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ABSTRACT:

The Mitis group bacteria including S. Oralis and S. Pneumoniae responsible for diseases in children and elderly are closely related to Gram-positive dental bacteria. In keeping with Dr Fred Griffith, we have observed in this work that smooth colonies of S. Oralis grown in blood agar medium, gradually become rough colonies with their characteristic uneven edges. Our microscopic analyses of rough colonies from solid growth medium or stationary phase liquid cultures without shearing forces show that the majority of S. Oralis population prevails in clusters around their old parents who also prevail in -chains (latent phase).Their latent phase has not been previously analyzed because laboratory procedures usually followed break their clusters by the shearing force induced. Such latent phase clusters are similarly dissociated at non- bactericidal concentrations of fluoride(200ppm or less). After dissociation, these diplococcic Gram-positive bacteria immediately start re-growing in-chains with their expression of pathogenesis. Our data shows that this total population of these diplococcic Streptococci can be contained in their- chains if xylitol and fluoride are added to their growth media at synergistic concentrations. We think that the growth of these bacteria in xylitol is irreversibly affected because xylitol affects signal transduction-dependent growth cycle.

INTRODUCTION 

In keeping with Dr Fred Griffith, we have observed in this work that smooth colonies of  S. Oralis grown in blood agar medium, become rough colonies with their characteristic uneven edges after 24 -48 hours growth(1,2). Many interesting observations have been reported during the period, 1944 - 1990 but assuming as if the donor chromosomal DNA enters into the competent recipient[3,4,5,6].The competent recipient has been poorly defined. We have observed that Dr Griffith's colony variations (rough and smooth) and DNA transfer by transformation are two completely separate events. For many years, these investigators have assumed gene transfer by double stranded DNA fragments (transformation) plays a role in Dr Griffith's bacterial colonies. Combining our data with the most recent publications, we agree that the signal transduction regulates the S. Pneumoniae multiplication from growth phase to stationary phase or latent phase [7,8]. Therefore, the smooth colonies on blood agar media are equivalent to our growth phase in liquid broth and the latent phase is equivalent to rough colonies. The difference between competent and the incompetent population has been re-defined.

The competent ones are in growth phase (early, mid or late) and their old incompetent ones are stably present in stationary phase. By definition this incompetent fraction of the population is irreversibly old; their cell wall thickness is highly reduced to spheroplasts, protoplasts with heterogeneity of diminishing sizes [9]. Based on all information available we believe that the site of cleavage (membrane) is an index of new growth.

To find a solution to our serious antibiotics crisis we like to critically examine the available data on DNA transfer by transformation of S.pneumoniae. Briefly, the nuclease EndA located in the recipient membrane cleavage site degrades only one strand of their assumed donor DNA, the complementary strand with 3- prime OH end enters simultaneously into an eclipse phase. Until now the investigators have questions about this eclipse phase; but the single stranded donor DNA (even a few nucleotides long) may remain attached to the growing membrane. However, there is no satisfactory answer how the donor DNA in a single stranded form escapes degradation by D.Nases or by environmental stresses. We like to propose that these nucleotides may also get directly inserted into the recipient replicating chromosome for causing point mutations before segregation into the progeny. The progeny with their altered pbp genes are selected by the penicillin present in their immediate environment. The end result of such
DNA transformation is to bring about a single base alteration of the recipient pbp genes (pbp
1a, pbp1b, pbp 2a, pbp2b and pbp2X) (8).The penicillin resistance crisis originated by the accumulation of several point mutations in PBP genes altering the targets of penicillin or its newer derivatives. Precise location of the S. Pneumoniae chromosome (approximately 2200 Kb) remains to be determined but bacterial chromosome usually attaches to their membrane for replication.

Xylitol is a natural low calorie sugar- alcohol. Unlike our commonly used six -carbon sugar (glucose), xylitol has five carbons but can be used even for the diabetics who are prone to bacterial infections. During the last two years we have developed a Flow Cytometry technique to monitor the in vivo metabolism of xylitol by the diplococcic mitis group S.oralisand the dental pathogen with or without fluoride (10). Significantly, xylitol is metabolized even in the presence of dextrose resulting in the reduction of their cell wall thickness (2, 11). These bacteria with their reduced sizes are irreversibly trapped in the “xylitol-cloud” apparently produced by their gradual unfolding of cell wall of peptidogly can layers. An alternative but broad spectrum harmless therapy with xylitol, if appropriately developed should be equally effective against all these closely related diplococcic bacteria, regardless of their resistance to penicillin and antigenic variations [12, 13, 14]. In order to contain these bacteria irreversibly in their chains, simultaneous presence of fluoride and xylitol (2% or higher) is desirable before they initiate growth- phase.

Materials and Methods Bacterial strains and experimental conditions:
A Gram-positive diplococcic, catalase negative, non-hemolytic (gamma) and bileesculin negative Streptococcus oralis (ATCC 6249) and a dental pathogen S. mutans (ATCC 25175) are used. Bacteria are always genetically purified as a single colony isolate and then grown in the BHI broth containing dextrose 5g/liter (DIFCO, Becton Dickinson) or in solid BHI-agar media (1.5%). They were also checked by streaking on CNA and Mc plus lactose containing microbiological media before their use in our experiments. Whenever necessary, they are also grown at 37°C as well as at an ambient colony forming units on a BHI agar media and TSA media after appropriate dilutions as well as by measuring optical density at 580um.Whenever necessary sucrose is added to dilution buffers (6.5%) before spreading on TSA agar media by soft agar overlay technique. This protocol is commonly used in bacteriophage assay[6]. .

Growth of S.oralis with and without xylitol at concentrations, 0% - 5%
The logarithmic growth -phase of the bacteria is monitored by counting the colonies on rich agar medium with or without xylitol as well as by measuring optical density at 580 um. Gramstain preparations of S.oralis are made after growing similarly in BHI medium. These experiments have been repeated several times using the standard Gram-staining technique and optical microscopy (final magnification 1000-fold).

Optical Microscopy and Scanning Electron Microscopy (SEM):
Bacterial culture (overnight or diluted 100-fold in BHI broth containing 6.5% sucrose) is fixed on a mica sheet with 2.5% glutaraldehyde. Bacteria on the mica sheet are then washed serially with25% ethanol to absolute ethanol and the fixed bacteria are finally dried and shadowed with gold particles for 10 seconds. They are then seen by a scanning electron microscope (JEOLJSM- 7600F) at 15KV. The aliquot of the same bacterial sample is also critically examined by optical microscopy after Gram-staining. For each condition in this study at least 3 replicates were performed in all our experiments.

RESULTS:
Smooth and rough colonies of S. Oralis :
Microbiological experiments and analyses by microscopy (optical as well SEM) lead to a conclusion that the S. Oralis grows in-chains of diplococcic individuals (growth phase).These chains grow longer and reach to their stationary- phase, approximately within 6-7 hours. Duration of growth phase is determined by the availability of essential nutrients in their growth environment.

We have spread these bacteria on blood agar medium by soft agar overlay technique minimizing the shearing forces, which are responsible for the breakage of their population in –chains and clusters. We have also observed two kinds of colonies in the course of their growth  in incubator (37°C): smooth or small colonies which appear shiny with defined contour after 10 hours of growth become rough colonies after 24 hours or beyond. Rough colonies have uneven edges with irregular contour.

Xylitol metabolism of S. oralis colonies with edges fully satisfies the description of Dr Griffith's rough colony. If we start fresh cultures transferring these rough colonies again into rich broth and then spread on fresh blood agar medium, we always find smooth colonies become rough with longer incubation (24-48 hr). By definition, these colony types representing bacterial phenotypes and therefore they are equally capable of producing diseases under physiological conditions of growth. We also want to emphasize that their genotypes (reading frames in- codons as contained in the chromosome) responsible for colony variations are stable for a simple reason that these colony types are always reversible. In support of our above observations, we have also critically examined them under both optical and scanning electron microscopes taking precautions so that their physiological states of growth are minimally disturbed. The smooth colonies, after 10 hours of growth on blood agar plate, are suspended in liquid broth and visualized by both optical microscopy and SEM. The majority are diplococcic individuals and the minority are diplococci in pairs and in short chains. In our published work we have clearly shown that the diplococcic Gram positive bacteria S.Mitis, S.Mutans and S.Pneumoniae have only two phases of growth, log-phase and stationary-phase Under unfavorable growth conditions, for example antibiotics at non- bactericidal concentrations or environmental stress (regular microbiological dilution techniques), these diplococcic bacteria dissociate from the chain of their incompetent parents and start re-growing. The heterogenty of stationary –phase S.Oralis population is seen by optical microscopy at 1000 fold magnification and by scanning electron microscopy (SEM) at 3000- fold magnification. Time of shadowing with gold particles is for 10 to 20 sec.
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Fig. 1(a) 						Fig. 1(b)
Fig 1(a) : (left) Optical microscopy magnified 1000 X and Fig 1(b) : Scanning electron microscopy of the same bacterial population at a much higher magnification (3000X). Arrows show clusters which are apparently dissociated at random from their old parents (incompetent), weak and fragile.
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Fig. 2(a) 				Fig. 2(b)

Fig 2(a) Bacterial clusters are still in chains of old parents. Fig 2(b) Shows the size heterogeneity of the bacterial population when the clusters in chains are broken by vortexin see their individual members. This helps us for a direct analysis of clusters formed around their incompetent parents who also grow in chains, Fig 2(a) and 2(b).

Figure 2(a) clearly demonstrates that the heterogeneity of the population in chain, comprising of both the young individuals or in short chains and the old, the majority biologically incompetent. The incompetent have lost their sizes by the loss of cell wall thickness and therefore morphological shapes differ. Fig 2(b) confirms that if the chain is broken during sample preparation, then all the members of the chain are released with their heterogeneity of sizes. Bacterial population is shown within two parallel dotted lines. Previously, we have established how the presence of xylitol in their growth media contains them in- chains, regardless of their difference in the physiological states of growth.
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Fig. 3(a) 						Fig. 3(b)

Fig.3(a) : Growth of S.Oralis without xylitol (growth curve).    Fig 3(b) : Growth of S. Oralis in the presence of xylitol (2%) without fluoride and with 100ppm fluoride.


The competent and incompetent population in stationary -phase

Previously, it has been shown that the fratricide of the incompetent members occurs during stationary phase of their growth but without affecting the viability of competent ones. Similarly, we like to propose that the rough colonies of S.oralis incompetent population are partially lysed (fratricide!) releasing their nutrients and probably for cross-feeding their younger generations who may multiply in chains but slowly.

Rough colonies on blood agar media may show occasional spontaneous lysis in their centre area. This is probably the older generations surrounded by the younger ones and gradual thinning of their cell walls. Basis of their uneven shape of rough colonies is due to the fresh growth of the younger ones as observed by Dr. Griffith after 24 -48 hours incubation on Blood agar. Their growth –in chains and clusters are broken by the standard dilution techniques commonly used for measuring biological titer and the Gram staining technique for visualization by optical microscopy.


Stationary-phase S. oralis increases in titer in the presence of fluoride (0-100 ppm)

The increase of S.oralis colony forming units (cfu) takes place when the stationary–phase culture is exposed to concentrations of fluoride for 2min or 20 min at room temperature (22°C). The cfu gradually increases with the increasing concentrations of fluoride: (a) after treating with 0 ppm fluoride, control (530 cfu), (b) after treating with 50 ppm fluoride (980 cfu) and (c) after treating with 100 ppm fluoride (1320 cfu). However, such increase of titer does not require any fresh growth but their incubation with fluoride for 2- 20min at room temp. However, such increase is not observed at 200 ppm of fluoride or higher but to the contrary the titer starts decreasing. This is a bactericidal effect of fluoride. Under similar conditions but without exposure to fluoride, the stationary –phase bacteria show no increase in titer at room temperature and therefore, we conclude that stationary-phase bacteria in clusters are dissociated by the action of fluoride.

When similar experiments are carried out at 37°C, we have observed the similar dissociation of S.oralis chains by fluoride. Interestingly some round shaped members of these bacterial population but highly diminished in size have also been seen by optical microscopy. These smaller colonies are not able to produce colony forming units when transferred to another fresh TSA agar media apparently they cannot multiply to form visible colonies. This satisfies the definition of the incompetent population present in the same chain (old ones).
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Fig. 4(a) 					Fig. 4(b)

Fig. 4(a) and 4(b) are optical microscopy and SEM of the same population both grown 2-3 hours in the combination of xylitol (2%) and fluoride (10ppm). Shorter
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Fig. 5

Fig. 5 SEM of S.oralis grown overnight in 2% xylitol and co-mixed with E.coli K12 lacking xylitol loci which serves as a control. Our Gram stained preparation confirms the presence of 2um long rod of E.coli K-12 (allpink). They are also grown separately in the presence of 2% xylitol and gram-stained

Blocking the One-component Signal Transduction Pathway of Diplococci Grampositive Bacteria by Xylitol Cloud as Visualized by SEM

An irreversible xylitol compound is formed with a serious toxic effect on bacterial reproduction. Bacterial chains consisting of their progeny, mostly spheroplasts and protoplasts; who are irreversibly stabilized to prevent their run away from clusters.
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Fig. 6(a)					Fig 6(b).

Fig. 6(a) Population as mentioned in the legend of Fig 5 is grown overnight in 2% xylitol and visualized by SEM at high magnification. Fig 6(b).The same sample is overshadowed after loading on mica sheet
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							Fig. 7

Fig. 7 Left is a control, S.orlis is grown in rich broth from a low titer to saturation. Right shows thinning of cell wall by the growth of S.oralis in the presence of 2% xylitol

enveloped in a xylitol cloud which is apparently originated by the systematic unfolding of bacterial peptide glycan layers (starting from the outermost layer) and around these bacteria growing in- chains with branches (cluster). Bacterial bio-communications via StkP which requires their cleavage site for signaling are thus affected. In support of these statements, scanning electron-micrographs (SEM) are systematically presented here in Figures 3(a), 3(b), 5, 6(a), and 6(b) with expanded legends.

Our conclusion is depicted in Fig 7 by a schematic diagram. Figure 7 shows schematically how xylitol metabolism blocks the formation of cleavage by the thinning of cell wall which is essential for the action of PBP2X and StkP mediated bio-signaling. The bacterial population is seen with diminishing sizes (size considerably reduced) but appears to be irreversibly trapped in the net, termed xylitol cloud. S.pneumoniae penicillin binding protein PBP 2x, an enzyme involved in final stage of peptidogly can assembly, is essential for bacterial growth and co-localizes with serine/threonine kinase at bacterial cleavage site.
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