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all results are presented but the selection was such as not 

to omit any observation of potential significance. 

The overall strategy of research was to follow the "general 

method" (see 3.3) but varying selected parameters indicated 

for each group (Fig. I). Results for freeze-dried cells are 

shown by broken lines and those for fresh cells by solid 

lines. References relevant to a treatment are given 

numerically in Fig. I. 

For the sake of clarity and brevity results are not 

discussed extensively in terms of previous work. As 

literature references pertaining to procedures or reagents 

found by others to give rise to satisfactory lysis of their 

test organisms are given (Fig. I)~ elaboration on divergence 

or agreement of the present experiments with respect to 

previous observations is limited. 

4.2.2 Group I: Effects of hydration medium on the lysis of 
freeze-dried cells (Fig. I, distr. I) 

These experiments showed that the hydration medium used 

prior to the lysis procedure had a major effect on the lysis 

of freeze-dried cells (0 for water, 100 for EDTA pH 7). 

This observation seemingly is unprecedented but a possible 

explanation may be a combination of EDTA destabilisation of 

the cell wall (Witholt, Van Heerikhuizen and De Leij, 1976) 

and a pH effect, as supported by the observation for sucrose 

(pH 7 = 0; pH 8 = 75) as hydration medium. In all 

subsequent experiments hydration was in 0,25 M EDTA, pH 7, 

for 15 min as no major effect was observed when incubation 

was prolonged for up to as much as 72 h. 

4.2.3 Group 2: Replacement of sucrose (Fig. I, distr. 2 and 3) 

Sucrose replacement was tested in conjunction with three 

enzymes: AL, LI and lysozyme. None of the substituting 

agents exhibited a drastically improved effect which also 

indicated that nuclease contamination of sucrose (R. 

Schilperoort and A. Ledeboer, 1980, personal cormnunication) 

was insignificant under the present circumstances. 
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FIGURE lo The amount of DNA released from fresh and freeze-dried 

cells, grown in tap watero DNA release is given in arbitrary units, 

relative to the amount released from freeze-dried cells using the 

general method (see below)o 

Results for fresh cells are presented in solid lines and in broken 

lines for freeze-dried cells. 

The general method of lysis used was: 

a) Approximately 1mg (freeze-dried mass) of cells were suspended in 

100µ1 0,25 M EDTA, pH 7, for 15 min and then pelletedo This 

hydration step was omitted when fresh cells were used. 

b) The pelleted cells were resuspended in 10µ1 25% sucrose in 0,05 M 

Tris, pH 8. 

c) 20µ1 of 0,5 M EDTA, pH 8, was addedo 

d) 20µ1 of a 5mg/ml enzyme solution (indicated) was added and the 

mixture incubated for 1 hat 37°Co 

e) 50µ1 of a 5% detergent solution was then added and incubation 

continued for 30 mino After addition of dye solution the mix­

ture was loaded into the wells of an agarose slabo 

The variations on this basic method studied, were: 

i) ·Hydration medium (distr. 1) (enzyme used was Ll) 

ii) Replacements for sucrose (distr. 2 and 3) 

iii) The EDTA requirement (distro 4) 

iv) Enzyme efficiencies (distr. 5 to 8) 

v) Detergent efficiencies (distr. 9 to 11) 

vi) Washes of cells before the lytic procedure (distro 12 and 13) 

vii) Other treatments differing from the basic method (distr. 14 

and 15) 

viii) Osmotic shock treatments (distro 16) 

Relevant references for the different methods and variations used 

are indicated below each experimento 
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Consequently 25 % sucrose in 0,05 M Tris was used in future 

studies. In accordance with Repaske (1958) Tris slightly 

increased DNA yields (results not shown). 

Two observations in relation to NaCl were of interest. 

Firstly, it could replace sucrose and secondly, EDTA was not 

required when NaCl was used (results not shown, yield also 

100), contrary to Repaske (1956). There was however an EDTA 

requirement when cells had been washed with phenol (distr. 

3). 

4.2.4 Group 3: Effect of EDTA on the efficiency of AL 
(Fig. I, distr. 4) 

A very clear requirement for EDTA was seen, saturating at 

100 mM. This concentration was used in all future 

experiments with AL. The EDTA requirement could have been 

for two reasons: 

(a) destabilisation of the cell wall (Repaske, 1956; 

Repaske, 1958; Witholt, Van Heerikhuizen and De Leij, 

1976) or 

(b) inhibition of nuclease activity (Marmur, 1961). 

A small amount of lysis in the absence of EDTA was seen. 

This was expected as the cell wall might not be homogenous 

in strength. 

4.2.5 Group 4: Efficiency of various enzymes and enzyme 
combinations 

(a) Fresh cells (Fig. I, distr. 5 and 6) 

High levels of lysis were obtained using AL on its own 

(400, distr. 5). Concentration and pH dependencies 

were striking, the latter being in agreement with 

Ingram (1973). 

Cellulase (75 at pH 5 and 6) and hemicellulase (45 at 

pH 5)(distr. 5) and lysozyme (65) and LI (I00)(distr. 

6) were decidedly less effective in comparison. These 

results confirm those of Vance and Ward (1969) and 

Jones and Jost (1970) with respect to M. aeruginosa and 
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lysozyme and Lindsey et al. (1971) with respect to 

lysozyme and A. nidulans. They were contrary to those 

of Dunn and Wolk (1970), Fuhs (1973) and Fjerdingstad, 

Fjerdingstad and Fjerdingstad (1979) with respect to 

cellulase and cyanobacteria and to those of W.E. Scott 

(personal connnunication) as to the effect of LI on 

Anabaena sp. It should however be noted that 

contamination of the cellulase by an unknown enzyme, 

giving rise to the above observations, could not be 

excluded (C.P. Wolk, 1980, personal connnunication). 

Combining AL with pronase or cellulase increased DNA 

yields (600 for both, distr. 6) whereas other 

combinations proved slightly inhibitory (e.g. AL+ 

proteinase K 320; AL+ trypsin 350). Increases due to 

cellulase were ambiguous in view of the above but those 

due to pronase might have been the result of removal of 

obstructing structure(s) by one enzyme to favour the 

action of the other. Some credibility for this notion 

stennned from the kinetics observed (475 for AL plus 

pronase vs 600 for AL with pronase added after 

I h-distr. 6). 

(b) Freeze-dried cells (Fig. I, distr. 7 and 8) 

LI proved most effective (100, distr. 7) contrary to 

the case with fresh cells (distr. 5 and 6). Exposure 

to LI for up to 4 h did not increase DNA yields (distr. 

8) but repeated re-exposure of pellets from lysates 

yielded up to 70 % of the original release (distr. 8). 

Even then pellets remained, indicating that the low 

yields for freeze-dried cells were due to the general 

refractility of the cells. 

No combination of LI with other enzymes enhanced DNA 

yields and decreases might in fact be significant 

(distr. 7 and 8). 

Heat treatment, proven successful in other cases 

(Noller and Hartsell, 1961b), had no effect on the lysis 
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of M. aeruginosa (distr. 7) except for subtilysin (150) 

whose yield fell short of maximum levels obtained by 

other means. 

The most striking observation was that prewashing cells 

with phenol enhanced DNA release by LI (200 vs 100) and 

confirmed previous observations with freeze-dried cells 

(distr. 3) and fresh cells (distr. 6). It was also in 

agreement with the work of De Petris (1967) and Weise 

et al. (1970) who found that phenol removed the 

lipopolysaccharide layer. The inhibitory effect of a 

phenol wash on DNA release by AL (200 vs 400) (distr. 

6) suggested a difference in the mode of action of AL 

and LI. 

Comparison of distributions 5 and 6 with 7 and 8 showed 

that LI worked on fresh and freeze-dried cells with 

equal but low efficiency. It also suggested that 

freeze-drying affected the target of AL such that lysis 

was only 10 % efficient compared with fresh cells (DNA 

yields of 40 and 400, distr. 5 and 7 respectively). 

4.2.6 Group 5: Efficiency of various detergents following 
enzyme treatment (Fig. I, distr. 9 to 11) 

These experiments were mostly directed at improving lysis of 

freeze-dried cells. Preliminary unquantitated studies 

(results not shown) indicated that the effects of detergents 

were similar with both types of cell. 

The marked superiority of SDS could readily be observed, in 

line with the findings of Helenius et al. (1979) that SDS is 

a very powerful denaturant. An optimal concentration of 2 % 

was found (distr. 9) and this concentration was used in the 

majority of experiments. 

As a phenol wash before lysis was found to give maximal 

lysis of freeze-dried cells, most detergent studies were 

done on phenol-treated cells (distr. 10). 
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The results found with Triton X-100 {distr. 10) were in 

agreement with those found for E. aoli (Schnaitman, 1971a) 

but the poor lysis (relative yield in brackets after agent) 

found with other detergents and mixtures was contrary to 

that observed by others: Marmur (1961), Stanier et al. 

(1971) and Owen and Lapage (1976) used SDS at 65 °C (75) 

with satisfactory results; a SDS-sodium salicylate mixture 

(10) was used by Craig, Leach and Carr (1969) as well as 

Devilly and Houghton (1977) who found that the effects of 

SDS and salicylate were additive; Dmitrieva and Kozlov 

(1979) found that a mixture of Triton X-100 and sodium 

deoxycholate (0) was best for the release of the chromosome 

of Anabaena varaiabilis. 

4.2.7 Group 6: Pre-exposures (washes) of cells before 
enzymatic treatment (Fig. I, distr. 12 and 13) 

The aim of these studies was to find either substances 

removing cell wall layers inhibiting lysis (De Petris, 1967; 

Schnaitman, 1971b; Drews, 1973) or making them permeable to 

subsequently applied agents (e.g. DMSO - Fantes, Roberts and 

Huetter, 1976; Triton X-100 - Miozzari, Niederberger and 

Hutter, 1978; toluene - Serrano, Gancedo and Gancedo, 1973). 

Intact cells were exposed to the test agent, washed by 

centrifugation and exposed to appropriate enzymes in the 

general lysing procedure. 

For freeze-dried cells potentiation by phenol for LI as 

lysing enzyme was confirmed (200 vs 100) (distr. 13) and 

only for papain was a synergistic effect with phenol found 

(250), in agreement with De Petris (1967), although papain 

alone (distr. 12) did not potentiate the effect of LI. 

These observations for phenol plus papain were mimicked for 

AL as lysing enzyme (100 vs 50) and in addition pronase and 

proteinase K seemingly also enhanced DNA release by AL (100 

vs 50). The latter phenomena were however of little 

practical significance in view of the relative inefficiency 

of AL on freeze-dried cells. 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

- 47 -

No greatly significant potentiation of lysis of fresh cells 

was observed. 

4.2.8 Group 7: Other treatments (Fig. 1, distr. 14 and 15) 

Some experiments which deviated from the general method with 

respect to the sequence in which reagents were added (e.g. 

SDS or Triton X-100 added prior to osmoticum), omission of 

some reagents or inclusion of substances with specific 

functions (e.g. DEP against nucleases), etc. are presented 

here. Enhanced DNA release was obtained for neither fresh 

nor freeze-dried cells (distr. 14). 

Some concentration dependant enhancement of yield by calcium 

and magnesium (525 at 10 mM vs 400 at O mM) was found with 

fresh cells and AL (distr. 15). 

4.2.9 Group 8: Osmotic shock treatments (Fig. 1, distr. 16) 

These results indicate that osmotic shock in conjunction 

with a number of chemical treatments did not produce DNA 

yields in excess of those found in the absence of osmotic 

shock. 

4.2.10 Discussion 

The objective of this study was to find a chemical lysing 

procedure for M. aeruginosa which would facilitate detection 

of a plasmid(s). Harsh physical treatments were not used 

in view of their destructive potential for plasmids. 

The main conclusion was that the strain of M. aeruginosa (WR 

70) used in these studies was essentially refractile to all 

connnonly used methods of lysis, including some which have 

been developed for use with other refractile organisms. In 

view of subsequent work in which harsh physical procedures 

were used refractility could be quantified. For 

freeze-dried cells the best yield of DNA was approximately 

3,3 % and approximately 10 % for fresh cells. These were at 

best upper limits in terms of total DNA content of the cell 
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population as the 100 % point could not be unequivocally 

established. 

The question arose whether these low yields were due to low 

release per individual cell or from a small lysable 

subpopulation of the total population of cells. The 

preliminary assessment was that it was the former. Evidence 

in support of this was the fact that pellets were invariably 

found upon completion of lysing procedures and subsequent 

centrifugation. These were hardly different in size from 

pre-lysis pellets and, in addition, light microscopy 

revealed cyanobacterial structures not significantly 

different in appearance and quantity from untreated samples. 

A second conclusion was that LI worked with equal but low 

efficiency on fresh and freeze-dried cells, whereas AL 

proved two- to three-fold more efficient on fresh cells only. 

This was taken to indicate that freeze-drying adversely 

affected the target of AL but not that of LI. In view of LI 

consisting of proteases, $-1-3 glucanases (endo- and exo-), 

chitinases, lipases and isoamylases (BDH Biochemical Product 

Information) and the exact activity of AL being unknown, 

their action is still not understood. As for LI, the fact 

that proteinase Kin conjunction with lipase gave rise to 

lysis comparable to that of LI alone after a phenol wash 

(distr. 7) might give some indication of its pertinent 

activity, in accordance with the findings of Weinbaum, Rich 

and Fischman (1967) on spheroplast formation in E. coli. 

The most noteworthy findings may be summarised in relation 

to previous work (where applicable): 

For both fresh and freeze-dried cells: 

(a) Lysozyme was not very effective, (distr. 2, 6, 7), as 

was found by Jones and Jost (1970). 

(b) SDS was the most efficient detergent (distr. 10 and 11) 

as would be expected from the finding (Helenius et al., 

1979) that SDS was an efficient denaturant. 
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(c) Osmotic shock procedures were highly inefficient 

(distr. 16). This was in marked contrast to the 

results of Jones and Jost (1970). 

(d) No enhancement of lysis was found using the 

mannitol-phosphate buffer of Biggins (1967) (distr. 2 

and 3). 

For freeze-dried cells only: 

(a) The hydration medium used was critical and under 

certain conditions (water or sucrose pH 7) no lysis was 

found (dis tr. I). 

(b) A pre-wash with phenol, especially after papain 

treatment, greatly enhanced lysis when LI is used 

(distr. 7). 

(c) For LI, the most efficient enzyme, the pH optimum 

observed {pH 8, results not shown) was that for 

optimal proteolysis (BDH Biochemical Product 

Information). 

(d) Optimal lysis of freeze-dried cells required: 

(i) Hydration of cells in 0,25 M EDTA, pH 7 for at 

least 15 min. 

(ii) A papain wash followed by a phenol wash. 

(iii) Use of LI as the enzyme in the general method 

with SDS as the detergent. 

For fresh cells: 

(a) AL, the best enzyme, had a definite EDTA requirement 

(distr. 4). 

(b) The pH 5 to 8 optimum for AL extracted from Miaroaystis 

(distr. 5) was similar to that found for the autolysin 

of A. quadripZiaatum (Ingram, 1973). 

(c) In line with the findings of Ingram (1973) a drop in 

activity was found when AL was combined with certain 

proteases (distr. 6). 
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(d) No wash was found to increase lysis unlike the phenol 

wash used with freeze-dried cells. 

(e) The combination of cellulase plus AL or addition of 

pronase to the AL lysis mixture after an hour gave 

maximal lysis (distr. 6). The lysis found using 

cellulase was probably as a result of some or other 

contaminating activity in the cellulase preparation. 

(f) Calcium and magnesium enhanced lysis by AL (distr. 15) 

contrary to observations that Mg stabilises cell walls 

against enzymatic lysis (Schnaitman, 1971b; Witholt, 

Van Heerikhuizen and De Leij, 1976; Leduc and Van 

Heijenoort, 1980; BDH Biochemical Product Information). 

Costerton, Ingram and Cheng (1974) however reported 

that high Mg 2 + levels might have an effect on the wall 

which was similar to that of EDTA. 

(g) Exposure of a culture of penicillin for 5 h prior to 

harvesting did not seem to have any positive effect on 

enzymatic lysis (results not shown) and the cells were 

also not osmotically sensitive (distr. 16). 

(h) Optimal lysis of fresh cells required: 

(i) AL followed by pronase (pH 7) after 1 h, with 100 

mM EDTA present throughout, as the enzymatic 

treatment in the general lysing method. 

(ii) Use of SDS as the detergent. 

In studies directed at visualising a plasmid on agarose gels no 

evidence for a plasmid was ever found, notwithstanding the fact 

that controls of plasmid-bearing bacteria always revealed plasmids. 

However the bacteria used were comparatively easy to lyse. The 

methods developed in this section were scaled up and used to 

isolate sufficient DNA for caesium chloride-ehtidium bromide 

density gradient analysis. 

A four-layered cell wall with an external layer of 

lipopolysaccharide is connnon to all models of Gram-negative and 
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cyanobacterial cell wall structure (see 2.3 and Fig. 2). From 

knowledge of the composition of these layers as well as on the mode 

of action of various agents, predictions could be made as to 

the results of various experiments. The validity of some of these 

predictions are discussed below, with reference to the different 

layers: 

(a) The lipopolysaccharide layer, LIV and LII. 

(i) Most treatments removing the lipopolysaccharide layer 

(e.g. phenol) also remove LIV and LIII (e.g. Golecki 

and Drews, 1974) so that these three layers will be 

dealt with together. The action of phenol found by 

Galecki and Drews (1974) implied that the murein was 

then the only layer stopping DNA release and as 

lysozyme acts on this layer (Frank, Lefort and Martin, 

1962; De Petris, 1967; Schnaitman, 1971b) its lysing 

capacity should be potentiated. This was not found, 

but the release by LI was doubled (Fig. I, distr. 7). 

Two explanations for this may be proposed: (a) that the 

phenol did not remove all the layers expected, leaving 

an inhibitory layer or (b) the murein of M. aeruginosa 

is modified so as to be refractile to the action of 

lysozyme (Ghuysen, 1968). The great thickness of the 

murein (Drews, 1973) may also play a role (see also 

(b)(ii) below). 

(ii) In view of the proteinaceous nature of LIII (De Petris, 

1967; Costerton, Ingram and Cheng, 1971; Schaitman, 

1971b), proteases should increase the action of phenol 

(as found by De Petris, 1967). This was so when papain 

was used. 

(iii) Other treatments reported to remove these layers had 

little effect on lysis. 

(b) The murein. 

(i) The lack of effect of a phenol wash on the action of 

lysozyme impfed that the murein was not the layer 

retaining DNA in Miaroaystis. 

(ii) The number of activities present in LI made it 

difficult to decide which was responsible for lysis but 
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Figure 2. Diagrammatic representation of the cell wall of a cyanobacterium 
(From Jost, 1965 ). 

S Sheath and lipopolysaccharide layer 

LI-LIV Layers of the cell wall 

CM Cytoplasmic membrane 
LI I is the murein or peptidoglycan 
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experiments using single activity enzymes (lipase and 

proteinase K) again impled that the murein was not the 

only or main layer inhibiting DNA release but that a 

protein and a lipid layer (or a lipoprotein layer i.e. 

LIII) were the responsible components (cf. Weinbaum, 

Rich and Fischman, 1967). 

(iii) The lack of effect of growth in penicillin on lysis had 

the same implication. 

One major difference found between the models and the present 

studies was the enhancement of AL lysis by magnesium (e.g. Witholt, 

Van Heerikhuizen and De Leij, 1976). There is however a report 

(Costerton, Ingram and Cheng, 1974) that elevated Mg 2 + levels can 

distrurb the integrity of the outer membrane (the 

lipopolysaccharide layer, LIV and LIII in the nomenclature used in 

this study). This would therefore explain the above finding. 

In conclusion: 

(a) Similarities and differences with respect to present models 

exist. 

(b) As these experiments were not specifically designed to study 

cell envelope structure, no clear picture on this subject 

emerged. Results found, e.g. inhibitory effects, could be 

of use in a study on cell wall structure. 

(c) The structure and composition of the cell wall M. aeruginosa 

require elucidation and such knowledge may facilitate the 

achievement of more complete lysis. 

4.3 Lysis studies on M. aeruginosa strain WR 70 grown in good and poor 

quality deionised water and on a Vaal Dam isolate grown in 

deionised water. 

During the course of this study two changes in mass cultivation 

conditions occurred. Firstly, deionised water rather than tap 

water was used for media. The second was due to a breakdown in the 

deionising system, leading to water with an ion content of tap 

water (W.E. Scott, 1980, personal connnunication). As the two types 
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of cells responded differently to lysing procedures some results of 

these lysis experiments are of interest. 

4.3.1 Deionised water grown cells 

(a) Varying enzymes, detergents and EDTA in the general 

lysing procedure (Fig. 3, distr. I and 2). 

These results (dist. I) indicated that lysozyme, AL, LI 

and pronase in conjunction with SDS gave comparable 

yields of DNA (approximately 400). This yield 

corresponded well with that for fresh cells grown in 

tap water, using AL (400))Fig. I, distr. 5). However 

the fact that all enzymes acted with similar efficiency 

was in sharp contrast to previous results (4.2.5, Fig. 

I, distr. 5 to 8). 

In conjunction with 5% sarkosyl DNA release, ranging 

from 600 to 800 for all enzymes, was enhanced as 

compared to release with SDS (Fig. 3, distr. I) and a 

concentration dependance for sarkosyl was suggested. 

This finding was contrary to what had been observed for 

tap water grown cells where SDS proved most effective 

(5.6; Fig. I, distr. IO). Other treatments (Fig. 3, 

distr. I) had no significant effect, except for 

alkaline sarkosyl whose inhibitory effect was apparent. 

A slight EDTA dependence was suggested (Fig. 3, distr. 

2) but this was not as strong as was previously 

observed (4.2.4; Fig. I, distr. 4). 

(b) Lysis with detergents alone (Fig. 3, distr. 3). 

Considerable lysis (1000) was observed when cells were 

directly exposed to low concentrations of detergent 

without any pre-treatment (Fig. 3, distr. 3). This was 

not observed with tap water cells (Fig. I, distr. 14). 

Sarkosyl proved most effective, with slight 

concentration dependence and some DEP enhancement but 
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FIGURE 3o The relative amount of DNA released from cells grown 

in deionised water, using various lysis methodso Units of DNA 

release are as defined for figure lo 

The basic enzymatic method of lysis was: 

a) Cells were pelleted and then resuspended in 10µ£ 25% sucrose 

in 0,05 M Tris, pH 80 

b) 20µ£ of 0,5 M EDTA, pH 8, was addedo 

c) 20µ£ of a 5mg/ml enzyme solution was added and the mixture 

incubated at 37°c for 1 ho 

d) 50µ£ of a 5% detergent solution was added and incubation 

continued for a further 30 mino 

When detergents alone were used for lysis the cells were directly 

resuspended in 100µ£ of a 5% solution of the relevant detergent. 

The variations on the basic method studied, were: 

i) Variations in enzymes and detergents (distr. 1 and 2) 

ii) Use of detergent only (distr. 3) 

iii} Effects of washes and other treatments (distro 4 and 5} 

iv} Use of the method described by Graham (distr. 6} 

In distribution 7 the results of lysis assays on cells grown in 

poor quality deionised water (see text) are compared with results 

of lyses of cells grown in tap water (both fresh and freeze dried} 

and deionised watero 

A strain of M. aeruginosa isolated from Vaal Dam was also studied. 

This strain was grown in deionised water and then freeze-dried. 

The lytic responses of this strain, together with those of WR70 

grown in tap and deionised water, are shown in distribution Bo 

Relevant references for the various method are indicated below 

each experimento 
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no exposure time dependence was observed (Fig. 3, 

distr. 3). A temperature optimum for lysis of 65 °C 

was found (1300). 

Experiments involving combinations of detergents and/or 

other reagents did not improve lysis (Fig. 3, distr. 

3). 

(c) Effects of washes and other treatments (Fig. 3, distr. 

4 and 5). 

Prewashing cells and subsequent addition of detergent 

or employment of the general lysing procedure did not 

enhance DNA release (Fig. 3, distr. 4). 

Of interest was the effect on release of freezing cells 

in detergent, thawing them and then lysing using the 

general method with sarkosyl (Fig. 3, distr. 5). 

Other methods used by the authors indicated were poor 

in comparison, although slight enhancement in the 

presence of dodecylamine was observed (850 vs 800)(Fig. 

3, distr. 5). 

(d) The method of Graham (1978)(Fig. 3, distr. 6) 

This method, involving the grinding of frozen cells and 

illllilediate suspension in a deproteinising solution gave 

the highest yields (1500) of DNA observed in the course 

of these studies, especially when combined with the 

salt solutions recommended by Kirby (1957). 

Notwithstanding objections as to its potential 

mechanical destructiveness to plasmids, this method was 

also subsequently used on a large scale. 

4.3.2 Poor quality deionised water grown cells 
(Fig. 3, distr. 7) 

The first point to observe is that these cells were not as 

easily lysed as were deionised water grown cells (e.g. 100 

vs 800 for the general method using lysozyme and sarkosyl). 

Levels of lysis were however slightly higher than those 
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found with tap water grown cells (e.g. 560 vs 400 using the 

general method with AL and SDS). 

Overall, the lysing pattern observed was closer to that 

found with tap water grown cells than to that of deionised 

water grown cells, with some exceptions e.g. the slightly 

higher levels of lysis. 

4.3.3 Studies on a strain of M. aeruginosa isolated from Vaal 
Dam, grown in deionised water and freeze-dried 
(Fig. 3, distr. 8) 

Distribution 8 has results for cells grown in tap water 

(fresh and freeze-dried) and deionised water for comparison. 

It can readily be seen that the Vaal Dam cells resembled 

deionised water grown cells far more than they did tap water 

grown cells when it came to ease of lysis. There was 

however the difference that LI appeared to be better than 

lysozyme (800 vs 600), which was also found with tap water 

grown cells (see 5.5). 

On the whole the refractility of freeze-dried cells found in 

studies using tap water grown cells (4.2) was not seen when 

freeze-dried Vaal Dam cells were used. The superiority of 

SDS as detergent (4.2.6 but see 4.3.l(a)) was not seen with 

Vaal Dam Cells and the use of sarkosyl as detergent yielded 

about six times more DNA than was found using SDS (600 vs 

100 for lysozyme). 

4.3.4 Discussion 

These studies suggest an important role for culture 

conditions in the ease of lysis of Miaroaystis, especially 

when compared with the results obtained with tap water grown 

cells (4.2). In spite of a 250 % increase in DNA yields 

over that obtained earlier, total lysis was still not found. 

The most significant findings were: 

(a) The highest yields were obtained when a modification of 

the method of Graham (1978) was used and it is unlikely 
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that grinding in a pestle and mortar will be sufficient 

to disrupt all the cells. Microscopic examination 

revealed that about 75 % of the cells were still 

intact. 

(b) Sarkosyl was the most efficient detergent (Fig. 3, 

distr. and 3), contrary to earlier results (see 

4.2.6) and also to the results of Filip et al. (1979). 

(c) Lysis by sarkosyl and SDS in the absence of enzymatic 

treatment (Fig 3, distr. 3) was also contrary to 

previous results with SDS (Fig. I, distr. 14). A 

possible explanation is that the integrity and/or 

composition of the cell envelope is affected by growth 

in deionised water, making it more permeable. 

(d) In contrast with earlier results (see 4.2.5) lysozyme 

was the most efficient enzyme (Fig. 3, distr. I) but 

yields were not as high as those obtained using 

sarkosyl only. 

(e) a slight rise in DNA yield was found when dodecylamine 

was used (Fig. 3, distr. 5), in contrast to earlier 

findings (Fig. I, distr. 14) and again emphasised the 

influence of growth conditions on ease of lysis. 

With respect to models of cell wall structure (see 2.3, 

4.2.10), a number of connnents can be made: 

(a) The greater efficiency of sarkosyl as compared with 

lysozyme followed by sarkosyl (Fig. 3, distr. I and 3) 

again implies that the layer inhibiting DNA release is 

not the murein. It is possible that the lysozyme 

blocks passages in the murein, stopping free access of 

sarkosyl to its target. 

(b) The results of Filip et al. (1973) on the action of 

sarkosyl, i.e. that it solubilises the cytoplasmic 

membrane only, could explain the present results if it 

is assumed that the murein has holes in it which are 

sufficiently large to allow sarkosyl free access to the 

cytoplasmic membrane. The very much lower efficiency 

of SDS could possibly be explained in terms of its 
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greater denaturating capability i.e. that the 

solubilised outer membranes form a layer around the 

cell which inhibit further action. 

4.4 Nuclease activity in M. aeruginosa 

Plasmid isolation in Serratia marcescens HY (Timmis and Winkler, 

1973) and Pseudomonas cepacia 4G9 (Williams, Yeggy and Markovetz, 

1980) have been hampered by high levels of nuclease activity. In 

spite of precautions, yields of plasmid DNA remained low and in 

some cases no plasmid DNA at all could be found in plasmid-bearing 

strains (Williams, Yeggy and Markovetz, 1980). Such cases 

necessitate the isolation of nuclease deficient mutants for plasmid 

studies (Timmis and Winkler, 1973). 

A. niduZans, the only member of the order ChroococcaZes studied by 

Norton and Roth (1967), was found to have low levels of nuclease 

activity. However, the fact that in hundreds of small scale 

agarose gel experiments not a single convincing indication of 

plasmid DNA in M. aeruginosa was observed (4.2 and 4.3), 

necessitated control experiments as to the level of nuclease 

activity in this organism. 

4.4.1 Nuclease activity in preparaions of AL 

Two observations suggested nuclease activity 1n AL 

preparations. These were: 

(a) the EDTA requirement for its action (4.2.4) which could 

possibly mean that there was nuclease activity which 

was inhibited by EDTA and 

(b) the fact that use of large volumes of AL resulted in a 

drop in DNA yiels (Fig. 1, distr. 5; Fig. 3, distr. 1) 

which could be due to DNAase contamination of the AL. 

Also, AL preparations were found to degrade phage 

5006 M DNA (Fig. 4(a)), with EDTA lowering the amount 

of degradation (Fig. 4(a)). 
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FIGURE 4a. Photograph of an agarose gel showing the effect of AL 
preparation on DNA from phage 5006 M. Lane 1: 5006 M DNA; Lane 2: 
5006 M DNA+ AL; Lane 3: 5006 M DNA+ AL+ 0,25 M EDTA. 

5 4 3 2 1 
FIGURE 4b. Photograph of an agarose gel showfng the effect of various 
treatments on the smearing substance in an AL preparation extracted 
using 0,5 M EDTA. Lane 1: AL after ethanol precipitation; Lane 2: 
Untreated AL; Lane 3: AL after heat treatment; Lane 4: AL after (NH4)2 
S04 precipitation; Lane 5: AL extracted in 0,05 M EDTA (or after ethanol 
precipitation) used to lyse Miaroaystis 
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The use of 0,5 M EDTA in the AL extraction medium was 

therefore studied. This AL preparation however caused 

smears on agarose gels which in turn obscured discrete DNA 

bands in lysates (Fig. 4(b)). Smearing was not seen when AL 

was extracted using lower EDTA concentrations (results not 

shown) and was probably partly attributable to degraded DNA 

from cells lysed to prepare the AL. Ethanol precipitation 

remove the smearing DNA from the AL whilst armnonium sulphate 

precipitation and heat treatment had no effect (Fig. 4(b)). 

The lytic activity of AL was unaffected by the ethanol 

precipitation (results not shown). Part of the smearing was 

probably also due to the high salt concentration as this has 

been found to cause smearing (M.C. van Dijken, unpublished 

observation). 

The above results imply that nuclease activity which can be 

inhibited by EDTA was present in AL preparations. 

4.4.2 Nuclease activity in lysed Miaroaystis 

Three observations indicated that significant levels of 

nuclease activity were present in M. aeruginosa. These 

were: 

(a) Dithiothreitol led to lowered yields of DNA when LI was 

used (Fig. 1, distr. 14 and 15). This could have been 

due to DTT protection of nucleases. 

(b) The higher yields found in the presence of DEP (Fig. 3, 

distr. 3). 

(c) The higher yields found with sarkosyl lysis at 65 °C 

{Fig. 3, distr. 3). 

Use of the Brij lysis method (Clewell and Helinski, 1969) 

with Miaroaystis released no DNA (Fig. 5) so that 

experiments similar to those done by Williams, Yeggy and 

Markovetz (1980), aimed at revealing the presence of 

nucleases, could be performed with Miaroaystis lysates and 

added phage 5006M DNA. 
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FIGURE 5. Photograph of an agarose the nuclease activity of 

Brij lysates of M. aeruginosa WR70 tested using phage 5006 M DNA. 

Lane 1: Brij lysate + 5006 M DNA; Lane 2: Brij lysate; Lane 3: 5006 M; 

Lane 4: Brij lysate + 5006 M DNA+ DEP (0,2 % v/v); Lane 5: Brij lysate 

+ 5006 M DNA+ 0,25 M EDTA. 

Untreated lysates degraded the added DNA with a lowering of 

degradation in the presence of DEP or EDTA (Fig. 5), as was 

found by Williams, Yeggy and Markovetz (1980). 

It thus appeared that Miaroaystis may have significantly 

higher levels of nuclease activity than that reported for 

another unicellular cyanobacterium (Norton and Roth, 1967). 

As for sequence specific endonucleolytic activity, no 

evidence was found in a crude extract, using the extraction 

buffer of Murray, Hughes, Brown and Bruce (1976) (results 

not shown). There was however such a background of randomly 

cut DNA that it was unlikely that discrete band would have 

been seen. The possibility of sequence-specific 

endonuclease activity in Miaroaystis can therefore not be 

eliminated. 

4.4.3 Conclusion 

Evidence for the presence of relatively high levels of 

nuclease activity in Miaroaystis was found. This activity 

could be inhibited by DEP and EDTA. 
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4.5 Studies on the bacteria isolated from Microcystis cultures 

The difficulties encountered by Gorham (1964) in his attempts to 

obtain axenic cultures of Microcystis still exist as evidenced by 

the number of publications dealing with this subject (e.g. Vance, 

1966; Stanier et al., 1971; Nuruzzaman, 1977; Pretorius, 1977, 

Eloff, 1980). This means that bacteria are likely to be present in 

any culture of Microcystis, as was the case in this study (see 

3. 1) • 

Although their influence on the results of the present DNA studies 

was expected to be small in view of the criteria established for 

Microcystis cultures (see 3.1) it was deemed important to assess 

this potenial influence. 

4.5.1 Identity of the contaminant 

Both methods of isolation of the bacterial contaminants (see 

3.1) revealed the presence of only one bacterial species, a 

Gram-negative motile rod. The bacterium did not belong to 

the following: Enterobacteriaceae, the non-fermentative 

Acinetobacter group, the non-fermentative Pseudomonas group, 

the Alcaligines faecalis group and was not a known human 

pathogen. This conclusion was based on standardised routine 

tests performed at the Institute of Pathology, University of 

Pretoria. No further attempt was made to identify the 

bacterium as tests revealed no sign of a plasmid (4.5.3) and 

it was also non-toxic (4.5.4). 

4.5.2 Lytic response of the contaminant 

Cultures of the contaminating bacterium were studied for 

their response to various lysing procedures used for 

Microcystis. In all cases high levels of lysis (95 to 100%) 

were found, irrespective of the method employed. One very 

interesting result was that if lysozyme was used (with 

sarkosyl) the DNA band hardly moved on the agarose gel, 

whilst it moved much further when other lysis methods were 

used (Fig. 6). This finding was useful in demonstrating the 

presence of excessive bacterial contamination of Microcystis 

cultures as the retarded band was only seen when 
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2 3 4 5 6 7 8 9 

FIGURE 6. Photograph of an agarose gel showing the lytic response of the 

contaminating bacterium isolated from cultures of M. aeruginosa WR 70. 

Lanes I, 2, 4, 5-9: Various methods not involving lysozyme (Lanes I, 7 

and 9 had SOS in the lysis mixture. Note the rapidly moving material 

which is not released by other detergents. Note also the faintness of 

the upper band in comparison with lanes 2-6, 8 which had sarkosyl as the 

lysing detergent.) 

Lane 3: Lysozyme lysis of cultured contaminant, with sarkosyl as 

detergent. Note band and DNA which has hardly moved in the gel. 

Lane 5: Bacteria in supernatant fluid of WR 70 culture, lysed using the 

general procedure with lysozyme and sarkosyl. 
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bacterial numbers exceeded I % of the total count (by 

microscopic examination). 

4.5.3 Small scale tests for the presence of plasmid DNA 

Using all the methods developed for plasmid isolation and 

visualisation on a gel (see 2.6), a plasmid was never found. 

In controls using plasmid-bearing strains of E. coli these 

methods revealed plasmids in far smaller cell volumes than 

those used to test the contaminant. 

4.5.4 Toxicity of the contaminant 

The cells from a 2 d old 100 mt culture of the contaminant 

were harvested by centrifugation, disrupted by sonication 

and intraperitoneally injected into a mouse. Death occurred 

after approximately 18 h, with all the symptoms associated 

with the Slow Death Factor (SDF) (Bishop, Anet and Gorham, 

1959), suggesting that the bacterium was not responsible for 

the fast deaths produced by M. aeruginosa WR 70. 

4.5.5 Conclusions 

It was established that a single bacterial species was 

associated with M. aeruginosa, that it could readily be 

cultivated, that it could be lysed easily and that it 

produced SDF. 

Although the identity of the bacterium was not established, 

it was excluded from belonging to a number of species. 

Small scale experiments suggested that it does not carry a 

plasmid. 

4.6 Large scale isolations of DNA from M. aeruginosa 
and the contaminating bacterium and the 
characterisation of these DNA's 

4.6.1 Results of mass lyses 

Altogether 12 large scale lyses of WR 70 and two of the 

contaminant were performed. Using ethidium bromide-caesium 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

- 72 -

chloride gradient analysis bands were found in nine cases 

with WR 70 and in both cases with the contaminant. 

(a) Number of bands found in gradients 

The results of gradient analyses are given in Table 2. 

TABLE 2. Results of mass lyses of M. aeruginosa WR 70 and the 
contaminant, as shown by gradient analysis 

Culture 

Tap water WR 70 
" 
" 
" 

Deionised water 
WR 70 

" 
" 
" 
" 
" 
" 
" 

Contaminant 
" 

Lysis procedure 
Method 

Lysozyme, SDS 
AL, SDS 

" 
" 

AL, sarkosyl 
" 
" 

Sarkosyl only 
Graham (std.) 

" 
Graham (modif.) 

" 
SDS only 

" 

Section 
where 
described 

3.4 
4.2.5(a) 

" 
" 

4.3.l(a) 
" 
" 

4.3.l(b) 
4.3.l(d) 

" 
4.3.l(d) 

" 
4.5.2 

" 

Number of bands in 
gradient runs of 
large scale lysates 

2 
0 
2 
2 

2 
0 
0 
2 
2 
3 
2 
2a 

a A very faint third band was seen but this disappeared on recentrifugation 
in an attempt to improve the separation of the bands. 

The complete absence of bands in some cases in 

inexplicable but nuclease activity could not be 

excluded as no special precautions were taken to 

inhibit this activity until sarkosyl only was used for 

lysis. 

It is of interest that the DNA band for the contaminant 

was found in CsCl gradients at a position corresponding 

to the lower of the two bands normally found with WR 70 

lysates, i.e. this band may be of bacterial origin. No 

satellite bands were found with the contaminant i.e. no 

plasmid DNA, whilst the lowest band found in WR 70 

lysates corresponded in position with that expected for 

ccc DNA. 
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(b) Nature of bands found in gradients 

Whilst it was unlikely that the bands were RNA this had 

to be confirmed. Incubation of gradient fractions with 

RNAase, followed by agarose gel electrophoresis was 

used to check if samples were digested by RNAase. In 

all cases no digestion was found whilst RNA controls 

were completely digested. The bands were therefore 

DNA. 

4.6.2 Electron microscopy of isolated DNA's 

(a) Nature of DNA 

In all cases where one or two bands were found in a 

gradient (with WR 70 and the contaminant) no ccc DNA 

was found and the DNA appeared to be random in length 

i.e. probably of chromosomal origin. The difficulty 

experienced in getting rid of all the ethidium bromide 

from these fractions had given an indication that they 

were chromosomal DNA as this is not found with plasmid 

DNA (M.C. van Dijken, 1981, personal communication). 

In the single instance where three bands were found 

(with the lowest at the position expected for a 

plasmid) the upper two bands were once again linear 

whilst the lowest band contained both supercoiled (ccc) 

and open circular DNA i.e. the forms found with plasmid 

DNA. Two sizes of circle were found (Fig. 7). 

(b) Electron microscopic determination of plasmid 
molecular masses 

The molecular masses of the plasmids were determined 

relative to the plasmid RP4 (36 Md - Bukhari, Shapiro 

and Adhya, 1977). 

Forty six small plasmids and 14 large plasmids were 

measured. This figure reflects the relative abundance 

of these plasmids in the preparations examined. A 

single circle of 9,6 Md was seen but this might have 
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been an artifact. There are two possible explanations 

for the amounts of the two plasmids: 

(i) small plasmids have higher copy numbers than do 

large plasmids (Clowes, 1972); 

(ii) large plasmids will be more sensitive to breakage 

as a result of shear forces, even in the 

supercoiled state. The method of lysis used was 

harsh so that the shear forces would have been 

great. 

The molecular masses of the two plasmids were 2,05 Md 

and 5,02 Md. 

4.6.3 Determination of the mol % G+C of the isolated DNA's 

The results of these determinations are presented in Table 

3. 

Differences were noted between the mol % G+C values obtained 

using different methods. A possible explanation for these 

differences might be the presence of non-DNA material, to 

which the spectral ratios and therm.al denaturation methods 

are especially sensitive (Ulitzur, 1972 and Marmur and Doty, 

1962, respectively). 

Additional sources of possible error with the thermal 

denaturation method were incorrect buffer concentrations and 
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TABLE 3. Mol % G+C of DNA's isolated from M. aeruginosa and 
contaminant cultures, determined using three methods 

Method of determination and mol % G+C 

Spectral ratios a Buoyant density Thermal denaturation Band Density % G+C % G+C 
(g/ cm 3

) 
Tm (OC) % g+C 

48,5 1,6994b 39,25 70,7c 4 I, 0 

2 65,5 1,7212b 61, 89 82,9c 70,8 

3 (plasmid) 42,3 1,6997d 39,57 

Contaminant 1,7199b 60,54 83, 1 e 71, 3 

aE. coli DNA (mol % G+C = 50; Marmur and Doty, 1962) was used for the 
reference curves. The 245 nm:270 run ratios were used. 

bE. coli DNA with a bouyant density of 1,7100 g/cm 3 (Schildkraut, Marmur 
and Doty, 1962) was used as reference. Equation 15 of De Ley (1970) 
was used to convert densities to mol % G+C. 

cSalmon sperm DNA with a mol % G+C of 41 (Schildkraut, Marmur and Doty 
1962) was used as reference. The equation of Mandel and Marmur (1968) 
for 0,1 x SSC was used to calculate mol % G+C values. 

dBand 2 DNA was used as reference. Both the plasmids had the same 
density. 

eE. coli DNA was used as reference. 

inaccurate temperature calibration. As problems were 

encountered when a standard DNA was included during melting, 

an absolute measure of Tm was not possible. 

For these reasons the mol % G+C values obtained from buoyant 

density measurements were considered most reliable and are 

the values used in this report. 

There was relatively good agreement between the mol % G+C 

found for band 2 DNA and the DNA of the contaminant and it 

would thus appear that they represented DNA from the same 

organism i.e. the bacterium. The correspondence found in 

the position of these DNA's in ethidium bromide-caesium 

chloride gradients was consistent with this proposal. 
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The DNA found in band 1 must therefore have been from M. 

aeruginosa, with a mol % G+C of 39,25 (from buoyant 

density). The mol % G+C found for strain PCC 7005 (ATCC 

27153), which is supposed to be M. aeruginosa (Stanier et 

al. 1971) is 45,4 (Stanier et al., 1971; Herdman et al., 

1979a). The explanation for this difference is unknown but 

strain 7005 might not be Microcystis as it does not have gas 

vacuoles and was originally thus classified on the mistaken 

identification of refractile granules as gas vacuoles 

(Stainer et al., 1971; Rippka, Deruelles, Waterbury, Herdman 

and Stanier, 1979). It should be noted that the mol % G+C 

found for Microcystis in this study would place it in the 

morphologically different Synechococeus genus of Rippka et 

al. (1979) and not the Synechocystis group in which strain 

7005 is classified (Herdman et al., 1979a). 

The mol % G+C for the plasmids was very close to that of 

Microcystis (39,57 and 39,25, respectively). As no sign of 

a plasmid was found in lysates of the contaminant (4.5.3 and 

4.6.J(a)), the plasmids were thus probably of cyanobacterial 

origin. 

4.6.4 Discussion 

The DNA of M. aeruginosa was isolated and analysed in 

ethidium bromide-caesium chloride gradients. In some cases 

no DNA was found, even though standard lysis methods were 

used. Nuclease activity could not be excluded as a possible 

explanation for this finding. 

In all cases where DNA was found in Microcystis lysates a 

second band was found in the gradients. This DNA had a mol 

% G+C which was similar to that found for the DNA isolated 

from the contaminant (61,89 and 60,54 respectively) and was 

thus probably of bacterial origin. 

No sign of a plasmid was found in lysates of the bacterium, 

confirming earlier results (4.5.3). 
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The mol % G+C found for M. aeruginosa WR 70 (39,25) was not 

very close to that reported for strain PCC 7550 (45,4 -

Stanier et al., 1971). No reference could be found for the 

mol % G+C of another toxic Microcystis strain so that the 

absolute significance of this difference is unknown, 

although it may reflect a difference between toxic and 

non-toxic strains (or species). 

Two plasmids were found in lysates of M. aeruginosa WR 70, 

with molecular masses of 2,05 Md and 5,02 Md respectively. 

The small plasmid was more abundant, as would be expected. 

A 2 Md has been isolated from the non-toxic strain PCC 7005 

(Van Den Hondel et al., 1979). It is tempting to speculate 

that the 5,02 Md plasmid is involved in the toxicity of 

strain WR 70, although proof of this will require the 

non-isolation of this plasmid from a cured strain of WR 70. 

The small sizes of the two plasmids means that, if 

cyanobacteria have the same type of replication control as 

that found in bacteria (Clowes, 1972), they will be present 

at high copy numbers. Proof of this will require a more 

efficient and more gentle method of lysis than that used in 

Figure 7. Electron microscope photograph of plasmids 

isolated from M. aeruginosa WR 70. 
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CHAPTER 5 

GENERAL DISCUSSION 

In the course of a review of the literature on the toxicity of 

cyanobacteria (see 2.1) it was noted that there is very little knowledge 

on the genetics of toxin production for any of the toxic species. 

Prophages have been implicated in the toxicity of M. aeruginosa (Vance, 

1977) but no confirmation of this work could be found. 

The rapid changes in the toxicity of M. aeruginosa in nature, both in 

amount produced as well as presence/absence (Gorham, 1964) led to the 

hypothesis that plasmid(s) rather than prophages may be involved in 

toxicity. As plasmids have been found in a large number of species, 

both unicellular and filamentous (see 2.2.2), this could be possible. 

All cyanobacterial plasmids thus far isolated have been cryptic 

(Doolittle, 1979). 

Two approaches were used to study the question of plasmid invovement in 

the toxicity of M. aeruginosa. These were: 

(a) A study of the effect on toxicity of agents curing plasmids or 

selecting for plasmid-free cells in bacteria. The results of this 

approach were not unequivocal (see 4.1) as in some cases toxicity 

was lost but not in others. A number of explanations can be put 

forward for these results, e.g. selection of a non-toxic strain 

present as a contaminant, injection of too low doses in the 

toxicity tests, changes in toxin type or inducibility of toxin 

production but no definite answer as to which of these is correct 

could be found. The finding of Lau, Sapienza and Doolittle (1980) 

that growth in the presence of 80 µg/mi SDS cured A. quadripZicatwn 

BG-I of only one of its three plasmids may be significant in 

explaining these results. 

(b) Attempting to isolate and characterise plasmid(s) from a toxic 

strain of M. aeruginosa (WR 70), as well as from a non-toxic strain 

(either obtained by curing or isolated from nature). Results for 

this approach, using strain WR 70 (4.2 and 4.3) and a toxic Vaal 

Dam strain (see 4.3.3) form the bulk of this study. 
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Problems were encountered with the gentle lysis of this strain, which 

were not unprecedented (e.g. Jones and Jost, 1970). A study of lysis 

conditions was therefore carried out in an attempt to find the optimal 

method. 

A significant difference in the ease of lysis, as well as in conditions 

required for optimal lysis, was found between fresh and freeze-dried 

cells. This was contrary to reports (e.g. Wolk, 1973) that 

lyophilisation may improve the lysis of cells. 

The hydration medium used with freeze-dried cells was found to be 

critical, as use of water or sucrose pH 7 led to no DNA release. 

The enzymes givin optimal lysis were different for the two types of 

cells, viz. LI for freeze-dried cells and AL for fresh cells. The 

action of LI was potentiated by pretreatment of cells with phenol, 

especially after treatment with papain (in agreement with the results of 

De Petris, 1967). No potentiation of lysozyme action by phenol was 

found. Galecki and Drews (1974) and others have found that phenol 

treatment removes LIV, LIII and the lipopolysaccharide layer. If the 

cell wall of Miaroaystis is of the same pattern as that found for other 

cyanobacteria (Jost, 1965; Drews, 1973), which appears to be the case 

(Barlow, 1978), it is to be expected that the murein would be exposed by 

phenol treatment and lysozyme should therefore lyse these cells. 

The combination of lipase and proteinase K was found to be as efficient 

as LI with freeze-dried cells, after phenol treatment, which implied 

that the layer(s) inhibiting DNA release contain lipid and protein. 

This was in agreement with the findings of Weinbaum, Rich and Fischman 

(1967) for E. coli. SDS was found to be the most efficient detergent, 

in agreement with the work of Filip et al. (1973) and Helenius et al. 

(1979). An attempt was made to correlate the results of lysis studies 

with predictions according to various models of cell wall structure (see 

4.2.10) but no clear picture or correlation emerged. Clarification 

calls for studies specifically aimed at this problem. 

The results for cells grown in deionised water based media (4.3.1) were 

in some ways contradictory to those found with tap water grown cells 
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(4.2). Deionised water grown cells were far less refractile to the 

different treatments used for lysis, which implies that growth 

conditions play a significant role in determining cell wall strength. 

The most significant contradictions to the results of section 4.2 were 

the greater efficiency of sarkosyl as the detergent in the general 

lysing procedure, as compared to SDS, and the finding that sarkosyl on 

its own gave better lysis than did use of the enzymatic method of lysis. 

The method of Graham (1978), modified by the use of the salt solutions 

reconnnended by Kirby (1957) proved to be the best method of lysis, 

although even in this case lysis was only 25 %. This may be due to 

inefficient grinding of the cells. 

A general conclusion which could be drawn from the results presented in 

sections 4.2 and 4.3, especially the cumulative lysis experiment 

results, plus the finding that plasmid DNA was present in a lysate 

prepared by the Graham method (section 4.6), was that the low yields of 

DNA were partly due to the refractility of the entire population, with 

leakage of a little DNA from each cell, rather than the presence of a 

small subpopulation of cells which were totally lysed with the rest 

being unaffected by the treatments used. 

The effect of growth conditions on the ease of lysis was stressed when a 

breakdown in the deionising system led to water which was almost tap 

water with respect to ionic quality. Cells grown in this water were 

more refractile than those grown in deionised water and had features of 

both tap and deionised water grown cells (see 4.3.2). 

A strain of M. aeruginosa isolated from Vaal Dam was also studied for 

lysis patterns (see 4.3.3). A significant finding was that DNA yields 

were higher than those found using freeze-dried cells of WR 70 which had 

been grown in tap water. 

The low yields of DNA, together with the complete lack of evidence for 

plasmids in small scale lyses, led to the conclusion that nuclease 

activity in M. aeruginosa might not be as insignificantly low as was 

found in another unicellular cyanobacterium, A. nidulans (Norton and 

Roth, 1967). Relatively high nuclease levels were found (4.4) but the 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

- 81 -

use of DEP or EDTA inhibited this activity. No evidence for 

sequence-specific endonucleolytic activity was found in a crude extract. 

The presence of bacteria in the cultures used, due to difficulties still 

experienced in obtaining axenic cultures (e.g. Vance, 1966), gave rise 

to fears that any plasmids isolated could be of bacterial and not 

cyanobacterial origin. The contaminating bacteria were therefore 

isolated and characterised (4.5). A single species was found, which 

produced SDF and contained no plasmid DNA. The bacterium was not 

identified. 

Mass lyses, using the methods described in sections 4.2 and 4.3, 

produced enough DNA for ethidium bromide-caesium chloride gradient 

analysis (4.6). No plasmid DNA was found in the contaminant, confirming 

the results of section 4.5, whilst plasmid DNA was present in WR 70. 

The DNA isolated from gradients was characterised as to mol % G+C and it 

was found that the plasmids had a mol % G+C (39,57) which was similar to 

that of strain WR 70 (39,25). The contaminant had a mol % G+C which was 

similar to that found for a second band in gradients (60,54 and 61,89 

respectively). The second band was probably DNA from the bacterium. 

Electron microscopic examination revealed the presence of two plasmids, 

whose molecular masses were calculated relative to that of plasmid RP4. 

The molecular masses were 2,05 Md and 5,02 Md. In the non-toxic 

strain, PCC 7005, a plasmid of 2 Md was found (Van Den Hondel et aZ., 

1979). It is tempting to speculate that the 5,02 Md plasmid is involved 

in the toxicity of strain WR 70. No plasmids were however found in the 

toxic strain NRC-1 (Lau, Sapienza and Doolittle, 1980) but this may not 

have been a Miaroaystis strain (Stanier et aZ., 1971; Rippka et al., 

1979). 
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CHAPTER 6 

SUGGESTIONS FOR FUTURE RESEARCH 

During the course of this study a number of lines for possible future 

research were thought of, some of which were obvious from the results 

obtained. 

From a study of the literature available on cyanobacterial toxicity in 

general, and Miaroaystis toxicity in particular, it was obvious that 

there are a number of areas requiring urgent attention before further 

attempts can be made to study the genetics of toxin production in any 

species, especially Miaroaystis. 

The first of these is a method for reliably plating out single cells of 

a cyanobacterium so that clonal studies can be undertaken. The results 

of Pretorius (1977) indicate that this is as yet not possible for 

Miaroaystis. Reliable genetic studies on subjects such as curing, etc., 

require single cell isolations. 

The second, probably even more important area, is the development of a 

reliable assay for the toxin(s) which is also highly sensitive i.e. 

capable of using a colony from a plate as sufficient material. This is 

once again especially important for curing studies as the mouse test is 

not sensitive enough. Determination of the exact site and mode of 

action of the toxin(s) may assist in the development of such an assay. 

The importance of this assay cannot be too strongly emphasized. 

The third is the isolation and characterisation, in as much detail as 

possible, of a reference strain of Miaroaystis. At the moment there is 

no such strain which has been characterised as to, for instance, mol % 

G+C, a vital characteristic for classification, which is relatively easy 

to determine accurately. Knowledge of the mol % G+C of a reference 

strain will allow workers to determine if they are definitely working 

with the same species. Stanier's group (Stanier et aZ., 1971; Rippka et 

aZ., 1979; Herdman et aZ., 1979a; Herdman et aZ., 1979b) have 

extensively characterised what may be a strain of Miaroaystis (PCC 

7005). However PCC 7005 does not have gas vacuoles, is non-toxic and 

may not be Miaroaystis at all. In view of the contaminating 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

- 83 -

cyanobacterium found in the culture of NRC-1 (Stanier et al., 1971) this 

is not impossible. 

Whilst on the subject of cultures the development of methods to get 

axenic cultures in a simple, routine way is another area of concern. 

Until such time as cultures are totally axenic a number of experimental 

results will always be in doubt. 

From the results of the curing experiments a number of suggestions can 

be made. Firstly that the experiments be repeated with a number of 

other strains and with other agents as well. Larger culture volume 

should be used so that if the mouse test has to be used there is 

sufficient material for LD100 determinations. The stability of curing 

should be checked by growth in media in the absence of the curing 

agents. 

Mutagenesis studies should be done if a plasmid is indeed found to be 

the determinant of toxicity in Miaroaystis, firstly to map the position 

of the responsible genes on the plasmid and secondly to determine 

whether or not the plasmid is purely regulatory with the toxin genes on 

the chromosome. 

The possibility of lysogenic conversion to toxin production should 

receive attention. Even should this not be the case, isolation of a 

cyanophage acting on Miaroaystis only will be of great use in 

classification studies. The lack of a cyanophage for Miaroaystis would 

seem to indicate that lysogeny is the rule in all strains of 

Miaroaystis. This should receive attention by using agents such as 

mitomycin C for induction. Vance (1977) has reported preliminary 

results of such a study which sound interesting and it is unfortunate 

that this matter has received no further attention. 

The lysis studies suggest two areas for further investigation. Firstly 

the chemical nature of the cell wall and secondly the effect of growth 

conditions on lysis. The huge difference in ease of lysis found between 

tap water and deionised water grown cells shows just how large an effect 

growth conditions have on lysis. Possibly a means can be found to 
-

produce cells which are easier to lyse. 
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Precise physical studies, including the most recent approaches, e.g. 

fine structure melting studies (Azbel, 1979) on any plasmids isolated 

will be useful, especially if plasmid involvement in toxicity is proved. 

The nucleases, especially sequence specific endonucleases, should be 

quantified and characterised. Isolation of nuclease deficient mutants 

may be of use in plasmid isolations. 

Lastly studies on cell-free synthesis of the toxin may provide some 

intere:,ting results. The number of different toxins found, even in a 

single strain (D.P. Botes, 1980, personal connnunication) suggests that a 

non-ril,osomal method of synthesis, similar to that found in Bacillus 

spp. producing antibiotics (Katz and Demain, 1977) may be operative. 
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APPENDIX: MEDIA AND BUFFERS 

MEDIA 

The modified medium of Volk and Phinney (1968) used in this study had 

the following composition: 

MgS04 

K2HP04 

Ca3 (P04)2 

Ca(N03)2.4H20 

Na2C03 

EDTA.Fe 

16,63 mg/R., 

5,06 mg/R., 

21,03 mg/R., 

235,69 mg/R., 

100,0 mg/R., 

1, 2 mg/ R., 

AS trace element solution (Stanier et al., 1971) I ml/£ 

BUFFERS 

TE (Guerry, Le Blanc and Falkow, 1973) 

0,01 M Tris pH 8 

0,001 M EDTA 

SSC (Marmur, 1961) 

0, 15 M NaCl 

0,015 M trisodium citrate pH 7 

Tris-acetate (Hayward and Smith, 1972) 

0,04 M Tris pH 8 

0,005 M Na acetate 

0,001 M EDTA 

Tris-borate (Koekman et aZ., 1979) 

0,089 M Tris pH 8,3 

0,089 M Boric acid 

0,0025 M EDTA 
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