department of Biochemistry and Molecular Biology, Faculty of Biology, University of Bucharest,

Splaiul Independentei no. 91-95, sector 5, postal code 050095, Bucharest, Romania, +4021-318.15.67,
gigistoian2007 @yahoo.com

24





