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ABSTRACT 

Variations in enumeration conditions influence markedly appar

ent survival of sub-lethally heated, non-sporulatlng Aerobacter cloacae0 

Cadmium, calcium, lead, mercury, nickel, potassium, and sodium ions had 

no demonstrably greater effect on the heat-treated organisms than on the 

unheated controls* However, copper and cobalt ions had some marked ef

fects, when added to minimum enumeration media. A basal enumeration 

medium containing lg NHj^HgPO^, lg KgHPC^, 5g glucose, and I5g agar-agar 

per liter of HgO (pH 6*8), with incubation at 32 C, was used in this 

study* 

Copper ion added as the sulfate at a concentration of 1*2 x 

10~^M reduced the apparent survival of the heat-treated bacteria to ap

proximately 1056 of the count obtained without added £u++, while unheated 

. !  ++ 

organisms gave the same count whether or not this level of Cu is added 

to the enumeration medium. 

Addition of 1 to 1) x lCf^l Co++ increased apparent survival by 

E> to 10 times, whereas no comparable effect was observed with unheated 

control organisms. Using commercially "purified" agar-agar in place of 

usual bacteriological agar-agar requires lcwer concentration of Co++ in 

order to get the maximum increase in apparent survival0 

•The concentration of Co++ needed for maximum count when citrate 

medium was used was considerably higher, probably because of chelation 

of Co++ by the citrate ion. 

viii 
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When a more complex medium such as Plate Count Agar was used, 

no stimulatory effect of Co++ at concentrations of 1.2 to U x lcT^M 

was observeda 

The use of microporous membranes supported on absorbent discs 

saturated with defined culture media gave very poor recovery of sub-

lethally heated coliform bacteria. Even th« use of a relatively com

plex culture medium on the absorbent pad yielded much poorer recovery 

of heated organisms than did the usual plating procedures. 

In other studies, using the additions of various concentrations 

of reducing compounds containing sulfhydryl groups such as thiogly-

oolate, cysteine-HCl and reduced glutathione (OSH) to the medium along 

with U x 10 0o++, showed a stimulatory effect which is in addition 

to that of Go . Such results demonstrate an effect of these compounds 

which is in addition to that of Co++ in creating the more favorable 

conditions in the medium required for initiation of bacterial growth 

of some cells following heat damage« 

In other experiments, when various concentrations of other in

organic reducing compounds such as arsenite, bromide, and cyanide were 

used in combination with k x 10"^M Go++, these combinations were effec

tive in bringing about greater recovery of the heat-injured bacteria,, 

Cobalt at U x 10~^ added along with various concentrations of 

colimycin and chlortetracycline enhanced the antibiotic properties of 

both antibiotics. 

Other compounds such as potassium pyruvate, ascorbic acid, 

L-methionine, reduced nicotinamide adenine dinucleotide (NADH), sodium 

aside, sodium arsenate, sodium chloride, sodium sulfate, sodium 
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fluoride, malonlc acid, iodoacetate, 2,U-dinitrophenol, 6-mercaptoaucci-

nate, monochloroacetate, and ethylenediaminetetraacetate (EDTA) were 

tested* All these compounds, when added in various concentrations along 

with h x 10~^ Co**, had no greater effect on the heated than on the un-

heated organisms. 

Further experiments concerned with the effect of both heat and 

Co++ on several enzyme systems indicated that heating at $6 C inacti

vated the glycerol dehydrogenase and the oc-keto acid decarboxylases, as 

measured by the increase in the optical density at 3U0 my, and the oxy

gen uptake, respectively. However, if 3.3 x 10~^I Co++ was present in 

the reaction mixture, apparent increase in the activity of the former 

enzyme resulted, whether heated or unheated0 

Other enzyme systems such as peptidases, aldolase, xylose iso-

merase, nicotinamide adenine dinucleotide phosphate (NADP) alcohol de

hydrogenase, and 1-amino acids oxidases were tested, but results 

indicated that these enzymes were neither inactivated by heat at the 

levels active against the test organism nor stimulated by Co++. 

The data support the hypothesis that a reducing potential is 

created In the medium by the presence of Co and other compounds, 

which aids in the recovery of cells from heat injury. 



INTRODUCTION 

The heat treatment of foods is not a new idea. In the early 

nineteenth century, Appert, Pasteur, and Tyndall began experiments 

treating foods with heat to enhance their keeping quality and make them 

safe for human consumption. Today, however, increasing amounts of food 

material receive only*a mild treatment of heat, which is insufficient 

to kill all the bacteria present. Such heat treatment, which will be 

referred to here as sub-lethal heat treatment, frequently is termed 

"pasteurization" in commercial applications. Such treatment usually 

leaves a residue of organisms which have survived heating for a period 

of time. 

The number of viable bacteria in heat-processed foods can be 

determined only by an indirect method such as colony formation. An 

organism will be regarded as a survivor only if it is able to multiply 

in the recovery medium. Damaged organisms are often extremely sensi

tive to environmental changes which do not influence undamaged cells. -

Thus, conditions optimum for the recovery of damaged cells cannot be 

selected on the basis of concepts derived from established information 

obtained with undamaged cells of the same species or, by inference, 

from results with other species. The diluent, the medium, and the in

cubation temperature used to detect survivors may have a decisive in

fluence on results. 

Enrichment substances incorporated in culture media are 

essential for the accurate enumeration of bacteria previously exposed 

1 
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to highly lethal factors( but the mere presence of nutrients in the 

medium is not always the controlling factor in determining the ability 

of heat-treated bacteria to grow. Also, the nature of the lag period 

of heat-treated bacteria is different from the lag of normal bacterial 

growth. Some evidence indicates that heat damage of bacterial colls 

can be repaired under circumstances which may not be identical with the 

conditions required for growth# 

The recovery of heat-treated cells under conditions optimal for 

growth may sometimes fall to such an extent that there is a prolonged 

fall in the number of viable organisms during incubation in what are 

known to be good conditions for unheated cells» 

The period of decline in bacterial numbers during storage after 

heat treatment may take place in food and thereby be of practical im

portance. . - \ 
i 

In preliminary studies working on a heated strain of Aerobacter 

cloacae, in our laboratory, it was felt desirable to introduce into the 

enumeration medium various compounds including metabolites, anti

metabolites, and mono- and divalent ions. Of all the compounds tested, 

cobalt ion Increased the apparent survival of heat-treated organisms. 

This event directed our attention to investigate further the role of 

Co** and the possible interaction of other compounds in growth initia

tion of A. cloacae. 

It is generally claimed and has been proved in many instances 

that some poisons in very small quantities act as stimulants to certain 

life functions. Mineral metabolism is difficult to study since the 



requirements are for such minute quantities that increased concentra

tions often lead to an inhibition of growth. 

The object of the present study was to survey the effect of 

Co** at various concentrations upon the growth of heat-treated bacter

ia. To Investigate further the cause of this effect, studies were 

made of the effects of Co** on the growth in the presence of other 

compounds and on some selected enzyme systems. 



LITERATURE REVIEW 

Cobalt 

Effect of Cobalt on Growth 

Cobalt plays an incompletely- understood role in cellular metab

olisms Some investigators have shown that Co** exerts an inhibitory-

effect on various organisms, although others have shown that this ion 

also has some stimulatory- effects. * 

Schade (173) reported that Co** in concentrations varying from 

1 to 100 ppm inhibited growth, as^determined by turbidity measurement 

of representative aerobic and anaerobic species of gram-positive and 

gramHisgative bacteria. 

Levy et al (115) observed that addition of Co** to nutrient 

broth inhibits growth of Proteus vulgaris, as determined by turbidity 

measurement, although RNA synthesis is carried out to the same extent 

as in the control. Further, the respiratory rate of cells treated with 

Co dropped by at least 50% as compared to untreated cells. Nickerson 

and Zerahn (11*7) found that Co** inhibited the growth of Saccharomyces 

cerevisiae and the cells accumulate Co** much above the concentration 

present in the medium. Bound Co** is firmly held by the yeast cells 

and is only extracted with trichloracetate. 

Schmidt and Rasmussen (178) reported that the growth of the 

virus of influenza in embryonated eggs is inhibited by Co*** This in

hibition is overcome by the subsequent addition of histidine, cysteine, 

and sodium thioglycolate. 

h 



5 

A few other investigators have found that Co behaves differ

ently « Young (211) found that Co** at concentrations of 0*002-0.2 ppm, 

depending on the species, stimulated growth in three algal species but 

exerted a toxic effect on all three with additions of 2 ppm. 

Holro-Hansen et al(90) demonstrated that Co** or vitamin 

is essential for the growth, of some of the blue-green algae when they 

are either fixing nitrogenor utilizing nitratea 
I 

Patterson (1510 found that the addition of 0.2? ppm Co to the 

medium stimulated growth and porphyrin production of Mycobacterium 

tuberculosis (avium)«, ] 

Symbiotic nitrogen fixation by legumes requires Co** (2, 3, U, 

1*6, 7U), but a requirement of the element for growth of leguminous 

plants supplied with adequate fixed nitrogen has not been shown* Pre

sumably the ion is necessary for the proper enzymatic activity of the 

Rhlzobium species involved. Lowe et al (119) have demonstrated that 

the growth of Rhlzobium japonlcum is increased several fold by 0.5 ppb 

_ _ ++ 
of Co * 

Effect of Cobalt on Vitamin Bj2 Formation and Antibiotics 

Tanaka et al (195) reported that 2 ppm Co** did not affect 

growth of Streptomycea griseus and Bacillus aubtilua. Experiments with 

radioactive Co** showed that Co** was absorbed and assimilated in the 

early .stages of growth and was incorporated into vitamin B^. Gari

baldi et al (70) reported that Co** was required only for cobalamin 

production, but not simply for the growth of Bacillus megaterlumo 
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Ruban (170) reported that Co++ is required for the synthesis of 

vitamin in cultures of Nitrosomonag. The vitamin was not formed in 

the absence of Co++. Kliewer and Evans (103) showed that the co-

ensyme content of the cells of Rhizobium melilotl increased markedly 

with increasing Co++ concentration in the culture medium. Neujahr 

(ll*0) found that addition of Co++ stimulated synthesis of cyanocobala-

min and vitamin B^-like factors in aerobically fermenting sewage 

sludge, whereas under anaerobic conditions its stimulating effect was 

less pronounced and restricted to only the initial stages of the fer

mentation, 

Principe and Thorriberry (161) found that Co++ at certain con

centrations influenced not only the production of vitamin in & 

synthetic medium for S. griseus. but also the production of strepto-

mycin0 

Pratt and Dufrenoy (lf>8), Pratt et al (159), and Strait et al 

(191) demonstrated that appropriate concentrations of Co4+ definitely 

enhanced the antibacterial action of penicillin against selected gram-

negative and gram-positive organisms. Pital et al (l£6) concluded that 

Co improved the inhibitory effect of penicillin against Salmonella 

pullorum both in vitro and in vivo with day-old chicks» The addition 

of l-5^4g/mi Co++ to the culture medium was found by Faguet (63) to 

stimulate the growth of Micrococcus pyogenes var. aureus (Staphyloc

occus aureus). Nevertheless, the sane quantities added to the medium 

which already contains penicillin enhance the antibiotic action of the 

latter. 



Recently Elfiki and Chodat (62), working with Pseudomonas fluor-

escena and Escherichia coli. have found that Co** enhances the anti

biotic properties of colimycin. E. coli did not grow if the synthetic 

medium contained 2„ 5 ̂ig/ml Co++ and 2 units of colimycin/ml, whereas 

in the absence of Co**, 12.5 units of colimycin/ml were required* They 

indicated a complex formation which could account for the enhancement 

of colimycin activity. 

Antibiotics are known to exert a vitamin B^-" sparing action" 

on several organisms (139). According to Janickie and Pawelkiewicz 

(97) addition of aureomycin (ehlortetracycline) to a culture of pro

pionic acid bacteria increased the formation of cyanocobalamin and 

cobalamin X at the expense of vitamin (which has been identified 

as factor B). However, Mannino and Pipitone (123) reported that in 

Bacterium coll (E. coli) the amount of vitamin B^ produced in the 

presence of antibiotics was less than in their absence. Neujahr (139) 

found that the addition of antibiotics to sewage sludge undergoing mi

crobial deterioration enhances the vitamin B^ activity. 

Effect of Cobalt on Enzymes and Cellular Activity 

Metal ions hare been found to play a role in the action of cer

tain ensymes concerned In decarboxylation of <=<- and B -keto acids. The 

biologically Important <X-keto acid decarboxylations are those .^catalyzed 

by carboxylases, pyruvic acid oxidase andoC-keto glutaric oxidase (113). 

Ensymes catalysing the decarboxylation of oxaloacelate (JB -keto 

acid) to pyruvate and COg have been found in bacteria (99, 105, 157). 

Dingle et al (50) have suggested that the toxicity of Co** is due to 



inhibition of keto-acid oxidation. This hypothesis was supported by 

the finding that Co++ inhibited oxidation of <<-ketoglutarate and pyru

vate by rat liver mitochondria during a prolonged incubation without 

the addition of phosphate acceptor. The presence of less than 1 jig/ml 

of Co** in the medium reduced the rate of oxygen* uptake of a control 

rat liver mitochondrial suspension from 8.6 jxl oxygen/min to 5*5 |il 

oxygen/min within very short periods (5l). On the other hand, the 

aerobic oxidative decarboxylation of—pyruvic acid by a crude but ap

parently soluble enzyme preparation from E. coli. leading to acetate 

plus COg with uptake of 0.5 mole of oxygen/mole of pyruvate, was found 

by Still to require diphosphothiamine, inorganic phosphate or arsenate, 

and Mn**, Mg++, or Co** (189). This system is similar to that of Lac

tobacillus delbruackil (117, 118).. The carboxylase from Azotobacter 

vlnelandli also was found to be activated by Co** (157)• 

Some studies suggest the mode of action of Co**. Levy et al 

(111*) observed in rat tissues that Co** under aerobic conditions in

hibits both sulfhydryl-dependent (succinoxidase and chloine oxidase) 

and sulfhydryl-independent enzymes, while under anaerobic conditions, 

choline dehydrogenase and succinic dehydrogenase are inhibited. 

Kichina (102) reported that Co** in doses of 0.05-5 mg/kg de

pressed cholinesterase and alkaline phosphatase activities of rabbits 

and dogs. Burk et al (22) and Gilbert et al (71) found a number of 

amino acids (serine, methionine, glutamic acid, W.stidine) and pep

tides form complexes with Co**, and these complexes interfere with the 

metabolism of amino acids. 



Shankar and Bard (181) found that addition of Co++ to a medium 

supporting growth of Clostridium perfringens yields filamentous cells 

which ferment gLucose mainly to lactic acid. 

The production of elongated cells of microorganisms may be 

viewed as a result of the differential inhibition of cell division 

without a concomitant inhibition of metabolic processes necessary for 

the growth of cells* This concept has been elaborated for bacteria 

(85, 87), and for yeasts and yeast-like organisms (98, Ujli, 1U£)« 

Evidence indicates that differential inhibition of cell divi

sion results from the inhibition of a single enzyme complex specific

ally active in cell division (1UU)» The cell division enzyme appears 

to be sensitive to Intracellular sulfhydryl^disulfide equilibria, and 

to be particularly sensitive to the presence of Co++, 

Tsao and -Youngken (203) showed that Co++ in concentration of 10 

ppm produced marked inhibition of total glycoside production in digi

talis plants. Svec (19U) claimed that increased concentration of Co++ 

inhibited cellular activity of Lactobacilli, as determined by measure

ment of titratable acidity. The effect of Co** on glucose metabolism 

and acetoin formation in Aerobacter aerogenes culture was shown to be 

the production of a new reducing substance which is a precursor of 

acetoin. A Co4+ concentration of 10~^M delays the growth of the bac

teria and retards the transformation of this reducing substance to 

acetcin (120) • " ̂  

Clarke (36) found that Co++ at concentrations only slightly in-

/ 
hibitory to growth caused a marked inhibition of toxin formation by a 

strain of Corynebacterlum dlptheriaeo 
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Amaha et al (10) found that Co++ markedly stimulated sporulation 

of Bacillus coagulana var. thermoacidurans in complex media. Also, ad

dition of 2 mg/100 ml of Co++ to an appropriate basal medium for Strep-

tomyces induced better sporulation (8U). 

Some Investigators also have found that Co++ activated certain 

enzyme systems. Hellerman and Perkins (81), Stock et al (190), and 

Mohamed and Oreenberg (132) have found that the arginase activity from 

different plant or animal sources is enhanced by Co++0 

Thunberg (197) found that Co++ at certain concentrations acti

vated the dehydrogenase system of Cucumis satirus (cucumber) seeds; 

higher concentrations of the ion decreased the activity. Nicholas et 

al (1U3) showed that the activity of nitrate reductase was markedly 

diminished In R. japonlcum grown in nitrate medium deficient in Co++, 

and nitrate reductase formation depended on Co++ or vitamin B^, (ll*2). 

The dehydrogenase enzyme, and also nitrite and hydroxylandne reductases 

were depressed in cobalt-deficient cells of Clostridium pasteuranium 

grown without combined nitrogen (11*1). 

De Hertogh et al (UU) presented evidence that the rate of oxi

dation of propionate by cell suspensions of R. meliloti was markedly 

inereased by 0.01 or 1 ppb of Co++ in the culture medium. In contrast, 

the oxidation of glutamate was not affected by Co++ deficiency. They 

also presented evidence that enzymes necessary for conversion of pro

pionate to succinyl-CoA. by a pathway involving methyl: Jnalonyl-CoA axe 

widely distributed in Rhizobium and that Co++ deficiency in R, meliloti 
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results in insufficient B^g coenzyme for the function of methyl malonyl-

CoA mutase in cell-free extracts (1*5) • 

Maksimovich and Gaidenko (121) found that Co++ favored accumu

lation of nicotinic acid derivatives in the animal body. The. stimulat

ing effect of Co** on the growth rate and the weight gain in animals 

apparently is due to the activation of dehydrase coenzymes (nicotinic 

acid derivatives). 

Aarsen and Kemp (1) found that kinases prepared from guinea pig 

serum are activated by Co++. 

Bard and Ounsalus (16) have shown that cell-free aldolase ex

tract from C. perfringens was activated by Fe++ and Co++. Other 

metallic ions tested at concentrations of 5 x 10~V and £ x 10~^M did 

not activate aldolase. 

Hydrolysis of glycylglycine by enzyme preparations from many 

sources is greatly accelerated by Co++ (18, 183, 181*, 200). 

Van Der Zant and Nelson (20U) showed that Co++ at all the con

centrations used (10"2, 10"3, and lO'^M) increased the activity of 

dipeptidase of a cell-free extract of Streptococcus lactiB when DL-
(. 

alanylglycine was used-,as substrate. 

Still (189)* working on pyruvic dehydrogenase of B. coli (G. 

coli), found that addition of Mn++, Mg++, or Co++ to the dialysed ex

tract increased the rate of oxidation of pyruvate in the presence of 

cocarboxylase 0 

Oglnsky and Rumbaugh (11*9) described a cobalt-aotivated acid 

pyrophosphatase obtained in cell-free state from Streptococcus faecalls 
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strain F2U and reported the presence of the enzyme In several other 

bacterial genera. 

Schito and Melon! (17U) found that an Inorganic alkaline pyro

phosphatase from a Klebsiella strain was slightly activated by- Co**. 

Effect of Cobalt on Nucleic Acids 

Cobalt in various forms has many diverse effects in the animal 

organism and on animal and plant cells. Levy- et al (11$) found that 

P® vulgaris placed in the presence of 2 x 10~^M Co++, which was suf

ficient to prevent growth continued to synthesize RNA but not DNA or 

protein. 

Miura and Nakamura (129) confirmed this action of Co++, using 

S. aureus and E. coll, and from studies on the action of Co++ on crys

talline pancreatic ribonuclease concluded that the inhibition of intra

cellular ribonuclease accounted for the observed effects. Roth (169) 

found that Co inhibited the growth of Tetrahymena pyriformla and also 

increased the content of RNA and DNA in each cell. Ribonuclease activ

ity also was inhibited. 

Recently, there has been considerable interest in the inter

action of metal ions with nucleic acids and polynucleotides, primarily 

as a consequence of the fact that the hydrogen-bonded structure of 

these macromolecules collapses in solution in the absence of metallic 

salts (61i, 69, 180, 217). The double-stranded helical configuration 

of UNA is stable in solutions (containing as low as lcT^l concentration 

of electrolyte (196). 
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Eichhorn (60) speculated that Co** has the same effect as Mg++ 

in stabilizing the molecule of DNA. In the presence of the metal ion, 

Tm (melting curve) of DNA is increased from 63° to 80°, and there is 

a greater decrease in optical density on cooling. 

Heat 

Effect of Heat on Proteins and Enzymes 

One of the first reports concerning the effect of heat injury-

to the cell was published in 1890 by Lewith (116). He found that the 

temperature at which the proteins would coagulate was inversely pro

portional to the moisture content of the cell. Yeasts were killed 

between $0 and 55 C in the presence of moisture, while dried yeast 

cells were not detectably/injured by temperatures as high as 120 C. 

In the early part) of the twentieth century, many workers ex

plored the idea of heat coagulation of protein. Chick (3U) was the 

first who proposed protein denaturatLon as the cause of death during 

heating, 

Clark and Lubs (35) found that gradually increasing tempera

ture accelerated protein coagulation. 

For many years cell death as a result of protein coagulation 

was an accepted theory. Then investigators (15, 67, 161*) began to 

question whether or not the inactlvation of enzymes could be a factor. 

Isaacs (9U) pointed out that coagulation of cell protein might affect 

enzymes, since enzymes themselves are proteins. Zobell and Conn (215) 

found that a light thermal shock of some marine bacteria caused a 
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decrease in the oxygen uptake. They suggested that some respiratory 

enzymes were inactivated by the heat. 

Waentig and Qierisch (209) found that inactivation of the 

catalase was complete at 68 C, while at 1|8 C where the catalase extract 

began to cloud, there was a considerable diminution in activity. Since 

the isolated enzymes of thermophilic bacteria are easily inactivated by 

heat at their optimum growth temperatures, but are rapidly replaced 

(5), it was suggested that the enzymes of mesophylic bacteria are in

activated by heat, but their enzymes are not replaced} hence, cell 

death occurs. 

Edwards and Rettger (£9) observed excellent agreement between 

the maximum growth temperature of several bacilli and the minimum temp

erature at which some of their respiratory enzymes were inactivatedo 

However, Rahn and Schroeder (l6£) showed that while an exposure to U6 C 

for 10 ndn prevents 99% of the cells of a culture of Bacillus cereus 

from forming colonies, the peroxidase activity of similarly treated 

cells was only reduced by about 1U£ and the catalase activity by 20%. 

They concluded that enzyme coagulation was not the cause of death. 

Oliver (150) found that even after boiling cells of E. coli 

and A. aerogenes, the decarboxylase systems in the cell returned to 

normal activity upon cooling the cultures to room temperature. 

Califano (30) also considered that the lethal effect of high 

temperature on bacteria is not due to protein denaturation. Lawrence 

(110), Lawrence and Halvorson (HI), and Stewart and Halvorson (187) 

showed that the heat-resistant enzymes of spores of aerobic bacteria 
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may play a role in stabilizing spores against physical means of destruc

tion. 

The velocity of many enzyme-controlled reactions has long been 

known to increase with a rise in temperature to a maximum at about 

50 C and to decrease thereafter as the enzyme is progressively denatured 

until at about 80 C most enzymes are irreversibly denatured. Bodanaky 

(21) believed that in some cases heat inactivation is reversible, but 

few investigations into the occurrence of su«h enzymes appear to have 

been madee 

I&izymes have been found that in the impure state can withstand 

temperatures considerably higher than that usually considered to cause 

irreversible denaturatlon of the protein moiety. Van Slyke and Cullen 

(206), Bodansky (21), Northrop (ll*8), and Nashif and Nelson (131*) re

ported examples of stability of enzymes in the temperature range of 

80 to 100 C. 

Miyake and Ito (130) reported a diastase in Aspergillus oryzae 

which, although inactivated in a few seconds at 11*0 F (60 C), required 

130 F (5luU C) for 15 min and 120 F (1*8,9 C) for 60 min for destruc

tion. 

Concerning the cause of death by heat, Hansen and Riemann (75) 

have suggested that heating breaks the disulfide bond and as a conse

quence free sulfhydryl groups are formed, thus Increasing water binding 

capacity. 
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Effect of Heat on Nucleic Acids of the Cell 

From certain points of view the badterial cell may advantage

ously be regarded as the seat of a complex pattern of chemical reac

tions* the rules of combination of which determine many of the 

characteristic properties (86). The enzyme reactions constitute a sort 

of productionline; the functioning of the enzymes must be linked with 

their own synthesis, and the building of proteins and of nucleic acids 

is interrelated in such a way that each appears dependent on the other 

(29), 

Very little work has been done on the thermal inactlvation of 

nucleic acids» Rahn (163) has postulated a number of vital "genes," 

inactlvation of any one of which would lead to the death of the bacter

ial cell. 

Zamenhof et al (21U) reported that deoxyribdnucleic acids in 

buffer resist temperatures up to 80 G for 1 hr, as measured by change 

in viscosity, a rather gross change which would probably have little 

to do with functional activity. Higher temperatures caused consider

able lowering of viscosity.. 

When Zamenhof and Greer (213) found that survivors of extensive 

physical injury were unable to grow on synthetic medium, they suggested 

that damaged DNA was responsible for this lack of growth. 

Califano (30) demonstrated that exposure to heat caused a sep

aration of RNA in soluble form from the bacteria into the suspending 

fluid. The temperature at which the process was initiated was related 

to the temperature of inactlvation and dependent on the species of 

bacteria,, 
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Strange and Shon (192) presented data for suspensions of a. 

aerogenes heated at kl C under a variety of conditions. These data 

strongly suggest a relationship between the rates of death and RNA 

degradationo Their results agreed with previous observation by 

Califano (30)a 

Wood (210) provided an explanation for the lethal effects of 

higher temperature on various microorganisms. He assumed that heat 

exerts detrimental effects on the reproductive system of these organ

isms, but that in yeast at least a portion of the heat damage probably 

is due to the cytoplasmic injury. 

Maimer and Lane (121*) and Doty et al (53) showed that hydrogen 

bonds break at or above the so-called melting temperature, thus result

ing in a partial or complete separation of the strands. This melting • 

out of MA causes the nearly complete destruction of its transforming 

activity. 

By measuring the hydrolysis rate of single-stranded DNA phos

phate diestar bonds at several temperatures, Eigner et al (61) calcu

lated a "half-life" of 3 hr for the DNA at 75 C but they could not 

demonstrate any hydrolysis of double-stranded DNA over a period of 

20 hr at 57 C. 

The heating of whole cells of E. coli gave rise to large 

numbers of mutants among the survivors (213). The underlying mechanism 

was believed to be the splitting off of purines from the bacterial DNA 

(73). 



Van Sluis and Stuy (20$) found that heat at sub-melting levels 

affects rather seriously the secondary structure and causes chemical 

alterations of DNA. 

Effect of Heat on Ctell Walls and Permeability 

The importance of the cell membrane as a regulatory structure 

of the cell has been recognized for a number of years (127)* Based 

upon this background, the membrane is believed to be one major part 

of the cell affected by heat, but its role in cell death has never 

been clearly demonstrated due to a lack of basic research in this area. 

Spaeth (186) indicated the increased permeability of the cell 

vail as one cause of microbial death. This phenomenon permitted a 

leakage of interior components out of the cell, a leakage which is 

aided by heat; as a consequence of this injury, cell death occurs. 

Tilley (198) found bacteria that had been injured by heat were 

much more susceptible to alcohols and phenols than unheated cultures 

of the same organisms. He hypothesized that the heat affected the per

meability of the cell wall, allowing entry of a greater concentration 

of the solution, 

Zoond (216) found that the electrical resistance of suspensions 

of B. cereus in balanced Ringer solution decreased when the suspension 

is killed by heat. The decrease in resistance was due to the diffusion 

of salts frcin the cell, due to an Increase In permeability of the cell 

wall and death of cell. 
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Strange and Shon (192) found that heating a culture of A. aero-

genes caused leakage of a mixture of substances out of bacterial cells 

Into the suspending fluid* 

" Curnutt (39) found that heat injury causes increased flow of 

interior components out of the cell due to a damaged membrane, but 

could not correlate the degree of leakage with the extent of cell 

death. 

Effect of Heat on Growth. Viability, and Physiological Activity _ 

Most scientists accept the idea that heating will slow down the 

metabolic growth processes of a given organism, and some papers have 

been published giving actual reports of experiments concerning this 

phenomenon« 

Pasteur (153) stated that alcoholic ferments (yeasts), heated 

in beer, could endure a temperature of 55 C without losing the power 

of germination, but the action was rendered somewhat more difficult 

and slower. 

Reports on the effects of sub-lethal heat treatment have also 

been made by Allen (6), Hershey (82), Davis (ii3)> Lawton and Nelson 

(112), Heather and Van Der Zant (77# 78, 79)# Crossley and Campling 

(38), Labots (108), and Kaufmann et al (101)• 

Survivors of sub-lethal heat treatment are found by some in

vestigators to have more strict requirements for their vegetative 

growth} they have also been found to be more susceptible to inhibi

tory substances, thus indicating a complex pattern of thermal damage 

perhaps Irreversible in some cells, reversible in others ̂ Curran and 
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and Evans (1*0), Nelson (136, 137, 138), Olson and Scott (151), and 

Schmidt (17$, 176)7° 

Ayers and Johnson in 191$, working on pasteurization, showed 

that plated heat-injured cells had an extended lag phase (1U). Voss 

and Frazier (208) stated that heated cells of Lactobacillus bulgaricus 

gave a shorter lag phase if grown before heating at a temperature close 

to the minimum temperature for growth of that organism. 

Jackson and Woodbine (96) also found that heat-injured cells 

of So aureus show a longer lag phase when incubated in nutrient broth* 

Jackson (95) noted that a subculture made from heated' culture took 

longer to multiply- and reach maximum numbers in nutrient broth at 37 C 

than was the case with an untreated culture. 

Chambers et al (33) reported that during 21*. hr incubation of 

heated E. coll in lactose broth a long lag phase was apparent before 

the initiation of growth and gas production. This one experiment dis

counted the possibility that pre-incubation in a broth solution would 

aid in growth. 

Kaufman (100), in his studies on the pasteurization of milk at 

ultra-high temperatures, observed that the surviving bacteria (less 

than 100/ml) exhibited a prolonged lag phase during subsequent incuba

tion of the heat-treated milk sample. 

The phenomenon of extended lag phase also has been shown with 

psychrophilic bacteria,, Heather and Van Der Zant (78) have shown that 

heated psychrophilic bacteria did not grow as well during the early 

phase of incubation as did the untreated ones, and their lag phase was 

greater at 5, 32, and 35 C than at 25 C. Lawton and Nelson (112) found 
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that psychrophilic bacteria surviving heat had an increased lag phase 

when held at 5 or 10 C, as compared to unheated cells. 

Heat has also been observed by Tobias et al (199) to affect 

the rapidity of bacterial recovery. These workers reported slow bacter

ial development with heat-resistant micrococcus MS 102, even when the 

initial level of survivors was greater than lOO/ml0 

Kaufmann et al (101) found that heated cells of a heat-resistant 

micrococcus strain MS 102 exhibit a longer lag phase of development 

than do untreated cells when the initial cell levels are equal. 

Heden and Wyckoff (80) presented data showing by electron mi

crographs that the protoplasm of young colon bacilli becomes coarsely 

granular when treated in water at 55 C for 10 min0 

— Moats (131) reported that bacteria treated in milk lose their 

stainabillty rapidly; his results correlate with the data presented 

by Heden and Wyckoff. Various physiological functions such as cell 

growth, cell-wall synthesis, protein synthesis, or divalent cation-

dependent enzyme systems may be affected by heat treatment; this sug

gests a process of cell injury in the over-all process of thermally 

Induced death. However, Stiles and Witter (188) have recently reported 

that none of these factors is involved in the recovery phenomenon of 

heat-injured salt-sensitive cells of S. aureus MF 31. 



EXPERIMENTAL PRXEDURE 

Methods 

The bacterium used throughout this study was a mucoid strain 

Isolated from ropy milk and was identified as Aerobacter cloacae (20)# 

To maintain a purified culture, agar slants of medium were inoculated 

with a purified culture and incubated at 32 C until the cells reached 

their maximum growth. The culture was then kept either refrigerated 

or frozen. Whenever there was need, a transfer of the culture to a 

fresh slant was made three days prior to the experiment. 

The culture ordinarily was carried in litmus milk because 

carrying it in the minimal citrate medium of Davis and Mingioli (U2), 
v 

which has the following formula: 7g KgHPÔ , 3g KĤ PÔ , 0»5g sodium 

citrate, 0olg MgSÔ  • 7Hg0, lg (NĤ )gSÔ , and 2o0g dextrose per liter 

of HgO, was selective for a non-mucoid variant. 

The enumeration medium was designed to satisfy minimum require

ments. Therefore, medium 0 was used in all experiments as the basal 

minimal recovery medium, unless otherwise noted. This medium contains 

lg N̂ HgPÔ , lg KgHPÔ , 5g dextrose and I5g agar per liter of HgO. The 

pH was always adjusted to 6.8 with the aid of a glass electrode pH 

meter before autoclaving at 15 lb for 20 min. Purified agar (Bacto-

0560-01) was always used in medium 0 and also in any other media that 

were designated purified in this study. The distilled water used for 

the media and other purposes was treated by passage through a 

22 
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demineralizing column. In certain experiments, medium 0 broth was used 

that was enriched with tryptone at the rate of lg/l. 

A transfer of the culture was made for at least three times be

fore its use in an experiment. Using litmus milk cultures, the trans

fer was made every 2U hr, while it was made every U8 hr in the case of 

broth medium. The 21t-hr litmus milk culture always was diluted by 

adding 1 ml to 60 ml of sterile reconstituted non-fat milk solids 

110 g/l) before heating. The 1*8-hr culture in broth medium is de

scribed later in this section. 

In the heating trials, samples were placed in sterile screw-

cap test tubes submerged in ice water. Heat treatment was carried out 

by immersing the tube which contained the suspension ($-10 ml) into a 

water bath controlled to within 0ol Co The heating temperature was 

56 C (unless otherwise noted) for the designated period. The suspen

sion was agitated continuously during heating 0 The heating period was 

based on the desired level of survival for the particular study under

way, and it was measured from the moment of equilibration of the tem

perature. After heating, the test tubes were immediately placed in 

crushed ice and allowed to equilibrate for several minutes. Another 

test tube containing an equal amount of suspension served as an unheated 

control. Cold dilution blanks containing 99 ml of buffered distilled 

water (pH 6.8) were used. All plates were made from the same series of 

dilutions. 

Survivals of heat treatment were determined by essentially the 

plating techniques outlined in Standard Methods for the Analysis of 

Dairy Products (11). A measured 10 ml of agar and 1 ml of inoculum or 
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inoculum plus sterile water was added to each plate. In some cases a 

duplicate of each dilution was necessary. Duplicates of the control 

plates also were made in each experiment. 

Solutions containing the desired amounts of additions were made 

aaeptically and added to the plates before the cooled agar was poured 

into the plates. The inorganic solutions, including cobalt chloride 

solution, all were autoclaved at 15 lb for 20 min. The organic solu

tions were all sterilized by filtration through Millipore Type HA 

filters, on the same day of experiment. Reagent.grade chemicals were 

used as far as possible, and quantitative determination for Cu++ and 

Co44 in the reagents used in this study were not made0 

Incubation of culture and plates was always at 32 C for U8 * 

3 hr in a carefully controlled water-jacketed incubator (11) „ Count

ing was done with the aid of a Quebec Colony Counter and a hand tally. 

In all the enzyme work conducted with the cell-free extract 

(crude extract), the following procedure was used, unless otherwise 

stated* The bacterial cells were grown for 1*8 hr in a 125 ml Erlen-

myer flask containing 25-U5 ml of the appropriate broth medium. All 

of the various broth culture media used for the growth of the test or

ganism were autoclaved for 20 min at 15 lb. After the cells reached 

the plateau phase of growth, the mature test organisms were removed 

from the liquid culture media by centrifugation at I4OOO RPM for 20 

min.. These isolated organisms then were washed twice with buffered 

distilled water (pH 6.8) and resuspended in either 20 or 35 ml of the 

same buffered distilled water (11) or 0,9% sterile saline solution. 

Heat Injury in this case was then done on suspensions in buffered 
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water or in saline. The number of viable cells in both untreated and 

treated suspensions was determined using medium 0 as a recovery medium* 

In some cases Plate Count Agar which contained 5g Bacto Tryptone, 2.5g 

Bacto Yeast Extract* l.Og dextrose, and l5g agar-agar per liter Ĥ O 

(pH 7), and Nutrient Agar which contained 3g Bacto-beef extract, 5g 

Bacto-peptone and I5g Bacto-agar per liter of HgO (pH 6.8) were used 

as recovery mediae 

Cell-free extracts were prepared by sonicating either heated 

or unheated cell allquots In the cold for 7 min (unless otherwise 

noted), using a Mullard Ultra-Sonic Oscillator of 20 KC frequency. 

After sonicating, the solution was centrlfuged and the supernatant was 

removed by a capillary pipette and transferred Jio aterile test tubes 

for use as such. 

The procedure for the determination of the peptidase activity 

followed that of Van Der Zant and Nelson (20U). Di- and tripeptidase 

activity on glycylglycine, glycine L-tyrosine, glycyl L-leucine, DL-

alanylglyclne, glycylglycylglycine and DL-leuoylglycylglyeine was de

termined by titration of the freed carboxyl groups with ethanolic K0Ho 

The assay procedure for aldolase determination was according 

to Dounce and Beyer (5U)j -the optical density was recorded at 7U0 mp. 

For the determination of pyrophosphatase, the bacteria were 

grown for 16 hr at 37 C in a broth medium containing 1>? tryptone, 1% 

yeast extract, 0,1% KgHPÔ , and 0.15? glucose per liter of Ĥ O (lit9) • 

Both whole cell suspension and ccll-free extract were prepared and 

used in this experiment. 
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The reaction mixture consisted of 1 ml of whole oells or cell-

_2 
free extract, 1 ml of 3.3 x 10 M acetate buffer at pH 5*U, 1 ml of 

1.6? x 10~3w sodium pyrophosphate at pH $,k and 0.2 ml of 10"̂ M 

C0CI2 • 6HgO which gave a final Co++ concentration of 6*U x 10~̂ M. 

The procedure followed that of Oginsky and Rambaugh (llj.9). Cobalt, 

when used, was first Incubated for 15 min at 37 C with the cell suspen

sion and the buffer} then the substrate (sodium Pyrophosphate) was 

added. The supematants were assayed for inorganic phosphate accord

ing to the method of Fiske and Subarow (65)• The optical density was 

recorded at 700 mp, using a Bausch and Lomb Spectronic 20 Spectro

photometer 0 The readings included a standard phosphate solution and 

a blank for the zero optical density adjustment0 Calculations were 

made on the basis of 100 ml of cell suspension or cell-free extract* 

- BlHra*0.0b,i«, 

In the determination of the enzyme glycerol dehydrogenase, 

A, cloacae was grown in a broth medium of Dagley et al (lil) which 

consisted of 0.51»* KHgPÔ , 0,12* (NHĵ SÔ , and O.Olj* MgSÔ * 7HgO • 

diluted to volume with tap water* The carbon source was 1»S% glycerol 

with final pH of 7*1* The glycerol was autoclaved in the medium* The 

procedure followed that of Burton (25), except for the addition of Co++ 

and that 0*5 ml of enzyme and 0*3 ml of nicotinamide adenine dinucleo-

tide (NAD) were used in the reaction mixture* A Beckman DU Spectro

photometer was used for the determination of the optical density at 

3U0 mp. The cuvettes for optical density determination contained 
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1 ml of 0.1M sodium pyrophosphate, 0.5 ml of M glycerol, 0.5 ml of cell 

suspension or cell-free extract, 0.7 ml of distilled water, and 0.1 ml 

of 1 x 10~̂ M CoClg • 6Hg0 when this ion was being studied. After an 

initial determination of the optical density of this reaction mixture, 

0.3 ml of 5 x 10~̂ M NAD was added; the total volume of all reaction 

mixtures was made up to 3 ml by adding distilled water. The increase 

in optical density at 31*0 mp due to the formation of NADH is utilized 

to determine the rate of the reaction under standardised conditions 

and was recorded at various Intervals for a period of time. 

HgC-OH HgC-OH 

H C-OH + NAD+—S* C - 0 + NADH + H+ 

HgC-OH HgC-OH 

In the experiments concerned with pyruvic acid and «*-ketoglu-

taric aold decarboxylases, the bacterial cells were grown for U8 hr at 

37 C in U5 ml of Plate Count Broth (5g Tryptone, 2.5g yeaat extract, 

and lg dextrost per liter of HgO. After they were centrifuged down, 

the cells were suspended in 20 ml of a 0,9% sterile saline solution0 

A portion of the bacterial cell suspension was heated at $6 C for 10 

min. Warburg techniques were used. The following was the Warburg 

setup for both unheated and heated samples. In the main compartment 

of the flasks were placed 1 ml of cell suspension, 0o$ ml of 0.1M 

phosphate buffer (pH 7), and 0*2$ ml of 1 x lO'̂ M CoClg • 6HgO; in the 

side arm of the flask was placed a total of 0.25 ml of a solution con

taining $0 pM of either sodium pyruvate oroG-ketogluterate (pH 7.5), 
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5 pM lipoic eddy 0.3 pM MgSÔ  • THgO, 0.2 pM thiamine pyrophosphate 

(cocarboxylase), 0.02 pM of CoA, and 5 pM of NAD per liter of Ĥ O; in 

the center well was placed 0*2 ml of 20% KOH0 The total volume of the 

reaction mixture was 3.2 ml) the temperature of the bath was set at 

1(0 C. 

The flasks were previously- calibrated on the basis of 3.2 ml 

volume and equilibrated at 1*0 C bath temperature. A control flask 

containing the same reaction mixture without the substrate was used 

with each experiment. After the introduction of the filter paper 

8trips Into the center wells, the flasks were attached to the manom

eters and inserted into the water bath within UO sec, the manometer 

taps being closed after a further 60 sec. The cells were allowed to 

equilibrate for 1$ min before the reading began. A thermobarometer 

reading was taken at each time, including zero time. Readings of the 

manometers were recorded 5 min from zero time, and at J> min intervals 

for 90 to 150 min. All the results obtained were reported as an aver

age of three runs for each experiment. 

Many variables are involved during the heat treatment of or

ganism cultures. Any change in any of these variables will change 

the behavior of the specific organism. The present results are for a 

fixed set of conditions. 



RESULTS 

Cadmium, calcium, lead, mercury, nickel, potassium, and sodium 

ions were studied initially. None of these ions proved to have a 

demonstrably greater effect on the heat-treated organisms than on the 

unheated controls* However, copper ion added to minimum enumeration 

media had markedly greater Inhibitory effects on heat-injured Aero-

bacter cloacae "than they had on unheated cells, and cobalt ion in

creased apparent survival of the heat-injured cells. 

Copper ion, a known metabolic poison, in concentrations having 

no demonstrable effect on enumeration of unheated control organisms, 

caused a reduction in the apparent survival of heat-injured bacteria 

(Table 1)* Heating at 56 C for 10 min killed about 9I>% of the cells 

based upon the counts obtained in the absence of Cu++„ The addition 

of Cu++ as the sulfate solution at a 9 x 10~̂ M concentration to the 

recovery medium (regular medium 0),caused a marked reduction in the 

-6 
counts of the heat-treated microorganisms, 7*5 * 10 M reduced ap

parent survival to less than one-third that estimated without any addi

tion of Cu++. Sulfate ion tested as sodium sulfate at the same time 

had no effect on heated A* cloacae. 

Other experiments on medium 0 showed that the unheated organ

isms were not affected until the Cu++ concentration reached 8 x 10"̂ M. 

Table 2 shows that heating at 56 C for 10 min killed over 92% 

of.the cells* Addition of 1,2 x 10"̂ M CuSÔ o JĤ O to the recovery 

29 
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+• 
Table 1. Effect of various concentrations of Cu on apparent survival 

of A, cloacae, using medium 0. 

_ ++ 
Cu concn Count/ml 

(M) Unheated Heated 

7.5 x 10" 

9.0 x 10" 

11.0 x 10' 
-6 

16.0 x 10' 
-6 

15,000,000 

10,000,000 

10,000,000 

12,000,000 

9,1400,000 

600,000 

190,000 

11,000 

7,000 

700 

The cells were grown in litmus mllk at 32 C and heated in 
akimmilk at 56 C for 10 min. Medium 0 was used as a recover/ medium* 
Copper sulfate solution was autoelaved and added separately to the 
plating medium to give the final concentrations noted above* 
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++ 
Table 2, Effect of various concentrations of Cu on apparent survival, 

using medium 0pD. 

Cu concn 

<m) 

Count/ml 

Unheated Heated 

3.0 x 10 

6,0 x 10 

r6 

r6 

r5 1.2 X 10 

2.U x 10~5 

U.8 x 10-5 

9,800,000 

11,000,000 

9,300,000 

11,000,000 

1,900,000 

2,200,000 

710,000 

100,000 

51,000 

39,000 

5,200 

200 

The cells vere grown in citrate broth at 32 C and heat 
treated in the same broth at 55 C for 20 min. Medium Op̂  (purified 
agar) demlneralized water) was used as a recovery medium* 
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medium (medium OpD), made from purified ingredients, reduced the appar

ent survival of the heat-treated bacteria to less than 10£ of the count 

obtained In the absence of Cu++. Untreated organisms gave the same 

counts whether or not this concentration of Cu++ was added to the enum

eration medium. A 3 x 10~̂ M concentration Cu++ markedly reduced the 

count of the heat-treated organisms, while a contration of 2,K x 10"̂ M 

was required to reduce the counts of the unheated bacteria0 The possi

ble reason why lower concentrations of Cu++ were required to reduce the 

counts of heat-treated cells when medium Op̂  (Table 2) was used, rather 

than medium 0 (Table 1), may be the presence of impurities in the regu

lar medium 0. These impurities may chelate part of the ion used and 

neutralize its effect, making higher concentrations of the added ion 

necessary to cause inhibition. 

Table 3 shows typical results of the addition of CoGl̂  to the 

agar medium used to plate uninjured cells of A0 cloacae and cells which 

had been injured by subjecting them to sub-lethal heat treatment. Heat

ing at $6 C for 10 n&n killed over 99% of the cells* The addition of 

C0&2 to the recovery medium markedly increased the apparent cell sur

vival. Addition of k x 10~̂ M Co++ increased apparent survival by five 

to ten times, and other studies showed that 1 x 10 M Co doubled the 

oounts. The count of unheated organisms grown on medium 0 made from 

purified agar and demineralized water was not affected until the con

centration of Co++ reached 1.2 x 10~̂ M, At that level, Co++ was dis

tinctly inhibitory to both heated and unheated organisms. Chloride ion 

tested as sodium chloride in another experiment did not show any effect 

on heat-injured organisms. 
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Table 3» Effect of Co** added to the agar used for enumeration. 

•n. Count/ml agBaMBaaâ ' 
Co concn Medium 0 (regular) Medium Opn (purified ay stem T 

Unheated Heated Unheated Heated 

0 7,500,000 21*0,000 7,700,000 360,000 

1».0 x 10"7 7,000,000 1,700,000 10,000,000 2,900,000 

1.2 x l(f6 11,000,000 1,900,000 9,1*00,000 3,800,000 

UoO x 10~6 6,500,000 1,700,000 8,700,000 3,700,000 

1.0 x 10"5 7,000,000 2,300,000 6,800,000 1,900,000 

1.2 x 10"5 6,600,000 1,800,000 1,500,000 560,000 

The cells were grown in litmus milk culture at 32 C and heated 
in skimmilk at 56 C for 10 min. Media 0 and Opp were used for recov
ery. 
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When regular agar was used, a higher concentration of Co** was 

needed In order to get the maximum count of survivor8. Presence of 

impurities in this agar may have obscured the effect of Co++. These 

impurities may also have acted as chelating agents to the divalent ion 

and more or less neutralized its effect. Thus, more ion was required 

to bring about maximum stimulation. Use of purified agar in the pres

ent study minimized such problems and the stimulatory effect of Co** 

was more obvious. On the other hand, when the purified system was 

used, the maximum count was obtained at a lower concentration, and the 

level of reoovery was doubled on medium Op̂  as compared to medium 0 

regular. 

Other studies showed that concentrations of approximately 

U x 10 M were needed to give definite inhibition of both heated and 

unheated organisms grown on medium 0o 

Attempts to use microporous membranes supported on absorbent 

discs saturated with defined culture media in an attempt to get away 

from impurities in agar have given very poor recovery of sub-lethally 

heated eoliform bacteria, as well as unheated bacteria (Table U)o 

Even the use of a relatively complex culture medium on the absorbent 

pad yielded much poorer recovery of heated organisms than did usual 

plating procedures. 

The Influence of the citrate in the citrate medium was tested 

by its deletion from the medium. The counts of bacteria, whether un

heated or heated, were higher at the various levels of Co++ concentra

tions used, when citrate ion was present in the medium (Table 5). The 

concentration of Co++ needed for maximum counts was considerably higher 
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Table U« The use of ndcroporoua membrane techniques for recover/ of 
heat-injured A. cloacae. 

Count/ml 

Citrate medium and broth® Nutrient agar and broth13 

Unheated Heated Unheated Heated 

Regular 7,800,000 950,000 13,000,000 5,300,000 
plating 
techniques 

Mlcroporous 5,000,000 1,500 3,800,000 1u0,000 
membrane 
techniques 

The cells were grown in citrate broth for 1*8 hr and heated 
In fresh citrate broth at 5U 0 for 20 min. The pads were saturated 
with 2 ml of citrate broth* 

b The cells were grown in citrate broth for 1*8 hr and heated 
in fresh citrate broth at 5U C for 10 ndnj 2 ml of nutrient broth was 
used to saturate the pads. 
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Table 5» Effects of Co++ in recovery media with and without citrate 
on the apparent survival. 

Count/ml 

_ •• 
Co concn 
(M) 

With citrate Without citrate _ •• 
Co concn 
(M) Unheated Heated Unheated Heated 

0 32,000,000 300,000 25,000,000 210,000 

U.0 x 10"6 32,000,000 1,800,000 22,000,000 1,800,000 

1.8 x 10~5 31,000,000 2,500,000 2,500,000 180,000 

3.7 x 10"5 28,000,000 2,800,000 a 9,900 

7.U x 10"5 28,000,000 h,500,000 a b 

1.5 x 10"1* 17,000,000 1,500,000 

The cells were grown in litmus milk and heated in skimmilk at 
56 C for 12 min. Citrate and citrate-free recovery media were used, 
a • no colonies on ltl00,000 dilution* 
b • no colonies on 1*100 dilutions 
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in the presence of citrate than in its absence„ This probably- is due 

to a chelating effect of the citrate ion0 

Among the active agents concerned with the death processes, the 

concentration of hydrogen ions may be of great significance (35). Nel

son in 191*2 (135) found that heat-injured cells were much more sensi

tive to the pH of the recovery medium than control cells* According to 

the previous observation, the effect of pH of the recovery medium was 

taken into consideration in the present study with A, cloacae, in order 

to find the pH range at which maximum count of the heat-treated bac

teria would be obtained. 

The representative results of two experiments, as shown in 

Tables 6 and 7, indicate that the heated controls (without Co**) seemed 

to grow well on medium 0 at different pH levels. Addition of U x lO"6̂  

Co** to medium 0 Increased the apparent survival to the greatest degree 

at pH's of 6,8 and 8, However, the increase in survival was consider

able at lower pH levels. The citrate medium failed to support the 

growth of these organisms at pH 8,9 unless Co** was added. Possibly 

the optimum pH may vary with the chelating agents (179)> and the cells 

might not grow on a medium with a high pH such as 8.9. Presence of 

8xlO"̂ I Co** in the medium improved the growth of A. cloacae at pH 

8«9« This effeot of Co** might possibly be due in part to chelation of 

Co** by citrate, and the formation of this oomplex compound might cause 

stimulation of the growth of cells (109), or Co** might form complex 

compounds with some of the compounds released by heat and remove their 

inhibitory action. A Co** concentration of 8 x 10"̂  in citrate medium 



Table 6. Effect of pH of recovery medium on the apparent survival, 
using medium 0« 

PH 

_ •+ 
Co concn 
(M) 

Count/nil 

Unheated Heated 

£•!» 0 A 
li x 10~6 

2̂ ,000,000 
20,000,000 

<1,000 
11,000 

6.0 0 -A a X IO"6 
20,000,000 
18,000,000 

11,000 
39,000 

6.6 0 -A 
h x 10"6 

18,000,000 
16,000,000 

6,700 
6Uo,ooo 

8.0 0 F\ 
U x 10"6 

21*,000,000 
18,000,000 

11,000 
1,000,000 

The cells were grown in litmus milk and recovered in medium 
0. The pH was adjusted after autoclaving the media* Heating was 
at 56 C for 10 ndn« 



Table 7. Effect of pH of recovery medium on the apparent survival, 
using citrate medium. 

pH 

_ •+ 
Co concn 
(M) 

Counted/ml 

Unheated Heated 

5.U 0 

8 x 10 
12,000,000 
U,000,000 

6,900 
b,300 

6.0 0 -ft 
8 x 10 • 

12,000,000 
Hi,000,000 

8,800 
310,000 

6.8 0 ft 
8 x 10"6 

9,500,000 23,000 
111,000,000 1,900,000 

7.7 0 ft 
8 x 10 6 

16,000,000 
18,000,000 

31,000 
680,000 

8.9 

*
 

O
 
K 
CO -<100 

5,800,000 
<100 
170 

The cells were grown in litmus ndlk and recovered in citrate 
medium* " Heating was at 56 C for 10 min. The pH was adjusted after 
autoelaving. 
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gave maximum stimulation at pH 6.8. This pH level was chosen for 

further study of A. cloacae. 

The results in Table 8 are consistent with results in Tables 6 

and 7. A Co++ concentration of 1 x lO'̂ M was required for the maximum 

stimulating effect of the microorganisms enumerated on citrate medium, 

whereas Co4+ at 1 x 10~̂ M was required for the maximum stimulation of 

organisms enumerated on medium 0pD. Here, again, citrate medium re

quired a higher concentration of Co++ for maximum stimulation of the 

organisms than was required with the Op̂  medium. 

According to the present results, it was felt desirable to avoid 

the use of citrate medium in carrying out further study on this organ

ism, because citrate ion is known to form chelate compounds with ca-

tions such as Co (66, 155). Citrate broth medium, described 

previously for propagation of cells, was not used because it caused 

some changes in the characteristic properties of the cells . 

The apparent survival of heat-treated bacteria could be varied 

by use of different plating media (27, 77, 79). A simple medium such 

as medium 0 was proved, in the present study, to be the best in show

ing Co++ stimulatory effect. 

More enriched media, such as Plate Count or Nutrient were 

tried, but Co++ was not stimulatory when these were used. Possibly 

this is because such complex media alone increase apparent survival of 

heated a. cloacae and obscure the stimulatory effect of Co++ to a de

gree that there was no demonstrable stimulatory effect of Co++ in the 

concentration range used in the previous studies with medium 0. Even 

concentrations of 1.2 to U x 1Q~% had no stimulatory or inhibitory 
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Table 8. The effect of various 
using citrate and Op̂  

44 
concentration of Co on 
media. 

enumeration, 

Count/ml 

„ ++ Citrate medium to ooncn Opjj medium 

- (M) Unheated Heated Unheated Heated 

0 22,000,000 17,000 22,000,000 3,000 

1 x 10"7 20,000,000 21,000 18,000,000 31,000 

1 x 10"6 20,000,000 110,000 18,000,000 220,000 

1 x 10"* 21,000,000 330,000 22,000,000 220,000 

1 x 10"h 20,000,000 270,000 <10,000 <100 

1 x 10'3 <10,000 <100 <10,000 <100 

The cells were grown in litmus milk. The culture was heated 
in aklnndlk at 56 C for 12 min. 
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effects on the bacteria in these more complex media,, The time and 

temperature used for incubating plates for enumeration of heat-treated 

bacteria in tests of survival have been shown to be important factors 

(78, 93, 96)o A favorable incubation temperature of 32 C was chosen 

in the present study on the basis that best results were obtained when 

the organisms were grown at that temperature0 The count of the heated 

organisms was considerably lower when the plates were incubated at 

higher temperatures, such as 38 C and I4I C (Table 9). 

Other coliform bacteria were tried to test the effect of Co++ 

on their growth„ These organisms did not show any response to the ef-

feet of Co (Table 10)• This effect of Co was found to be unique 

in its action on a. cloacae mlo 

In studying the effect of vitamin on growth, some investiga

tors (70, 103, 11*0, 170) have shown that the presence of Co++ in the 

medium is required and markedly influences the formation of vitamin 

and vitamin B12 -like factors. On the basis of these findings, and also 

because of the cobalt atom inside the molecule, it was felt desirable 

to test the effect of vitamin b̂  on a. cloacae. 

In one of the studies, vitamin was applied in the form1 of 

the b -̂gelatln. The results indicated that vitamin had no effect 
-t 

on both heat-injured and uninjured bacterial cells when used in that 

form. ' 

In another experiment the vitamin was used in the pure crystal

line form* The results of a characteristic experiment aire shown in 

Table 110 The vitamin in its crystalline form proved to have signifi

cant stimulatory effect which was of lower magnitude than that of Co** 



Table 9. Influence of temperature of Incubation of plates on counts* 

Count/ml 

32 C 38 G la c 

Unheated 15,000,000 1U,000,000 13,000,000 

Heated 680,000 250,000 lit,000 

The cells were grown in litmus milk at 32 C and heated in 
skimmilk at £6 C for 12 min, Medium 0pD was used as a recovery 
medium* 



Table 10. Effect of U * 10~̂ M Go++ on A. cloacae Ml, A. aerogenes AUA, and E. coll EUA. 

Co 
concn 
(M) 

Count/ml 

>q. aua EQA 

Unheated Heated Unheated Heated Unheated Heated 

0 • 13,000,000 1,100 26,000,000 3,100 25,000,000 21*,000 

1* x 10"6 12,000,000 11,000 20,000,000 2,1|00 9,900,000 23,000 

The cells were grown in litmus ndlk at 32 C and heated in skinmilk at 56 C for 12 odn* 
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Table 11* Effect of crystalline vitamin on apparent survival. 

Vitamin B.. Count/ml 
concn • " 
(M) Unheated Heated 

5,200 

114,000 

12,000 

2U,000 

wl, 000 

51,000 

The cells were grown in litmus milk at 32 C and heated in 
skiirmdlk at 56 C for 10 min. Medium was used as a recovery 
medium. Vitamin B-p solution was filter-sterilized and added to 
the plates at pou ring. 

0 

3,0 x 10"6 

lub x 10-6 

J.3 x 10"6 

1.2 x 10~* 

*.5 x 10"5 

6,900,00 

5,600,000 

5,Uoo,ooo 

6,700,000 

6,600,000 

7,100,000 
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on the heat-treated organisms in the range of concentration used. The 

same concentration of vitamin did not seem to affect the unheated 

control organisms. 

In another study, these same concentrations of vitamin vera 

compared with the same concentrations of Co&g (ionic form). The ex

periments were conducted at the same time and under the same condi

tions. The results in Table 12 indicate that an appreciably greater 

concentration of cobalt in vitamin than in CoClg was heeded for 

equivalent stimulation. Neither vitamin nor Co++ had any effect on 

the unheated organisms„ 

Some investigators (9» 137) feel that the presence of thiogly-

colate in the enumeration media increased apparent survival of heat-

treated bacteria, by establishing a more reduced condition. Thus, 

addition of this reducing compound to' the medium in the present study 

on heat-treated A. cloacae was of interest to see what effect the thio-

glycolate has, whether used alone or in combination with Co++, on the 

apparent survival of the bacteria,, 

Various concentrations of thioglycolate were added to the enum

eration medium alone, and also In combination with a constant level of 

C0&2 (U * 10"̂ ). Representative results of duplicate experiments in 

Table 13 indicate that thioglycolate alone had a definite stimulating 

effect on the heat-injured cells. The concentration of 2,2 x lo'̂ M 

of thioglycolate was the lowest concentration which gave approximately 

maximum stimulation when used in combination with Co**. This concen

tration of thioglycolate was used in combination with various concen

trations of Co++ to find at what level of Co4+ the maximum stimulating 
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Table 12. Comparison of equivalent concentrations of cobalt in vitamin 
«nd in free ionic form on apparent survival. 

Count/ml 

C0&2 and 
vitamin BL, 
concn (M) 

Vitamin Cobalt chloride C0&2 and 
vitamin BL, 
concn (M) Unheatsd Heated Unheated Heated 

0 8,100,000 U5,000 8,100,000 1*5,000 

3.0 x 10"6 9,800,000 31*0,000 8,200,000 3,900,000 

koh x 10"6 9,100,000 1*30,000 9,300,000 U,000,000 

7.3 x 10"6 8,600,000 1,800,000 9,300,000 U,100,000 

1.2 x 10"5 9,900,000 3,1*00,000 5,600,000 * 3,000,000 

1*.$ x 10"5 8,600,000 2,200,000 1,500,000 1,000,000 

The cells were grown in litmus milk and heated in akimmilk at 
56 C for 10 min. Medium Opj) was used as a recovery medium* The cobalt 
ohloride solution was.autod.aved; the vitamin B-9 solution was filter-
sterilised. 
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Table 13. The effect of thioglyeolate added to the agar alone and in 
combination with U x 10-Co++ on apparent survival* 

Count/ml 

Thioglyeolate 
concn Thioglyeolate alone Thioglyeolate + lixlO"̂ MCo •• 

(M) 
Unheated Heated Unheated Heated 

0 9,200,000 17,000 8,300,000 7U0,000 

2.2 x 10"6 9,000,000 17,000 7,200,000 2,200,000 

5.U x 10"6 8,100,000 20,000 8,700,000 2,000,000 

1.0 x 10"5 9,800,000 25,000 8,200,000 2,900,000 

2.2 x 10'5 10,000,000 38,000 8,900,000 14,100,000 

5.U x 10"5 8,100,000 190,000 7,100,000 U,300,000 

1.0 x 10"h 6,800,000 200,000 7,500,000 li,100,000 

2.2 x 10"U 7,300,000 1U0,000 7,500,000 5,100,000 

5.1* x lo"* 8,800,000 280,000 11,000,000 k,600,000 

The cells were grown 
56 C for 10 min. Medium Opj) 
colate was filter-sterilized 

in litmus ndlk and heated in skimmilk at 
was used as a recovery- medium* Thiogly-
after adjustment to pH 6*8* 
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effect occurs* The results in Table lU indicate that 1 x 10"̂ M Co++ 

gave almost maximum stimulatory effect on the heat-damaged cells, but 

the combination with thioglycolate gave much higher recovery rate than 

Co** alone. - -

The thioglycolate effect was tested in contoination with vitamin 

B̂ 2 to see if an additive stimulation would occur* Table 1$ shows the 

results of a typical experiment in which thioglycolate increased the 

stimulatory effect of vitamin B̂ . The results indicate the effect of 

the combination of both vitamin and thioglycolate as shown at the 

right hand side of Table 15. Thioglycolate approximately doubled the 

apparent survival of the sub-lethally heat-treated cells at lower con

centrations of vitamin B12® but had relatively less effect at higher 

concentrations* The effect was considerably less than that observed 

in Table 1U, where CoClg was the cobalt source. 

Since both vitamin and thioglycolate gave a definite in

crease in apparent survival of heat-treated cells of A. cloacae, it was 

felt desirable to test on these bacteria the effect of various other 

metabolites and antimetabolites alone or in combination with Co**, in 

order to find out whether they increase or decrease the stimulatory ef

fect of Co++. Of the compounds tried, only oysteine-HCl, reduced gluta

thione (GSH), glycylglycine, glyoylglycylglycine, bromide, arsenite, 

cyanide, and antibiotics, including colimycin, chlortetracycline, and 

dihydrostreptomyoin, showed some effect on the heat-treated bacteria* 

The following compounds, potassium pyruvate, ascorbic acid, 

-̂methionine, reduced nicotinamide adenine dinucleotide (NADH), sodium 

aside, sodium arsenate, sodiun chloride, sodium sulfate, sodium 
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Table 1U* The effect of Co** added to the agar alone and in combina
tion with thioglycolate on apparent survival* 

Count/ml 

_ ++ 
Co concn 
(M) 

Co++ alone Co++ + 2.2x10"̂  thioglycolate 
_ ++ 
Co concn 
(M) 

Unheated Heated Unheated Heated 

0 5,600,000 19,000 6,000,000 1*9,000 

1 x 10"7 9,Uoo,ooo 89,000 6,300,000 970,000 

2 x 10"7 5,1*00,000 210,000 8,500,000 2,300,000 

5 x 10"7 5,600,000 1,300,000 6,200,000 3,500,000 

1 x ID"6 5,100,000 1,800,000 7,000,000 U,1*00,000 

2 x 10"6 6,1*00,000 1,500,000 7,800,000 li,1*00,000 

1* x l(f6 6,700,000 1,500,000 6,500,000 U,700,000 

The cells vere grown in litmus milk and heated in skiiranilk at 
56 C for 10 ndn. Medium Opu was used as a recovery- medium. Thiogly
colate was filter-sterilized after adjustment to pH 6.8. 
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Table 15* Effect of both vitamin B_ and thioglycolate on apparent 
survival. 

Count/ml 

Vitamin 
B__ concn 
2̂(M) 

Vitamin alone Vitamin Bjjj • 2.2xlO"̂ M 
thioglycolate Vitamin 

B__ concn 
2̂(M) 

Unheated Heated Unheated Heated 

0 

3.0 x 10"6 

UEH X 10"6 

7.3 x 10"6 

1.2 x 10"5 

lu5 x 10~5 

11,000,000 

10,000,000 

8,100,000 

9,900,000 

9,500,000 

8,900,000 

78,000 

190,000 

160,000 

230,000 

2,000,000 

2,lt00,000 

9,600,000 

9,300,000 

8,700,000 

10,000,000 

9,900,000 

8,800,000 

130,000 

380,000 

360,000 

1,900,000 

2,600,000 

3,000,000 

The cells were grown in litmus milk and heated in sklmmilk at 
56 C for 10 min<> Medium Op̂  was used for recovery of the organisms. 



fluoride, malonic acid, iodsacetate, 2,ij-dinitrophenol, 6-mercaptosuc-

cinate, monochloroacetate, and ethylinediaminetetraacetate (EDTA), were 

negative. 

Cysteine-HCl added to the enumeration medium had a stimulatory 

effect on the heat-treated organisms when added alone, but when this 

compound was added in addition to b x 10~̂ M of Co++, there was a marked 

additive stimulatory effect on the' heat-treated organisms, as shown in 

Table 16. Above 3.2 x lcf'fa, cysteine-HCl reduced apparent survival 

but had no effect on the unheated cells. 

In another experiment the concentration of Co++ was varied in 

combination with 3.2 x 10"̂ M cysteine-HCl. The results in Table 17 in

dicated that Co++ up to li x 10~̂ M gave a greater stimulatory effect 

with 3«2 x 10~̂ M of cysteine-HCl. 

When GSH was used, it was found, as indicated in Table 18, that 

increasing levels of QSH increased the apparent survival of heat-

treated bacteria when added alone to the enumeration medium0 All tested 

concentrations of QSH in combination with U x 10~̂ M Co++ increased ap

parent survival of the bacteria. The highest level of GSH used failed 

to cause inhibition. 

In another experiment, various concentrations of Co++ were 

added to find what level of Co++ gives maximum stimulation in the 

presence of 1»6 x 10"̂ M of GSH, this level of QSH having been chosen 

because it gave the first large increase in count of heat-treated bac-

teria. 
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Table 16. Effect of cysteine-HCl added alone or combined with 
U x 10"Co++ to the agar used for enumeration. 

Cysteine-
HCl concn 

(H) 

Count/nil 

Cysteine-HCl alone. Cysteine-HCl + 
h x 10"°M Co++ 

Unheated Heated Unheated Heated 

0 m,000,000 23,000 10,000,000 1,200,000 

1.3 x 10"6 12,000,000 9U,000 11,000,000 li,200,000 

3.2 x 10"6 12,000,000 130,000 11,000,000 U,1*00,000 

6.U x 10"6 11,000,000 120,000 9,300,000 U,200,000 

1.3 x 10"5 9,900,000 210,000 13,000,000 li,000,000 

3.2 x 10'5 11,000,000 200,000 12,000,000 3,500,000 

60I4 x 10~5 9,100,000 110,000 11,000,000 2,800,000 

1.3 x 10"* 10,000,000 100,000 9,500,000 1,800,000 

3.2 x 10"U 9,500,000 86,000 11,000,000 550,000 

The cells were grown in litmus milk for 2U hr and heated at 
56 C for 10 min„ Medium 0pD was used as a recovery medium. 
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Table 17* Effect of cysteine-HCl added with various concentrations of 
Co** to the enumeration medium* 

_ •+ 
Co 
ooncn 

(M) 
Co alone 

Count/ml 

Co+++ 3»2xlO"̂ M cysteine-HCl 

Unheated Heated Unheated Heated 

0 9,200,000 5U,ooo 6,600,000 300,000 

1 x 10"7 6,300,000 95,000 6,600,000 1,100,000 

2 x 1 (f7 7,000,000 180,000 . , 6,200,000 1,300,000 

5 x 10"7 6,300,000 1*1*0,000 6,700,000 2,000,000 

1 x 10"6 7,100,000 1,500,000 7,000,000 2,600,000 

2 x 10"6 $,5oo,ooo 1,300,000 5,000,000 3,500,000 

it x 10"6 7,500,000 1,300,000 6,700,000 U,000,000 

The cells were grown in litmus milk for 2.U hr and heated at 
56 C for 10 min. Medium Opp was used as a recovery medium. 
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Table l8a The effect of reduced glutathione (QSH) added alone and in 
combination with U x 10~°M Co** to the enumeration medium* 

Count/ml 

QSH alone QSH • lixlCT6* Cô  

(M) 
Unheated Heated Unheated Heated 

0 10,000,000 18,000 7,200,000 210,000 

106 x lO-6 8,000,000 21*,000 8,000,000 380,000 

3*2 x lO"6 7,900,000 35,000 8,500,000 1,1*00,000 

6,U x 10"6 9,500,000 38,000 8,600,000 1,800,000 

1.6 x 10"5 8,700,000 1*9,000 8,200,000 2,200,000 

3.2 x 10"5 7,800,000 Ui0,000 5,700,000 2,lj00,000 

6.U x 10"5 7,200,000 320,000 7,200,000 3,100,000 

1.6 x 10'1* 7,500,000 1,500,000 7,200,000 1*,200,000 

3.2 x 10"̂  6,uoo,ooo 2,100,000 9,900,000 5,Uoo,ooo 

The cells were grown in litmus milk for 21* hr and heated in 
skimmilk at $6 C for 10 min„ Medium 0pD was used as a recovery med
ium* 
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In Table 19 results representative of duplicate runs indicate 

that the higher concentrations of Co++ (2 to k x 10~̂ M) gave maximum 

stimulatory effect when combined with 1.6 x 10~̂ M of GSH. 

Previous work of Nelson (137) indicated that addition of tryp-

tone to the agar medium increased apparent survival of heat-injured 

cells, possibly due to changing in oxidation-reduction character of 

the media, thus creating a more reduced condition. Other investiga

tors found that Co++ activates some of the peptidases (18, 183, 181*, 

200, 201))• On thg/basis of these findings, experiments were set up to 

determine the effects of various di- and tripeptides on heat-injured 

A, cloacae in comparison to the effect of glycine alone. 

The effects of glycine, glycylglycine and glycylglycylglycine 

were studied on the heat-treated A. cloacae. The results of a typical 

run as shown in Table 20 indicate that increasing concentrations of the 

aforementioned compounds up to 1.3 x 10~̂ , 7.6 x 10~̂ , 5.2 x 10~̂ M, 

respectively, increased apparent survival of the heat-treated bacteria 

by three, five, and three times, respectively, although they had no 

significant effect on the count of untreated cells. When U x 10~̂ M 

Co was used in combination with various concentrations of these com

pounds, apparent survival of heat-treated bacteria was increased over 

that of Co++ controls, whether or not the higher concentrations of 

glycine or glycine peptides were used. 

Among the various concentrations of Co++ used in another ex

periment combined with 6.6 x 10~̂ , 3.8 x lo"̂ , 2.6 x lo'̂ M, respec

tively, of each of glycine, glycylglycine, and glycylglycylglycine 

(Table 21), the concentration of 1 to U x 10""̂ M of Co++ gave the 
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Table 19. Effect of Co++ combined with QSH on apparent survival. 

_ +• 
Co 
concn 

Count/ml 
_ +• 
Co 
concn 

Co++ alone Co++ • 1.6x10' mSH QSH 

(M) Unheated Heated Unheated Heated 

0 7,300,000 10,000 6,000,000 27,000 

1 x 10"7 5,100,000 1*3,000 7,100,000 170,000 

2_x 10"7 5,800,000 75,000 6,100,000 250,000 

5 x lo'7 6,U00,000 220,000 5,300,000 2,000,000 

1 x 10~6 5,600,000 280,000 5,000,000 1,900,000 

2 x 10**6 6,600,000 1*90,000 U,500,000 2,500,000 

U x 10-6 6,1*00,000 320,000 5,100,000 2,600,000 

The cells were grown In litmus milk for 2U hr and heated In 
skimndlk at 56 C for 10 min0 Medium Opp was used as a recovery medium. 
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Table 20. Effect of glycine, glycylglycine and glycylglyoylglycine 
alone and combined with U x lO-̂ M Co++ on the apparent 
survival. 

°» Alone Plus UxlO-6M Co* 
30 concn 
(M) Unheated Heated Unheated Heated 

Glycine 

0 , 7,600,000 19,000 6,800,000 1,200,000 
6,6 x 10"? 6,800,000 15,000 9,800,000 1,300,000 
2,6 x 107 7,100,000 19,000 6,uoo,ooo 1,500,000 
1.3 x 10*7 7,000,000 26,000 6,900,000 1,500,000 
2.6 x 10"f 5,000,000 25,000 6,700,000 1,500,000 
6.6 x 10 , 5,000,000 23,000 6,100,000 2,100,000 
1.3 xUO'3 6,600,000 la,000 5,000,000 2,300,000 

Qlycylglyclne 

0 • 7,600,000 19,000 6,800,000 1,200,000 
3.8 x 10-° 5,700,000 20,000 8,000,000 1,1*00,000 
1.5 x 10"jj 6,800,000 25,000 6,500,000 1,300,000 
7.6 x 10"? 1»,800,000 30,000 5,800,000 1,600,000 
1.5 x 10*7 5,900,000 37,000 7,000,000 1,300,000 
3.8 x 107 5,900,000 U5,ooo 7,600,000 2,200,000 
7.1* x 10**u 8,100,000 92,000 5,500,000 2,700,000 

Olycylelycylglycine 

7,600,000 19,000 6,800,000 1,200,000 
7,100,000 23,000 9,500,000 1,000,000 
6,900,000 19,000 5,800,000 1,1*00,000 
5,800,000 28,000 1*,600,000 1,1*00,000 
5,600,000 27,000 7,200,000 1,600,000 
7,200,000 1(2,000 7,100,000 2,000,000 
7,700,000 1»9,000 5,500,000 2,1(00,000 

0 
2.6 x 10J 
1.0 x 10 j 
5.2 x 10J 
1.0 x 10-
2.6 x 10 
5.2 x 10-J 

The cells were grown in litmus ndlk for 21* hr and heated in 
sklmmilk at 56 C for 10 min. Medium 0pD was used as a recovery 
medium. 



Table 21. Effect of Co** alone and combined with glycine, glycylglycine, and glycylglycylglycine 
on apparent surviralo 

Count/ml _ ++ 
Co 
ooncn 
(M) 

Co** alone Co++ + 6.6x10-5H 0 Co++ • 3.8x10"̂  2G Co** + 2O6FLDLO"^M 3G 

_ ++ 
Co 
ooncn 
(M) 

Unhealed Heated Unheated Heated Dnheated Heated Unheated Heated 

0 6,500,000 5,800 7,200,000 8,500 6,100,000 7,100 6,200,000 7,200 

1 x 10"7 8,300,000 111,000 U,U00,000 2U,000 5,000,000 35,000 5,900,000 21;,000 

2 x 10"7 5,Uoo,ooo {48,000 5,000,000 160,000 U,000,000 110,000 5,300,000 88,000 

5 x lo"7 li, 800,000 230,000 5,300,000 250,000 li, 700,000 360,000 6,000,000 258,000 

1 x 10"6 U,700,000 380,000 h,900,000 690,000 h,000,000 1,000,000 5,500,000 1,100,000 

2 x 10"6 5,100,000 lao,ooo U,900,000 770,000 U,800,000 1,200,000 5,100,000 1,100,000 

k x 10"6 U,200,000 360,000 5,200,000 1,000,000 5,000,000 1,100,000 5,1*00,000 900,000 

The cells were grown in litmus milk for 2k hr and heated in stcLmmilk at 56 C for 10 n&n 
Medium Op̂  was used as a recovery medium,, 
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greatest stimulation. The results in Table 20 and Table 21 were repre

sentative of duplicate runs, as in both experiments the stimulatory 

effect of each of the three compounds was reproducible. 

Based on what has been found with cysteine and other reducing 

compounds in the present study with A. cloacae, it was of interest to 

test the effects of some inorganic reducing compounds, such as arsenite, 

bromide, and cyanide on this organism, and to see if they are similar 

in their actions to the organic sulfhydryl compounds. Although these 

compounds are known to be inhibitory compounds in general, applying 

them in minute concentrations might change the situation0 

The results with sodium arsenite, as shown in Table 22, indi

cate that when arsenite was added alone in the concentration range of 

3«8 x 10~̂  to 7.7 x 10~̂ M there was a stimulatory effect of 2.5 to 3 

times on the heat-treated microorganisms above that of the controls, 

3.8 x 10~̂ M giving the maximum effect. The combination of as little 

as 7.7 x 10~̂ M of arsenite with 1* x 10"̂ M Co++ more than trebled the 

count with Co** alone. Unheated organisms were not affected by arsen

ite, in the concentration range of 0 to 7.7 x 10~̂ f, whether used alone 

or in combination with Co++. Higher concentrations of arsenite showed 

no additional stimulation. Other studies showed that arsenite at 7.7 

x 10~̂ M was inhibitory to both unheated and heated organisms, whether 

or not Co++ was present in the medium. Cobalt did not provide any 

protection effect on these organisms when the higher arsenite concen

trations were used. 

The results in Table 23 show that sodium bromide added alone 

-6 
to the enumeration medium at a concentration range of 1,9 x 10 to 
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Table 22. The effect of sodium arsenite on apparent survival* 

Count/ml 

Arsenite 
concn 
(M) 

Arsenite alone Arsenite + iixl0-6M Co++ Arsenite 
concn 
(M) Unheated Heated Unheated Heated 

0 1U,000,000 15,000 12,000,000 130,000 

3.8 x 10"7 10,000,000 18,000 111,000,000 210,000 

7.7 x 10'7 15,000,000 28,000 11,000,000 1*70,000 

1.5 x 10"6 13,000,000 29,000 15,000,000 290,000 

3.8 x 10~6 12,000,000 141,000 U,000,000 360,000 

7.7 x 10"6 13,000,000 ill,000 15,000,000 1»30,000 

The cells were grown in litmus milk and heated in sklnmilk at 
56 C for 10 min« Medium 0 was used as a recovery medium. 
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Table 23. Effect of sodium bromide added alone and combined with 
U x 10"®M Co++ to the enumeration medium. 

Count/ml 

Bromide Bromide alone Bromide • kxlCT̂ M Co** 
concn 
(M) Unheated Heated Unheated Heated 

0 5,Uoo,ooo 32,000 5,200,000 710,000 

1.9 x 10"6 5,000,000 U6,ooo U,800,000 910,000 

li.8 x 10"6 6,300,000 li2,000 1*, 900, 000 1,000,000 

9.6 x lCf6 5,600,000 hi,000 5,900,000 1,200,000 

1.9 x 10~5 li, 500,000 53,000 5,600,000 1,200,000 

Ux l(f5 U,6oo,000 1(8,000 5,900,000 2,1*00,000 

9.6 x 10"5 U,000,000 96,000 5,600,000 3,100,000 

1.9 x lo"1* 6,500,000 93,000 5,000,000 3,200,000 

lu8 x 10"H 5,600,000 120,000 7,600,000 3,300,000 

The 
56 C for 10 

cells were grown in litmus milk and heated in 
nin* Medium 0 was used as a recovery medium. 

skimmilk at 
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li.8 x 10~Sf Increased apparent survival of the heat-treated micro

organisms. Bromide plus U x 10**̂ M Co++ gave more pronounced stimula

tory effect, almost five times over that of Co++ alone* 

In another study, U»8 x 10 M of sodium bromide was chosen as 

a concentration of the compound which gave definite stimulation, and 

this level of bromide was combined with various levels of Co++„ The 

results in Table 2U indicate that increasing concentrations of Co++ 

from 1 to $ x 10 M increased the stimulatory effect over that provided 

•++ .9 
by bromide alone. A Co concentration of 5 x 10 M gave maximum in-

crease in count when combined with 1*<>8 x 10 M of bromide, the apparent 

survival under these conditions being 62%, whereas the apparent sur

vival was only lu6$E in the presence of Uo8 x 10"̂ M bromide alone and 

21.2£ in the presence of 5 x 10 H Co alone* These results agree 

well with the results of similar trials reported in Table 23. 

Burnett (21*), working with Enterococcus 775, reported a result 

similar to that with cysteine (7) when this organism was subjected to 

the influence of cyanide* Other investigators (68, 92, 125) showed 

that ensyme systems such as cathepsin and papain are activated by 

oyanide, and suggested that this activation is due to disulfide bond 

reduction* 

Various concentrations of sodium cyanide alone and combined 

with k x 10"̂ M Co++ were tested. The average of duplicate runs, as 

shown in Table 25, indicates that when sodium cyanide was used alone 

in the concentration range of 1 x 10"̂  to U x 10~̂ M, it did not show 

any definite e_ffect on heated bacteria. Higher concentrations were 

inhibitory* When combined with k x 10"*̂ f Co++, U x 10~̂ M cyanide 
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Table 21* • Effect of sodium bromide plus various concentrations of Co++ 
added to the enumeration medium. 

Count/ml 
_ +• 
Co concn 

(M) 

_ ++ 
Co alone Co** • Iu8xl0" *̂ M bromide 

_ +• 
Co concn 

(M) Unheated Heated Unheated Heated 

0 7,100,000 170,000 6,300,000 330,000 

1 x 10~7 6,900,000 350,000 7,900,000 2,700,000 

2 x 10"7 6,900,000 760,000. 9,500,000 3,600,000 

5 x lO"7 7,800,000 1,500,000 6,700,000 U,U00,000 

1 x 10"6 7,000,000 2,1*00,000 9,800,000 300,000 

2 x 10"6 8,$oo,ooo 2,600,000 8,200,000 U,500,000 

!• x 10"6 10,000,000 2,800,000 10,000,000 It, 500,000 

The cells were grown in litmus milk and heated in skimmilk at 
56 C for 10 ndn. Medium Op̂  was used as a recovery medium* 
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Table 2$. The effect of various concentrations of sodium cyanide 
added alone and combined with h x 10~̂ M Co++ to the 
recovery medium. 

Count/ml 

Cyanide 
concn Cyanide alone Cyanide + 

• 
lixio"6*! Co++ 

(M) 
Unheated Heated Unheated Heated 

.0 13,000,000 29,000 13,000,000 180,000 

1 x l<f5 9,800,000 32,000 9,800,000 120,000 

2 x Hf5 12,000,000 30,000 12,000,000 150,000 

It x 10"5 10,000,000 21,000 11,000,000 260,000 

1 x 10*"̂  12,000,000 17,000 11,000,000 380,000 

2 x 10-U 12,000,000 7,300 9,200,000 670,000 

The cells were grown in litmus milk for 21* hr and heated at 56 
C for 10 ndn. Medium Opp was used as a recovery medium. 
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showed some stimulatory action over that of the Co++ alone and this 

stimulation increased at the 1 x lcT̂ M and 2 x 10~̂ M levels. All con

centrations of cyanide, whether used alone or combined with lj x 10~̂ M 

Co++, were without effect on the count of unheated bacteria. 

Vitamin increased the apparent survival of heat-stressed 

A. cloacae. Janicki and Pawelkiewicz (97) and Neujahr (139) found that 

the antibiotic ehlortetraeyelin increased the formation of vitamin 

and derivatives and exerted a vitamin -sparing action. Elfiki 

and Chodat (62) have found that Co++ enhances the antibiotic proper

ties of eolimycln in cultures of Pseudomonas fluoreacena and E. coli. 

This basic type of findings on the effect of antibiotics was felt to 

be applicable to the study of their effect on A. cloacae. However, 

Curnutt (39) found that a combination of heat and dihydrostreptomycin 

injures the cell to the extent that dihydrostreptomycin causes greater 

death among the heated cells. 

Among the antibiotics which have been tested in the present 

study and which showed some positive activity are colimycln, chlor-

tetracycline, and dihydrostreptomycin. Penicillin did not show any 

effect on A. cloacae, whether heated or unheated, in the concentration 

range of 5 x 10"̂  to k x 10"̂  pg/ml of the antibiotic. The reason 

probably is the presence of tha enzyme penicillinase in strains of A. 

cloacae, although higher concentrations of antibiotic might have been 

effective. Zador (212) found that penicillin has no effect in 0.1 and 

10 pg doses on the organisms, while 100 pg showed inhibition effect, 

and 10 mg had a complete blocking effect. He explained its effect 
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either as an attack on the cell wall or on a specific enzyme present in 

the bacteria. 

The results in Table 26 were confirmed when the experiment was 

repeated* Addition of 0.2$ or 0.5 ppm of colimycin alone did not af

fect the unheated organisms, while it caused stimulation of the heated 

ones) 0.5 ppm brought maximum stimulation» An antibiotic concentration 

of 2 ppm was markedly inhibitory- to the heated organisms. In the pres

ence of 1* x 10**̂ f Co**, 0.25 ppm colimycin gave maximum count of the 

heated culture, without influencing the count of the unheated culture, 

while 0.5 ppm oolimycin reduced the counts of both heated and unheated 

cultures. Antibiotic concentrations of 0.5 ppm and above were inhibi

tory in the presence of Co**. Maximum stimulation of heated bacteria 

was attained with lower concentrations of the antibiotic when Co** was 

present than when it was absent. 

Table 27 shows that various concentrations of chlortetracycline 

added alone or with It x 10~̂ M Co** had a stimulatory effect when added 

to the medium used for plating heat-injured cells. Whether added alone 

or combined with U x 10~̂ f Co**, increased concentrations of chlor*» 

tetracycline caused increased stimulation. This stimulatory effect 

was confirmed in another experiment. Untreated microorganisms were not 

affected by all concentrations of the antibiotic used, whether alone or 

in the presence of Co**. 

Table 28 shows typical results of the addition of dlhydrostrep-

tomycin to the enumeration medium. As little as 0.025 jig/ml was 
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Colimycin 
conen 

Count/ml 

Colimycin alone Colimycin + 1x10"̂  Co 

(pptn) Unheated Heated Unheated Heated 

0 17,000,000 U9,000 15,000,000 1,600,000 

0.25 16,000,000 120,000 16,000,000 3,100,000 

0,5 111,000,000 310,000 10,000,000 690,000 

1.0 3,800,000 110,000 1,100,000 190,000 

2.0 3,600,000 <100 < 100,000. 17,000 

5.0 < 100,000 <100 <10,000 <100 

10.0 <100 <.100 <100 <100 

The cells were grown in litmus ndlk and heated in skimmillc at 
56 C for 10 ndn„ Medium 0pD was used as a recovery mediums 

v-f 
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Table 27* Effect of chlortetracycline 
with U x 10-OM Co++ to the i 

added alone and in combination 
agar medium. 

Chlortetra-
cycline 
concn 

Count/ml 

Chlcrtetracycline alone Chlortetracycline + 
1<x10-6M Co++ 

(pg/ml) Unheated Heated Unheated Heated 

0 10,000,000 100,000 7,Uoo,ooo 1,800,000 

5 x lCfU 7,500,000 310,000 10,000,000 2,300,000 

1 * 10"3 11,000,000 3U0,000 9,900,000 2,1*00,000 

2 x 10"3 10,000,000 370,000 9,800,000 2,500,000 

k x 10"3 11,000,000 U80,000 11,000,000 2,600,000 

The cells were grown in litmus ndlk and heated in skimmilk for 
8 min at 56 C. Medium 0 was used as a recovery medium. 
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Table 26. Effect of dihydrostreptomycin added alone and in combination 
with U x 10~°M Co++ to the agar medium. 

Count/ml 

Antibiotic 
eoncn DST alone DST + i|xl0~̂ H „ ++ Co 

(pg/wl) Unheated Heated Unheated Heated 

0 6,600,000 19,000 5,600,000 360,000 

0.025 3,900,000 12,000 5,200,000 220,000 

0.05 U,200,000 7,200 U,300,000 110,000 

0.10 3,500,000 5,500 1,U00,000 80,000 

0.20 3,900,000 -CI,000 1,100,000 28,000 

o.ho i|00,000 <100 •<100,000 <10,000 

The cells were grown in litmus milk and heated in stdmmHk for 
8 ndn at 56 C. Medium 0 was used as a recovery medium* 
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slightly Inhibitory on the heated cells* All antibiotic concentrations 

tested were inhibitory, whether or not Co44 was present* 

A search for certain enzymes and conditions which may influence 

the stimulation of A. cloacae by Co++ would seem an unending task. 

Stiles and Witter (188) found that enzymes dependent upon divalent 

cations did not appear to be involved in the recovery phenomenon. How

ever, studies of the effects of Co** and heat were carried out on cer

tain enzyme systems in A. cloacae which might possibly be affected, 

particularly by the presence of Co++„ 

Pyrophosphatase was one of the several enzyme systems to be 

tested, as a consequence of the fact that Oginsky and Rumbaugh (11*9) 

have found that Co++ activated pyrophosphatase from S„ faecalis„ Also 

Kunitz (107) showed the yeast inorganic pyrophosphatase system to be 

activated by Co++ at 10~̂  to ICT^M concentrations. 

The pyrophosphatase activity was measured by the formation of 

orthophosphate from pyrophosphate. The enzyme was tested in both 

whole cell and extracted cell-free suspensionss The results in Table 

29 indicate that heating at 56 C for 10 min did not cause inactivation 

of this enzyme when heated within the bacterial cells. The enzyme ac

tivity obtained when using the unheated whole cells as enzyme source 

was lower than that when cell-free extract was used0 The level of heat 

used to prevent growth of most of the cells under the test conditions 

did not inactivate the pyrophosphatase system. Although these results 

indicate that pyrophosphatase definitely is present in A. cloacae, they 

showed neither inactivation of this enzyme by the heat treatment, nor 

activation by Co** used in the present study. 
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Table 29* Influence of heat and Co** on activity of pyrophosphatase 
in whole cell and cell-free extract. 

Tube 
number 

Whole cell suspension Cell-free extract 

OD at 700 mp mg p̂ /100 ml OD at 700 mp mg p̂ /lOO ml 

Unheated 

Unheated 
plus Co++ 

Heated 

Heated 
plus Co ++ 

0.089 

0.101 

0.129 

0.111 

0.57 

0.65 

0.83 

J0.71 

0.179 

0.199 

0.191* 

0.189 

1.150 

1.300 

1.250 

1.122 

The cells were grown' in 35 ml of Ognisky and Rombough (1U9) 
broth. Eî it milliliters of cell suspension in sterile buffered dis
tilled water was heated at 56 C for 10 ndn. Sonlcation was for 7 mln0 
Cobalt concentration was 6.U x 10"6*! in 3.2 ml total reaction mixture. 
The optical density for the standard phosphate solution was 0.620„ 
Zero time controls containing the cell suspension or cell-free extract 
(with trlchloroacetate being added to it) and the rest of the reaction 
mixture had been subtracted; under the experimental conditions em
ployed, no orthophosphate was formed from pyrophosphate in the absence 
of enzyme. Count of viable cells on medium 0: unheated, 17 x 107; 
heated, 25 x 10?. 
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Glycerol dehydrogenase has been found to be present In coliform 

bacteria (13, 26). Results of a representative experiment from three 

successive runs obtained from testing for glycerol dehydrogenase in 

whole cell suspension are shown in Table 30. Heating at 56 C for 10 

min caused only a very slight reduction in enzyme activity* At 

3*3 x 10~̂ 1 level, Co++ produced slight activation on both unheated 

and heated suspensions, with the effect being more pronounced on the 

heated suspension. The low values of optical densities in both heated 

and unheated suspensionis indicate the presence of only slight enzyme 

activity within a whole cell suspension. 

Table 30L shows the effect of heat and Co++ on the enzyme gly

cerol dehydrogenase in cell-free extracts of A. cloacae. Enzyme 

activity for both unheated and heated cell suspensions is higher than 

that for the whole'ywll suspension in the previous experiment. Heating 

at $6 C for 10 min resulted in $0% inac titration of cell-free enzyme. 

Cobalt caused some activation of the enzyme whether it was from un

heated cells, from cells heated and then sonicated, or from heated 

cell-free enzyme released by previous sonication. 

Table 32 indicates that heating at 56 C for 10, 20, and 30 min 

caused inactivation of the enzyme glycerol dehydrogenase when held for 

both 30 and 60 min periods of incubation0 However, the increase in 

activity of the enzyme was obvious In all cases when incubated for 30 

and 60 min. All levels of Co** used caused an increase in the enzyme 

activity* 

Data on the viable counts of- microorganisms showed that heat

ing for 10 min killed most of the cells and this was parallel with 
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++ 
Table 30. Influence of heat and Co on glycerol dehydrogenase in 

whole cell suspension. 

Reaction 
time 
(ndn) 

OD at various intervals 
Reaction 
time 
(ndn) 

Unheated Heated 
Reaction 
time 
(ndn) 

Alone Plus Co4* Alone Plus Co++ 

0 0.0?6 0.079 0.070 0.106 

10 0.092 0.09U 0.082 0.115 

30 0.125 0.137 0.112 0.153 

50 0.177 0.202 0.15U 0.213 

The cells were grown in 35 ml of Dagley et al (1*1) broth for 
1*8 hr at 32 C. Six milliliters of cell suspension in sterile buffered 
distilled water was heated at 56 C for 10 min. The reaction mixture 
contained: 1 ml of 0.1 M sodium pyrophosphate, 0*5 ml of cell suspen
sion, 0.5 ml of M glycerol, 0.3 ml of 5 x 10'% NAD and 0*1 ml of 1 x 
10"«M GoCl2#6H20 to give 3<3 x 10~̂ M concentration In 3 ml total reac
tion mixture* The glycerol dehydrogenase values reported were cor
rected for the initial optical density determinations. Zero time 
controls containing either unheated or heated organisms arid the reac
tion mixture with and without Co++ had been subtracted. Count of 
viable cells on medium Oi unheated, 86 x lÔ j heated, 28 x lo5. 
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Table 31* Influence of heat and Co4"4* on glycerol dehydrogenase in cell-
Tree extract. 

CO at various intervals 

Reaction 
tine Unheated 

Heated, 
then sonicated 

Sonicated, 
then heated 

(min) Alone Plus Co++ Alone Plus Co++ Alone Plus Co++ 

0 0.090 0.138 0.099 0.102 0.053 0.059 

10 0.532* 0.581* 0.U& 0.U86 0.210 0.221* 

30 1.025 1.179 0.989 1.118 O.U94 OM 

50 1.379 lo6i*li 1.378 1.609 0.712 0.826 

The cells were either heated at 56 C for 10 min, then sonicated 
for 7 min; or they were sonicated first and then heated. Approximately 
0,1 unit was contained in 0.$ ml of oell-free extract0 One unit of en
zyme is defined as the amount which causes an initial rate of change in 
optical density at 3U0 rrji of 1.000/min under the conditions specified. 
The glycerol dehydrogenase values reported were corrected for initial 
optical density determinations. Zero .time controls had been sub- • 
tracted. Count of viable cells in 1 ml extract! unheated, 86 x 10 ; 
heated, 28 x 105. 
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Table 320 The effect of different heating periods and various levels 
of Co++ on the activity of glycerol dehydrogenase in cell-
free extract* 

Incubation Co++ OD at 31(0 Tfi 

time 
(ndn) 

concn 
(M) 0 

Heated for 
10 min 20 min 30 min 

0 

0 -6 
3.3 x 10-9 
6.6 x 10" 
1<>2 x 10"E 
2.i» x 10"5 

0.085 
0.083 
0.082 
0.080 
0.097 

0.11(0 
O.liiO 
0.137 
0.11(2 
0.15U 

0.139 
0.131 
0.135 
0.135 
0.11(6 

0.11(0 
0.13U 
0.139 
0.11(2 
0.11(7 

30 

0 A 
3.3 x 10"? 
6.6 x 10 k 
1.2 x 10'2 
2.It x 10"5 

o.uoo 
O.U55 
0.521 
0.516 
0.567 

o.Uoo 
0.398 
O.U36 
O.U79 
O.U78 

0.261 
0.310 
0.355 
0.379 
0.390 

0.265 
0.330 
0.36U 
0.397 
0.1(10 

60 

0 A 
3.3 x 10"? 
6.6 x 10"? 
1.2 x 10"2 
2.It x 10"? 

0.580 
0.705 
0.778 
0.769 -
0.860 

0.5U0 
0.7U9 
0.830 
0.903 
0.922 

O.U59 
0.566 
0.6U3 
0.683 
0.728 

O.U39 
0.575 
0.617 
0.691 
0.708 

The glycerol dehydrogenase values reported were corrected for 
initial optical density determinations. Zero tine controls had been 
subtracted. Count of viable cells on medium 0» unheated, 19 x 10?j 
heated at $6 C, 17 x 106, 87,000, and 3,1*00 for 10 min, 20 min, and 
30 min, respectively. 
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the inactivation of the enzyme* Heating for 20 and 30 mln did not 

cause a significant change in the enzyme inactivation, although the 

count of viable organisms was reduced further,, 

Attempts were made to determine the effects of both heat and 

Co on keto acid decarboxylase systems If present In A. cloacae. An 

average of two runs which gave essentially parallel results (Table 33) 

indicates that the tmheated cell suspension started to show activity at 

20 min after zero reading began and continued to increase throughout 

the whole period of time. In the presence of 8 x 10~̂ M Co**, the meas

urable activity began between 10 and 20 min, but there was only a slight 

difference through the 270 min period of the experiment between the 

values for unheated control and for unheated plus Co o In the case of 

heated suspension, the oxygen uptake was delayed 10 more min over that 

of the unheated. As shown in the table, heating at f>6 C for 10 mln 

caused a large decrease in the activity of the aforementioned enzyme 

through the whole period of time, in comparison to the unheated con

trols. The addition of 8 x lo""̂ M Co** delayed the initiation of meas

urable respiration by 10 min, and also slowed down the respiration for 

the following UO mln, and was considered Inhibitory for the remaining 

period of time in comparison to the heated material without Co**. 

Heating at the level Injuring many cells caused marked reduction In 

enzyme activity. Cobalt was inhibitory to activity of the residual 

enzyme. 

Table 3U shows the results obtained on o<-ketoglutaric acid 

decarboxylase when heated and then tested in the presence or absence 

of Co . This system resembles pyruvic acid decarboxylase to a high 



78 

Table 33. Effect of heat and Co44 on pyruvic acid decarboxylase in 
whole cell suspension* 

Reaction A1*02 

Unheated Unheated • Co++ Heated Heated + Co++ 

0 
5 
10 0 
20 0 U.29 
30 2.8U 7.15 0 
1*0 1».36 10.01 1.39 0 
So 5.68 10.01 2.78 1.1*6 
60 8.52 11.1*1* 1*.17 1.1*6 
90 17.01* 18.59 7.91* 1.1*6 
120 35.55 35.75 13.90 7.30 
150 68.16 55.75 15.29 7.30 
180 100.82 82.91* 20.66 13.11* 
210 186.02 151*«1*1* 33.36 18.98 
21*0 222.36 193.05 37.63 23.36 
270 252.76 251.68 55.60 30*66 

The cells were grown in 1*5 ml of Plate Count Broth for 1*8 hr 
at 37 C and suspended in>20 ml of 0,9% sterile saline solution; 7*5 
nil of cell suspension was heated at 56 C for 10 min. Each Warburg 
flask contained 1 ml of cell suspension and other components of the 
experimental system in a total volume of 3.2 ml. The final concentra
tion of Co++ was 8 x 10~"6m. The flasks were equilibrated for 10 min 
at ijO C before the initial reading began* Control values containing 
either unheated or heated organisms and the reaction mixture without 
the substrate have been subtracted* Count of viable cells on medium 
Ot unheated, 17 x 10°; heated, 1$ x 105. 
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i ©<-keto glutaric decarboxylase 
in whole -cell suspension. 

Table 3b. Effect of heat and Co** on ©<-keto glutaric decarboxylase 

Reaction ul O2 
tine : 

(min) Unheated Unheatecl + Co++ Heated Heated + Co++ 

0 

5 

10 0 0 0 

20 0 1.1*2 1.39 2.90 

30 2.78 2.8U 6.95 5.80 

1*0 5.56 9.9U 9.73 11.60 

50 6.95 11.36 12.51 Hi.50 

60 11.12 18. U6 13.90 13.05 

90 20.85 26.98 20.85 18.85 

120 29.19 36.50 27.80 26.10 

The cells were grown in 1»5 ml Plate Count Broth for U8 hr at 
37 C and suspended in 20 nil of 0e9£ sterile saline solution; 13 ml of 
cell suspension was heated at 56 C for 13 min. Control values con
taining either unheated or heated organisms and the reaction mixture 
without the substrate have been subtracted. Count of viable cells on 
medium 0: unheated, 70 x lo6j heated, 33 x loU. 
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degreea Oxygen uptake for the unheated cell suspension started at 20 

min after the zero reading began and continued to increase throughout 

the whole period of time. When 8 x 10~̂ M Co++ was added to the un

heated cell suspension, the rate of the oxygen uptake up to 120 min 

was slightly higher than that of the unheated control« In the case of 

heated suspension, the rate of respiration of heated cells started 

slightly earlier than that of the unheated suspension, and the rate was 

slightly higher than the unheated system throughout the first hour of 

experimental period,. The rate of respiration then began to decline 

gradually and became lower than that of the unheated suspension for the 

remaining period of time0 The onset of respiration was not affected by 

8 x 10 Co++, but a slight inhibition was observed after 60 min. In 

the absence of Co++, heating at first increases activity. In the pres

ence of Co++, early slight stimulation by heating is followed by inhi

bition* Since Co++ showed an inhibitory effect on both pyruvic and 

o<-ketoglutaric acids decarboxylases in whole -cell suspension, test

ing of the effect of Co++ on both enzyme systems in the cell-free 

extract of the bacteria A. cloacae offered little promise. 

Other enzyme systems such as peptidases and aldolases were 

known to be present in bacteria (16, 19, 20U). The effects of both 

heat and Co** were tested with unheated and heated whole cell and ex

tracted cell-free suspensions of A. cloacae. The results obtained in

dicated only a very low level of these enzymes in A. cloacae. 

Preparations heated at 56 C for 12 min did not show any difference 

from the activity of unheated controls. Also, the presence of 
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U.U x lO"6̂  and 2 x 10~̂ M Co++ in the case of dipeptidase and aldolase, 

respectively, was neither stimulatory nor inhibitory on either enzyme 

systems. 

Xylose isomerase has been reported in Pseudomonas hydrophila 

(88), Lactobacillus pentoaus (128), and E« coll (37)* Cell prepara

tions of A. cloacae were tested for this enzyme. The medium for grow

ing the cells was that of Anderson and Wood (12); the assay procedure 

followed that of Cohen (37). The rate of formation of keto-pentose 

from readily available pentoses was estimated by the cysteine-carbazol 

reaction ($2). There was a question concerning the actual presence of 

this enzyme in A. cloacae. Both heating at 56 C for 10 min and the 

presence of luU x 10"*̂ M Co++ had no significant effect on activity. 

Because of the presence in baker's yeast of a nicotinamide 

adenine dinueleotide phosphate (NADP) alcohol dehydrogenase (171), also 

of an NADP specific alcohol dehydrogenase from Leuconostoc mesenterolds 

(1*7), the study of this enzyme system in cell preparations of A. cloa

cae was undertaken to see if the heat or Co++ has any effect on it. 

The bacterial cells were grown according to De Moss (U8). The assay 

procedure was that of De Moss (U9). No demonstrable effect of either 

Co++ or heat on this enzyme was founde 

Assays for various 1-amino acids oxidases were not successful 

in the ease of A. cloacae, using crude extract. The reason is probably 

the presence of enzymes other than 1-amino acid oxidase which can oxi

dize certain natural amino acids. If by purification the 1-amino acid 

oxidase were completely separated from these other enzymes, the assay 

ndght work (193)* All the results with the enzyme systems, peptidases, 



aldolase, xylose isomerase, NADP alcohol dehydrogenase and 1-amino 

acids oxidases were considered negative, since there was no demon

strable effect of either the heat or Co++ on any Of them. 



DISCUSSION 

Copper and cobalt were the only ions of the man/ tested in the 

present study- on Aerobacter cloacae that had definitely- greater ef

fects on heat-treated bacteria than on unheated control organisms, 

when added to the minimum enumeration media. 

Copper ion at 9 x 10~̂ M concentration was found to be more 

inhibitory to the heat-treated than to the unheated bacteria, possi

bly because Cu++ in extremely- low concentration may- have acted as a 

further Inhibitor of enzyme systems already partially inactivated by 

heat* Several ernyme systems present in A. cloacae might be involved, 

especially the sulfhydryl-dependent enzymes (28, 1J>2, 202) which are 

associated with cell division (U*lt, 11*6). 

Copper may also have caused breakage in the disulfide bonds, 

with the subsequent formation of mercaptides (160, 207) or, on toe 

contrary, it might aid in the formation of disulfide bonds (76). In 

doing so, Cu++ may either prevent formation of available free sulfhy-

dryl groups required for ensymic activity, or prevent establishment 

of the reduced conditions which are favorable for the growth of the 

bacteria and thus inhibit growth. 

Higher levels of Cu++ may be toxic to A. cloacae because of 

the formation of poisonous organometalllc complexes with free cellular 

or extracellular constituents (168). 

The reason the inhibitory effect on the bacteria was less pro

nounced when regular agar was used may be because of the presence 
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of impurities, which could act as metal complexing compounds (106)* 

Cobalt ion in sub-inhibitory concentrations increased the ap

parent survival of sub-lethally heat-treated A. cloacae plated on a 

minimum medium and such Increase does not occur with an unheated cul

ture (Tables 3 and !*)• This large increase in the number of organisms 

determined as viable suggests that Co++ might have acted as an impor

tant factor to the recovery of these organisms from metabolic injury. 

The literature offers few explanations of this unique phenomenon, tak

ing into consideration the effect of the heat as well. 

Heating at $6 C for a period of time might have caused some 

denaturation in the protein moities of the cell, with the protein as

suming a much looser and more random arrangement0 Possibly there was 

an unfolding of certain molecules, and, accordingly, even distant thiol 

residues may come at least temporarily into close contact, making pos

sible their oxidation with the formation of a disulfide bridge (7)* 

The trlvalent cobalt atom, inside the vitamin 8̂  molecule, can 

be reduced reversibly to the divalent state in which it could serve as 

a reducing agent (185). When a low oocygen tension is created, this 

vitamin has been found to be concerned in the reduction of disulfide 

groups ($6), Possible reduction of the disulfide groups by the vitamin 

probably would be due to the presence of trivalent cobalt atom inside 

the molecule• Cobalt may aid in the reduction of the disulfide bonds 

which may have resulted from the heat (17)o The regenerated reduced 

sulfhydryl groups could then participate in many systems which require 

them, such as the glycerol dehydrogenase system (13) and the cell divi

sion process (11*6, 166, 167) and cell multiplication would resumes 
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Cobalt also might have activated a cofactor already present in the med

ium* The presence of Co44 in the medium may possibly have changed the 

ion balance and lowered the potential, making the growth possible (8)0 

Allyn and Baldwin (7) reported that marked effects on the growth of an 

aerobic form of bacteria were induced by certain changes in the oxida-

tion-reduetion character of the mediae 

Cobalt also has been found to form complexes with several com

pounds which are able to absorb and give up molecular oxygen reverslbly 

(23, 31), and the formation of these complex compounds with cobalt re

quires oxygen. On the basis of these observations and according to the 

present results which indicate that growth of a greater proportion of 

heated bacteria results when Co** is present, it can be stated that 

there might be some important factors involved as to the presence of 

Co**, such as an oxidation-reduction process. Sawada et al (172) proved 

that Co** was necessary for cell multiplication of Aspergillus oryzae 

and Bacillus natto. 

Another possibility is that the heat may have acted directly 

upon both IMA (73, 210, 213, 2110 and RNA (30, 192) of the cell. Since 

SNA has been credited with playing an Important part in the control of 

oell division (122), cell division of the heated organisms may stop 

when DNA is altered by heat. The presence of Co** in the medium used 

for enumeration of heated bacteria might have indirectly acted in sta

bilising the DNA (60) and RNA (192) molecules, hence permitting resump

tion of cell multiplication. 

Cobalt was needed in higher concentrations when the non-

purified agar was used in the minimal medium, rather than the purified 
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agar* The stimulatory effect of Co** when using purified agar was 

twice that on regular medium 0, as shown in Table 3. This probably is 

due to the presence of seme impurities in the commercial agar which 

obseure the effect of Co** and improve the nutritive balance of the 

medium (8). Also, the substances in the commercial agar may chelate 

with Co** and counteract its effect, and hence the stimulatory effect 

of Co** would be reducedo 

Based upon the aforementioned explanations, the following 

groups of compounds were investigated as probable reasons for the 

stimulatory effect of Co** on the growth of heat-treated A. cloacae* 

1. Compounds thought to have the same effect as' that of Co**, 

such as vitamin 6̂ . 

2. Reducing compounds, including sulfhydryl-containing com

pounds and some other metabolites which might have stimulatory effects 

supplementary to that of Co**, such as thioglycolate, oysteine-HCl, re

duced glutathione (OSH), sodium citrate, and dl- and tripeptides. 

3. Compounds thought to be inhibitory and possibly able to 

counteract the stimulatory effect of Co**, such as cyanide, bromide, 

arsenite, and antibiotics. 

U. Enzymes which might have been Inactivated by heat treatment 

and possibly reactivated by Co**. 

In vitamin B12 the trivalent cobalt atom is firmly bound in the 

molecule (185)o However, Holm-Hansen (90) suggested that the physio

logical activity per molecule of Co** is many times higher when it is 

incorporated in vitamin molecule than when it is supplied in the 

free ionic form In culture of blue-green algae and that the 



demonstrable quantitative requirement for Co** is referable to a need 

for vitamin B̂ g (90). 

The stimulator/ effect of vitamin which was of lower magni-

tude than that of an equivalent amount of Co as such in the present 

study on A. cloacae (Table 12) indicate that the demonstrable quantita

tive requirement for Co++ is not referable to a need for vitamin B̂ . 

The reason possibly is because cobalt inside the vitamin B̂ g molecule 

apparently is not as directly available for the bacterial function(s) 

involved in the current study as when it exists in an ionic form« 

Vitamin by itself possibly is important to create more reduced 

conditions either by lowering the oxygen tension In the medium (72, 

10U) or by reducing the disulfide groups (£6) which may have resulted 

from heating, permitting initiation of growth by more of the metabol-

ically Injured cellso 

Vitamin B̂  may be at least partially replaced as a micro

biological growth factor by reducing agents (89, 182), Thus, addition 

of thioglycolate, cysteine-HCl, and GSH to the plating medium Increased 

apparent survival after heating and proved to be additive to the ef-

feet of Co (Table 15) in establishing a greater stimulatory action0 

Possibly these compounds create a more reduced condition in the medium 

which aids the initiation of the growth of heated cells (7, 8, 9, 57, 

137, 162). Or it may be that Co++ forms complexes with these compounds, 

and the formation of these complexes requires oxygen (126), creating a 

reduced condition, which helps in the metabolic repair of heat-injured 

cells* 
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In general, the aforementioned compounds, in addition to their 

role In binding inhibitory metal ions, may react directly- with inactive 

enzymes, possibly aiding in the conversion of disulfide groups in the 

protein portion of the ensyme to sulfhydryl groups which are believed 

to be essential for ensyme activity (17)o Also these compounds may 

have provided some protection and helped regenerate the activities of 

the sulfhydryl ensymes which may have been affected by the heat treat

ment of A. cloacae. Possibly the sulfhydryl groups as such are a neces

sary metabolic constituent for cell division (U4I1, 1U6, 166, 167)* 

The higher counts of the bacteria obtained at the various 

levels of Co when citrate was present In the media (Table 5) is pos

sibly due in part to the utilization of the citrate radical by the 

bacteria as a source of energy (7). Also, the chelating character of 

citrate might aid in removing some inhibitory compounds which already 

are present in the media* Citrate also may act as a mild reducing 

agent, creating a condition in which the bacteria were able to adjust 

the environment to conditions favorable for their growth (8)« 

The stimulatory effect of glycine, glycylglycine, and glycyl-

glycylglycine may be attributed to the possibility that these compounds 

create a more reducing character in the media (137) and, hence, In

crease the survival of heat-Injured bacteria* Glycine as a simple 

amino acid might easily be utilized by the heated bacteria, and better 

growth resulted* Also the di- and trlpeptides probably are either 

utilised by the bacteria as possible intermediates in the bacterial con

version of amino acids to proteins, or the bacteria may derive their 

energy from these compounds (7)* 
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The presence of Co** with these compounds in the enumeration 

medium may contribute in other ways. It may either activate a pepti

dase which acts on these peptides (201*) and/or facilitate use by- the 

bacterial cells, or it may- form a complex with these peptides, the re

sulting complex compound possibly- having an important role in the 

stimulation phenomenon* 

The additive stimulatory effect of arsenite, bromide, and cy

anide may be explained on the basis that these compounds, in the minute 

concentrations used, have acted in the same manner as that of sulfhy-

dryl-containing compounds In changing the oxidation-reduction potential 

of the medium and creating the more reduced conditions for some of the 

heated bacteria to initiate growth (7, 8, 57). Their effect also might 

be due to a reduction of the disulfide bond in some enzyme systems in 

the bacteria (68, 92, 125). 

The reason why cyanide at the concentration of 5 to 10 ppm was 

inhibitory to the growth of A. cloacae (Table 2$) may possibly be that 

metalloenzymes oontain metals which are complexed by cyanide, and the 

enzyme action thus is inhibited (83) • The presence of U x 10~̂ M Co** 

was considered important to bring about the stimulatory effect of cyan

ide. 

Previous work of Elfiki and Chodat (62) indicated that Co** en

hances the antibiotic properties of colimycin* These investigators 

demonstrated the formation of a complex which could account for the 

enhancement of colimycin activity* Because the results obtained with 

colimycin and chlortetracycline indicate that maximum stimulation of 

heated A* cloacae was attained with lower concentrations of these 
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compounds whan Co** was present, than when it was absent, a combination 

of heat and Co** in the present study might have improved the stimula

tory effect on A. cloacaei the heat by its effect on the cell barrier, 

allowing more of the antibiotic to reach the Interior of the cells and 

make its effect more pronounced (91), and Co**, by its formation 

of a complex with the antibiotic* Die present results with colimycin 

were in agreement with those of Elfiki and Chodat (62) and, further, 

suggest that antibiotic activity is enhanced by Co**e 

Dihydrostreptomycin by itself was inhibitory (Table 28), possi

bly by causing distortion in the cell membrane of the bacterial cells 

(55) or by blocking the synthesis of functional RNA (58). Nucleotide 

excretion resulting from the effect of dihydrostreptomycin (203) may 

be another factor that aided in restricting the growth of A. cloacae. 

Results obtained with the enzyme glycerol dehydrogenase indi

cate that heating at 56 C for 10 min caused partial inactlvation of 

the enzyme, whether present in whole oell or cell-free suspensions, and 

also reduced the viable counts of A. cloacae (Tables 30 and 31). This 

partial inactlvation and Co** stimulation of the enzyme also resulted 

at the various holding and heating periods within the range found to 

leave a few bacterial survivor* (Table 32). The reason why a low con

centration of Co4* (3.3 x 10~̂ to) caused stimulation on glycerol dehy

drogenase in both unheated and heated suspensions is that Co** might 

have aided in the formation of sulfhydryl groups which might be re

quired for the enzyme activity (13). 

The retention of $0$ of the enzyme activity (Table 31) may be 

explained by assuming that in subjecting the crude cell-free extract 
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to heat most of the oxidative enzymes present were destroyed (13). 

However, ensymes were found to be still active in cells which failed to 

form oolonies (150, 165)• In the present study with A* cloacae, the 

enzyme inactivation was parallel with death of cells. 

The slight increase in the optical density at the zero time 

incubation and in the absence of Co44 in comparison to the unhealed 

control which resulted from increasing the heating period from 10 min 

to 30 ndn is possibly due to heat having aided in the release of some 

compounds which absorb light at 31*0 nyi. 

The heat treataient at 56 C decreased the activity of both py

ruvic and -ketoglutaric decarboxylases0 Neither enzyme was stimu

lated by Co+\ The two enzyme systems did not show the pattern of heat 

inactivation which had been shown to be characteristic of A, cloacae0 

Since the work with enzyme systems in the present study was 

oarrled out with crude homogenates, the possibility of the presence 

of some other enzyme systems or cofactors or other unidentified mater

ials which may affect the results cannot be excluded. 

When testing the effects of various substances such as metallic 

ions on enzyme activity in the crude homogenates of cells, it is diffi

cult to assess the effects of these substances on the intact cell whose 

components are undisturbed, membranes are intact, and active absorption 

or exclusion of physiologically active substances may be in progress0 

Further work with isolated and purified enzyme systems could 

include a clear study of the effect of heat and of Co** on each en

zyme system separately* 
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For the effect of Co on the various ensyme systems, the use 

of labeled Co++ could have indicated into which ensyme system this la

beled compound would be incorporated,, 

In one series of experiments done on the enzyme glycerol dehy

drogenase, this ensyme was shown to be more stable when heated within 

the oell than when heated outside of the cell* Engymes in intact cells 

are protected by other cell constituents and react differently to the 

heat treatment than do the same enaymes in vitro. Because of this pro

tective effect of the intact cell, only the results of inactivatlon 

carried out on the intact cell can properly be used in attempting to 

find ensyme systems which are influenced by the sane conditions that 

influence the viability of the cello To use cell-free extracts, with 

their undoubtedly considerably different protective effects, for determ

inations of heat inactivatlon of the enzymes, is to invite misinterpre

tation because of the possibility that the enzyme under consideration 

may be considerably easier to inactivate under these conditions than it 

would be within the intact cell* 



SUMMARY AND CONCLUSIONS 

The present study- is an attempt to determine the effects of 

several variables in conditions of enumeration upon the apparent sur

vival of sub-lethally heated Aerobacter cloacae. Attempts were made, 

by study of selected enzyme systems, to uncover the mechanisms in

volved in the loss of viability during heating. 

The following conclusions were reached: 

10 Copper ion at low concentrations added as copper sulfate 

to the simple minimum medium used for enumeration of heat-treated A. 

cloacae caused a marked reduction in the apparent &urvival, while the 

same concentrations had no effect on unheated cells* Lower concentra

tions of the ion were required when purified agar was used. 

2. Cobalt ion, introduced as CoClg, caused a great increase in 

the number of cells apparently surviving the heat treatments employed 

and had no similar effect on unheated cells« 

3. Addition of vitamin to the medium had some stimulatory 

effect, but the stimulation in this case was less than that of an 

equivalent amount of Co++, 

It. Sulfhydryl-containing compounds, such as thioglycolate, 

cysteine-HCl and reduced glutathione (QSH), showed an additional stim

ulatory effect when they are added along with Co++ to the plating 

medium* They showed less stimulatory effect when added alone. 
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5. Bromide, arsenite, and cyanide also proved to have soma 

stimulatory effect, especially when combined with Co4*. 

60 Antibiotics colimycin and chlortetracycline caused some 

stimulation when present in the minute concentration along with Co*4, 

and Co44 proved to enhance their antibiotic properties. Dihydrostrep-

tomycin by itself was inhibitory to the bacterial cells. 

7. Other compounds, such as potassium pyruvate, ascorbic acid, 

L-aethionine, reduced nicotinamide adenine dinucleotlde (NADH), sodium 

aside, sodium arsenate, sodium chloride, sodium sulfate, sodium fluor

ide, malonic add, iodoacetate, 2,U-dinitrophenol, 6-mercaptosuccinate, 

monoohloroacetate, and ethylenedlaminetetraacetate (EDTA) when added 

along with Co** did not have any significant effect on the heat-treated 

organisms that they did not have on unheated cells. 

8. The activity of glycerol dehydrogenase in both whole cells 

and cell-free extract, which possibly is dependent on sulfhydryl 

groups, was enhanced by Co** and was partially inactivated by heat 

treatments which reduced the viable count of the test organism0 

9. Other ensynte systems such as peptidases, aldolase, xylose 

isomerase, nicotinamide adenine dinucleotlde phosphate (NADP) alcohol 

dehydrogenase and 1-amino acids oxidases all gave negative results. -

10® Most if not all of the effective compounds tested have a 

tendency to form chelate complexes with Co . Formation of chelates 

requires free oxygen and does not take place in the absence of air. 

Also most of the aforementioned oompounds tested have some activity in 

the establishment of a more reduced potential in the medium, either by 

changing the ion balance of the medium or by aiding in the reduction 
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of the disulfide groups and providing necessary- free sulfhydryl groups. 

This probably is the mechanism which permits initiation of growth by 

more of the metabolically-injured cells and thus the formation of 

greater numbers of countable colonies. 
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