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Various species of bacteria have been shown by numerous 

investigators to possess an extracellular coat or matrix 

which has, among its several functions, the mediation of 

attachment of the bacterial cell to solid surfaces or to other 

cells in the formation of microcolonies (1). This extra-

cellular coat, composed of a sticky polysaccharide or 

glucan substance has been named the glycocaly;J.: or "sweet 

husk" because of its chemical and physical properties (2,3). 

This extracellular layer has been shown to stain heavily 

with both Ruthenium Red and Alcain Blue stains. This 

shows that the coat is composed, at least in part, of acidic 

polysaccharides (4,5). Electron microscopic observations 

describe this layer as mat-like, composed of many inter-

twining fibers. Whel"l :oh~erved in attached marine bacteria, 

the extracellular layer was found to have an average 

thickness of 15 nm. (6). 

Electron microscopic studies of the polysaccharide layer 

of gram negative marine bacteria by Fletcher and Floodgate 

have shown this coat to be composed of two layers. The layer 

closest to the cell wall is an electron-dense primary acid 

polysaccharide. This layer can be further divided into an 

inner dense thin line and an outer fine-grained "fringe" 

region. The secondary acid polysaccharide layer, which is 
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found external to the primary layer is present only in attached 

bacteria. This layer is thought to arise from the primary 

layer after the initial attachment of the bacterial cell to 

the substratum has occured. The secondary acid polysaccharide 

layer is involved in the attachment of the primary layer to 

surrounding bacterial cells or to the substratum (6). 

The precise chemical composition of the glycocalyx has 

been found, by Costerton, to vary with the composition of 

the individual fibers. The composition of these fibers is, 

in turn, determined by the most abundant carbohydrates available 

in the surrounding environment ,(7). A separate study con

cerninf the chemical composition of the slime produced by a 

culture of Staphylococcus aureus found that the slime contained 

lactose, g~ycerol, and amino acids, as well as smaller amounts 

of glucose, uronic acid and galacturonic acid. The slime 

also contained protein, phosphorous, hexosamine, glucosamine 

anhydrorobitol, mono- and diphosphates and mannose (8). 

The carbohydrate nature of the slime produced by Bacter

iodes succinogenes and Ruminococcus flavefacien£ in mixed 

culture was determined by the positive staining of the extra

cellular coats of these organisms with periodic acid thio

semicarbizide silver proteinate, a dye that shows the stain

ing material contains 'periodate-reactive carbohydrate (9). 

Trypsin and other proteolytic agents have been shown to 
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damage the glycocalyx on the cell surface. This evidence 

supports the hypothesis that the glycocalyx contains 

proteins as well as carbohydrates (10). The role of lectins, 

the proteins found in the glycocaly~ is described by 

Costerton (1) as being concerned with providing a link 

in the glycocalyx between adjacent bacterial cells. The 

lectins bind specifically to polysaccharides of a specific 

molecular structure. The lectins appear as highly ordered, 

globular protein subunits within the glycocalyx (11). The 

illustration in Figure I shows how the lectins and polysaccharides 

of the glycocalyx are physically ordered so that they act 

to connect adjacent bacterial cells. 

The glycocalyx of the bacterial cell is produced by 

the cell itself in an energy-requiring process. The cell 

expends the energy out of necesf'ity since the glycocalyx 

affords it several survival advantages in its natural 

environml:!nt (1,3). The synthesis of low molecular weight 

polysaccharides which are intermediates of the larger 

polysaccharides composing the fibers of the glycocalyx 

has been shown to occur in a membtane fraction. Northcote 

showed that these polysaccharides were attached to proteins 

which acted as transfer agents during the transfer of the 

molecule across the cell membrane. During the movement 

acrOS8 the cell membiane the glycoproteins are believed to 

be attacked by specific proteases or transglycosidases contained 
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in the area between the cell wall and the plasmalemma. The 

synthesis of the polymers composing the glycocalyx occurs 

within the cell membrane. After later detachment of the 

protein carrier molecule the slime polymer is seoreted to 

the extracellular area (12). 

The production of slime layers by bacteria has been shown 

to require the presence of sucrose in the medium (13). 

Streptococcus mutans, the organism responsible for the produc

tion of dental carieE posesses three enzymes which function 

in the breakdown of sucrose. These enzynesl invertase, 

glucosyltransferase, and fructosyltransferase, have been 

localized near the plasma membrane or enmeshed within the 

fibers of the glycocalyx (1,14, 15). Invertase splits the 

sucrose molecule into a molecule of glucose and one of fruc

tose. Glucosyltransferase, after splitting the sucrose mole

cule in the same way, releases the fructose and polymerizes 

the glucose tD form a large polymer known as a glucan. Fruc

tosyltransferase also splits the disaccharide into glucose 

and fructose but releases the glucose and uses the fructose 

in the formation of a polymer of smaller size and molecular 

weight than the glucans (1). 

The location of these enzymes is related to the role they 

play in the growth and expansion of the glycocalyx (14). Their 

activities make available the building block monosaccharides 
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which are the basic components of the polysaccharide fibers. 

The formation of the glycocalyx by the bacterial cell 

is, as previously stated, an energy requiring process. The 

cell continues to expend the energy necesf'ary for the for

mation of the glycocalyx because the polysaccharide fibers 

provide a means of protection for the cell as well as having 

several other advantageous functions. Costerton (1) states, 

"The glycocalyx is essential to the biological success of 

most bacteria inmost of the varied natural environments in 

which they are observed". 

The glycocalyx functions to protect the bacterial cell 

against predatory bacteria, protozoans and viruses, as 

well as harmful ions and molecules, host antibodies, anti

biotics and physical stresses (1,11). The glycocalyx accom

plishes this by decreasing the already limited penetrability 

of the cell wall and by acting as an ion exchange resin by 

virtue of its charged carbohydrate and protein groups (11). 

In its action as an ion exchange resin, the glycocalyx can 

both prevent the entry of harmful molecules and ions and can 

trap beneficial mltrient molecules (16). 

By attaching bacterial cells to one another the glycocalyx 

groups them into units which can more effectively carry out 

physiological processes (1). The grouping of cells by the 

slime layer also results in the establishment of microniches 

or microcolonies, allowing bacteria to avoid danger and stress 
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in environments that they would otherwise tolerate poorly,(16). 

The exam:ination of attached bacterial populations in a 

free flowing alpine stream by Geesey, eta ala showed that 

the glycocalyx surrounding the bacteria served several 

purposes. Among these were: providing protection from the 

physical force of the flowing water, providing a means 

of attachment and access to a source of food such as an 

algal cell or another primary producer and providing protec

tion from other1-predatory bacteria or protozoans which 

may be present in the stream (16). 

In other situations, the glycocalyx, by allowing 

attachment of the bacteria to various surfaces may promote 

infection and bacterial disease or have other detrimental 

effects such as the production of dental caries by Strep

tococcus mutans (17, 18, 19, 20). 

The adhesion of the bacterial cell to various surfaces 

as well as to other cells is obviously one of the major 

functions of the glycocalyx. The process of adhesion is 

describe!d as occuring in two steps by Marshall, Stout, and 

Mitchell (17). In their study using gram negative marine 

bacteriqt, two stages of sorption or adhesion were postulated 

to occur. In the first or reversable stage the bacteria are 

held weakly near the surfaces to which they are attaching. 

During this stage the bacteria still exhibit Brownian 
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motion and can be removed easily from the surface by washing 

with 2.5~10 NaCI. The forces holding the bacteria near the 

surface during this stage are explained by Marshall et.al. 

as being a 'combination of the London-Van der 1f~aals attrac

tive energies between the surfaces and the electrical 

repulsive energies resulting from the overlapping ionic 

atmospheres around the surfaces (17). 

The second stage of sorption, the irreversable stage, 

occurs, according to Marshall et. al., when polymeric bridging 

between the bacterial surface and the substrate forms. This 

bridging serves to overcome the repulsive forces described 

for stag? one (17). 

A Eecone mechanism postulated for ad~esion concerns 

the- inte'raction of the .carbohydrates in the glycocalyx with 

other carbohydrates on the surface of an adjacent cell. In this 

mechani~;m, adhesion occurs when hydrogen bond s form between 

glucose units on the two surfaces. A weaknesE of this 

model is the neceseity for the formation of a very large 

number of hydrogen bonds to produce effective adhesion (21) 

A simpler and more widely applicable proposal states 

that adhesion occurs as a result of the interaction of 

enzymes and substrates on adjacent surfaoes (22). The 

interaction of antigen and antibody-like substances on 

adjacent cell surfaces has also been proposed as a mechanism (23). 
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The adhesion of bacteria through slime layers in 

nature occurs in many locations and situations. Adhesion to 

cellulose fibers by ],uminococcus al bus aid s that bacteria 

in the digestion of the cellulose, thereby making the 

nutrients in plants more read ily available to it (24). 

The adhesion of marine bacteria to surfaces is stimulated 

by the low levels of carbon in seawater. By adhering to 

surfaces, the bacteria are exposed to more carbon sources 

and thus can more easily supply their metabolic needs (17). 

The adhesion of bacteria such as Streptococcus bovis to 

epithelial cell surfaces in the rumen of cattle can increase 

their access to food supplies and can also protect them 

from harmful molecules, ions, or antibodies present in 

the secretions passing by them (5,18). The adh~sion of these 

bacteria in this location may also increase their patho

genicity resulting in various diseases such as the 

frothy feedlot bloat~produced by Streptococcus bovis (5). 

The adhesion of bacteria to various tissue surfaces in 

humans through slime formation also results in many bac

terial infections. Bacteriodes fragili.s is the major organism 

found in intra-labdominal sepsis. The attachment of this 

organism to the abdominal endothelium is mediated by 

a glycocalyx (20). The pathogenicity of Klebsiel).a pneumoniae 

is also increased by the presence of a glycocalyx by which 

it is able to attach and result in pneumonia (25). 
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The attachment of bacteria to surfaces through slime formation 

has been noted in several other diseases and infections such 

as the endocarditis produced by the adherence of Streptococ

£ll§ sanguis to traumatized heart valves (26,27, 28). 

The majority of the research reviewed in this area was 

concerned with the role of the glycocalyx of Streptococcus 

mutans in initiating and maintaining the adherence of the 

bacterium to tooth enamel. The adhesion of these organisms 

to the tooth is r:epresentecl in the dia~rams in Figures II 

and III. The initial adhesion of the ~ mutans cell to 

the enamel surface occurs as dietary sucrose is broken down 

to form glucose and fructose which are formed into polymers 

by the glucosyltransferases and fructosyltransferases of the 

bacterium. After attachment occurs, large amounts of lactic 

acid are produced by enzymes within the glycocalyx. This 

results in demineralization and eventual destruction of the 

enamel (14,18,24,29). 

Control of the various situations resulting frcQl1'l" ~the 

adhesion of bacteria to various surfaces may be approached 

in several ways. The production of glycocalyx has been 

shown to be dependent upon the optimum temperature and pH 

of the particular organism producing the slime. Therfore, 

the optimum pH and temperature for a particular organism 

could be varied according to the amount of slime desired by 

the experimenters. The adhesion of an organism to a substrate 

c01lld, theooretically, be prevented if the. values of these 
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variables were known for the organism involved. The difficulty 

in employing this approach in many instances is both the 

inability to change the normal temperature and pH in 

the location necessary and the inability to maintain either 

variable at the new value for any length of time. 

Since the adhesion through lectins of the glycocalyx 

of a given organism to its specific substrate is controlled 

by the molecular characteristics of the substrate, the lectins, 

and the glycocalyx, the prevention of adhesion is a logical 

approach to take in preventing infection by a particular 

bacterium (1). Costerton outlines three ways that a new class 

of antibiotics could be used to interfere with glycocalyx 

formation or function for specific bacteria. The synthesis 

of the glycocalyx could be interfered with by inhibiting the 

polymerase that links the sugar subunits together to form the 

polysaccharide chains. This could be accomplished by exposing 

the polymerases of the slime layer to a compound that com

petes with the sugar substrate for the enzyme's active site. 

A second point for interference is at the active site of the 

lectins which attach the bacterial cell to the substrate or 

to the host cell. By exposing the bacterium to compounds 

which compete for the site on the lartins through which 

attachment to other lectins or to the substrate occurs,the 

adhesion of the bacterium to its specific site of attachment 

could be prevented. The final alternative discussed by Cos-
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terton is the blockage of the receptor sites for the poly£Bccharide 

fibers on the host cells. By using this approa8h, the anti-

biotic used would not have to enter the host cell or the 

bacterial cell. This would avoid both toxicity to the host 

and the development of bacterial resistance to the antibiotic 

treatment. Costerton states that, initially, bits of the slime, 

subunits of the strands, or analogs of the sugars would 

be effective in preventing adhesion when used with this goal 

in mind (1). 

The glucosyltransferases of Streptococcus mutans have 

been shown to produce both;:::3(1-3 anctc:<1-6 linked glucose 

strands. The adhetion and slime production are increased 

when both of these linkages are included in the glucan struc

ture (14, 30). An effective anticaries vaccine shbuilidt·there

fore, effectively inhibit both the glucosyltransferases forming 

theo(l-'3 links and those forming th~1-6 links since it is 

the combination of these enzyme activities that ref'ults in 

the greatef't slime production and therefore the greatest 

virulence for the bacteria (14). 

The production of slime by bacterial organisms in indus

trial cooling systems is an important area of study since the 

production of slime in these locations can lead to many 

problems such as lowered operating efficiency. Control of 

the production of slime in these locations is usually done 

by chemical treatment. Various chemicals have been used in 
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this effort such as chlorine-ammonia, chlorine dioxide, 

hypochlorite and calcium (8). 

The treatment with calcium is reported to have a hard

ening effect on the slime. An excess of this divalent ion 

ties up the negatively charged ends of the polysaccharide so 

that the glycocalyx adheres to itself rather than to other 

surfaces (8). Chlorine dioxide is often used instead of 

chlorine since its oxidizing pow.ris 2.6 times as great as 

that of chlorine and since it can penetrate the glycocalyx 

to reach the bacteria much better than can the chlorine 

molecule., The use of chlorine also entails another problem 

because its high reactivity often causes it to become involved 

in side reactions which reduce its effectiveness (4). 

The chlorine dioxide, since it is able to reach the bacterial 

cell, kills the cell and so remove§l the primary cause of 

the slime problem (4). 

Hypochlorite acts on the slime fibers by cleaving the 

bond at the C2-C
3 

position of the D-glucose units by 

oxidation. This causes a random depolymerization of the 

glycocalyx and results in production of a variety of high 

molecular weight products (8). Since destruction of the slime, 

rather than inhibition of the growth of the bacteria is the 

desired result of the chemical treatment, the hypochlorite 

is the most effective chemical in achieving this aim (8). 
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The formation of the slime layer is also affected by 

many other chemicals. The formation of the glycocalyx increases 

when the s111fur source in the med i11m is changed from sulfate to 

sulfite (22), when the carbohydrate or its concentration is 

changed (7), or when the temperatllre of the cultnre is changed 

(11, 32, 33). High concentrations of sucrose and low concen

trations of glucose have also been found to increase slime produc

tion (7,17). The presence of calcium and magnesium ions has 

also been fo'.md to be essential for slime production since, in 

the absence of these ions, part of the cell surface necessary 

for adhesion was removed, resulting in the inability of the 

cells to eit~er adhere or aggregate (21, 17). It is hypothesized 

that these ions are incorporated as a stabilizing factor into 

the mat of fibers in the glycocalyx. The simple addition of 

these ions to a medium on which Pseudomonas strain R3 was being 

grown did not stimulate its adhesion (17). 

The understanding of the role each of these stimulatory 

factors plays in the production_of the glycocalyx combined 

with the development of various types of antibiotic therapy 

against the production of the slime will contribute substan

tially to both our understanding of the nature and function of 

the slime layer and to our ability to control its detrimental 

effects. 
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MATERIALS AND METHODS 

The research involved in this study was carried out in 

the lab of Dr. Donald A. Hendrickson, Cooper Life Sciences 

Building, room 34. 

In the first section of this study three different cul

tures of slime-forming, gram negative bacteria were established 

by isolating the cultures from water samples taken from the 

White River in Muncie, Indiana. The cultures were initially 

isolated on TGEA and MacConkey's agar. Slime formation was 

established if tenacity was exhibited when the culture was 

touched with an innoculating loop. 

The cultures were then identified using a series of in

noculations onto differential bacteriological testing media. 

The tests used and the reeults obtained which allowed the 

identification of the three isolates are listed in Table I 

in the appendix. 

Following isolation and identification of the cultures, 

the bacteria were plated onto a minimal salts medium 

using sulfate as the sulfure source. This medium had been 

used previously (34) in an attempt to cause slime forming 

bacteria to form the mo. abundant slime layer. An increase 

in slime formation has been reported when the sulfur: source 

is change~d from sulfate to sulfilbe (22). A sulfate source 
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was used in this study since the sulfates necessary for the 

medium were more available than were the sulfites. 

The pr06edure for preparing the basic minimal salts

carbohydrate medium is outlined in Figure IV. The 

instruction§ for the preparation of the minimal salts medium 

using sulfvte as the sulfur source are also included and may 

be found in Figure V. The calculations involved in determining 

the amounts of the various salts included in the media 

are not given in this paper but are reported by Taylor (34). 

Three different carbohydrates, each in two concentrations 

were substituted for each other in this medium. The carbo-

hydrates and the concentrations used are the following' 

0.5% glucose (5.0 g/li ter) , 1.0% glucose (10.0 glli ter) , 

2.0% sucrose (20.0 glli ter) , 5. o~~ sucrose (50.0glliter) , 

2.0% lactose (20.0 glliter) , and 5.O"jo lactose (50.0 glliter). 

The amount of growth\\~ degree of slime formation which 

occured with the use of each of these sugar concentrations 

were compared. 

One of the objectives of this study was the determination 

of the possible role of amino acids in increasing the amount 

of slime produced by a culture. To study this a mixture 

of pure D and L amino acids was substituted for the normal 

nitrogen source, (NH4)2S04' in the minimal salts medium. 

The moles of nitrogen added in the amino acid mixture was 

equal to the number of moles usually added as (NH4)2S04 

in one St3t of trials and was of lower molarity in a second 



-
page 19 

Figure I V 

Minimal Sa1ts-Carbohydrate Medium with Sulfate Preparation Procedure 

Carbohydrates 
Use one of the following per liter of medium. 

0.5% glucose 5.0 grams 

1. O~h glucose 10.0 grams 

2.0% sucrose 20.0 grams 

5. 01~ sucrose 50.0 grams 

2. O'~ lactose 20.0 grams 

5.0% lactose 50.0 grams 

Agar 15·0 grams 

0.5 I'll Na2HP04 5·0 mI. 

Concentrated minimal salts 20.0 mI. 

Dis~olve the carbohydrate and agar in 750 mI. of 

deionized water. In 250 mI. water dissolve the ba~e 

and the (NH4)2S04. Steri1ize the medium in two flasks. 

One should contain the carbohydrate, agar and phosphate. 

The other should contain the base and ammonium sulfate. 

All of the carbohydrate media were made at the same 

time so the base-ammonium sulfate fractions were combined 

and a graduated cylinder which had been pre-sterilized was 

used to pour the right amount of minimal salts medium into 

the flask containing the carbohydrate and agar. \r':hen the 

medium had cooled the fractions were combined and poured 

into petri plates. 
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FI~URE Iv (continued) 

To 1000' ml. deionized water add~ 

1.0 gram (NH4)2S04 

5.0 ml. of 0.5M Na2HP04 

20.0 ml. Concentrated base stock solution 

The concentrated base stock solution as made as follows: 

To 100 ml. deionized water add: 

Nitrilotriacetic acid 

IvlgS04 

CaC1 2 2 H20 

(NH4 ) dVlo70 24 4H20 

F'eS04 7H20 

lV].etals "44" 

1.0000g. 

1.4450g. 

0·3335g. 

0.0009g. 

0.0099g. 

5.0 ml. 
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To prepare this solution dis80lve the nitrilotriacetic acid 

in the wa.ter and neutralize it with 0.73 grams KOH. The 

rest of the ingredients are then added. 

Metals "44" Solution Preparation 

To 30 ml. of deionized water add: 

EDTA 0.0750g. 

ZnS04 7H2O 0.3285g. 

FeSo4 7H2O 0.1500g. 

MnS04 H2O 0.0462g. 

CuS04 5H2O 0.0118g. 

Co(N0
3

)2 6H2O 0.0074 g. 

0.0053g. 

Add a few drops of H2S04 to prevent precipitation. 



Figure V 

Minimal Salts-Carbohydrate Medium --Sulfite 

In 1000 mI. I 

One of the- following sugars: 

0.5% glucose 

1.0 % glucose 

2.0% sucrose 

agar 

1.0 ~I Na-pyrophosphate -HCI 
buffer 

5.0 grams 

10.0 grams 

20.0 grams 

50.0 grams 

15.0 grams 

5.0 mI. 

(50 mI. of 4#.58 g pyrophosphate in 100 ml) 
plus 

(52.35 mI. of 2!! HCl) 
dilute this to 200 mI. 

concentrated minimal salts base 20.0 mI. 

1.02 grams 
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Preparation 

This medium is made using the same procedure used for the 

sulfate medium, as described in Figure IV. 
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FIGUHEV (continued) 

In 1000 ml. deioHized water: 

add 1.02 grams 

5.0 ml. sodium pyrophosphate-HCl buffer 

20.0 ml. concentrated base (stock solution) 

Concentrated base stock solution is made as follows: 

To 100 ml. deionized water add: 

nitrilotriacetic acid 

IIJIgS0
3 

6H 20 

CaC1 2 2H20 

(NH4 ) 6Mo7G24 

FeC1 2 4H20 

Metals "44" solution 

1.0000g. 

2.5000g. 

O,3335g. 

0.0009g. 

0.0707g. 

5.0 ml. 

To prepare this solution, dis~olve the nitrilotriacetic 

acid in the water and neutralize it with 0.73 grams KOH. 

The rest of the ingredients are then added. 

Metals "44" Solution preparation 

To 30 ml. of deionized water add: 

EDTA 0.0750g. 

ZnS0
3 

2H2O 0.2205g. 

FeC1 2 4H2O 0.1071g. 

MnS0
3 0.0369g. 

CuC1 2 0.0064g. 

Co(N03 )2 6H2O 0.0074g. 

Na~~B4 07 10H2O 0.0053g. 

Add a few drops of H S04 to prevent precipitation. 
2 
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set of trials. The list of amino acids and the molar amounts 

added of each are listed in Table II of the appendix. In 

the series of trials using the amino acid mixture with 

nitrogen molarity equal to that of the (NH4)2S04' each 

amino acid was weighed- from a pure dry sample and added to 

6 mI. of potasBium phosphate buffer, pH 7.2. The weights 

of the amino acids added to this mixture are also listed in 

Table II. 

The innoculation of the minimal salts medium was done 

according to the following procedure. Each of the isolates 

was transferred to a tube containing sterile buffered water 

and mixed. A drop of the mixture was placed on a Petroff-

Housser counting chamber. The number of cells per grid was 

counted. These cmlnts were repeated ten times for each 

isolate and averaged. The average number of cells per grid 

was multiplied by 2xl07 to give the number of cells per mil

liliter. Using these counts, the original mixture of each 

isolate was dilluted by serial dilutiorr so that the final 

tube contained approximately 102 to 103 cells per milliliter. 

These dllutions were then used for all the innoculations. 

Using the final dilution, 0.1 mI. of the mixture was 

delivered by sterile pipettes to the agar surface in the 

petri plates. A curved glasB rod was then sterilized and 

used to spread the drffacross the agar. The plates were 

* Note": The molarity reported for the amino acid mixtures 
~hroughout this~ppper is the total Hitrogen molarity contained 
ln the mixtures. For the molarity of the amino acids pleaBe 
see Table II in the appendix. 
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then inverted and incubated at 37°C for s,even days. 

In each of three trials the three isolAtes were plated 

onto each of six different media, each containing a different 

sugar or sugar concentration in which (NH4)2S04 was the 

nitrogen source. In the same three trials the three organ-

isms were plated onto each of the si~ minimal salts medium 

plates in which the amino acid mixture (N= 1.4x10- 6'-M ) had 

been substituted for the (NH4)2S04 nitrogen source. 

The same procedure was repeated using the amino acid 

mixture in which the total nitrogen molarity was equal to the 

nitrogen molarity using (NH4)2S04 (7.S7x10-300). 

After seven days the following characteristics were noted 

for each culture plate: average colony size, measured with 

a metric ruler, colony color and nature, raised or depressed 

center, number of colonies per square centimeter, presence 

of a capsule using a negative stain, and tenacity, whiah was 

determine,d by touching the colony with an innoculating needle. 

In order to enable the comparison of the amount of slime pro

duction exhibited by the various cultures the tenacity present 

on each plate was immediately assigned a number- on a "tenacity 

scale" ranging from 1 (little or no tena6ity) to 10 (very 

strong tenacity). This system was used so that the com-

parison of sl~ production between cuI tUT'e plates could be 
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made on as objective a basis as possible. The data collected for 

the two sets of trials on the above characteristics is summarized 

in Table III and Table IV of the appendix. 



-

RESULTS 

All three isolates grew on the minimal salts-carbo

hydrate medium using either the (NH4~2S04 or the amino 

acid mixtures as the nitrogen source, though none of the 

isolates produced as much slime on the minimal salts medium 

as they did when initially isolated on TGEA and MacConkey's 

agar. 

Isolate F exhibited the greatest amount of growth!. when 

grown on med ium containing l~o glucose. The tenacity shown 

by isol~e F was greatest when 1% glucose or 5% sucrose was 

contain~d in the medium. Tenacity was improved for isolate 

F when the 1.4x10-6.~ amino acid mixture was substituted for 

the (NH4)2S04-when the medium contained either 1.0% glucose 

or 5.0% sucrose. 

Isolate A exhibited the best growth with 5.0% sucrose 

in the medium. The tenacity exhibited by isolate A was 

greatest using 5. Wb sucrose at both concentrations of amino 

acids. Much slime was also produced when isolate A was 

grown on medium with 2.0% sucrose or 1.0% glucose at both 

amino acid concentrations. The ~bstitution of the amino 

acid mixture for the (NH4)2S04 increased the tenacity exhibited 

by isolate A when the following sugar and 8.mino acid concen

trations were used: 0.510 glucose (1.i.lx10-,6:M amino acids), 
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2.0% sucrose 
-- 6) 3 

(1.~xl0 ~ and 7.5 xl0- ~ amino acids), and 

5.0% sucrose (~.~10-62M and 7.5xlO-3~ amino acids). 

Isolate H ~xhibited the highest degree of growth when 

grown on medium containing either 1.0~~ glucose or 2.0% 

lactose. The greatest slime productin was exhibited by 

isolate H when grown on medium with 2.0% lactose and 7.5 

xlO- 3M amino acids. The tenacity exhibited on medium with 

4 
- 6-: 

5.0% sucrose and 1. xl0 L,M amino acids was only slightly 

lesf' than this. The substitution of the amino acids 

mixture for the (NH4)2S04 produced an increase in slime 

production for isolate H only for the following concentrations 

of carbohydrate and amino acids: 0.5% glucose (7.5xlO-3rvI 
_.6 3 

and t. 4xl 0 !'-~ amino acid s), 1.0% r.lucose (7. 5xl 0 - M amino 

acids) and 2.0% sucrose ('1 •. GxlO-"6: 1Y1 amino acids). 

Growth for all three isolates was better when the amino 

acid concentration was higher. The degree of tenacity exhibited 

by each of the three isolates did not change consistently 

either with a higher amino acid concentration or with 

the sUbstitution of the amino acid mixture at either concentration 

of nitrogen for the (NH4)2S04 as the nitrogen source. 
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CONCLUSIONS 

The substitution of the amino acid mixture for the 

(NH4)2S0 did not result in a clear increase in tenacity 
~. 

for all or even the majority of the carbohydrate concentrations 

used for anyone of the three isolates. Therefore, the data 

collected in this study did not support the suggestion of 

Roseman (13) that the nutrient missing in the minimal salts-

carbohydrate medium which was necessary to enhance the slime 

production to the greatest extent was an amino acid. 

It is possible that the mixture of amino acids used in 

this study did not include an amino acid necesf'ary for the 

greatest production of slime. It is also posEible that 

this mixture did not include a D form of one of the amino 

acids and that this particular form of the amino acid was a 

necessary component of or precursor of the slime formed. 

Please see Table II of the appendix for this information. 

The decreased growth and the overall decrease in slime 

production observed for all three isolates on the minimal 

salts-ca~bohydrate medium as compared to the growth and slime 

production exhibited on MacConkey' s agar and TGEA may be 

attributed to the decreased availability of many of the 

nutrients present in the TGEA and MacConkey's agar other 

than amin9- 'acids, which were not present in the minimal 
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salts medium. 

The generally lower growth present for all three isolates 

on those plates in which one of the amino acid mixtures had 

been substituted for the (NH4)2S04 may have resulted from the 

unavailability of the nitrogen present in the more simple 

form as (NH4)2S04' The only nitrogen present in the medium 

where the amino acid mixture was used was in a more complex 

form as part of the amino acids, thus making it somewhat lesE 

availablE~ for easy access and use in the bacterial cell's 

other nitrogen-requiring metabolic activities. 

From the data presented as results of this study, it 

can be seen that the sUbstitution of amino acids in either 

of two concentrations, 7.5xlO-:3.\:4 or f.1.fX10-6"~lH, did not result 

in an increase in slime production for anyone of the isolates 

when grown on all six different sugar concentrations in the 

minimal salts medium. The hypothesis of this study that 

substituting the nitrogen source in the medium with a mixture 

of purified amino acids would result in greater slime production 

was supported by each of the isolates when grown on some of 

the media used but was not supported with each isolate's growth 

on every medium. Isolate F's growth supported the hypothesis 

when grown on 1. O~J glucose and 5.0% sucrose using both con-

centrations of amino acids. The slime produ~tion of isolate 

A increased when grown on med ium containing 2. O~o sucrose or 

5.0% sucrose at both concentrations of amino acids and on 

d . t .. 0 5 I . th '1'}J 0 - 6 .. . d me lum con alnlng ,~" g Dcose Wl 1.. .~xl .~ amlno aCl s. 

If'olate H's growth and slime production supported the hypo

thesis when it was grown on medium containing 0.5% glucose 
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with :fJ·f'X10- ttM amino acids, 1.0% glucose with 7.5x10-3M 

amino acids and with 0.5% glucose at both concentrations 

of amino acids. 
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APPENDIX 

Table I 

Isolate A Ifolate F 

gram stain 

lactose c[ - + + 
----

I + catalase - -
oxidase + ... -

---

indole I - - + 

MR - + + 

VP + - -
. 

H2S - -t -

motility + -t~[ -
nitrate reduce '* + -

urease - - -

rhamnose + - + 

raffinose .. + -
-fluorescence - + 

-- -

pigment brown yellow green, 
rl ; f'f'n::a hlp 

citrate + - + 
-- -

ino~itol + ... -

mannitol + + + 

tenacity + + + 

Based on the above test res1Jlts the following identifications 
of these isolates are proposed to be: for Ifol*l.te;"\A, .l:'..nterobac;ter .§.ero
genes, for Isola..eeI}, imterobacter hafniae, and for Isolate H, Pseud omonas 
species. 



Table II 

Amino Acid MolesL'.l ... in SGlln. I ~~lolesL l~ in SQlu II gram§ in 

xl0- 8 
Soln. II 

I)-alanine 1.04 0.00 '·.0.00 

L-alanine t.04Xl0- 8 6 -4 .25 x10 0.01172 

L-arginine 1.04 xl0- 8 3.125 x10 -4 0.01146 

D-aspartate 1.04 Xl0- 8 0.00 0.00 

L-aspartate 1.04 X10- 8 6 -4 .25 x10 0.01752 

Cysteine 1..04 xl0- 8 3.125 x10-4 0.00796 

Glutamate 1.04 x10- 8 
3.125 X10-4 0.00968 

L-histidine 1.04 X10- 8 
3.125 Xl0-4 0.0102 

L-isoleucine 1.04 xl0- 8 
3.125 X10-4 0.00862 

L-leucine 1.04 X10- 8 
3·125 x10-4 0.00862 

D-lysine 1.04 x10- 8 0.00 0.0 

L-lysine 1.04 X10- 8 6 -4 .25 x10 0.0192 

D-methionine 1.04 xl0- 8 0.00 0.00 

L-methionine 1.04 x10- 8 6 -4 .25 x10 0.0196 

D-phenylalanine 1.04 x10- 8 0.00 0.00 

L-phenylalanine 1.04 Xl0-8 6 -4 .25 xl0 0.0216 

L-proline 1.04 x10- 8 
3.125 x10 -4 0.0076 

D-serine 1.04 X10- 8 
0.00 0.00 

L-serine 1.04 x10- 8 6 -4 .25 x10 0.01384 

L-threonine 1.04 x10- 8 0.00 0.00 

D-tyrosine 1.04 X10- 8 0.00 0.0 

L-tyrosine 1.04 x10- 8 6 -4 .25 x10 0.02384 

L-valine 1.04 X10- 8 
3·125 X10-4 0.0077 

glycine 1.04 X10- 8 
3.125 X10-4 0.00494 



Gharacteristic 
Cell 
Morphology 

Colony 
color 

Colony 
nature 

Center 

Capsnle 

'lIable III 

bq.cilli,single 

yellow-white 

opaque 

raised 

no 

Organisms 
F H 

bacilli, some diplo bacilli ,single 

dark yellow dk.brown-green 

opaque opaque 

raised raised 

no no 

The above data are results of the trials usinf the 1.4x10- 6M 
amino acid mixture. The results on these characteristics are not 
reported separately for each different sugar used in the medium 
since" tpese characteristics remained constant throughout the trials. 

Isolate 

Characteristi(~ A F H 

Colony light yellow dark yellow brown-green color 

Colony opaque opaque opaque nature 

Center raised raised raised 

Capsule raised raised raised 

The above characteristics are the result of the trials 
performes using the amino acid mixture with nitrogen molarity of 
7.5x 10- M. As explained above, these characteristics are reported 
as a group for these trials since they did not change as the sugar 
nsed in the medium was changed. 



Medium 

1. 0% ~!lllcose 

2.0~S sucrOEe 

5.070 sucrose 

2.0% lactose 

5. oro lactose 

Medium 

O. 5r~glucose 

1.0% glucose 

2.0% Sllcrose 

5.0%sucrose 

2.0%lactose 

5.0% lactose 

'l'able Iv 

Part I. Results for Isolate A 
li'ledium 

colonies pinpt.-2.O'n,m. 
31/sq. cm. 

0.5~o glu80se colonies pinpt.-2.o llllm. 
(l.4xl0- M 18/sq. cm. 

tenacity 3 amino acids) tenacity 5 

colonies pinpt.-4.0 m-m, 1.01;glu9.gse colonies 0.25-0.30 mm. 
13/sq. cm. (1.4xlO Iv1 16/sq. cm. 
tenacity 6 amino acids) tenacity 4 

colonies pinpt. -3.0 ~m. 2.0% sucgose colonies pinpt. -4.0 nm. 
13/sq. cm. (l.4xl0- M 20/sq. cm. 
tenacity 4 amino acids) tenacity 6 

colonies pinpt. -3.0 mm. 5.0r~ su£gose colonies pinpt. -2.0mlm. 
19/sq. cm. (l.4xlO M 20/sq. cm. 
tenacity 8 amino acids) tenacity 7 

~olonies pi~pt. to 6.0 rmm. 2.0% la9tose colonies pinpt. -3. 01l1m. 
12/sq. cm. .- (1.4xl0-'1V1 I 18/sq. cm. 
tenac i ty 2 amino acids ) tenacity 1 

colonies pinpt. 
50/sq. cm. 
tenacity 2 

5.0% lac~ose 
( 1 • 4 x 1 0 - ur/l 
amino ac id s ) 

colonies pinpt. -2.5mm, 
20/sq. cm. 
tenacity 1.5 

Resl11 ts of the second set of Trials 

sheet of growth 
tenacity 2 

0.5% glusose - , .. sheet of growth 
(7.5xlO- M tenacity 1 
amino ac id s ) 

sheet of growth 
tenacity 8 

1 . O~o glllJose sheet of growth 
(7.5xlO M tenacity 1 
amino ac id s ) 

sheet of growth 
tenacity 6 

2. O~~ sU£J'0se sheet of growth 
(7.5xl0 IVI tenacity 8 
amino ac id s ) 

sheet of growth 
tenacity 7 

5. O~(j suc50se sheet of growth 
(7.5xl0- 1VI tenacity 8 
amino ac id s ) 

no growth 2.0fh lacjose sheet of growth 
(7.5xl0- IVI' tenacity 5 
amino ac id s ) 

no growth 5.0%lac~3se sheet of growth 
(7.5xl0 M tenacity 5 
amino ac id s) 



Table IV 

Part II. Hesults for Isolate F 

Medium Medium 

o. 5~~ glucose \ coloriies ''0 ;5-1:'0 mm. o. 5~~ glugose colonies pinpt. -4.0 mm. 
38/sq. cm. (1.4xi0- Nl ii/sq. cm. 
tenacity 3 amino ac id s ) tenacity 4 

1.0% glucose colonies 0.1-5·0 mm. 1.0% gl~gose colonies 0.1-1·5 mm. 
28/sq. em. (1.4xl0 M 4/sq. cm. 
tenacity 4 amino ac id s ) tenacity 7 

2. O~o S 11crose colonies pinpt. -3·0 mm. 2. O~h su£~ose colonies pinpt.-2.5 mm. 
13/sq. cm. (1.4xl0 ~ 15/sq. cm. 
tenacity 4 amino ac id s ) tenacity 3 

5.0% sucrose colonies pinpt. -:2.0 mm. 5.0% sucgose colonies pinpt.-l.5 mm. 
9/sq. cm. (1.4xl0- M 11/sq. cm. 
tenacity 2 amino ac id s ) tenacity 6 

2. O~~ lactose colonies 0.5-2.0 rom. 2. 07'; la£~ose colonies 1.0-4.0 rom. 
10/sq. em. (1.4xl0 l'ii 18/sq. cm. 
tenacity 5 amino ac id s ) tenacity 6 

5. 07~ lactose colonies 0.25-2.0 mm. 5.0% la06osE: colonies 0.5-4.0 mm. 
30/sq. cm. (1.4xlO"" M 5/sq. cm. 
tenacity 5 amino ac id s ) tenacity 5 

Results for Second Set of Trials 

Medium Medium 
\ 

O. 5~o gl~5ose 1 o. 5~; glucose~ sheet of growth sheet of growth 
I tenacity 3 (7.5xlO h'l \ tenacity 2 

amino acids) I 

1. ~~ glucose sheet of growth 1 . O~~ glu§ose sheet of growth 
tenacity 8 (7.5xl0- hI tenacity 8 

amino ac id s ) 

2.0% sucrose sheet of growth 2. Or~ sU£5o~e sheet of growth 
tenacity 8 (7.5xl0 M tenacity 7 

amino ac ids) 

5· ~; sucrose sheet of growth 5. oro suc50se sheet of growth tenacity 8 (7.5x10- IVl tenacity 5 amino ac id s ) 

2. O~~ lactose sheet of growth 2.0~~ lac;ose sheet of growth 
tenacity It (7.5xl0- M tenacity 5 

amino ac id s ) 

5.0% lactose sheet of growth 5. O~~ lac;ose sheet of growth 
tenacity 4 (7.5xl0- Ivl tenacity 4 

amino ac id s ) 



Table IV 
Part III. Results for Isolate H 

Medium 

O. 5r~ glucose 

1.0% glucose 

colonies 0.75-1.0mm. 
21/sq. cm. 
tenacity 4 

colonies pnpt.-4.5 m~. 
J4/sq. cm. 
tenacity 7 

2.01b sucrose colonies pinpt. -2. Omm. 
6/sq. cm. 

5.0% sucrose 

2.0% lactose 

5.0% lactose 

tenacity 5 

colonies pinpt. 
25/sq. cm. 
tenacity 7 

colonies 0.25-0.5mm. 
58/sq. cm. 
tenacity :3 

colonies pinpt. 
8/sq. cm. 
tenacity 2 

iVIed ium 

O. 5~~ glugose 
(1.4xl0- M 
amino acids) 

1 • Or~ glugose 
(1.4xl0- lVl 

amino ac id s ) 

2. Oro sucgose 
(1.4xl0- M 
amino acids) 

5. O~b sucgose 
(1.4xl0- Iv1 
amino ac id s ) 

2. Or~ laceose 
(1.4xl0- M 
amino ac id s ) 

5.0% lactose 
( 1 • 4xl 0 - ~Jl 
amino ac id s ) 

colonies 4-7 mm. 
1 large/sq. cm. 
tenacity 7 

colonies 0.25-2.5 mm,., 
25/sq. cm. 
tenacity J 

colonies pinpt.-J.Omm. 
6/sq. cm. 
tenacity 6 

colonies pinpt. 

\

' 20/sq. cm. 
tenacity 5 

!colonies 1.5-J.0 mm. 
8/sq.cm. 

jtenacity J 
I 

colonies pinpt.-J.O mm. 
5/sq. CUho 
tenacity 2 

Results from Second S§t of Trials 
Medium Medium 

0.5% glucose sheet of growth O. 5~b glusose sheet of growth 
tenacity t (7.5xl0- lVl tenacity J 

amino ac id s ) 

1. 0% glucose sheet of growth 1. O~~ glusose thin sheet of growth 
tenacity J (7.5xl0- Iv1 tenacity 6 

amino acids) 

2.0% sucrose sheet of growth 2.0% sucrsse sheet of growth tenacity 6 (7.5 xl0- M tenacity 4 
amino ac ids) 

5.0% sucrose sheet of growth 5·0% suc3'0se thin sheet of growth tenacity 5 (7.5xl0- lVl tenacity 1 
amino ac id s ) 

2.0% lactose sh.eet of growth 2. Oro lacjose thin sheet of growth te,naci ty 6 (7.5xl0- M tenacity 7 
amino ac id s ) 

5.0% lactose no gr.owth 5 . O~~ lac tsse thin sheet of growth 
(7.5 xl0- M tenacity 5 
amino ac ids) 
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