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 رٕصٛف يقشس دساعٙ

 ثٛبَبد انًقشس  -1

 ٌ انشيض انكٕد٘:
انؼبئم  خانًقشس: ػلاقاعى 

 ثبنًٛكشٔة
 ساثؼّ ك يٛكشٔثٕٛنٕخٙقخ / انًغزٕ٘: انفش

 (   2ػذد انٕحذاد انذساعٛخ     َظش٘  ) انزخصص: َجـــبد

  
 .ٔػٕائهٓبانزؼشف ػهٗ إَٔاع انؼلاقبد انًخزهفّ نهكبئُبد انذقٛقخ إخبدِ  - Aimsأهذف المقشس   -2

 كٛفٛخ رطٕس ْزح انزفبػلاد ٔ رأثٛشارٓب ػهٗ انجٛئّ انًحٛطّ. ٔدساعخ  فٓى  -

 غلاة رًٓٛذ٘ يبخغزٛش المسحهذف من جذسيس المقشس )المخشجات( : -3

Intended Learning Outcomes 

 المعلىمات والمفاهيم  -أ

Knowledge and 

Understanding 

 ثُٓبٚخ رذسٚظ انًقشس ٚدت أٌ ٚكٌٕ انطبنت قبدس ػهٗ:

 انؼبئم.أٌ ٚحذد انؼلاقبد انًخزهفّ ثٍٛ انًٛكشٔثبد ٔانؼبئم ٔيذٖ رأثٛشْب ػهٗ -1أ

انجٛئّ  ػهٗأٌ ٚصف انطبنت َزبئح انؼلاقبد انًخزهفّ نهؼبئم ٔانًٛكشٔة ٔرأثٛشارٓب -2أ

 انًحٛطخ.

 نطشق انذفبع نهؼبئم ظذ انًٛكشٔة. ٔاظحخأٌ ٚزكش انطبنت أيثهّ -3أ

 

 المهاسات الزهنية  -ب

Intellectual Skills 
 قبدس ػهٗ:ثُٓبٚخ رذسٚظ انًقشس ٚدت أٌ ٚكٌٕ انطبنت 

 أٌ ٚقبسٌ انطبنت يب ثٍٛ انًٛكشٔثبد انًفٛذِ ٔ انعبسِ نهؼبئم.-1ة

 أٌ ًٚٛض انطبنت ثٍٛ انؼلاقبد انًخزهفّ نهًٛكشٔثبد ٔ انؼبئم. -3ة     

 أٌ ٕٚظح انطبنت انُزبئح انًزٕقؼّ يٍ ػلاقّ انًٛكشٔة ثبنؼبئم.-4ة

 ٚبد نذفبع انؼبئم.أٌ ٚغزُزح انطبنت انفشٔق ثٍٛ سد فؼم انجكزشٚب ٔ انفطش -5ة

 

المهاسات المهنية  -ج

 الخاصة تالمقشس 

Professional Skills 

 ثُٓبٚخ رذسٚظ انًقشس ٚدت أٌ ٚكٌٕ انطبنت قبدس ػهٗ:

 أٌ ٚغزخذو انًٛكشٔعكٕة انعٕئٙ ٔ ٔعبئم  ٔ أدٔاد انزؼقٛى انًخزهفخ. – 1ج

 أٌ ٚدٓض انطبنت الأٔعبغ انغزائّٛ ٔ ٚؼقًٓب. - 2ج

ًغ( انطبنت انًٛكشٔثبد يٍ انُجبربد انًصبثّ ٔ ٚؼٛذ صساػزٓب ػهٗ أٌ ٚؼضل )ٚد- 3ج

 الأٔعبغ انغزائّٛ انًُبعجّ.

 أٌ ٚزُبٔل انطبنت انُزبئح انًخزهفخ يٍ ػلاقّ انؼبئم ثبنًٛكشٔة.- 4ج      

 المهاسات العامة  -د

General Skills  
 ثُٓبٚخ رذسٚظ انًقشس ٚدت أٌ ٚكٌٕ انطبنت قبدس ػهٗ:

 م اندٛذ يٍ خلال انًُبقشبد داخم انًحبظشاد.انزٕاص -1د 

 انؼًم فٙ خًبػخ، رُظٛى انٕقذ، ٚزؼبٌٔ ٔٚشبسك  يغ الاخشٍٚ ثبٚدبثٛخ.-2د

      
 مححىي المقشس  -4

Course Content 
انؼلاقبد انًخزهفّ  -ػلاقّ انؼبئم ثبنًٛكشٔة:  يقذيّ ػٍ انكبئُبد انذقٛقّ ٔ ػلاقزٓب ثبلإَغبٌ -

ػلاقّ  – commensalism -رجبدل انًُفؼّ )فٙ انُجبد ٔ الإَغبٌ( -ٛكشٔةثٍٛ انؼبئم ٔ انً

انفطشٚبد -أيثهّ ٔاظحّ نٓزِ انؼلاقبد -َزبئح انؼلاقبد انًخزهفّ نهؼبئم ٔ انًٛكشٔة -انزطفم

سد فؼم انؼبئم ػهٗ  -سد فؼم انًٛكشٔة ػهٗ انؼبئم -غشق انذفبع نهؼبئم ظذ انًٛكشٔة  -انًزطفهخ

 انًٛكشٔة.
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 لية الحعليم والحعلم أسا -5

Teaching and Learning 

Methods 

 

 

 

 

  Data showانًحبظشاد انُظشٚخ ثبعزخذاو أخٓضِ -1

 ػشض إعطٕاَّ يذيدّ رحزٕ٘ ػهٗ ثؼط انصٕس ٔ انؼشٔض نهكبئُبد انذقٛقّ. -2

 ركهٛف انطلاة ثؼًم يقبلاد فٙ ثؼط انًٕظٕػبد. -3

 انذسٔط انؼًهٛخ. -4

أسالية الحعليم والحعلم  -6

روي القذسات للطلاب 

 المحذودة 

Teaching and Learning 

Methods of  Disables  

 انزؼهى انزؼبَٔٗ. -1

 انًزبثؼخ فٙ انغبػبد انًكزجٛخ. -2

 رحذٚذ انطلاة انًزؼثشٍٚ يٍ خلال الإيزحبَبد انذٔسٚخ. -3

 رجغٛػ انًؼهٕيخ ثإعزخذاو ػشٔض انفٛذٕٚ. -4

 

 : Student Assessment جقىيم الطلاب  -7

لمسحخذمة الأسالية ا -أ

Tools   
Tool Measured Skils  

Mid-term Exam & 

Semester Work 

Knowledge, Understanding, Professional 

and intellectual  

Practical Exam Intellectual; Professional , General Skills 

Final Written Exam Knowledge, understanding and 

intellectual Skills  
 Timeالحىقيث  -ب

Schedule            
The Tool Time Weight 

   

   

Final Written Exam end of the semester 100%  
جىصيع الذسجات  -ج

Grading System  
The grade Excellent Very 

Good 

Good Pass Fail 

% of the total 

marks 

> 90 80-89 70-79 60-69 <60 

 
 

 : List of Referenceلكحة الذساسية والمشاجع قائمة ا -8

  Course Noteمزكشات  -أ

                 
 يزكشِ ػلاقّ انؼبئم ثبنًٛكشٔة )دساعبد ػهٛب(. -

 كحة ملضمة  -ب

Required Books (Text 

Book)       

- General Microbiology 

- Microbes in action 

 كحة مقحشحة  -ج

Recommended Books  

              

Introduction to microbiology 

Bacteriology 

 

دوسيات علمية أو نششات  -د

 Periodicals, web.....إلخ 

sites... etc. 

 رحعٛش انؼُّٛ ٔ انفحص. –دٔساد  فٙ انًٛكشٔعكٕة الإنكزشَٔٙ  -

 

 / ٔعبو يحًذ ػهٙ يحًٕد عبنىأ.دأعزبر انًبدح: 

 

 اندٕدح ٔالاػزًبد( )انًصذس: دنٛم انٓٛئخ انقٕيٛخ نعًبٌ
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GENERAL OUTLOOK 

1. Microbes can grow on other living things 

FOR the most part microorganisms do not exist in isolation, but 

instead are members of larger environmental communities. Each 

microbe has an effect on its environment, and its presence 

influences all the other residents of that community. Sometimes 

these effects can be damaging, as when a microbe grows in 

polluted water and uses up all the oxygen, making it unavailable 

for fish. In other cases, they improve an environment. 

Photosynthetic microbes in the ocean (plankton) are major primary 

producers that much of the rest of the organisms in the ocean are 

dependent upon. Such loose interconnections (a topic of 

environmental microbiology) are essential in the web of life. 

In this course we will concern ourselves with the interaction of 

microbes with larger organisms. The presence of large eukaryotic 

organisms (from this point on we will refer to these as hosts) in 

an environment does not go unnoticed, and microbes will naturally 

take advantage of the niches they provide. Why do hosts make 

such great environments for microbes? Primarily, the hosts often 

provide a physically stable environment (constant temperature, pH, 

osmolarity, etc.) with a ready supply of nutrients. For example, the 

cow's rumen is teaming with microorganisms that flourish in this 

very stable environment, metabolizing the steady supply of plant 

material eaten by the cow. Another host environment is your 
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mouth. The soft tissues and teeth in the mouth provide readily 

available sites for attachment and a steady supply of food such as 

chips, pizza, etc. provides plenty for microbes to metabolize. 

What defines a host-microbe interaction? 

Before we begin, it is important to clearly define what is meant by 

a host-microbe interaction. One might define these interactions as 

any time a microbe and host are near each other, but the question 

then becomes how near do they have to be before it is considered 

an interaction? It is entirely possible for a host and a microbe to 

benefit one another yet be very far apart. For example, human 

waste is an excellent source of nutrients for many microbes to 

grow in and the accumulation of these wastes in sewage treatment 

facilities results in high populations of bacteria. The action of the 

bacteria helps to degrade the sewage so that the release of it into 

the environment does not damage the ecosystem. It is clear that 

both humans and microbes got some benefit, but this is not really 

an interaction. Therefore, for it to be considered an interaction 

there must be contact for a significant period of time. For this 

text we will define a host-microbe interaction as one that involves 

some sort of physical contact between a microorganism and a host 

where the microbe gains some benefit.  
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       2. General Themes 

While microbes can have numerous and diverse interactions with 

eukaryotic organisms, there are some properties that all host-

microbe interactions share.  

 These interactions are dynamic. Changes in the 

environment provided by the host (hormonal alterations, 

changes in diet, antibiotic therapy, etc.) affect the types and 

numbers of microorganisms present on the host.  

 The main benefit to the microbe is always the same - a 

good environment for growth and reproduction. The 

goal of prokaryotes is simply to make more of themselves.  

 Some microbes that grow on hosts are also capable of living 

freely (separate from their host) in the environment. In 

most cases the physiology required in these two lifestyles is 

vastly different. This has two implications. First, the 

microbe must have a way of detecting whether on not it is 

interacting with the host. One might detect a host by 

recognizing host surface molecules, by sensing the presence 

or absence of a signal molecule or even by the hosts 

temperature. Second, the microbe must react to the 

presence or absence of the host by changing the expression 

of appropriate genes. 

 Tied up in this last point is that the microbe must be careful 

to recognize the correct host, which can be difficult in a 
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complex environment. There is often a complex molecular 

conversation going on between the microbe and its 

appropriate host. 

 The microbe must be capable of colonizing the host. That is, 

it needs to set up a fairly stable interaction. This typically 

involves a specific recognition between surface molecules 

on both the host and the microbe. Also, the microbe must 

be able to obtain useful growth compounds from that 

interaction.  

 The microbe must have mechanisms for dealing with the 

hosts microbial defenses so that it can maintain its 

colonization. Without these devices, many hosts will rapidly 

eliminate the microbe. 

We are just now starting to decipher these interactions at the 

molecular level, and this analysis will be a central feature in 

microbiology for years to come.  

3. Types of interactions 
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In classifying these interactions, we tend to look at them from the 

host's point of view, since we serve that role for a large number of 

microorganisms. The outcomes of these interactions fall into three 

categories: (1) mutualistic, where both the host and the microbe 

benefit from the association; (2) commensal, where the microbe 

benefits and the host is unharmed; and (3) pathogenic (or 

parasitic), where the microbe benefits and the host is harmed by 

the association. The differentiation among the types of interaction 

can be difficult in some cases as well as dynamic. For example, 

when living in our noses, Staphyloccus aureus causes little harm 

and this can be thought of as a commensal interaction, yet this 

same bacterium growing on sub-surface layers of the skin will 

result in a pathogenic interaction that causes boils. 

1. Mutualistic interactions 

The host's role in a mutualistic interaction is often a very active 

one. The host provides space (room) for the microbe and 

transports nutrients to encourage its growth and metabolism. In 

many cases the host actively recruits the microbe by sending out 

cellular signals to which the target microbe reacts. Once contact is 

made between the microbe and its host, gene expression in the 

host results in the production of proteins important in initiating and 

maintaining the association. The host will not antagonize the 

growth of the microbe but will typically confine it to a desired area 

since unchecked microbial growth throughout a eukaryotic 
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organism is undesirable. In return, the microorganism will provide 

a benefit to the host through its metabolism.  

The microbe in this interaction uses the nutrients and space 

provided by the host to multiply. It also actively seeks out a host 

and turns on a series of genes important for creating and 

continuing the association. Once the interaction is established, the 

microbe expresses gene products that are beneficial to the host. 

Often these genes are induced by an environmental condition that 

signals the presence of the host. It is becoming clear that the 

behavior of a mutualistic microbe and that of a pathogen when 

infecting a host can be very similar. The major difference is that 

the mutualistic microbe does not harm the host and provides some 

benefit. There are numerous examples of mutualistic interactions 

and we will discuss two in some depth later in this course. 

2. Commensal interactions 

In commensal interactions, the microbe colonizes the host, but 

there is no effort by the host to support that interaction. In fact, 

the host often antagonizes colonization by the microbe, but since 

no harm is done, it is unclear how vigorous the host's defense 

usually is. Similarly, the interaction begins with the microbe 

actively seeking out the host, since the host makes no effort to 

attract it. Once a host is found, the microbe aggressively attaches 

to host surfaces, and prepares to deal with any host defenses 

present in the area. For its part, the microbe produces no toxins 
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nor does the growth of the microbe occur in critical areas that 

would impede the well being of the host.  

The microbes that reside in your mouth are excellent examples of 

commensal interactions and this is described in some detail later in 

this course. Many of these microbes have extracellular 

polysaccharides or surface proteins that help them specifically 

attach to surfaces in your mouth where they grow to high 

numbers. For the most part these organisms do not produce toxins 

or any other harmful products and, provided you brush and floss to 

keep the numbers under control, they do not damage your teeth. 

3. Parasitic and pathogenic interactions 

In these types of interactions, the presence of the microbe is 

harmful to the host, and the microbe is considered a parasite. If 

the interaction causes a diseased state in the host, then the 

parasite is considered a pathogen. Many of the ideas in the 

ensuing discussion apply to both parasites and pathogens, but we 

will restrict our terminology to pathogens for simplicity and 

because these interactions are of greater concern. 

In addition to their ability to damage the host, pathogens have 

other traits that define them. Many have the ability to invade into 

areas where they are not wanted. This is in contrast to mutualistic 

and commensal organisms that avoid areas whose infection would 

cause a problem for the host. Pathogens also tend to have more 
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aggressive mechanisms for evading the host defenses than do 

mutualistic or commensal microbes, and these help them succeed 

in prohibited areas of the host.  

A host being attacked by a pathogen is certainly an unwilling 

participant. The host actively avoids infection by trying to rid itself 

of the pathogens as quickly as possible. The defenses of hosts are 

focused on both preventing associations with pathogens and then 

getting rid of the microbes that succeed in associating. This 

process is literally a life-and-death struggle and generally, the host 

defenses are up to the task. 

Streptococcus pneumoniae is one example of a bacterial pathogen 

that colonizes the lungs if given the chance. It is a common 

inhabitant of the upper respiratory tract where it is commensal, 

but under the right circumstances, it will penetrate into the lungs. 

To prevent removal, the microbe has specific proteins that help it 

attach to lung tissue and once it is settled, it will grow in the lungs 

and cause disease. This growth and the production of certain toxic 

molecules harm the host and elicit a strong host immune reaction 

that is responsible for the high fever often associated with 

streptococcal pneumonia.  

Challenges faced by a colonizing microbe 

Here we will look at some general concepts associated with host-

microbe interactions. We will examine the host response to 
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pathogens at the end of this course, but now we will talk about the 

challenges faced by a microbe as it tries to colonize a host. We talk 

about these concepts here because they are faced by all microbes 

that interact with animal hosts, not just pathogens. These 

challenges can be broken into a series of steps that must be 

followed for a successful interaction: detecting a host, forming an 

interaction with a host, possibly invading a host, and dealing with 

hosts defenses. As we go through these different steps, we will 

describe specific examples of how microbes have overcome these 

challenges. 

1. Detecting a host 

A microbe that has the ability to form an interaction with a host 

must first be able to find it in the environment. For the most part 

this involves detecting some feature of the environment that is 

strongly correlated with the presence of the host.  

There are many different ways, by which different microbes can 

detect their respective host. Nodulating bacteria detect the 

presence of their host plant by the presence of specific signal 

molecules called flavonoids that the plant roots excrete into the 

soil. Pseudomonas aeruginosa, an opportunistic pathogen of 

humans, shows somewhat less specificity in host detection by 

recognizing the level of iron present in its environment. The body 

sequesters most iron it comes in contact with and the 

concentration of free iron in the body is very low. When P. 
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aeruginosa detects extremely low iron levels, it assumes it is in an 

appropriate host and turns on virulence genes. Vibrio cholerae 

uses temperature, pH, osmolarity, and certain amino acids as 

measures of the presence of the host. Outside the host, V. 

cholerae lives free in the ocean where the average temperature is 

21 C or below and amino acids are at very low concentration. 

When ingested, the signals in the gastrointestinal tract turn on 

gene expression important in pathogenicity, including production 

of toxins and fimbriae. The fimbriae help the bacteria adhere to 

the intestine, while the toxin causes diarrhea. 

Host specificity is often part of host detection. The microbe (and 

host in a mutualistic interaction) often send out signal molecules 

for reception by appropriate partners. Certain mutualistic 

interactions can be extremely selective as we described above. 

This type of specificity can also be found in pathogenic 

relationships. Treponema pallidum (the cause of syphilis) only 

infects humans, but other microbes are not so specific and infect a 

wide variety of hosts. Many commensal microbes such as some 

species of Streptococcus and Staphylococcus are found on a wide 

variety of mammals. 

2. Attachment 

Once near a host, a microbe has to associate with it in some 

manner to allow more than a transient interaction. In many cases 

this involves a specific molecular interaction between the microbe 
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and the host (Table 1). There are numerous examples of this type 

of interaction. E. coli displays fimbriae on its surface that help it 

attach to the intestinal wall and uroepithelium. Streptococcus 

mutans uses an extracellular polysaccharide to bind tightly to 

teeth. Neisseria meningitidis produces pili that help it hold onto the 

nasopharyngeal epithelium cells. In each of these cases a product 

produced by the microbe interacts with a specific molecule on the 

host that helps it to stick. Often this reaction is important in 

determining the microbes tissue specificity since it can only bind to 

cells producing the recognized receptor. 

Table (1) Examples of attachment mechanisms. 

Bacterium Adhesin Receptor Attachment site Disease 

Streptococcus 
pyogenes 

Protein F 
Amino terminus of 
fibronectin 

Pharyngeal 
epithelium 

Sore throat 

Streptococcus 
mutans 

Glycosyl transferase Salivary glycoprotein Pellicle of tooth Dental caries 

Streptococcus 
salivarius 

Lipoteichoic acid Unknown 
Buccal epithelium of 
tongue 

None 

Streptococcus 
pneumoniae 

Cell-bound protein 
N-acetylhexosamine-
galactose disaccharide 

Mucosal epithelium pneumonia 

Staphylococcus 
aureus 

Cell-bound protein 
Amino terminus of 
fibronectin 

Mucosal epithelium Various 

Neisseria 
gonorrhoeae 

N-methylphenyl- 
alanine pili 

Glucosamine-galactose 
carbohydrate 

Urethral/cervical 
epithelium 

Gonorrhea 

Enterotoxigenic 
E. coli 

Type-1 fimbriae 
Species-specific 
carbohydrate(s) 

Intestinal epithelium Diarrhea 

Uropathogenic  
E. coli 

Type 1 fimbriae Complex carbohydrate Urethral epithelium Urethritis 

Uropathogenic  
E. coli 

P-pili (pap) 
Globobiose linked to 
ceramide lipid 

Upper urinary tract Pyelonephritis 

Bordetella 
pertussis 

Fimbriae ("filamentous 
hemagglutinin") 

Galactose on sulfated 
glycolipids 

Respiratory 
epithelium 

Whooping 
cough 

Vibrio cholerae 
N-
methylphenylalanine 
pili 

Fucose and mannose 
carbohydrate 

Intestinal epithelium Cholera 

Treponema 
pallidum 

Peptide in outer 
membrane 

Surface 
protein(fibronectin) 

Mucosal epithelium Syphilis 
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3. Invasion 

Many associations get no farther than attachment, where the 

microbe remains at its initial site of infection and has its effect, 

either positive or negative. The normal flora are a good example of 

this in a mutualistic/commensal interaction, but even some 

pathogenic microbes such as Corynebacterium diphtheriae, the 

causative agent of diphtheria, fails to penetrate beyond the initial 

site of attachment in the throat (Fig. 1). 

Fig. (1) Some stop here and go no further  

 In other cases, the microbe penetrates the host further. For 

microbes that do move beyond the initial interaction site, bacterial 

and sometimes host factors are necessary to allow further 

penetration.  

In the case of mutualistic interactions host proteins help facilitate 

this movement, typically to a specific tissue in the host, and 

prevent further spread from there. In pathogenic interactions the 

host obviously tries to prevent penetration and as a result, 

pathogens have developed mechanisms to deal with the more 

aggressive host reaction.  
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Mammalian cells take up particles from the outside by a 

mechanism termed endocytosis and some pathogens have 

developed methods of exploiting this import mechanism to gain 

access to the inside of cells. Other defensive cells in the body, 

termed phagocytes, use engulfment (phagocytosis) to capture 

pathogens and kill them. Again, some pathogens are able to turn 

the tables on the phagocyte. They not only survive inside these 

cells but use them as a vehicle to spread throughout a host. In 

these cases, the microbe must have methods of surviving the 

harsh conditions faced when taken up by defensive host cells.  

Mycobacterium tuberculosis is an example of a pathogen that can 

actually multiply inside a phagocyte and this immune cell then 

actually facilitates spread of the bacteria throughout the body. 

Table (2) lists some examples of microbes and factors involved in 

their invasion of a host. 

Table (2) Invasion of a host by a microbe and some examples of 

factors that facilitate that invasion.  

Microbe Host 

Factors 

involved in 

invasion 

Activity 

Rhizobia 
 

Legumes 
 

Nod factors 
 

Induces nodulation reactions in plant 
root 

Streptococci, 
staphylococci and 
clostridia 
 

Humans 
 

Hyaluronidase 
 

Degrades hyaluronic of  connective 
tissue 
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Staphylococci and 
streptococci 
 

Mammals 

 

Kinase 

 

Converts plasminogen to plasmin, 
which digests fibrin 

Staphylococcus 
aureus 

Mammals 

 

Leukocidin 

 

Disrupts neutrophil membranes and 

causes discharge of lysosomal 

granules 

Bacillus anthracis 

Some 
mammals 

 

Anthrax toxin 

 

One component (EF or edema factor) 
is an adenylate cyclase, which causes 
increased levels of intracellular cyclic 
AMP. This in turn leads to edema. 

Pathogens also have two other modes of entry besides penetration 

of healthy tissue that other symbionts do not seem to use. Many 

illnesses, including malaria, Lyme disease and the plague involve 

an insect vector that penetrates the initial outer defenses of the 

host. For example the bite of the deer tick allows Borrelia 

burgdorferi--the microbe that causes Lyme disease--to penetrate 

the skin and directly enter the blood stream. There are examples 

of other organisms serving as vectors, but insects are the most 

common. The second entry mode involves tissues that have 

already been compromised by an injury or by the action of a 

previous pathogen. An example is infection by Clostridium tetani. 

The organism itself cannot penetrate the skin, but if allowed entry 

by a puncture wound, will grow deep within muscular tissue, 

causing tetanus. Interestingly, C. tetani is a strict anaerobe and 

requires deep wounds with an anoxic environment to grow. This is 

an example of a microbes basic physiology restricting its tissue 

tropism. 
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At this point, the results of a symbiosis diverge depending upon 

the outcome of the interaction. In light of this fact, we will treat 

these outcomes in separate sections beginning first with 

mutualistic interactions and then looking at pathogenic 

interactions. Note that commensal interactions fall somewhere 

between these two, with the host neither mounting a strong 

defense nor helping the commensal microorganism. 

Mutualistic outcomes 

4. Mutualistic outcomes 

Once the mutualistic microbe has arrived at its desired location, it 

is well provided for by the host. The environment is kept in a 

steady state with appropriate temperatures, levels of oxygen and 

necessary nutrients. Leguminous plants (Fig. 2) provide 

succinate, fumarate or malate as the carbon and energy sources 

and deliver oxygen using the protein leghemoglobin. Using a 

special protein to deliver oxygen prevents it from reacting with the 

oxygen-labile nitrogenase and is a good example of the lengths a 

host will go to make its microbial guest comfortable.  

Fig. (2) Root hair legumes.        
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Inside the rumen of a cow (Fig. 3) the microbes are provided a 

steady flow of cellulose (grass) and other nutrients to metabolize. 

In this type of ideal environment, the microbial population grows 

to high densities. In other cases, the host is less accommodating, 

providing few nutrients and using its immune system to attack the 

microbe. 

 

Fig. (3) Mutualistic interaction inside cow rumen. (The cow as an 

example of a ruminant animal) 

In contrast to humans ruminant animals have complex stomachs that harbor large numbers of 
microorganisms. These microbes degrade the plant stuff eaten by the animal into usable nutrients. 
Without the assistance of the microbes, ruminant animals would not be able to digest the food they 
eat. 

An interesting problem for the host in mutualistic interactions is 

identifying the correct bacteria out of the multitude in any 

environment and ushering that microbe to its proper host 

compartment. The host wants to form the association with just 

one or a few types of microbes, and this is achieved by the 

chemical conversation between the host and microbe noted above. 
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In many cases, this selection is absolute, so that a pure culture of 

a single bacterial type exists within the host. 

5. Pathogenic outcomes 

After identifying and attaching to a host the pathogen typically 

spreads to various parts of the body and increases its population. 

This precipitates a vigorous host response and a pathogen has to 

be prepared to deal with it. This makes sense since the pathogen 

is invading places it ought not to be. There are many different 

levels of defense. Here are a few examples to give you an idea 

of the many different strategy’s microbes have evolved. 

Staphylococcus aureus produces leukocidin, a protein that is lethal 

to phagocytes. S. aureus also produces Protein A, which inhibits 

phagocytic engulfment. These bacteria then use the phagocyte as 

a method to spread throughout the body. Pseudomonas 

aeruginosa produces a capsule (an outer layer of polysaccharide) 

that helps it hide from the host immune system. Finally, some 

microbes change their outer surface so that they are no longer 

recognized by previously generated immune responses. In all 

these cases the properties of the microbe help it to evade some 

part of the immune system and then survive and grow. 

Direct damage to host 

By definition, pathogenic microorganisms damage their hosts. The 

type and the extent of this damage depends upon the pathogen 
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and the tissue. For example, an infection that damages the 

muscle in the shoulder is a less devastating disease than an 

infection of the heart muscle. One pathogen may cause only a little 

damage while another causes severe damage and life-threatening 

disease. Some strains of Bacillus cereus can cause mild food 

poisoning that the body can deal with in a few days, whereas 

Mycobacterium lepreae (leprosy) causes many pathologies, 

including limb loss. 

Damage may be directly caused by the pathogen or indirectly 

caused by the hosts response to the pathogen. Direct damage 

can be caused just by the mere growth of the microbe. 

Streptococcus mutans metabolizes sugars to lactic acid that then 

eats away at the enamel on the teeth, causing tooth decay. 

Listeria monocytogenes grows within host phagocytic cells and 

their high populations result in the death of the cell. However, 

pathogens very often make products that cause damage to the 

host and are important in the virulence of the microorganism. 

Many of these products are called toxins. Toxins come in two 

forms, exotoxins and endotoxins. Exotoxins are generally 

soluble proteins liberated from growing bacteria that then cause 

damage to the host. Endotoxins are lipopolysaccharides from the 

outer cell membrane of gram-negative bacteria that are normally 

released only after the death of the microbe. 
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Exotoxins 

Each exotoxin-producing microorganism synthesizes a toxin that is 

typically unique to its species. For instance, Bacillus anthracis 

produces anthrax toxin and Clostridium tetani produces tetanus 

toxin. The exotoxin is often the major virulence factor and 

otherwise similar strains that do not produce the toxin often do not 

cause illness. Because they are proteins, exotoxins are commonly 

heat-sensitive; however, many are resistant to inactivation by 

gastric pH.  

Exotoxins attack very specific targets in the cell and the 

mechanisms of action of many of them are well established. Table 

(3) lists some exotoxins and their mechanisms of action. Some 

toxins work only on certain tissues or cells. For example, tetanus 

and botulism toxins only act at the synapses of neurons. Other 

toxins such as phospholipases act systemically, destroying many 

types of cells all over the body. 

Table (3) Examples of various exotoxins and their activities. 

Name of toxin Bacteria involved Activity 

Anthrax toxin (EF, LF) Bacillus anthracis Edema factor (EF) is an adenylate cyclase that causes 

increased levels of intracellular cyclic AMP in host cells, 

leading to swelling. Lethal factor kills primarily 
macrophages by disrupting its signal transduction pathway. 

Adenylate cyclase toxin Bordetella 

pertussis 

This toxin acts locally to increase levels of cyclic AMP in 

mucosal cells leading to increase in respiratory secretions 

and mucus production. 

Cholera enterotoxin Vibrio cholerae ADP-ribosylation of G proteins stimulates adenylate 
cyclase and increases cAMP in cells of the GI tract, 

causing secretion of water and electrolytes. 

E. coli LT toxin Escherichia coli Similar to cholera toxin. 
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E. coli ST toxin Escherichia coli Stimulates guanylate cyclase and promotes secretion of 

water and electrolytes from intestinal epithelium. 

Shiga toxin Shigella 
dysenteriae 

Enzymatically cleaves rRNA resulting in inhibition of 
protein synthesis in large intestinal cells. 

Clostridium perfringens 

enterotoxin 

Clostridium 

perfringens 

Stimulates adenylate cyclase leading to increased cAMP in 

small intestinal cells. 

Botulinum toxin Clostridium 

botulinum 

Zn++-dependent protease that inhibits neurotransmission at 

neuromuscular synapses resulting in flaccid paralysis. 

Tetanus toxin Clostridium tetani Zn++-dependent protease that inhibits neurotransmission at 
inhibitory synapses resulting in spastic paralysis. 

Diphtheria toxin Corynebacterium 

diphtheriae 

ADP-ribosylation of translation elongation factor 2, which 

leads to inhibition of protein synthesis in target cells. 

Exotoxin A Pseudomonas 

aeruginosa 

Inhibits protein synthesis; similar to diphtheria toxin.  

Pertussis toxin Bordeatella 
pertussis 

ADP-ribosylation of Gi proteins upregulates host cell 
adenylate cyclase, increasing concentration of cAMP in 

respiratory epithelium 

Staphylococcus 

enterotoxins* 

Staphylococcus 

aureus 

Common cause of food poisoning. Certain serotypes have 

been associated with massive activation of the immune 

system resulting in toxic shock syndrome (TSS). 

Toxic shock syndrome 

toxin (TSST-1)* 

Staphylococcus 

aureus 

Massive activation of the immune system resulting in TSS. 

Exfoliative toxin* Staphylococcus 

aureus 

Cleavage of epidermis from dermis. 

Pyrogenic toxin (formerly 
known as erythrogenic or 

scarlet fever toxin)* 

Streptococcus 
pyogenes 

Causes localized erythematous reactions. 

*These toxins are called superantigens. They represent a family of molecules capable of massive 
activation of the immune system by interaction with T cells. The important feature is the production 
of lymphokines that appear to be the principal mediators of disease processes associated with these 
toxins. 

Exotoxins are some of the most powerful human poisons known 

and are effective at very low concentrations, because most of the 

proteins are catalytic enzymes. These toxins can sometimes lead to 

death of the host, which in most cases is not a desirable outcome 

for the pathogen.  
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Structure and entry of exotoxins 

Many of the protein toxins consist of two components. One 

component (subunit A) is responsible for the toxic activity, while 

the second component (subunit B) is necessary for attachment 

and transport of subunit A across the membrane of the target 

cells. Subunit A is not active until it is released from subunit B. 

There are two mechanisms of entry of toxins into target cells (Fig. 

4). In direct entry, subunit B binds to a specific receptor on the 

membrane of the target cell, creates a pore and transports subunit 

A across the membrane. Subunit A then has its toxic effect. In the 

second method the A/B toxin binds to the target cell and is taken 

into the cell by receptor-mediated endocytosis. Inside the 

endosome the influx of protons triggers an unknown mechanism 

that results in the release of the A subunit. The B subunit remains 

in the endosome, eventually exiting the cell by exocytosis. By 

either method, a toxic effect reflects the transfer of the A subunit 

into the cell cytoplasm. 
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Fig. (4) Entry of Toxins. 

 

The cholera toxin forces intestinal endothelia cells (cells that line 

the intestine) to purge Cl- into the lumen of the intestine (hollow 

tube). Water follows.  The end result, diarrhea as in the following 

figure.  
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Curiously, the genes for many toxins (e.g., diphtheria, botulism 

and some streptoccocal toxins) are located on temperate phages, 

while the genes for others (E. coli and Staphylococcus aureus) are 

on plasmids. This association with phage and plasmids is not 

important for the expression of the genes or for the function of the 

gene products. We therefore assume that these locations reflect 

the fact that these genes have been moving among different 

hosts, since phage and plasmids share this property. Genetic 

exchange by transduction and conjugation can therefore result in 

the transfer of toxin production from strain to strain, which must 

play a role in the virulence of particular bacteria in nature. It is still 

somewhat odd that such critical players in pathogenesis would be 

located on such potentially transient DNA as plasmids and 

temperate phages. 

Endotoxins 

A second type of toxin is produced by Gram-negative pathogens. 

The outer layer of all gram-negative bacteria consists of an outer 

membrane that contains lipids, proteins and lipopolysaccharide 

(LPS). The LPS in the outer membrane has toxic systemic effects in 

mammals and has been given the name endotoxin. Endotoxins are 

less potent than exotoxins, since they do not act enzymatically; 

they are also less specific. They are not destroyed by heat, i.e., 

boiling for 30 minutes has no effect on LPS. But powerful oxidizing 

agents such as hypochlorite can destroy them. Since LPS is part of 
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the living microbial cell, it is not released in large quantities until 

the microbe dies, which is in contrast to exotoxins, which are 

released from growing cells. The levels of toxicity of endotoxins 

vary depending upon the producing microbe. Endotoxin from E. 

coli is more toxic than that from Pseudomonas aeruginosa, which 

is in turn more toxic than that from Brucella sp. 

Structure 

The LPS molecules from all known sources have roughly similar 

structures and are composed of three regions (Fig. 5). 

Fig. (5) The stucture of LPS 

 

Lipid A is a highly conserved region consisting of a 

phosphorylated N-acetylglucosamine (NAG) dimer with six or seven 

fatty acids attached. The toxicity of LPS is associated with Lipid A. 

Lipid A is absolutely required by the microbial cell, as it has been 

impossible to isolate mutants unable to synthesize lipid A. Lipid A is 

likely essential for the assembly of the outer membrane. 
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Core polysaccharide or R antigen consists of a short chain of 

sugars. For example in E. coli the sugars are 2-keto-3-

deoxyoctonoic acid (KDO), heptose, glucose, galactose and N-

acetyl glucosamine. KDO is unique to LPS and invariably present. 

This core polysaccharide is conserved within all strains in a species 

but will vary somewhat between different species. For example, 

the core polysaccharide of Salmonella enterica subsp. 

Typhimurium contains ethanolamine, while that from E. coli does 

not. 

The core polysaccharide seems to be important in general cell 

function and specifically for outer membrane integrity. Loss of the 

core polysaccharide by mutation causes the microbe to be more 

sensitive to a range of hydrophobic compounds, including 

antibiotics, detergents, bile salts and mutagens. The sugars of the 

core polysaccharide contain a number of charged groups, and 

these are thought to be important in maintaining the permeability 

of the outer membrane. Loss of the core probably weakens the 

outer membrane, allowing many normally excluded molecules to 

come into contact with the cytoplasmic membrane. 

O antigen is attached to the core antigen and consists of 

repeating units of three to five sugars. It varies in length and can 

contain up to 40 repeating units. At least 20 different sugars are 

known to occur in O antigens and many of these sugars are only 

found in Gram-negative cell walls. The sugars present in the O 
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antigen vary greatly between species and even within them. 

Sugars in the structure, especially the terminal ones, are what 

interact with the microbe's environment. 

LPS is a major determinant of virulence for Gram-negative 

pathogens. Small changes in the O-polysaccharide can make large 

changes in the virulence of a strain. Strains that lose the ability to 

make O-polysaccharide are called rough strains due to their colony 

appearance, and these are much less pathogenic than regular 

strains (termed smooth). O antigen is important for interacting 

with the host structures, and mutants lacking the O antigen are 

also more easily taken up and destroyed by phagocytes. 

Pathologies of endotoxin  

Endotoxin from all pathogenic species causes the same range of 

biological activities affecting almost every organ in the body. When 

LPS is released into the blood stream it is bound by LPS-binding 

serum proteins. This is then presented to immune system cells, 

causing several important effects. 

 The release of cytokines, a group of small peptides that 

are powerful mediators of inflammation, is stimulated. One 

important effect of this is the induction of vasodilation 

causing drop in blood pressure and setting the stage for 

septic shock. 
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 Endotoxins are pyrogenic (fever-inducing), because they 

cause the release of interleukin 1 (a type of cytokine 

produced by macrophages), which acts on the 

hypothalamus, inducing fever. 

 Clotting cascade is activated, causing intravascular 

coagulation. 

 Endotoxins induce various parts of the immune system, 

causing the production of antibodies and activation of 

immune cells. Table 4 summarizes the properties of 

endotoxins and exotoxins. 

Table 4. A comparison of the properties of endotoxins and exotoxins. 

Property Endotoxin Exotoxin 

Chemical 

nature 

Lipopolysaccharide (mw = 

10kDa) 

Protein (mw = 50-1000 kDa) 

Relationship 

to cell 

Part of outer membrane and 

has major non-toxin use for 

the molecule 

Specifically synthesized 

protein that causes a toxic 

effect; extracellular and 

diffusible. 

Denatured by 

boiling 

No Usually 

Antigenic Yes Yes 

Relative 

potency 

Low (>100 g) High (1 g) 
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Specificity Low degree High degree 

Enzymatic 

action 

No Usually 

Pyrogenicity Yes Occasionally 

Indirect damage to host 

The host causes indirect damage to itself by its very reaction to 

the presence of the microbe. Generally, this involves the 

inflammatory response to products from the pathogen. For 

example, lung infection by Mycobacterium tuberculosis causes very 

little direct damage. However, the host mounts a vigorous 

response to the presence of the organisms and forms large 

granulomas, which are grainy growths of host mononuclear cells. 

These wall off the bacteria, but also damage the lung tissue, 

impairing its function. In weakened hosts, M. tuberculosis can 

escape these granulomas, causing lysis of the cells. Cell contents, 

including lysosomal enzymes, spill out and damage lung tissue. 

Over many months, the infection destroys the lung tissue with 

most of the damage being caused by the immune system. 

Indirect damage can also be caused by a variety of other host 

responses to infection. Infection by a microorganism precipitates 

the stress response, which involves the release of the hormones 

epinephrine and cortisol. This causes high blood pressure and high 

blood sugar, which is detrimental to the body. Inflammation 
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causes blood vessels to become leaky, which then allows the 

immune system to reach the tissue. During this process, the blood 

vessels and the tissue, into which the blood leaks, are damaged, 

and platelets are depleted. Finally, infection with one 

microorganism can weaken the local defenses enough to allow 

invasion by a second microorganism that causes the actual 

damage. The classic example of this is an ear infection, where a 

viral infection causes buildup of fluid in the ears, creating an 

environment for growth of bacteria such as Streptococcus 

pneumoniae or Haemophilus influenzae. Another example is 

infection with HIV (human immunodeficiency virus). Growth of the 

viruses causes the destruction of the immune system cells, thus 

allowing an uncontrolled proliferation of organisms such as 

Mycobacterium tuberculosis that can kill the host. 

Examples of host-microbe interactions 

Every animal or plant examined has been found to maintain stable 

relationships with an array of microorganisms. These associations 

most commonly involve colonization of the surface or the digestive 

canal (in the case of animals). Most hosts contain a consortium of 

different microbial types and understanding the numerous and 

complex interactions that are occurring is extremely difficult. 

However, there are examples of simpler interactions between two 

partners, a host and a single microbial species, that are easier to 

address scientifically and these have become model systems for 
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understanding host-microbe interactions. We finish this part by 

examining some of these model systems. Finally, we will look at 

the consortia of microorganisms that are living on our bodies. In 

the next part we will describes, in detail, the consequences of 

infection with specific pathogens. 

I- MUTUALISTIC INTERACTIONS 

1- Microbes on plants 

Plants live simultaneously in two very different environments. Their 

stems and leaves are exposed to the air and any weather that 

comes their way, while their roots are dug into the soil. The air 

contains a surprising number of microorganisms, but this pales in 

comparison to the situation in the soil, which is teeming with a 

huge number and range of prokaryotic and eukaryotic microbes. 

As the root grows, it excretes carbon-rich compounds, products of 

plant photosynthesis, on which soil bacteria can grow. Because of 

the secreted nutrients, the number of soil bacteria is relatively high 

near a root. Every type of plant favors certain types of microbes 

over others because of the compounds it excretes. These attract 

both mutualistic and pathogenic microbes. 

One example of mutualistic microbes is the set of microbes 

capable of forming mutualistic interactions, primarily with legumes. 

These microbes do not fall into a single phylogenetic group, but 

rather belong to several distinct groups based upon 16S rRNA 
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sequencing. These include members of the Rhizobium, 

Bradyrhizobium, Mesorhizobium, Sinorhizobium, Allorhizobium, and 

Azorhizobium genera. This diverse collection of microbe is 

commonly referred to as the rhizobia since they inhabit the 

rhizosphere, which is the region around plant roots. These 

microbes provide a variety of chemicals to the plants, including 

plant growth hormones, the most important of which is fixed 

nitrogen, since these bacteria are all nitrogen-fixers. Legumes 

include soybean, alfalfa, clover, pea, peanut, mesquite, mimosa 

and acacia, and because of their microbial symbionts, they can 

grow in nitrogen-poor soils. Leguminous plants are very diverse in 

morphology and habitat, ranging from arctic annuals to tropical 

trees. 

The host range of the rhizobia can be narrow or broad depending 

upon the genetic make-up of the microorganisms. For example, 

Rhizobium leguminosarum bv. trifolii will only associate with clover, 

while Rhizobium species NGR234 has a broadover 230 host range. 

As you will read below, successful interaction between plant and 

microbe involves the exchange of chemical signals and part of the 

broad host-range of some rhizobia reflects the ability to sense and 

produce a range of such signals.  

The formation of a rhizobia-plant association begins in the 

rhizosphere and ultimately results in the formation of a tumor-like 

growth on the roots of the plant called a nodule. Nodulation is a 
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multi-step process with the exchange of a number of chemical 

signals between the plant and the microbe. The initial step involves 

the synthesis of specific compounds by the plant called flavonoids 

that are secreted as part of the root exudate (Fig. 6).  

 

Flavonoids, along with amino acids and dicarboxylic acids, serve as 

chemoattractants for the motile rhizobia, which migrate toward the 

plant root. Rhizobia then attach at target sites near young growing 

root hairs. Attachment is not specific to a particular legume and in 

most cases, appears to be mediated by outer surface 

macromolecules that vary between rhizobia. Single cells of R. 

leguminosarum bv. viciae bind loosely to plant lectins on the root 

using a Ca++-dependent protein. This is followed by a strong 

binding step, where additional bacteria accumulate at the 

attachment site. Once bound the specific interactions between 

plant and microbe begin.  
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The other half of the conversation between plant and microbe 

involves what are called nod factors, which are oligosaccharides 

consisting of 3-5 sugars. These are the main molecular signal 

produced by the rhizobia that indicate to the plant that a suitable 

symbiotic microbe is nearby. Nod factors are hormone-like 

molecules, and their synthesis and excretion stimulate cortical cell 

division and root hair curling in the plant (Fig. 7).  

 

 

Curling of the root hair then causes entrapment of the microbes, 

followed by the formation of a local lesion in the plant cell wall. 

The rhizobia then begin to invaginate the plant plasma membrane 

and the plant lays new cell wall material around the growing 

invasion creating an infection thread (Fig. 8).  
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The thread of entering microbes is guided toward the multiplying 

cortical stem cells, which form a waiting habitat. Eventually, the 

rhizobia are deposited inside the cortical stem cells and these 

enlarge and create the mature nodule (Fig. 9- 10).                                                 
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Once inside the nodule, rhizobia differentiate into amorphous cell 

shapes and begin expressing nitrogenase. The plant provides 

carbon and energy to the microbes and in return they fix nitrogen 

gas into ammonia, which is taken up for use by the host.  

Rhizobia are not the only microbes capable of forming these 

associations. Other examples include the actinomycete Frankia, 

which forms nodules on actinorhizal plants such as Casuarinas 

tree.  
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The benefits for plants in such associations are fairly clear. They 

get exclusive rights to fixed nitrogen and other useful chemicals, at 

least when they support the formation of nodules. There is a bit of 

cost to this, of course, since the plant has to create the structures 

necessary for the nodules, as well as supply carbon and energy, 

but this is a very small price to pay for the return.  

So what is the benefit to the rhizobia to enter into this very close 

relationship with plants? It is true that bacteria do increase their 

numbers inside the nodule, but this doesn't do the bacteria any 

good if they can never get out. In other words, this association 

only makes evolutionary sense for the bacteria if it is a way to 

increase their numbers in the environment. It happens that this 

issue has not been studied much, but it is assumed that as the 

plants senesce at the end of the growing season, the nodules 

deteriorate and release the bacteria.  

So here is a bit of a curiosity. Presumably, this mutualistic 

interaction arose because of the benefits described for each party. 

There is a bit of a complication, however, in that, while the plant 

can select for bacteria that produce the right factors, it cannot 

demand good nitrogen fixation. One finds that many of the 

rhizobia in fields are very good at infecting plants and forming 

nodules, but are rather poor nitrogen-fixers. When infected by 

such rhizobia, the plant gets very little benefit. Interestingly, plants 

infected with such poor nitrogen-fixers allow more nodules to form 
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on their roots, suggesting that they are making an effort to create 

at least some productive associations. The rhizobia that don't fix 

nitrogen well don't provide much assistance for the plant. This 

failure probably does not hurt the bacteria, because the health of 

the plant, perhaps, doesn't affect the number of bacteria released 

at the end of the growing season, though this assumption might 

be wrong. We, therefore, have a highly complex relationship that 

has evolved, but which appears to lack some checks and balances 

on the participants. This is one of the reasons why some scientists 

have hypothesized that this relationship actually evolved from a 

pathogenic one. The theory is that rhizobia were initially 

pathogens, and plants found a way to control the infection and 

turn it toward their own well-being. In any event, it is an 

interesting and thought-provoking situation. 

2- The Bacterial Flora of Humans 

The Normal Flora 

In a healthy animal, the internal tissues, e.g. blood, brain, muscle, 

etc., are normally free of microorganisms. On the other hand, the 

surface tissues, e.g. skin and mucous membranes, are constantly 

in contact with environmental organisms and become readily 

colonized by certain microbial species. The mixture of organisms 

regularly found at any anatomical site is referred to as the normal 

flora.  
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The normal flora of humans is exceedingly complex and consists of 

more than 200 species of bacteria.  The makeup of the normal 

flora depends upon various factors, including genetics, age, sex, 

stress, nutrition and diet of the individual.  The normal flora of 

humans consists of a few eukaryotic fungi and protists, and some 

methanogenic Archaea that colonize the lower intestinal tract, but 

the Bacteria are the most numerous and obvious microbial 

components of the normal flora.  The distribution of the bacterial 

flora of humans is shown in Table 1.  This table lists only a fraction 

of the total bacterial species that occur as normal flora of humans, 

and it does not express the total number or concentration of 

bacteria at any site.  

TABLE 1. BACTERIA COMMONLY FOUND ON THE SURFACES OF THE 

HUMAN BODY.  

BACTERIUM Skin Conjunctiva Nose Pharynx Mouth 
Lower 

Intestine 

Anterior 

urethra 
Vagina 

Staphylococcus 

epidermidis (1) 
++ + ++ ++ ++ + ++ ++ 

Staphylococcus 

aureus*  (2) 
+ +/- + + + ++ +/- + 

Streptococcus mitis    + ++ +/- + + 

Streptococcus  

salivarius 
   ++ ++    

Streptococcus 

mutans* (3) 
   + ++    

Enterococcus 

faecalis* (4) 
   +/- + ++ + + 

Streptococcus  +/- +/- + +   +/- 
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pneumoniae* (5) 

Streptococcus 

pyogenes* (6) 
+/- +/-  + + +/-  +/- 

Neisseria sp. (7)  + + ++ +  + + 

Neisseria 

meningitidis* (7) 
  + ++ +   + 

Veillonellae sp.     + +/-   

Enterobacteriaceae* 

(Escherichia coli) (8) 
 +/- +/- +/- + ++ + + 

Proteus sp.  +/- + + + + + + 

Pseudomonas 

aeruginosa* (9) 
   +/- +/- + +/-  

Haemophilus 

influenzae* (10) 
 +/- + + +    

Bacteroides sp.* 

(11) 
     ++ + +/- 

Bifidobacterium 

bifidum (12) 
     ++   

Lactobacillus sp. 

(13) 
   + ++ ++  ++ 

Clostridium sp.* (14)     +/- ++   

Clostridium tetani 

(15) 
     +/-   

Corynebacteria (16) ++ + ++ + + + + + 

Mycobacteria +  +/- +/-  + +  

Actinomycetes    + +    

Spirochetes    + ++ ++   

Mycoplasmas    + + + +/- + 

 

++ = nearly 100 percent          + = common          +/- = rare           * = potential pathogen 
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Table 1 Notes 

(1) The staphylococci and corynebacteria occur at every site listed. 
Staphylococcus epidermidis is highly adapted to the diverse environments of its 

human host. S. aureus is a potential pathogen. It is a leading cause of bacterial 

disease in humans. It can be transmitted from the nasal membranes of an 
asymptomatic carrier to a susceptible host.  

 

 
S. epidermidis. Scanning EM.  

(2)  Many of the normal flora are either pathogens or opportunistic pathogens, 
The asterisks indicate members of the normal flora a that may be considered 

major pathogens of humans.  

 
S. aureus. Gram stain.  

(3) Streptococcus mutans is the primary bacterium involved in plaque formation 
and initiation of dental caries.  Viewed as an opportunistic infection, dental 

disease is one of the most prevalent and costly infectious diseases in the United 

States.  



HOST-MICROBE INTERACTIONS                                                             Prof. Dr. W. M. Salem 
________________________________________________________45 

 

 

 
Streptococcus mutans. Gram stain.  

(4) Enterococcus faecalis was formerly classified as Streptococcus faecalis. The 

bacterium is such a regular a component of the intestinal flora, that many 
European countries use it as the standard indicator of fecal pollution, in the 

same way we use E. coli in the U.S.  In recent years, Enterococcus faecalis has 
emerged as a significant, antibiotic-resistant, nosocomial pathogen.  

 
Vancomycin Resistant Enterococcus faecalis. Scanning E.M.  

(5) Streptococcus pneumoniae is present in the upper respiratory tract of about 
half the population.  If it invades the lower respiratory tract it can cause 

pneumonia.  Streptococcus pneumoniae causes 95 percent of all bacterial 
pneumonia. 
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Streptococcus pneumoniae. Direct fluorescent antibody stain.  

(6) Streptococcus pyogenes refers to the Group A, Beta-hemolytic streptococci.  

 
Streptococcus pyogenes. Gram stain.  

(7) Gram-negative cocci, represented by various Neisseria, are frequent 
inhabitants of the upper respiratory tract, mainly the pharynx. Neisseria 
meningitidis, an important cause of bacterial meningitis, can colonize as well, 
until the host can develop active immunity against the pathogen.  

 
Neisseria meningitidis.Gram stain.  
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(8) While E. coli is a consistent resident of the small intestine, many other 
enteric bacteria may reside here as well, including Klebsiella, Enterobacter and 

Citrobacter.  Some strains of E. coli are pathogens that cause intestinal 

infections, urinary tract infections and neonatal meningitis.  

 
E. coli. Scanning E.M.  

(9) Pseudomonas aeruginosa is the quintessential opportunistic pathogen of 

humans that can invade virtually any tissue.  It is a leading cause of hospital-
acquired (nosocomial) Gram-negative infections, but its source is often 

exogenous (from outside the host).  

 
Colonies of Pseudomonas aeruginosa growing on an agar plate.  

(10) Haemophilus influenzae is a frequent secondary invader to viral influenza, 

and was named accordingly.  The bacterium was the leading cause of meningitis 
in infants and children until the recent development of the Hflu type B vaccine. 
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Haemophilus influenzae. Gram stain.  

(11) The greatest number of bacteria are found in the lower intestinal tract, 

specifically the colon and the most prevalent bacteria are the Bacteroides, a 

group of Gram-negative, anaerobic, non-sporeforming bacteria.  They have 
been implicated in the initiation colitis and colon cancer. 

 
Bacteroides fragilis. Gram stain.  

(12) Bifidobacteria are Gram-positive, non-sporeforming, lactic acid bacteria. 

They have been described as "friendly" bacteria in the intestine of humans. 
Bifidobacterium bifidum is the predominant bacterial species in the intestine of 

breast-fed infants, where it presumably prevents colonization by potential 
pathogens. These bacteria are sometimes used in the manufacture of yogurts 

and are frequently incorporated into probiotics.  
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Bifidobacterium bifidum. Gram stain  

(13)  Lactobacilli in the oral cavity probably contribute to acid formation that 
leads to dental caries.  Lactobacillus acidophilus colonizes the vaginal epithelium 

during child-bearing years and establishes the low pH that inhibits the growth of 

pathogens.  

 
Lactobacillus species and a vaginal squaemous epithelial cell.  

 

(14)  There are numerous species of Clostridium that colonize the bowel.  

Clostridium perfringens is commonly isolated from feces.  Clostridium difficile 
may colonize the bowel and cause "antibiotic-induced diarrhea" or 

pseudomembranous colitis.  



HOST-MICROBE INTERACTIONS                                                             Prof. Dr. W. M. Salem 
________________________________________________________50 

 

 

 
Clostridium perfringens. Gram stain.  

(15) Clostridium tetani is included in the table as an example of a bacterium that 

is "transiently associated" with humans as a component of the normal flora.  
The bacterium can be isolated from feces of (up to) 25 percent of the 

population.  The endospores are probably ingested with food and water, and the 
bacterium does not Colonize the intestine. 

 
Clostridium tetani. Gram stain.  

(16) The corynebacteria, and certain related propionic acid bacteria, are 
consistent skin flora.  Some have been implicated as a cause of acne.  

Corynebacterium diphtheriae, the agent of diphtheria, was considered a member 

of the normal flora before the widespread use of the diphtheria toxoid, which is 
used to immunize against the disease. 

 
Corynebacterium diphtheriae. Methylene blue stain. 

 



HOST-MICROBE INTERACTIONS                                                             Prof. Dr. W. M. Salem 
________________________________________________________51 

 

 

Very little is known about the nature of the associations between 

humans and their normal flora, but they are thought to be dynamic 

interactions rather than associations of mutual indifference. Both 

host and bacteria are thought to derive benefit from each other, 

and the associations are, for the most part, mutualistic.  The 

normal flora derives from the host a supply of nutrients, a stable 

environment and constant temperature, protection, and transport. 

The host obtains from the normal flora certain nutritional benefits, 

stimulation of the immune system, and colonization strategies that 

exclude potential pathogens at the site.  

The normal flora is obviously adapted to their host (tissues), most 

probably by biochemical interactions between bacterial surface 

components (ligands or adhesins) and host cell molecular 

receptors. A great deal of information is available on the nature 

of adhesion of bacterial pathogens to animal cells and tissues, and 

reasonably similar mechanisms should apply to the normal flora.  

In general, there are three explanations for why the normal 

bacterial flora are located at particular anatomical sites. 

1. The normal flora exhibit a tissue preference or predilection for 

colonization.  

2. Many, perhaps most, of the normal flora are able to 

specifically colonize a particular tissue or surface using their 

own surface components (e.g. capsules, fimbriae, cell wall 
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components, etc.) as specific ligands for attachment to specific 

receptors located at the colonization site.  

3. Some of the indigenous bacteria are able to construct 

bacterial biofilms on a tissue surface, or they are able to 

colonize a biofilm built by another bacterial species.  Many biofilms 

are a mixture of microbes, although one member is responsible for 

maintaining the biofilm and may predominate. 

THE COMPOSITION OF THE NORMAL FLORA 

The normal flora of corresponding anatomical sites in different 

animal species varies widely. Within a single species (e.g. humans) 

there is additional variation in the normal flora that is related to 

factors such as age, sex, diet and nutrition. Some bacteria are 

found regularly at particular anatomical locales; others are present 

only occasionally, or at certain times during life. Developmental 

changes in humans such as weaning, the eruption of the teeth, 

and the onset and cessation of ovarian functions, invariably affect 

the composition of the normal flora in the intestinal tract, the oral 

cavity, and the vagina, respectively. However, within the limits of 

these fluctuations, the bacterial flora of humans is sufficiently 

constant to a give general description of the situation.  

It has been calculated that the normal human houses about 1012 

bacteria on the skin, 1010 in the mouth, and 1014 in the 

gastrointestinal tract. The latter number is far in excess of the 
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number of eukaryotic cells in all organs which comprise the human 

host.  

Normal Flora of the Skin. The adult human is covered with 

approximately 2 square meters of skin. The density and 

composition of the normal flora of the skin vary with anatomical 

locale. The high moisture content of the axilla, and areas between 

the toes supports the activity and growth of relatively high 

densities of bacterial cells, but the density of bacterial populations 

at most other sites is fairly low, generally in 100s or 1000s per 

square cm. Qualitatively, the bacteria on the skin near any body 

orifice (e.g. mouth, nose and anus) may be similar to those in the 

orifice.  

The majority of skin microorganisms are found in the most 

superficial layers of the epidermis and the upper parts of the hair 

follicles. They consist largely of micrococci (Staphylococcus 

epidermidis and Micrococcus sp.) and corynebacteria. These are 

generally non-pathogenic and considered to be commensal, 

although mutualistic and parasitic roles have been assigned to 

them. Sometimes potentially pathogenic Staphylococcus aureus is 

found on the face and hands.  

Normal Flora of the Cunjunctiva. A variety of bacteria may be 

cultivated from the normal conjunctiva, but the number of 

organisms is usually small. Staphylococcus epidermidis and certain 

coryneforms (Propoinibacterium acnes) are dominant. 
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Staphylococcus aureus, some streptococci, Haemophilus sp. and 

Neisseria sp. are occasionally found. The conjunctiva is kept moist 

and healthy by the continuous secretions from the lachrymal 

glands. Blinking wipes the conjunctiva every few seconds 

mechanically washing away foreign objects including bacteria. 

Lachrymal secretions (tears) also contain bactericidal substances 

including lysozyme. There is little or no opportunity for 

microorganisms to colonize the conjunctiva without special 

mechanisms to attach to the epithelial surfaces and some ability to 

withstand attack by lysozyme. Pathogens which do infect the 

conjunctiva (e.g. Neisseria gonorrhoeae and Chlamydia 

trachomatis) are thought to be able to specifically attach to the 

conjunctival epithelium by means of sialic acid receptors on 

epithelial cells, but this is not certain.  

 

Propionibacterium acnes  

Normal Flora of the Respiratory Tract. The nares (nostrils) are 

always heavily colonized, predominantly with Staphylococcus 
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epidermidis and corynebacteria, and often (about 20% of the 

general population) with Staphylococcus aureus, this being the 

main carrier site of this important pathogen. The healthy sinuses, 

in contrast are sterile. A large number of bacterial species colonize 

the upper respiratory tract (nasopharynx). The predominant 

species are non-hemolytic and alpha-hemolytic streptococci and 

Neisseria, but sometimes pathogens such as Streptococcus 

pneumoniae, Streptococcus pyogenes, Haemophilus influenzae and 

Neisseria meningitidis colonize the pharynx.  

 The lower respiratory tract (trachea, bronchi, and 

pulmonary tissues) are virtually free of microorganisms, mainly 

because of the efficient cleansing action of the ciliated epithelium 

which lines the tract. Any bacteria reaching the lower respiratory 

tract are swept upward by the action of the mucociliary blanket 

that lines the bronchi, to be removed subsequently by coughing, 

sneezing, swallowing, etc. If the respiratory tract epithelium 

becomes damaged, as in bronchitis or viral pneumonia, the 

individual may become susceptible to infection by pathogens 

descending from the nasopharynx (e.g. H. influenzae or S. 

pneumoniae).  The pathogen Bordetella pertussis is specifically 

able to colonize the tracheal epithelium of humans, allowing it to 

produce the disease, pertussis (whooping cough) 

Normal flora of the Urogenital Tract. The urogenital tract 

consists of the bladder, the ureter, the urethra and the 
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genitalia. The bladder and internal regions of the ureter and 

urethra are typically devoid of microorganisms. The few found in 

urine cultures are probably contaminants from end of the urethra 

and the genitals, which have bacteria that are common on the skin 

and the colon. These include S. epidermidis, Enterococcus faecalis, 

E. coli, Proteus spp., corynebacteria and streptococci. 

The vagina of the healthy female is colonized soon after birth by 

typical microbes found on the skin and rectum, including 

corynebacteria, staphylococci, non-pyogenic streptococci, E. coli, 

and a lactic acid bacterium named Dderleins bacilli (most likely, 

Lactobacillus acidophilus). After the onset of puberty and 

throughout reproductive life, circulating estrogen causes the 

secretion of glycogen in the vagina. Metabolism of glycogen to 

lactic acid by Dderleins bacilli drops the pH and inhibits 

colonization by all except this microbe and a few others. 

Significantly, this helps prevent colonization by Candida albicans, 

the cause of yeast infections. 

Urine is normally sterile, and since the urinary tract is flushed with 

urine every few hours, microorganisms have problems gaining 

access and becoming established. The flora of the anterior urethra, 

as indicated principally by urine cultures, suggests that the area 

may be inhabited by a relatively consistent normal flora consisting 

of Staphylococcus epidermidis, Enterococcus faecalis and some 

alpha-hemolytic streptococci. Their numbers are not plentiful, 
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however. In addition, some enteric bacteria (e.g. E. coli, Proteus) 

and corynebacteria, which are probably contaminants from the 

skin, vulva or rectum, may occasionally be found at the anterior 

urethra.  

 

Lactic acid bacteria, possibly Doderlein's bacillus, in ascociation with a vaginal 

epithelial cell.  

Normal Flora of the Human Oral Cavity  

The presence of nutrients, epithelial debris, and secretions makes 

the mouth a favorable habitat for a great variety of bacteria. Oral 

bacteria include streptococci, lactobacilli, staphylococci and 

corynebacteria, with a great number of anaerobes, especially 

bacteroides.  

The mouth presents a succession of different ecological situations 

with age, and this corresponds with changes in the composition of 

the normal flora. At birth the oral cavity is composed solely of the 
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soft tissues of the lips, cheeks, tongue and palate, which are kept 

moist by the secretions of the salivary glands. At birth the oral 

cavity is sterile but rapidly becomes colonized from the 

environment, particularly from the mother in the first feeding. 

Streptococcus salivarius is dominant and may make up 98% of the 

total oral flora until the appearance of the teeth (6 - 9 months in 

humans). The eruption of the teeth during the first year leads to 

colonization by S. mutans and S. sanguis. These bacteria require a 

nondesquamating (nonepithelial) surface in order to colonize. They 

will persist as long as teeth remain. Other strains of streptococci 

adhere strongly to the gums and cheeks but not to the teeth. The 

creation of the gingival crevice area (supporting structures of the 

teeth) increases the habitat for the variety of anaerobic species 

found. The complexity of the oral flora continues to increase with 

time, and bacteroides and spirochetes colonize around puberty.  

Several oral bacteria have been implicated in diseases of the oral 

cavity, including dental caries and gum diseases such as gingivitis 

and periodontitis.  

The oral bacteria can invade compromised tissues in their hosts 

and produce disease outside the oral cavity. Oral bacteria invade 

deeper tissues they may cause abscesses of alveolar bone, lung, 

brain, or the extremities. Such infections usually contain mixtures 

of bacteria with Bacteroides melaninogenicus often playing a 

dominant role. If oral streptococci are introduced into wounds 
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created by dental manipulation or treatment, they may adhere to 

heart valves and initiate subacute bacterial endocarditis. 

Dental Plaque, Caries, and Gingivitis 

Dental plaque, which is material adhering to the teeth, consists 

of bacterial cells (60-70% the volume of the plaque), salivary 

polymers, and bacterial extracellular products. Plaque is a 

naturally-constructed biofilm, in which the consortia of bacteria 

may reach a thickness of 300-500 cells on the surfaces of the 

teeth. These accumulations subject the teeth and gingival tissues 

to high concentrations of bacterial metabolites, which result in 

dental disease. 

 

Cross section of a tooth illustrating the various structural regions 

susceptible to colonization or attack by microbes. 
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In relationship dental caries and periodontitis oral bacteria produce 

three forms of toxins: soluble protein toxins (exotoxins) which 

work as extracellular enzymes; endotoxins which are 

lippolysaccharides in the Gran-negative cell wall; products of their 

metabolism (metabolites) which may be toxic. The latter include 

volatile sulfur compounds such as hydroghen sulfide and 

methylmercaptan; polyamines with names like putrescine, 

cadaverine and spermidine; and fatty acids such as propionic acid 

and butyric acid. By far the dominant bacterial species in dental 

plaque are Streptococcus sanguis and Streptococcus mutans, both 

of which are considered responsible for plaque.  

 

Streptococcus mutans. Gram stain.  

Plaque formation is initiated by a weak attachment of the 

streptococcal cells to salivary glycoproteins forming a pellicle on 

the surface of the teeth. This is followed by a stronger attachment 

by means of extracellular sticky polymers of glucose (glucans) 

which are synthesized by the bacteria from dietary sugars 

(principally sucrose). An enzyme on the cell surface of 
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Streptococcus mutans, glycosyl transferase, is involved in initial 

attachment of the bacterial cells to the tooth surface and in the 

conversion of sucrose to dextran polymers (glucans) which form 

plaque. 

Dental Caries is the destruction of the enamel, dentin or 

cementum of teeth due to bacterial activities. Caries are initiated 

by direct demineralization of the enamel of teeth due to lactic acid 

and other organic acids which accumulate in dental plaque. Lactic 

acid bacteria in the plaque produce lactic acid from the 

fermentation of sugars and other carbohydrates in the diet of the 

host. Streptococcus mutans has most consistently been associated 

with the initiation of dental caries, but other lactic acid bacteria are 

probably involved as well. These organisms normally colonize the 

occlusal fissures and contact points between the teeth, and this 

correlates with the incidence of decay on these surfaces. 

 

Actinomyces israelii  
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Lactobacilli, Actinomyces, and various proteolytic bacteria are 

commonly found in human carious dentin and cementum, which 

suggests that they are secondary invaders that contribute to the 

progression of the lesions.  

Normal Flora of the Gastrointestinal Tract.  

 

Colonies of E. coli growing on EMB agar.  

The bacterial flora of the GI tract of animals has been studied 

more extensively than that of any other site. The composition 

differs between various animal species. In humans, there are 

differences in the composition of the flora which are influenced by 

age, diet, cultural conditions, and the use of antibiotics.  The latter 

greatly perturbs the composition of the intestinal flora.   

Because of the high acidity of the gastric juice very few bacteria 

(mainly acid-tolerant lactobacilli) can be cultured from the normal 

stomach.  However, at least half the population in our country is 

colonized by a pathogenic bacterium, Helicobacter pylori.  Since 

the 1980s, this bacterium has been known to be the cause of 

gastric ulcers, and it is probably a cause of gastric and duodenal 

cancer as well. 
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Helicobacter pylori 

The proximal small intestine has a relatively sparse Gram-positive 

flora, consisting mainly of lactobacilli and Enterococcus faecalis.  

This region has about 105 - 107 bacteria per ml of fluid. The distal 

part of the small intestine contains greater numbers of bacteria 

(108/ml) and additional species including coliforms and 

Bacteroides, in addition to lactobacilli and enterococci. The flora of 

the large intestine (colon) is qualitatively similar to that found in 

feces. Populations of bacteria in the colon reach levels of 1011/ml 

feces. Coliforms become more prominent, and enterococci, 

clostridia and lactobacilli can be regularly found, but the 

predominant species are anaerobic Bacteroides and anaerobic 

lactic acid bacteria in the genus Bifidobacterium (Bifidobacterium 

bifidum). These organisms may outnumber E. coli by 1,000:1 to 

10,000:1. It is now known that significant numbers of anaerobic 

methanogenic bacteria (up to 1010/gm) also reside in the colon of 

humans. The range of incidence of certain bacteria in the large 

intestine of humans is shown below.  
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At birth the entire intestinal tract is sterile, but bacteria enter with 

the first feed. The initial colonizing bacteria vary with the food 

source of the infant. In breast-fed infants bifidobacteria account 

for more than 90% of the total intestinal bacteria. 

Enterobacteriaceae and enterococci are regularly present, but in 

low proportions, while bacteroides, staphylococci, lactobacilli and 

clostridia are practically absent. In bottle-fed infants, bifidobacteria 

are not predominant. When breast-fed infants are switched to a 

diet of cow's milk or solid food, bifidobacteria are progressively 

joined by enterics, bacteroides, enterococci lactobacilli and 

clostridia.  Apparently, human milk contains a growth factor that 

enriches for growth of bifidobacteria, and these bacteria play an 

important role in preventing colonization of the infant intestinal 

tract by non indigenous or pathogenic species.  

 

Clostridium difficile. Gram stain.  
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THE BENEFITS OF THE NORMAL FLORA 

Many microorganisms enjoy the lush environment our bodies 

provide for them, but what are the benefits for the host?  

1. The normal flora synthesize and excrete vitamins in 

excess of their own needs, which can be absorbed as nutrients by 

the host. For example, enteric bacteria secrete Vitamin K and 

Vitamin B12, and lactic acid bacteria produce certain B-vitamins. 

Germ-free animals may be deficient in Vitamin K to the extent that 

it is necessary to supplement their diets.  

2. The normal flora prevent colonization by pathogens by 

competing for attachment sites or for essential nutrients.  This is 

thought to be their most important beneficial effect, which has 

been demonstrated in the oral cavity, the intestine, the skin, and 

the vaginal epithelium.  In some experiments, germ-free animals 

can be infected by 10 Salmonella bacteria, while the infectious 

dose for conventional animals is near 106 cells.  

3. The normal flora may antagonize other bacteria through 

the production of substances which inhibit or kill nonindigenous 

species. The intestinal bacteria produce a variety of substances 

ranging from relatively nonspecific fatty acids and peroxides to 

highly specific bacteriocins, which inhibit or kill other bacteria.  

4. The normal flora stimulate the development of certain 

tissues, i.e., the caecum and certain lymphatic tissues (Peyer's 
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patches) in the GI tract. The caecum of germ-free animals is 

enlarged, thin-walled, and fluid-filled, compared to that organ 

in conventional animals.  

5. The normal flora stimulate the production of cross-

reactive antibodies. Since the normal flora behave as antigens 

in an animal, they induce an immunological response, in particular, 

an antibody-mediated immune (AMI) response.  Low levels of 

antibodies produced against components of the normal flora are 

known to cross react with certain related pathogens, and thereby 

prevent infection or invasion.  Antibodies produced against 

antigenic components of the normal flora are sometimes referred 

to as "natural" antibodies, and such antibodies are lacking in germ-

free animals. 

II- PATHOGENIC INTERACTION 

BACTERIAL STRUCTURE IN RELATIONSHIP TO 
PATHOGENICITY 

The Importance of the Bacterial Surface 

All of the various surface components of a bacterial cell are 

important in its ecology since they mediate the contact of the 

bacterium with its environment. The only "senses" that a 

bacterium has result from its immediate contact with its 

environment. It must use its surface components to assess the 

environment and respond in a way that supports its own existence 

and survival in that environment. The surface properties of a 
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bacterium are determined by the exact molecular composition of 

its membrane and cell wall, including LPS, and the other surface 

structures such as flagella, fimbriae and capsules.  

 
The surface of Streptococcus pyogenes. High magnification 

electron micrograph of an ultra-thin section. At this 

magnification, especially in the cell on the left, the cell wall and 
cell surface fibrils, consisting mainly of M protein, are well 

defined. The interdigitaion of these fibrils between neighboring 
cells of different chains can also be seen.  

Bacterial surface components may have a primary biological 

function that has nothing to do with pathogenicity. Thus, the 

function of the LPS in the outer membrane of Gram-negative 

bacteria has to do with its permeability characteristics, rather than 

its toxicity for animals. However, there are endless examples 

wherein a bacterial surface component plays an indispensable role 

in the pathogenesis of infectious disease. Bacterial surface 

structures may act as (1) permeability barriers that allow 

selective passage of nutrients and exclusion of harmful substances 

(e.g. antimicrobial agents); (2) adhesins used to attach or adhere 

to specific surfaces or tissues; (3) enzymes to mediate specific 
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reactions on the cell surface important in the survival of the 

organism; (4) protective structures against phagocytic 

engulfment or killing; (5) antigenic disguises; (6) "sensing 

proteins" that can respond to temperature, osmolarity, salinity, 

light, oxygen, nutrients, etc., resulting in a molecular signal to 

the genome of the cell that will cause expression of some 

determinant of virulence (e.g. an exotoxin).  

In medical situations, the surface components of bacterial cells are 

major determinants of virulence for many pathogens. Pathogens 

can colonize tissues, resist phagocytosis and the immune response, 

and induce inflammation, complement activation and immune 

responses in animals by means of various structural components.  

 

The surface of Bacillus anthracis.  

The bacterial membrane is evident as the innermost layer surrounding 

the cytoplasm. P denotes the peptidoglycan cell wall. S refers to the S-

layer which consists of two proteins including the major antigen. C 
denotes the poly-D-glutamic acid capsule that is exterior to and 

completely covers the S-layer proteins.  
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The Structure of the Bacterial Surface  

Structurally, a bacterial cell has three architectural regions: 

appendages (proteins attached to the cell surface) in the form of 

flagella and fimbriae; a cell envelope consisting of a capsule, cell 

wall and plasma membrane; and a cytoplasmic region that 

contains the cell genome (DNA) and ribosomes and various sorts 

of inclusions. The surface components of a bacterium are the 

constituents of its cell envelope and appendages.  

Flagella are filamentous protein structures attached to the cell 

surface that provide swimming movement for most motile bacterial 

cells. The diameter of a bacterial flagellum is about 20 

nanometers, well-below the resolving power of the light 

microscope. The flagellar filament is rotated by a motor apparatus 

in the plasma membrane allowing the cell to swim in fluid 

environments. Bacterial flagella are powered by proton motive 

force (chemiosmotic potential) established on the bacterial 

membrane.  

Bacteria are known to exhibit a variety of types of tactic 

behavior, i.e., the ability to move (swim) in response to 

environmental stimuli. For example, during chemotaxis a 

bacterium can sense the quality and quantity of certain chemicals 

in its environment and swim towards them (if they are useful 

nutrients) or away from them (if they are harmful substances). 

During aerotaxis, bacteria swim toward or away from O2.  
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For a few pathogens motility is known to be a determinant of 

virulence. In the case of Vibrio cholerae, the vibrios apparently 

swim (laterally) into the intestinal mucosa to avoid being flushed 

out by the peristaltic action of the gut. Flagella are antigenic, and 

therefore, vulnerable to attack by host antibody molecules. 

Antibody molecules directed against flagellar antigens can 

agglutinate and/or immobilize bacterial cells, or possibly opsonize 

them from phagocytosis, which presumably would aid in host 

defense. 

  

Fimbriae  

Fimbriae and pili are interchangeable terms used to designate 

short, hair-like structures on the surfaces of procaryotic cells. Like 

flagella, they are composed of protein. Fimbriae are shorter and 

stiffer than flagella, and slightly smaller in diameter. Generally, 

fimbriae have nothing to do with bacterial movement (there are 

exceptions, e.g twitching movement on Pseudomonas). Fimbriae 

are very common in Gram-negative bacteria, but occur in some 

archaea and Gram-positive bacteria as well. Fimbriae are most 

often involved in adherence of bacteria to surfaces, substrates and 

Vibrio cholerae. Liefson's flagellar 

stain. Bacterial flagella are below the 
resolving power of the light 

microscope. In order to be visualized, 
the bacteria must be reacted with a 

stain that precipitates along the 

flagellar filaments, which increases 
their effective diameter to the point 

of resolution. Vibrio cholerae is motile 
by means of a single polar flagellum 

inserted into one pole of the cell.  
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other cells or tissues in nature. In E. coli, a specialized type of 

pilus, the F or sex pilus, mediates the transfer of DNA between 

mating bacteria during the process of conjugation, but the 

function of the smaller, more numerous common pili is quite 

different.  

Common pili (almost always called fimbriae) are usually 

involved in specific adherence (attachment) of procaryotes to 

surfaces in nature. In medical situations, they are major 

determinants of bacterial virulence because they allow pathogens 

to attach to (colonize) tissues and/or to resist attack by phagocytic 

white blood cells. For example, pathogenic Neisseria gonorrhoeae 

adheres specifically to the human cervical or urethral epithelium by 

means of its fimbriae; enterotoxigenic strains of E. coli adhere to 

the mucosal epithelium of the intestine by means of specific 

fimbriae; the M-protein and associated fimbriae of Streptococcus 

pyogenes are involved in adherence and to resistance to 

engulfment by phagocytes.  

 

 
Fimbriae (common pili) and flagella on the surface of bacterial cells. 
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Left: dividing Shigella enclosed in fimbriae. The structures are 
probably involved in the bacterium's ability to adhere to the intestinal 

surface. Right: dividing pair of Salmonella displaying both its 

peritrichous flagella and its fimbriae. The fimbriae are much shorter 
and slightly smaller in diameter than flagella. Both Shigella and 

Salmonella are enteric bacteria that cause different types of intestinal 
diarrheas.The bacteria can be differentiated by a motility test. 

Salmonella is motile; Shigella is nonmotile.  

 

Neisseria gonorrhoeae. Electron micrograph. This pathogen utilizes its 
fimbriae in order to initially colonize the urethral or cervical 

epithelium.  

Most bacteria contain some sort of a polysaccharide layer outside 

of the cell wall or outer membrane. In a general sense, this layer is 

called a capsule. A true capsule is a discrete detectable layer of 

polysaccharides deposited outside the cell wall. A less discrete 

structure or matrix which embeds the cells is a called a slime 

layer. A type of capsule found in bacteria called a glycocalyx is a 

thin layer of tangled polysaccharide fibers which is almost always 

observed on the surface of cells growing in nature (as opposed to 

the laboratory). Capsules, slime layers, and glycocalyx are known 

to mediate specific or non specific adherence of bacteria to 
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particular surfaces. Capsules are known to protect bacteria from 

engulfment by predatory phagocytes and from attack by 

antimicrobial agents.  

In nature, and in many medical situations, colonies of bacteria 

construct and live in a biofilm, made up principally of capsule 

material. A biofilm usually consists of a consortium (mixture) of 

bacteria living in a matrix of slime which is secreted by one of the 

bacterial members. Dental plaque is an example of a natural 

biofilm, as is a slimy mass of bacteria attached to a rock in a 

mountain stream. In medical situations, bacteria in a biofilm may 

have certain advantages over planktonic counterparts. For 

example, biofilm bacteria may be less susceptible to phagocytes, 

drugs, or neutralizing antibodies.  

Many polysaccharide capsules possess an antigenic epitope so they 

will induce and react with host antibodies. Where the capsule is a 

main determinant of virulence of a pathogen (e.g. Streptococcus 

pneumoniae) antibodies against the bacterium neutralize its 

virulence.  
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Bacterial capsules visualized by various techniques. Left. 

Streptococcus pneumoniae -India ink capsule outline; Middle. 

Bacillus anthracis -fluorescent-tagged antibody; Right. 
Streptococcus pyogenes -transmission electron micrograph, S. 
pneumoniae capsular material is composed of polysaccharide. 
The capsule is the pathogen's most important determinant of 

virulence because it allows the bacterial cells to escape 
phagocytes in the lung. The B. anthracis capsule is composed 

of poly-D-glutamic acid. Its capsule is antiphagocytic, and it 

protects the bacteria from complement- mediated lysis in 
serum or blood. The capsule of S. pyogenes is composed of 

hyaluronic acid, the same polymer as found in human 
connective tissue. The capsule is an antigenic disguise that 

prevents recognition of the streptococci by phagocytes or the 

immune system.  

The cell wall of a bacterium is an essential structure that protects 

the delicate cell protoplast from osmotic lysis. The cell wall of 

Bacteria consists of a polymer of disaccharides cross-linked by 

short chains of amino acids (peptides). This molecule is a type of 

peptidoglycan called murein. Murein is unique to Bacteria. In 

the Gram-positive bacteria, the cell wall is thick (15-80 

nanometers), consisting of several layers of peptidoglycan 

complexed with molecules called teichoic acids. In the Gram-
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negative bacteria, the cell wall is relatively thin (10 nanometers) 

and is composed of a single layer of peptidoglycan surrounded by 

a membranous structure called the outer membrane. Murein is a 

substance unique in nature to bacterial cell walls. Also, the outer 

membrane of Gram-negative bacteria invariably contains a unique 

component, lipopolysaccharide (LPS or endotoxin), which is 

toxic to animals.  

The structure of the muramic acid subunit 
in the peptidoglycan Escherichia. coli. The molecule consists of 

N-acetyl glucoasamine (NAG) attached (via a beta 1,4 link) to 

N-acetyl-muramic acid (NAM). Attached to the NAM is a peptide 
chain, which (in the case of E. coli, as illustrated) consists of L-

alanine, D-glutamate, diaminopimelic acid and D-alanine. Some 
antibiotics, including bacitracin, act by blocking the synthesis 

of the muramic acid subunit. Penicillin and related antibiotics 

(beta lactams), as well as vancomycin, block the assembly of 
the muropeptide subunits into the peptidoglycan polymer.  

The cell wall is a complicated structure, fundamentally different in 

Gram-positive and Gram-negative bacteria. Cell wall components 

are major determinants of virulence in both groups of bacteria. 

Endotoxin, inherent to all Gram-negative bacteria, is toxic to 

animals in a variety of ways. Peptidoglycan and LPS, as well as 

some teichoic acids, induce the alternate complement pathway 
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leading to inflammation. Teichoic acids and O-specific 

polysaccharides may be used as adhesins by Gram-positive and 

Gram-negative bacteria, respectively. Some cell wall components 

protect against phagocytic engulfment or digestion. Variations in 

the macromolecular structure of cell wall components may be at 

the basis of antigenic variation as well as specific host 

resistance to pathogens.  

The essential outer membrane of Gram-negative bacteria is the 

target for attack by complement, hydrophobic agents and certain 

antibiotics. Murein (peptidoglycan) is dismantled by a host enzyme, 

lysozyme, found in most body fluids. Several antibiotics, mainly the 

beta lactams, exert their antimicrobial effect by blocking the 

synthesis and assembly of peptidoglycan.  

Schematic drawing the outer membrane of a Gram-negative bacterium  
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The membranes of Bacteria are structurally similar to the cell 

membranes of eukaryotes, except that bacterial membranes 

consist of saturated or monounsaturated fatty acids (never 

polyunsaturated fatty acids) and do not normally contain sterols. 

The plasma membrane is an exceptionally dynamic structure in 

bacteria which mediates permeability, transport, secretion and 

energy generation. In terms of pathogenesis of a bacterium, it is 

absolutely dependent upon the integrity and function of its plasma 

membrane. The membrane might be responsible for secretion of 

toxins, resistance to antimicrobial agents, tactic responses or 

sensing other environmental signals to turn on or off genes for 

virulence.  

Endospores are bacterial structures (resting cells) formed by a 

few groups of bacteria as intracellular structures, but ultimately, 

they are released as free endospores. Biologically, endospores are 

a fascinating type of cell. Endospores exhibit no signs of life, being 

described as cryptobiotic. They are highly resistant to 

environmental stresses such as high temperature (some 

endospores can be boiled for hours and retain their viability), 

irradiation, strong acids, disinfectants, etc. They are probably the 

most durable cell produced in nature. Although cryptobiotic, they 

retain viability indefinitely such that under appropriate 

environmental conditions, they germinate back into vegetative 

cells.  



HOST-MICROBE INTERACTIONS                                                             Prof. Dr. W. M. Salem 
________________________________________________________78 

 

 

Endospores are formed by two genera of Gram-positive bacteria: 

Bacillus, the aerobic sporeformers, and Clostridium, the anaerobic 

sporeformers. Both genera contain pathogens, and the endospores 

produced by these bacteria invariably play some role in the 

toxicity, transmission or survival of the pathogen.  

 

 

 

 

 

 

 

 

Spore stain of a Bacillus species. 

Mature spores stain green whether 
free or still inside the vegetative 

sporangium. Vegetative cells and 
sporangia stain red. The Schaeffer-

Fulton stain technique was applied. 
The primary stain, malachite green, 

is forced into the spores by heating 

the prepared slide to boiling for 4-5 
minutes. After washing, the 

vegetative cells are counterstained 
with safranine. 
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NOW IT IS OUR TIME TO DESCRIBE, IN DETAIL, THE 

CONSEQUENCES OF INFECTION WITH SPECIFIC 

PATHOGENS. 

Ex., Staphylococcus 

 
Staphylococcus aureus. E.M. 

The Staphylococci 

Staphylococci are Gram-positive spherical bacteria that occur in 

microscopic clusters resembling grapes. Bacteriological culture of 

the nose and skin of normal humans invariably yields 

staphylococci. In 1884, Rosenbach described the two pigmented 

colony types of staphylococci and proposed the appropriate 

nomenclature: Staphylococcus aureus (yellow) and Staphylococcus 

albus (white). The latter species is now named Staphylococcus 

epidermidis. Although more than 20 species of Staphylococcus are 

described in Bergey's Manual (2001), only Staphylococcus aureus 

and Staphylococcus epidermidis are significant in their interactions 

with humans. S. aureus colonizes mainly the nasal passages, but it 

may be found regularly in most other anatomical locales. S 

epidermidis is an inhabitant of the skin.  
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Staphylococcus aureus forms a fairly large yellow colony on rich 

medium, S. epidermidis has a relatively small white colony. S. 

aureus is often hemolytic on blood agar; S. epidermidis is non 

hemolytic. Staphylococci are facultative anaerobes that grow by 

aerobic respiration or by fermentation that yields principally lactic 

acid. The bacteria are catalase-positive and oxidase-negative. S. 

aureus can grow at a temperature range of 15 to 45 degrees and 

at NaCl concentrations as high as 15 percent. Nearly all strains of 

S. aureus produce the enzyme coagulase: nearly all strains of S. 

epidermidis lack this enzyme. S. aureus should always be 

considered a potential pathogen; most strains of S. epidermidis are 

nonpathogenic and may even play a protective role in their host as 

normal flora. Staphylococcus epidermidis may be a pathogen in the 

hospital environment.  

Staphylococci are perfectly spherical cells about 1 micrometer in 

diameter. They grow in clusters because staphylococci divide in 

two planes. The configuration of the cocci helps to distinguish 

staphylococci from streptococci, which are slightly oblong cells that 

usually grow in chains (because they divide in one plane only). The 

catalase test is important in distinguishing streptococci (catalase-

negative) from staphylococci, which are vigorous catalase-

producers. The test is performed by adding 3% hydrogen peroxide 

to a colony on an agar plate or slant. Catalase-positive cultures 

produce O2 and bubble at once. The test should not be done on 

blood agar because blood itself contains catalase.  
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FIGURE 1. Gram stain of Staphylococcus aureus 

in pustular exudates 

The important phenotypic characteristics of 

Staphylococcus aureus 

Gram-positive, cluster-forming coccus  

nonmotile, nonsporeforming facultative anaerobe  
fermentation of glucose produces mainly lactic acid  

ferments mannitol (distinguishes from S. epidermidis)  
catalase positive  

coagulase positive  
golden yellow colony on agar  

normal flora of humans found on nasal passages, skin and mucous 

membranes  
pathogen of humans, causes a wide range of suppurative infections, as 

well as food poisoning and toxic shock syndrome   

Pathogenesis of S. aureus infections 

Staphylococcus aureus causes a variety of suppurative (pus-

forming) infections and toxinoses in humans. It causes superficial 

skin lesions such as boils, styes and furunculosis; more serious 

infections such as pneumonia, mastitis, phlebitis, meningitis, 

and urinary tract infections; and deep-seated infections, such 

as osteomyelitis and endocarditis. S. aureus is a major cause 

of hospital acquired (nosocomial) infection of surgical 
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wounds and infections associated with indwelling medical devices. 

S. aureus causes food poisoning by releasing enterotoxins into 

food, and toxic shock syndrome by release of superantigens 

into the blood stream.  

S. aureus expresses many potential virulence factors: (1) 

surface proteins that promote colonization of host tissues; (2) 

invasins that promote bacterial spread in tissues (leukocidin, 

kinases, hyaluronidase); (3) surface factors that inhibit 

phagocytic engulfment (capsule, Protein A); (4) biochemical 

properties that enhance their survival in phagocytes 

(carotenoids, catalase production); (5) immunological disguises 

(Protein A, coagulase, clotting factor); and (6) membrane-

damaging toxins that lyse eukaryotic cell membranes 

(hemolysins, leukotoxin, leukocidin; (7) exotoxins that 

damage host tissues or otherwise provoke symptoms of disease 

(SEA-G, TSST, ET (8) inherent and acquired resistance to 

antimicrobial agents.  

Human staphylococcal infections are frequent, but usually remain 

localized at the portal of entry by the normal host defenses. The 

portal may be a hair follicle, but usually it is a break in the skin 

which may be a minute needle-stick or a surgical wound. Another 

portal of entry is the respiratory tract. Staphylococcal pneumonia is 

a frequent complication of influenza. The localized host response 

to staphylococcal infection is inflammation, characterized by an 
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elevated temperature at the site, swelling, the accumulation of 

pus, and necrosis of tissue. Around the inflamed area, a fibrin clot 

may form, walling off the bacteria and leukocytes as a 

characteristic pus-filled boil or abscess. More serious infections of 

the skin may occur, such as furuncles or impetigo. Localized 

infection of the bone is called osteomyelitis. Serious consequences 

of staphylococcal infections occur when the bacteria invade the 

blood stream. A resulting septicemia may be rapidly fatal; a 

bacteremia may result in seeding other internal abscesses, other 

skin lesions, or infections in the lung, kidney, heart, skeletal 

muscle or meninges.  

 

Sites of infection and diseases caused by Staphylococcus aureus 
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  Adherence to Host Cell Proteins 

S. aureus cells express on their surface proteins that promote 

attachment to host proteins such as laminin and fibronectin that 

form the extracellular matrix of epithelial and endothelial surfaces. 

In addition, most strains express a fibrin/fibrinogen binding protein 

(clumping factor) which promotes attachment to blood clots and 

traumatized tissue. Most strains of S. aureus express both 

fibronectin and fibrinogen-binding proteins. In addition, an adhesin 

that promotes attachment to collagen has been found in strains 

that cause osteomyelitis and septic arthritis. Interaction with 

collagen may also be important in promoting bacterial attachment 

to damaged tissue where the underlying layers have been 

exposed.  

Invasion 

The invasion of host tissues by staphylococci apparently involves 

the production of a huge array of extracellular proteins, some of 

which may occur also as cell-associated proteins. These proteins 

are described below with some possible explanations for their role 

in invasive process.  

Membrane-damaging toxins  

a-toxin (a-hemolysin) The best characterized and most potent 

membrane-damaging toxin of S. aureus is a-toxin. It is expressed 

as a monomer that binds to the membrane of susceptible cells. 
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Subunits then oligomerize to form heptameric rings with a central 

pore through which cellular contents leak.  

In humans, platelets and monocytes are particularly sensitive to a-

toxin. Susceptible cells have a specific receptor for a-toxin which 

allows the toxin to bind causing small pores through which 

monovalent cations can pass. The mode of action of alpha 

hemolysin is likely by osmotic lysis.  

ß-toxin is a sphingomyelinase which damages membranes rich in 

this lipid.  

d-toxin is a very small peptide toxin produced by most strains of 

S. aureus. It is also produced by S. epidermidis. The role of d-toxin 

in disease is unknown.  

Leukocidin is a multicomponent protein toxin produced as 

separate components which act together to damage membranes.  

Leukocidin is hemolytic, but less so than alpha hemolysin.  

Only 2% of all of S. aureus isolates express leukocidin, but nearly 

90% of the strains isolated from severe dermonecrotic lesions 

express this toxin, which suggests that it is an important factor in 

necrotizing skin infections.  
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Coagulase and clumping factor  

Coagulase is an extracellular protein which binds to prothrombin in 

the host to form a complex called staphylothrombin. The protease 

activity characteristic of thrombin is activated in the complex, 

resulting in the conversion of fibrinogen to fibrin. Coagulase is a 

traditional marker for identifying S aureus in the clinical 

microbiology laboratory. However, there is no overwhelming 

evidence that it is a virulence factor, although it is reasonable to 

speculate that the bacteria could protect themselves from 

phagocytic and immune defenses by causing localized clotting.  

There is some confusion in the literature concerning coagulase and 

clumping factor, the fibrinogen-binding determinant on the S. 

aureus cell surface. Partly the confusion results from the fact that 

a small amount of coagulase is tightly bound on the bacterial cell 

surface where it can react with prothrombin leading to fibrin 

clotting. However, genetic studies have shown unequivocally that 

coagulase and clumping factor are distinct entities. Specific 

mutants lacking coagulase retain clumping factor activity, while 

clumping factor mutants express coagulase normally.  

Staphylokinase 

Many strains of S aureus express a plasminogen activator called 

staphylokinase. This factor lyses fibrin. The genetic determinant is 

associated with lysogenic bacteriophages. A complex formed 

between staphylokinase and plasminogen activates plasmin-like 
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proteolytic activity which causes dissolution of fibrin clots. The 

mechanism is identical to streptokinase, which is used in medicine 

to treat patients suffering from coronary thrombosis. As with 

coagulase, there is no strong evidence that staphylokinase is a 

virulence factor, although it seems reasonable to imagine that 

localized fibrinolysis might aid in bacterial spreading.  

Other extracellular enzymes  

S. aureus can express proteases, a lipase, a deoxyribonuclease 

(DNase) and a fatty acid modifying enzyme (FAME). The first three 

probably provide nutrients for the bacteria, and it is unlikely that 

they have anything but a minor role in pathogenesis. However, the 

FAME enzyme may be important in abscesses, where it could 

modify anti-bacterial lipids and prolong bacterial survival.  

Avoidance of Host Defenses 

S. aureus expresses a number of factors that have the potential to 

interfere with host defense mechanisms. This includes both 

structural and soluble elements of the bacterium.  

Capsular Polysaccharide 

The majority of clinical isolates of S aureus express a surface 

polysaccharide of either serotype 5 or 8. This has been called a 

microcapsule because it can be visualized only by electron 

microscopy unlike the true capsules of some bacteria which are 

readily visualized by light microscopy. S. aureus strains isolated 
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from infections express high levels of the polysaccharide but 

rapidly lose the ability when cultured in the laboratory. The 

function of the capsule in virulence is not entirely clear. Although it 

does impede phagocytosis in the absence of complement, it also 

impedes colonization of damaged heart valves, perhaps by 

masking adhesins.  

Protein A 

Protein A is a surface protein of S. aureus which binds IgG 

molecules by their Fc region. In serum, the bacteria will bind IgG 

molecules in the wrong orientation on their surface which disrupts 

opsonization and phagocytosis. Mutants of S. aureus lacking 

protein A are more efficiently phagocytosed in vitro, and mutants 

in infection models have diminished virulence.  

Leukocidin 

S. aureus can express a toxin that specifically acts on 

polymorphonuclear leukocytes. Phagocytosis is an important 

defense against staphylococcal infection so leukocidin should be a 

virulence factor.  

Exotoxins 

S. aureus can express several different types of protein toxins 

which are probably responsible for symptoms during infections. 

Those which damage the membranes of cells were discussed 

above under Invasion. Some will lyse erythrocytes, causing 

hemolysis, but it is unlikely that hemolysis is a relevant 
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determinant of virulence in vivo. Leukocidin causes membrane 

damage to leukocytes but is not hemolytic.  

Systemic release of a-toxin causes septic shock, while enterotoxins 

and TSST-1 are superantigens that may cause toxic shock. 

Staphylococcal enterotoxins cause emesis (vomiting) when 

ingested and the bacterium is a leading cause of food poisoning.  

The exfoliatin toxin causes the scalded skin syndrome in neonates, 

which results in widespread blistering and loss of the epidermis. 

There are two antigenically distinct forms of the toxin, ETA and 

ETB. The toxins have esterase and protease activity and 

apparently target a protein which is involved in maintaining the 

integrity of the epidermis.  

Host Defense against Staphylococcal Infections 

Phagocytosis is the major mechanism for combatting 

staphylococcal infection. Antibodies are produced which neutralize 

toxins and promote opsonization. However, the bacterial capsule 

and protein A may interfere with phagocytosis. Biofilm growth on 

implants is also impervious to phagocytosis. Staphylococci may be 

difficult to kill after phagocytic engulfment because they produce 

carotenoids and catalase which neutralize singlet oxygen and 

superoxide which are primary phagocytic killing mechanisms within 

the phagolysosome.  

 

 



HOST-MICROBE INTERACTIONS                                                             Prof. Dr. W. M. Salem 
________________________________________________________90 

 

 

 

 

 

 

 

 

 

 

AAllll  tthhee  bbeesstt  wwiisshheess  
 

  Prof. Dr. Wesam Salem 
 



                                                                          

Plant Diseases 

For 4 
th

 year students 

Prof.Dr. 

Ahmed Hussein Mohamed 

Botany & Microbiology Dept., Faculty of Science 

Faculty: Science 

Specialization: Microbiology & Chemistry 

Band: Four 

Page No.: 42 

The affiliated department: Botany & Microbiology 

Dept.  

 

 



 

 

Subjects                                               Page no.                                                                                                     

*Introduction……………………………………  2 

*Diseases caused by Myxomycota……………5 

* Diseases caused by Chytridiomycota…………7 

* Diseases caused by Oomycota………………..8 

* Diseases caused by Zygomycota…………....16 

* Diseases caused by Ascomycota……….……17 

* Diseases caused by Basidiomycota……...….31 

* Diseases caused by Deuteromycetees……..39 

* References………………………………………40 

 

 

 

 
















































































