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INTRODUCTION 

During the past three decades biologists have been con

ducting studies on microbial cells to determine the effects 

of various antimicrobial agents on DNA synthesis and the 

transcription of genetic information. These investigations 

have been concerned primarily with the effects of various 

mutagenic and alkylating agents on synthesis and denaturation 

of DNA. 

Kosher and Spears (1967) demonstrated that mustard gas 

was a bacterial mutagen. The major site of incorporation of 

the nitrogen mustard was the N-7 position of guanine and at 

least one such position was involved in interstrand cross

linking. Mustard gas and similar other alkylating agents have 

been found to produce a wide range of biological effects, 

including interference with mitosis and chromosome breakage 

(Brookes and Lawley, 1961). By means of ultraviolet spectros

copy, Chanutin and Gjsseng (1946) showed that the nitrogen 

mustards di(2-chloroethyl)rnethylamine and di(2-chloroethyl)

amine reacted with the bases of DNA, but the reacting groups 

were not specified. On the basis of electrometric titrations, 

Elmore et al. (1948) suggested that both bases and phosphate 

groups of DNA reacted with mustard gas. 
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Other investigators were concerned with alkylation of DNA. 

Paper chromatography techniques were used to anlayze the hydro

lyzed alkylated DNA. Reiner and Zamenhof (1957} claimed that 

dimethyl sulfate reacted exclusively with purine moieties at 

the N-7 position and that diethyl sulfate combined with the 

sulfate groups. 

In later research, Brookes and Lawley (1960} reacted 

nucleic acid bases from various sources with ethyl methane 

sulfonate, 1-4-dimethanesulfomylbutane, HN
2
-di(2-chloroethyl}

methylamine and HN 2-di(2-chloroethyl}ethylamine. The extent 

of alkylation was determined by assaying the radioactivity of 

the precipitated nucleic acid. From this, it was postulated 

that there was some relationship between the chemical structure 

and biological activity of the alkylating agent. 

Nitrous acid has also been found to react with DNA, 

resulting in a transition from an AT to a GC base pair after 

repeated replication (Kotaka and Baldwin, 1964}. It has been 

shown that nitrous acid produces mutations of denatured DNA, 

as well as attacking the exposed bases of DNA (Postel and 

Goodgal, 1967}. 

Other agents have also been found to inhibit bacterial DNA 

synthesis. Naturally occurring spermine has been reported to 

exert antimycobacterial action under certain conditions in 

vitro by inhibiting the multiplication of several strains of 
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human tubercle bacilli (Hirsch and Dubos, 1952). Elliott 

(1962) concluded that Actinomycin D inhibited DNA synthesis 

at relatively high concentrations, whereas ethidium bromide 

was a powerful inhibitor at limiting concentrations of 

150 ug/ml. Exposure of exponentially growing E.coli to 

penicillin (150 ug/ml) for 20 - 30 min caused loss of colony 

formation, and a loss of ability to synthesize DNA and enzymes 

(Prestidge and Pardee, 1957). Terawaki and Greenberg (1966) 

conducted experiments on effects of Carzinophillin (CF) on 

DNA. It was found that E.coli Bo, a strain sensitive to CF, 

showed a marked inhibition of DNA synthesis when treated with 

doses that prevent colony formation. Treatment of Bacillus 

subtilis and E.coli Bo with CF resulted in interstrand cross-

linking. Purified Aflatoxin B, in the absence of metabolic 

changes, can interact with DNA to change its biological 

properties. The toxin produces its effect in these organisms 

by binding to DNA and producing mutations (Maher, 1970). 

Treatment of B. subtilis with periodate, at a concentration not 

affecting cell viability (5 X 10 4 M), reduced genetic transfor

mations. The action seemed to be on the adsorption and/or the 

entry of DNA into the component cells. The site of action was 

probably the cell wall (Polsinelli and Barlati, 1967). 

It has been found that thiopurine, coumerin, and pyronin 

have the ability to bind selectively to denatured DNA of 
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E2_: coli (Grigg, 1971). Exposure of the E. coli 1ST cells to 

the antibiotic myxin resulted in the inhibition of DNA bio

synthesis, degradation of intracellular DNA, and the death of 

the cells (Behki, 1972). Reaction of bleomycin with DNA in 

vitro caused a decrease of the melting point of DNA. This 

decrease was observed when DNA was intercalated with the anti

biotic in the presence of a sulfhydryl compound such as 

2-mercaptoethanol (Nagai, 1969). 

Seller (1973) suggested that the mutagenic activity of 

benzimidazole could be due to the incorporation of the com

pound into the nucleic acid of DNA instead of a natural base. 

Perry (1972) found that D-cycloserine can inhibit transforma

tion in group H streptococcus, strain Challis, by preventing 

the development of the competent stage. IUdR (iododeoxyuridine) 

has also been known to interfere with chromosome transfer and 

the genetic recombination of the HfrH strain of E.coli 

(Cooper, 1971) . 

Thus, while antimicrobial agents have been shown to cause 

changes in DNA biosynthesis, exposure of microbial cells to 

various gases has also resulted in detrimental effects, such 

as inductions of mutations and alterations in the base pairs 

of DNA. Perodoxyl acetyl nitrate (PAN), a common environmental 

gaseous pollutant, has been found to cause reduction in the 

genetic transforming ability, the melting temperature, and the 

viscosity of DNA in bacteria. This chemical agent reportedly 
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modified some nucleic acid bases, when freshly gassed into 

the aqueous solution of the base (Peak and Belser, 1970). 

Sulfur dioxide, a major air pollutant throughout the 

world (Cox and Bekett, 1970), has been shown to be detri

mental to activated DNA primer in vitro (Oujesky, 1968). It 

was also found to reduce DNA synthesis in human peripheral 

blood cultures and resulted in clumping of chromosomes 

(Schneider and Calkins, 1970). Interference with normal 

nucleic metabolism was reported by Shapiro (1970), who 

observed that sodium sulfite, the chemical form of sulfur 

dioxide in blood, altered the genetic code of yeast. 

In other studies concerned with the effects of gaseous 

fluorinated hydrocarbons on biological materials, Genetron-21 

was found to be extremely inhibitory for cell viability of 

Staphylococus aureus (Bhagat, 1972; Meegul, 1973). Freon-12 

stimulated both the survival rate and the coagulase produc

tion of S. aureus (Bhagat, 1972), and yet Job (1971) reported 

that this gas caused an 81% decrease in the transforming 

activity of Bacillus subtilis. Gaseous treatments of 

Drosophila rnelanogaster with nitrous oxide and 

perfluorobutene-2 resulted in high lethal mutation rates 

(Garrett and Fuerst, 1974). In other genetic studies, Foltz 

and Fuerst (1974) determined that a 5 min exposure of 

Drosophila to Genetron-152A or to Genetron-23 would cause a sig

nificant increase in the incidence of recessive lethal mutations. 
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Currently there is much concern about various types of 

particulate and gaseous pollutants in the atmospheric environ

ment. However, due to the limited information available con

cerning biological and genetic effects of various gases which 

are continually being deposited into the environment by indus

try, aerosol propellants, refrigerants, and automobile 

exhausts, the investigations now being reported in this thesis 

were initiated to study the effects of a selected group of 

gaseous agents on growth, survival rate, and DNA synthesis of 

Escherichia coli. 



MATERIALS AND METHODS 

Organism 

The strain Escherichia coli B was used in the studies 

reported in this thesis. 

Media Employed 

All stock cultures of E.coli B were maintained on slants 

of nutrient agar (Difeo). After subculturing, the bfcteria 

I were incubated for 24 hr at 37 C, and then stored at 5 C. 

Nutrient agar was employed for preparing the spread plates for 

colony counts to determine the survival rates of the gassed 

and non-gassed bacteria. For the DNA synthesis studies, the 

E. coli B cells were cultured in nutrient broth. All bacterial 

media were sterilized 15 min at 121 C. 

Gases Employed 

The gases employed in these studies were Freon-12 

(dichlorodifluoromethane), Freon-13 (chlorotrifluoromethane), 

Genetron-23 (trifluoromethane), methane (methyl hydroxide), 

nitrous oxide, and compressed air. The latter gas (compressed 

air) was used as a pressure control. All gases were purchased 

from Matheson Gas Products, a Division of Will Ross, Inc. 

(La Porte, Texas). They were obtained in small pressure 

cylinders called lecture bottles, which contained 1/16 to 1 lb 

7 
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of the specified gas. Purity of the gases, as stated by the 

Matheson Gas Products, was 97.0% or better. Table 1 lists 

the gases used in the investigations reported in this thesis. 

Preparation of the Bacterial 
Cell Suspensions for Gassing 

~ coli B cells were inoculated into flasks containing 

125 ml sterile nutrient broth and incubated 24 hr at 37 C with 

continuous shaking at 100 rmp in a New Brunswick G-24 bench

top environmental shaker. The cells were then collected by 

5 min centrifugation at 7,740 x gin a GLC-1 Sorvall centrifuge 

and washed twice prior to being resuspended in 9.0 ml sterile 

distilled water. For the gassing procedure, the number of 

cells in the aqueous bacterial suspension was standardized as 

1010 bacteria/ml. This concentration was determined by cor

relating actual plate counts with percent transmittance at 

460 nm on a Hitachi-Perkin-Elmer 139 Spectrophotometer. 

Method of Gassing 

For the gassing treatment, a 10 ml aliquot of E.coli 

cells was aseptically transferred to a sterile 100 ml capacity 

Pyrex Turner absorption bulb {11 1/4 x 4 1/2 cm). Using the 

apparatus illustrated in Figure 1 {Meegul, 1973), the gas was 

delivered from the cylinder to a Micro-Mite-Hock valve 

(Hock, Inc., Creeskill, New Jersey), through copper tubing, 

and then passed through a Hastings Flowmeter, Model LF-100, 

to the Pyrex Turner absorption bulb through sterile Tygon 
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Table 1. Gases employed in treating aqueous suspensions of 
cells of Escherichia coli B. 

Empirical Molecular 
Gas Used Formula Othar Chemical Names Wei51ht 

Freon-12 CC1 2F 2 Dichlorodifluoromethane 120.93 

Freon-13 CC1F3 Chlorotrifluoromethane 104.46 

Genetron- 23 CHF 3 Trifluromethane 
Fluoroform 70.01 

Methane CH 4 Methyl hydroxide 16.04 

Nitrous 
oxide N20 Dinitrogen monoxide 44.01 

Compressed 
air 
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Figure 1. Gassing apparatus used for exposing aqueous sus

pensions of cells of Escherichia coli B to gase

ous atmospheres. Copper tubing was employed for 

connecting the lecture bottle to the Micro-Mite

Hock valve (Meegul, 1973). 
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tubing. Using the flowrneter and the water displacement 

method, the gas flow-rate was determined as the amount of gas 

which would displace 34 ml water/min. 

To maintain sterile conditions, drying tubes filled with 

non-absorbent cotton were connected to the arms of the Turner 

bulb by means of Tygon tubing, and the whole assembly was then 

sterilized by autoclaving 15 min at 121 C. All gaseous efflu

ents from the gassing chambers were exhausted into a chemical 

hood by means of Tygon tubing. 

Immediately after the 5 min gassing treatment (34 ml/min), 

the absorption bulb was sealed by rotating the ground glass 

top. Both the gassed and the non-gassed aqueous bacterial 

suspensions were maintained at 25 C for 24 hr prior to deter

mining the affects of the gases on the survival rate and the 

rate of DNA synthesis of the E.coli B cells. 

Determination of the Effects of 
Gaseous Treatments on the Survival 
Rate of Escherichia coli B cells 

The survival rate of the E. coli B cells exposed to 

various gaseous atmospheres was determined. After the 5 min 

gassing treatment of the cells and the subsequent 24 hr 

exposure to the gaseous atmospheres at 25 C, 0.1 ml aliquots 

of the bacterial suspensions, appropriately diluted, were 

transferred to nutrient agar plates using the spread plate 
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technique. All plates were prepared in triplicate and incu

bated for 24 hr at 37 C. 

Determination of the Effects of 
Gaseous Treatments on the Rate 
of DNA Synthesis in Escherichia 
coli B Cells 

For determining the effects of the gases on the rate of 

DNA synthesis in the E. coli cells, radioisotopic techniques 

were employed. Tritiated thymidine (66 Ci/ml specific activ

ity) was purchased from the ICN Chemical Company. The isotope 

was combined with sufficient thymidine carrier, and appro

priately diluted with sterile distilled water so that 0.1 ml 

of the solution contained 22,200 counts/min/1 ;im thymidine. 

After gassing the bacterial cells for S_min (34 ml/min) 

and exposing them to the gaseous atmospheres for 24 hr at 25 C, 

a 1.0 ml aliquot of the bacterial suspension was added to a 

tube containing 9.0 ml nutrient broth and 0.1 ml 3H-thymidine 

(22,200 counts/min/1 pM). After 24 hr incubation at 37 C, the 

bacterial cells were collected by 5 min centrifugation at 

7,740 x g and washed twice with sterile distilled water. The 

cells were then lysed by the addition of 4.0 ml of 0.1 N NaOH. 

After an additional 5 min centrifugation, a 0.1 ml aliquot of 

the lysate supernatant was placed on GF/c Whatman filter paper 

discs (2.4 cm diameter), heat dried, and then added to a vial 

containing 10 ml dioxane cocktail. The cocktail was previously 

prepared with 0.6 g PPO, 10 g naphthalene, and 100 ml dioxane. 
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The rate of DNA synthesis was determined by the extent of 

incorporation of tritiated thymidine into the DNA product. 

Using a Beckman Liquid Scintillation Counter, Model 1650, 

each sample was counted twice for 10 min and the data were 

self-recorded as counts/min. All samples were prepared in 

triplicate. 



EXPERIMENTAL RESULTS 

Investigations were conducted to determine the biologi

cal effects of exposure of Escherichia coli B cells to 

various gases. The effects were evaluated in regard to 

survival rate, DNA synthesis in vivo, and possible altera

tions in growth. 

Effect of Gases on the Survival 
Rate of Escherichia coli B cells 

Results of the effects of gaseous treatments on the sur

vival rate of E.coli B cells are shown in Table 2. For each 

gas that was tested for its activity on the bacteria, a non

gassed control was sampled at O time and again after 24 hr 

maintenance at 25 C. Cells treated with compressed air and 

kept for 24 hr were used for the pressure control. Since 

different gases and control samples were tested in experiments 

conducted at different times, the concentration of the original 

cells varied for each determination, as is apparent from 

Table 2. On the basis of viable cells, as determined by colony 

counts, Genetron-23 and methane were found to increase the 

number of~ coli B cells above the counts for the non-gassed 

and the compressed air treated controls, after 24 hr main

tenance at 25 C. Nitrous oxide, Freon-13 and Freon-12 were 

inhibitory and decreased the number of bacteria l cells from 

14 
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Table 2. Effects of gases on survival rate of Escherichia coli B 
after a 5 min gassing treatment (34 ml/min) and a subsequen_t __ 
24 hr exposure to the gaseous atmospheres at 25 C.* 

-Viable bacterial cells X 1013/ml 
Gas used 

for 
treatment 

Prior to Untreated Gas treated 
treatment but stored and stored 
with gas for 24 hr for 24 hr 

Non-gassed 
control 6.90 ±2,43 8.32 ±2.93 

Compressed 
air 6.90 ±2.43 7.88 ±2.88 
Freon-12 6.90 ±2.43 2.30 ±0.81 

Non-gassed 
control 8.40 ±2.80 8.96 ±2.98 

Compressed 
air 8.40 ±2.80 9.41 +3.1 

Freon-13 8.40 +2.80 4.40 ±1.47 

Non-gassed 
control 3.60 ±1.20 3.84 ±1.28 

Compressed 
air 3.60 ±1.20 

Genetron-23 3.60 ±1.20 

Non-gassed 
control 3.40 +1.13 3.58 ±1.19 

Compressed 

4.20 +1.40 

5.90 ±2.04 

air 3.40 :t;l.13 3.84 ±1.27 

Methane 3.40 ±1,13 5.40 ±1,80 

Non-gassed 
control 5.10 ±1.70 5.76 ±1.92 

Compressed 
air 5.10 ±1.70 6.02 ±2.00 

Nitrous 

Change in cells 
survival rate 

X 1013/ml %** 

1. 42 

0.78 
4.60 

0.56 

1.01 

4.0 

0.24 

0.60 

2.30 

0.18 

0.44 

2.0 

0.66 

0.92 

+20.6 

+11.3 
-66.7 

+ 6.7 

+12.0 

-47.6 

+ 7.5 

+16.7 

+63.8 

+ 5 .• 2 

+12.9 

+58.8 

+12.9 

+18.0 

oxide 5.10 ±1.70 2.70 ±0.96 2.40 - 47.1 
*After exposure to the gaseous atmospheres, the bacterial cells 
were plated on nutrient agar and colony counts were made after 
24 hr incubation at 37 c. The data represent three or more 
experiments for each gas tested. 

**The percent increase (+) based on the number of viable bacterial 
cells, as determined by colony counts, indicates that cells have 
reproduced during the storage period. The percent decrease (-) 
represents a loss of cell survival during storage in the gas 
atmosphere. 
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47.1 to 66.7%; this constituted a survival of Freon-12 treated 

cells of 33.3%, or a reduction of 6.90 X 1013 cells/ml to 

2.30 X 1013 cells/ml. In all experiments the compressed air 

control stimulated cell reproduction, which may be attributed 

to the pressure exerted by the gas. Data obtained from the 

same samples as those analyzed in Table 2, but not shown in 

the table, indicate that no significant changes in the pH of 

the aqueous cell suspensions resulted from any of the gaseous 

treatments. 

Effect of the Gases on the 
Rate of DNA Synthesis in Cells 
of Escherichia coli B. 

Table 3 summarizes the results of the incorporation of 

3 h 'd' . h d H-t ymi ine into t e DNA pro uct. An increase in DNA syn-

thesis was obtained in compressed air treated samples as 

compared to the non-gassed control samples maintained 24 hr 

at 25 C. Of the gases used in the studies, Freon-12, 

Freon-13 , Genetron-23, and nitrous oxide significantly 

enhanced the rate of DNA synthesis, in comparison to the 

non-gassed controls. The highest rate of DNA synthesis 

occurred with bacterial cells gassed with Freon-13. Lesser 

increases in DNA synthesis were observed in cells which had 

been subjected to gaseous treatments with nitrous oxide, 

Genetron-23, and Freon-12 respectively. According to the 



17 

Table 3. Effects of gases on DNA synthesis in the Escherichia 
coli B strain.* 

Gas used 
for 

treatlnent 

Non-gassed 
control 

Compressed 
air 

Freon-12 

Non-gassed 
control 

Compressed 
air 

Freon-13 

Non-gassed 
control 

Compressed 

3a-thymidine in nM 
Incorporated into the DNA product 
Prior to Untreated Gas treated 

treatment but stored and stored 

Increase in 
3a-thymidine 

incorporation 
with gas for 24 hr for 24 hr nM % 

1.71 ±0.51 1.81 ±0.63 0.10 

1. 71 + 0 • 51 2 • 6 5 + 0 • 9 3 0. 94 

1.71 +0.51 4 . 04 +1.4 2.86 

1. 4 4 ± 0 • 3 7 1. 51 + 0 • 5 3 0. 07 

1.44 ±0.37 1.93 +0.68 0.49 

1. 4 4 + 0 • 3 7 12 . 81 + 4 • 5 11. 3 7 

1.12 ±0.39 1.22 ±0.42 0.10 

5.8 

54.9 

244.9 

4.9 

34.0 

789.5 

air 1.12 ±0.39 2.1 ±0.74 0.98 
4.87 

8.9 

87.5 

434.8 Genetron-23 1.12 +0.39 5.99 +2.1 

Non-gassed 
control 1.08 ±0.37 1.15 ±0.40 

Compressed 
air 

Methane 

Non-gassed 
control 

Compressed 
air 

Nitrous 
oxide 

1.08 +0.37 1.66 +0.58 

1.08 +0.37 1-.97 +0.69 

1.67 +0.58 1.71 +0.60 

1.67 +0.58 

1.67 +0.58 

1.89 +0.66 

7.49 ±2.6 

0.07 

0.58 
0.89 

0.04 

0.22 

5.83 

*The aqueous bacterial suspensions were gassed 5 min 

6.5 

53.7 

82.4 

2.4 

13.l 

350.6 

(34 ml/min) and exposed to the gaseous environments 24 hr at 
25 C prior to determining the rate of DNA synthesis radio
isotopically. One ml aliquots of the cell suspensions were 
jhen inoculated in 9.0 ml nutrient broth containing l)lM 
H-thymidine (22,200 counts/min) and incubated 24 hr at 37 C. 

**The data represent three or more experiments conducted in 
triplicate. 
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Student's t-test all changes in survival, and increase in DNA 

synthesis due to all gaseous treatments of the microorganisms, 

were highly significant. The apparent enhancement of DNA 

synthesis in cells treated with compressed air or methane 

might be attributed, at least partially, to increased pressure 

to which the cells were subjected in the gassing apparatus. 

Figure 2 diagrammatically compares the amount of 

3H-thymidine incorporated into the gas-treated cells. It shows 

the per cent increase in 3H-thymidine incorporation by the 

E. coli B cells above the untreated controls, as well as for 

the control cells treated with compressed ·air. 
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Figure 2. Incorporation of 3H-thymidine into the DNA prod

uct of Escherichia coli B cells treated with 

various gases for 5 min (34 ml/min) and exposed 

to the gaseous atmospheres for a subsequent 

24 hr at 25 C. For the incorporation experi 

ments, 1.0 ml aqueous suspension of the gas

treated cells was inoculated into 9.0 ml 

nutrient broth containing 0.1 ml solution of 

3H-thymidine (22,200 counts/min/1 pM thymidine) 

and incubated 24 hr at 37 C. 
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DISCUSSION 

The growth and reproduction of Escherichia coli, a 

facultative anaerobe, are not considered to be affected by 

low oxygen tension. However, research conducted on the 

effects of various gases, such as Freon-12, Freon-13, 

Genetron-23, methane and nitrous oxide, on this microorganism 

have demonstrated interesting changes in the growth, survival, 

and DNA synthesis. 

The coordination of cell division i s a complex regula

tory process about which little is known . Evidence from 

several types of investigations implicates the plasma membrane 

as a site of regulation. In an attempt to correlate chromo

somal replication with the aspects of cell division, Jacob 

et al. (1963) proposed that DNA synthesis would occur with 

the chromosome attached to the membrane, and subsequent 

membrane synthesis would separate the genetic replicas. The 

occurrence of septation between DNA copies then leads to 

daughter cells of identical genetic constitution. Over the 

past years, evidence has accumulated which suggests that the 

bacterial chromosome is attached to the cytoplasmic membrane 

but the biochemical role of the membrane in chromosomal repli

cation has remained obscure (Jacob et al., 1963). The inves

tigations being reported in this thesis were based upon 

20 
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previous studies of Bhagat (1972) and Meegul (1973), and were 

conducted to attempt to elucidate the role and the antimicro

bial activity of five selected gases on the survival and DNA 

synthesis of~ coli B. 

It has been suggested that the effect of some of these 

gaseous treatments on the bacterial suspensions may be attrib

uted to the pH changes brought about by gases reacting with 

water (Landry and Fuerst, 1968). However, the studies now 

being reported in this thesis indicate that there was little 

or no apparent relationship between the changes in pH and the 

effects of gases on the aqueous suspens i ons of~ coli B 

cells, since no significant pH changes in the bacterial sus

pensions resulted after the gaseous treatments. 

As shown in Table 2, Freon-12, Freon-13, and nitrous 

oxide had an inhibitory effect on the survival of the gas

treated ~ coli cells but proved to be stimulatory for in vivo 

DNA synthesis, asis apparent from the data in Table 3. Growth 

and genetic replication in biological systems can occur without 

concomitant cell division (Loveless et al., 1954; Rogers, 1970; 

Ingram and Fisher, 1973). Most attempts to resolve the chemi

cal nature of bacterial cell division involved the use of rod 

shaped organisms in the presence of substances which inhibit 

the division process, with resultant filament formation 

(Ingram and Fisher, 1973). One of the agents used, penicillin, 

is known to inhibit a transpeptidase involved in the 
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cross-linking of components of the rigid layers of the cell 

wall (Donachie and Begg, 1970). With low concentrations of 

penicillin,~ coli cells show characteristic peripheral 

bulges produced by weakening of the cell wall. It has been 

proposed that these bulges correspond to the areas of murein 

synthesis, and that these are the sites where division would 

have taken place, but for the inhibitory effect of penicillin 

(Donachie and Begg, 1970). The cells lose their ability to 

divide, but continue synthesizing nucleic acids and proteins 

(Siccardi et al., 1972). DZU (5-diazouracil) can also block 

cellular division without grossly altering DNA synthesis 

(Previc and Richardson, 1969). It may be concluded from 

these numerous studies that cell division is a product of a 

complex series of interrelated processes and that it can be 

disturbed at different stages by different agents. 

The data in the research now being reported indicate that 

the detrimental effect of Freon-12, Freon-13, and nitrous oxide 

may be associated with the inhibition of cell envelope forma

tion. DNA replication in E. coli has been reported to end at 

25 min in the cell cycle, while synthesis of murein increases 

at 30 min (Onken and Messer, 1973). Sensitivity to the 

gaseous agents used in this research could possibly increase 

between 25 and 30 min, and this would consequently result in 

increased DNA synthesis but without any increase in survival 

rate. Another possible explanation for the results observed 
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in these studies is that Freon-12, Freon-13 and nitrous oxide 

enhanced DNA synthesis of the~ coli cells, but in some 

manner altered the cell membrane, preventing cell division, 

and yet initiated new sites of DNA synthesis on the membrane. 

Generally, mutants that continue to grow without dividing are 

considered to be division mutants, and have been employed in 

investigations relevant to cell division functions in the 

division process itself, functions preceding the division 

process or superficially related to the preparation or trig

gering the initiation of cell division, or functions relating 

to the separation of the sister cells (Ingram and Fisher, 

197 3). It is also feasible that the gases may not affect the 

DNA replication cycle but may affect the attachment of the 

chromosome to the bacterial membrane or that new sites of 

synthesis were initiated on the bacterial membrane. Treick 

and Kotenzka (1964) hypothesized that this phenomenon occurred 

in~ coli due to phenethyl alcohol. 

Another possible site of action of the fluorinated gases 

tested may be a lipid-water interface or an area in the lipid 

fraction of the cell (Prior et al., 1970). Several investi

gators have reported that fluorinated compounds adsorb to 

lipid membranes, thus interfering with cell permeability 

(Bennett and Dossett, 1970; Bennett and Hayward, 1967). Lie 

(1966) reported that Freon.ll (trichloromonofluoromethane) 

had a toxic effect on Pseudomonas striata due to the strong 
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lipophilic characteristics of this halogenated hydrate. 

Similar effects may result from treating~ coli B cells with 

Freon-12 and Freon-13. Localized thickening of peptidoglycan, 

a cell wall component, is one of the earliest morphological 

indications of the initiation of cell division (Slater and 

Schaechter, 1974). Many of the enzymes involved in the syn

thesis of the cell wall are localized in the plasma membrane 

(Anderson et al., 1972). Compounds such as dimethyl sul

foxide and some phospholipids have been shown to serve as 

activators of these enzymes in in vitro systems. Compounds 

that can regulate the physical properties of cell division can 

be used to regulate cell division (Rothfield and Pearlman, 

1966). The plasma membrane has been proposed as the site of 

regulation, and treatments which alter its physical properties 

should have a predictable effect on cell division (Ingram and 

Fisher , 1973). It is feasible that the lipophilic properties 

of some of the Freons and Genetrons decrease the stability 

and increase the permeability of the membrane, causing leakage 

of proteins and other molecules necessary for integrity and 

synthesis of the cell envelope (Davson and Danielli, 1943). 

Genetron-23 and methane proved to be stimulatory for 

both the survival rate and DNA synthesis in cells of~ coli B, 

as was shown in Tables 2 and 3, and Figure 3 in this thesis. 

In earlier studies, Bhagat (1972) also found Genetron-23 to 
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enhance the survival of Staphylococcus aureus, a gram posi

tive organism. These results seem to indicate that there 

may also be some relationship between the number of chlorine 

and fluorine atoms present in the gaseous Freons and Gene

trons which is responsible for their effect on the bacterial 

cells. The strong electronegative effect exerted by 

fluorine atoms tends to reduce the detrimental effects of 

the more reactive chlorine atoms. Genetron-23, a methane 

analog with a 1:0:3 H:Cl:F ratio, and methane, which contain 

no chlorine atoms were the most stimulatory gases for the 

survival of the gassed E.coli B cells, while Freon-12 and 

Freon-13, which contain chlorine atoms, were found to be 

inhibitory for the survival rate. According to Goldman (1969), 

the carbon fluoride bond is cleaved in a number of different 

enzymatic reactions. The size and electronegativity of the 

atoms can be used to make defined alterations in biologically 

important molecules such as enzymes and DNA. 

Partially fluorinated compounds have been shown to be 

detrimental for Escherichia coli, Staphylococcus aureus, 

Bacillus subtilis, Sarcina lutea, and Serratia marcescens 

(Landry and Fuerst, 1967; Healy et al., 1974). It is possible 

that some of the partially fluorinated molecules may contrib

ute to the blockage of the Krebs cycle. Previous investiga

tions have suggested that the fluorinated carbon radical 
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could possibly interfere with the utilization of one carbon 

fragments in some metabolic schemes (Landry and Fuerst, 1968). 

It must be emphasized, however, that at the present time 

there are no biochemical means to assay the initiation of 

division or to study septum synthesis separately from the 

cell wall synthesis of the peripheral wall or membrane (Slater 

and Schaechter, 1974). Therefore, further investigations are 

recommended to study the effects of gases on DNA synthesis 

and cell division in order to possibly establish the specific 

site and mechanism of biochemical activity of these gaseous 

agents on bacterial cells. This is of particular signifi

cance today since many of these gaseous halogenated hydro

carbons are frequently found in the atmosphere as a result of 

their extensive use as aerosol propellants, refrigerants, 

etc. and may actually be health hazards for man. 



SUMMARY AND CONCLUSIONS 

1. The purpose of the investigations reported in this thesis 

was to study the effects of gases on the growth, survival, 

and DNA synthesis of Escherichia coli B cells. 

2. Gases employed in the investigations were Freon-12, 

Freon-13, Genetron-23, methane, and nitrous oxide. Com

pressed air was used as a pressure control. 

3. Aqueous suspensions of E.coli B cells were gassed for 

5 min at 34 ml/min and exposed to the gaseous environments 

for 24 hr at 25 C prior to determining the effects of the 

gases on cell survival and DNA synthesis in vivo. The 

incorporation of 3tt-thymidine, as measured with the Beck

man Liquid Scintillation Counter, Model 1650, was used as 

the criteria• of the increase of the nucleic acid in the 

latter assay. 

4. Experimental results indicated that Freon-12, Freon-13, 

and nitrous oxide were inhibitory for survival of the 

bacterial cells, but were stimulatory to DNA synthesis. 

5. Genetron-23 and methane were found to be stimulatory both 

for the survival rate and the DNA synthesis of E. coli 

cells. 

6. From data obtained in these studies, several hypotheses 

may be proposed: 

27 
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a. The inhibitory effects of the experimental gases 

could possibly be due to the action of the gases on 

either the cellular components or the DNA of the 

cells. 

b. The gases may have altered the cell membrane in such 

a way that initiation of additional DNA synthesis 

resulted. 

c. Alteration of the bacterial cell envelope by lipo

philic properties of some of the halogenated hydro

carbons may have also resulted in leakage of molecules 

vital for continued cellular division and cell 

envelope synthesis. 

d. The gaseous treatments may have induced formation of 

new growing point(s) on the chromosomes. 

7 . Further investigations are recommended to study the 

effects of gases on DNA synthesis in vivo in order to 

establish the specific site of the alteration in cell 

division and genetic replication, and to better under

stand the mechanism of the activity of these gases on 

bacterial cells. 
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