




Symbiosis – A close ecological relationship between 
two or more species 

 
 

Commensualism is defined as  
"eating at the same table".  
The association is not obligatory. 
 
 
 
 
 
Mutalism involves a benefit  
to both organisms.  
 
 
 
 
 
 
 
 

Spider webs on trees in Pakistan 



Parasitism is the intimate association  
of two species where one species  
(the parasite) benefits at the expense  
of the other (the host).  
 
The parasite usually does not kill the 
host outright but profits by the 
advantages of living on a surviving 
host. A dead host is usually not of use 
to the parasite, although death of the 
intermediate host may in some cases 
provide a means for reaching the 
definitive host.  

There is actually a continuum of symbiotic relationships. 



Aphids have bacteria that provide 
some essential amino acids 

Sea slugs contain green 
chloroplasts from its algal food 

More Examples 



Lichens is an obligatory symbiosis  
between a fungus and a green  alga 



Mitochondrion Chloroplast 

These organelles originated in the 
evolution of the eukaryotic cell as 
obligate intracellular symbionts 



Are these creatures symbionts? 



Demodex folliculorum 
Mites live in human eyelashs 



It is estimated that the human microbiota contains as many as 1014 bacterial 

cells, a number that is 10 times greater than the number of human cells 

present in our bodies. The collective size of the genomes of the 500–1000 

species believed to reside in our intestine might be equivalent to the size of 

our own genome, and the number of bacterial genes in this ‘microbiome’ 

could exceed the number of genes in the human genome by a factor of 100.   

 

The microbiota colonizes virtually every surface of the human body that is 

exposed to the external environment. Microbes flourish on our skin and in 

the genitourinary, gastrointestinal, and respiratory tracts.  

Human microbiota 

From Serikov et al, 2010 



By far the most heavily colonized organ is the GIT.  The human gut has an 

estimated surface area of a tennis court (200 m2) and, as such a large organ, 

represents a major surface for microbial colonization. Additionally, the GIT is 

rich in molecules that can be used as nutrients by microbes, making it a 

preferred site for colonization.  

The Gastrointestinal Tract (GIT) 

In our gut 500–1,000 species are  
assembled at densities estimated to reach 
1011 per gram of luminal contents in the 
proximal colon, creating a bacterial 
‘nation’ of 10–100 trillion citizens.  



An important digression 
 
 

The scientific method is to make observations and then to fit these into 
an existing theory. This then leads to predictions of  new observations 
which can verify or negate the original theory.  
 
A scientific "fact" is an observation that fits into a “paradigm” and leads 
to new predictions, that is, is verifiable.  
 



The “paradigm”, according to Thomas Kuhn, is not simply the current theory, but 
the entire world view in which it exists, and all of the implications which come 
with it. There are anomalies for all paradigms that are brushed away as acceptable 
levels of error, or simply ignored and not dealt with. When enough significant 
anomalies have accrued against a current paradigm, the scientific discipline is 
thrown into a state of crisis. During this crisis, new ideas, perhaps ones 
previously discarded, are tried. Eventually a new paradigm is formed, which gains 
its own new followers, and an intellectual "battle" takes place between the 
followers of the new paradigm and the hold-outs of the old paradigm. After a given 
discipline has changed from one paradigm to another, this is called a scientific 
revolution or a paradigm shift.  
 
 
 
“A new scientific truth does not triumph by convincing its opponents and making 
them see the light,  but rather because its opponents eventually die and a new 
generation grows  up that is familiar with it.”  Max Planck. 

Concept of Paradigm Shift in Science 

http://en.wikipedia.org/wiki/Worldview


- The cell theory is one and I  would include in the cell theory paradigm all 
recent studies on molecular and cell biology.  
 
- DNA is the genetic material is another paradigm.  
The discovery of the double helix of DNA and  the realization that this 
explained replication of genes created the conditions for people to reevaluate 
the papers of Avery and led to this paradigm. 
 
- The theory of evolution was a paradigm created by Darwin and Wallace and 
has so thoroughly permeated modern biology that every new fact is 
interpreted through evolution.  
 
- The Einstein theory of General Relativity – that gravity was a warping of 
space-time by mass – replaced the Newtonian theory of gravity. 

Some Examples of Paradigms 



 Robert Hook in 1665 developed a microscope with 30X magnification and 
saw "cells" in slices of cork (actually cell walls). This observation made no 
impact on science at all. He however did influence Antony van 
Leeuwenhoeck to begin grinding lenses!  

Robert Hook - observations without a paradigm. 

Observations in science require technology, but also require a 
paradigm or conceptual framework  into which to fit the observations.  

http://www.ucmp.berkeley.edu/history/hooke.html


In the later part of the 17th century, a Dutch amateur scientist named Anton van 
Leeuwenhoeck made some really fantastic discoveries - but they made 
essentially no impact on science. Using tiny single-lens microscopes of his 
own design, Leeuwenhoeck made the first descriptions of protozoa, bacteria, 
and spermatozoa which he called "animalcules", and made the first detailed 
descriptions of the red blood cell. He wrote letters to the Royal Society in 
London from 1673 to 1700, which were published. He looked at everything - 
rain water, canal water, his saliva, his feces. He saw an entirely new world 
which had never been seen before.  

Leeuwenhoeck – another example of observations without a paradigm 

http://www.ucmp.berkeley.edu/history/leeuwenhoek.html
http://www.ucmp.berkeley.edu/history/leeuwenhoek.html


On September 17, 1683, Leeuwenhoek wrote to the Royal Society about his 
observations on the plaque between his own teeth, "a little white matter, which is 
as thick as if 'twere batter." He repeated these observations on  two old men who 
had never cleaned their teeth in their lives. Leeuwenhoek reported how in his 
own mouth: "I then most always saw, with great wonder, that in the said matter 
there were many very little living animalcules, very prettily a-moving. The biggest 
sort. . . had a very strong and swift motion, and shot through the water (or 
spittle) like a pike does through the water. The second sort. . . oft-times spun 
round like a top. . . and these were far more in number."  
 
In the mouth of one of the old men, Leeuwenhoek found "an unbelievably great 
company of living animalcules, a-swimming more nimbly than any I had ever 
seen up to this time. The biggest sort. . . bent their body into curves in going 
forwards. . . Moreover, the other animalcules were in such enormous numbers, 
that all the water. . . seemed to be alive."  
 
He had many visitors who he let look through hismicroscopes, but he was also 
very secretive and never showed anyone how to make the lenses. 
 
These were among the first observations on living bacteria ever recorded.  
But they did not fit into any conceptual framework and therefore had no effect on 
science.  



Specimens from Leeuwenhoeck attached to letters he 
sent to the Royal Society were rediscovered in 1980  



                      Advances in microscope technology: 
 
1823 - The achromatic lens was developed - led to a 1 µm resolution. This 
led to the discovery of the cell nucleus by R. Brown in 1833, the 
nucleolus in plant cells by Schleiden, cells in animals by Schwann, 
mitochondria in 1858 by Koelliker. 
 
Led to a new paradigm - The Cell Theory: 
- All living things or organisms are made  
  of cells and their products. 
- New cells are created by old cells  
  dividing into two. 
- Cells are the basic building units of life. 
 
1878 - Oil Immersion lens. Led to  
discovery of chromosomes by 
 Flemming in 1879. 
 
1886 - Apochromatic lens - resolution  
of 0.2 um = theoretical limit of  
light microscope.  

 
 
 
 
 
 
 
 

     
         

                
 



In 1877 Manson learned of the discoveries by Bancroft of the Filarial worm in 
blood and tissues of a patient with elephantiasis disease. Manson found 
these worms in normal patients also and saw that they had a daily periodicity 
that was similar to that of the feeding behavior of mosquitoes. He tested his 
theory that mosquitoes carried the worms by allowing them to feed on an 
infected person; the worms then developed in the insect. This was a major 
advance - that a specific blood sucking insect was an intermediary in the 
propagation of a particular disease. 
 
Manson founded the London School of Hygiene 
and Tropical  Medicine and thereby created  
the field of Tropical Medicine.  
 
  

Patrick Manson was the first to correlate behavior of a parasite in 
the host with the feeding behavior of an insect vector 



Bruce worked as an MD in the British Army 
Medical Service. In 1888 he spent a leave working 
in Koch's laboratory and learned how to prove 
that a microorganism causes a disease.  

David Bruce and the discovery of the cause of African trypanosomiasis 

Robert Koch 



Koch's Postulates (1890) 
 

1. The specific organism should be shown to be present in all cases of 
animals suffering from a specific disease but should not be found in 
healthy animals.  
 
2. The specific microorganism should be isolated from the diseased 
animal and grown in pure culture on artificial laboratory media.  
 
3. This freshly isolated microorganism, when inoculated into a healthy 
laboratory animal, should cause the same disease seen in the original 
animal.  
 
4. The microorganism should be reisolated in pure culture from the 
experimental infection.  
 



Limitations of Koch’s postulates 
 

(1) Some bacteria (such as the one that causes leprosy) cannot 
be "grown in pure culture" in the laboratory.  
 

(2) There is no animal model of infection with some bacteria. 
 
(3) A harmless bacteria may cause disease if it has acquired extra 

virulence factors making it pathogenic, if it gains access to 
deep tissues via trauma, surgery, an IV line, etc., or if it infects 
an immunocompromised patient.  

 
(4) Not all people infected by a bacteria may develop disease - 

subclinical infection is usually more common than clinically 
obvious infection. 



 
1. The gene in question should be found in all pathogenic strains of 
the genus or species but be absent from nonpathogenic strains. 
 
2. Virulence of the microorganism with the inactivated gene must 
be less than that of the unaltered microorganism in an appropriate 
animal model.  
 
3. Reintroduction of the gene into the microbe should restore 
virulence in the animal model.  
 
4. The gene, which causes virulence must be expressed during 
infection. 
  
5. Immunity must be protective.  
 

Molecular Koch’s Postulates (Falkow, 1998) 
 

Genes with these properties are called “virulence factors” 



  
"The horse stares, he has a watery discharge from his eyes and nose. Shortly 
afterwards a slight swelling of the belly and puffiness of the sheath may be 
noticed, and the animal falls off in condition. The hind extremities also tend to 
become swollen; and these various swellings fluctuate, one day being less 
marked, or having disappeared. During this time the animal is becoming more and 
more emaciated, he looks dull and hangs his head, his coat becoming harsh and 
thin in places; the mucous membranes of the eyes and gums are pale, and 
probably slight cloudiness of the cornea is observable. In severe stages, a horse 
presents a miserable appearance. He is a mere scarecrow, covered by rough hair, 
which falls off in places. His hind extremities and sheath may be more or less 
swollen, sometimes to a great extent, and he may become blind. At last he falls to 
the ground and dies of exhaustion. During his illness he has shown no symptoms 
of pain, and up to the last days has had a good appetite." 
  
 

Bruce was sent to South Africa where 
he studied a disease of domestic 

animals called Nagana.  
 
 
 
 
Bruce described the disease as follows:  



Bruce found trypanosomes in the blood of infected animals and showed that they 
were transmitted from antelopes to cattle by the tsetse fly, Glossina morsitans.  

Bruce was the first to prove that an insect carried a 
protozoan causing a parasitic disease.   

In 1903 he went to Uganda to study human Sleeping Sickness. He found the same 
trypanosomes in blood and later on in cerebrospinal fluid.  

Bruce noticed a coincidence of the tstese range and the disease. In 1911, he 
organized a national tsetse fly hunt. Infected flies were dissected to study the 
development of trypanosomes and they were let feed on animals to show the 
transmission.  In 56 experiments using 10,000 flies, 9 monkeys, 14 dogs and 
11 goats were infected – an infectivity rate of 1/500. Thus, an inhabitant had a 
1/500 chance of being bitten by an infected fly.  



Bruce received many honors but  his abrupt manner, blunt speech, and 
egotistical personality made him many enemies. A famous surgeon, Harvey 
Cushing,  remembered Bruce as a member of a research committee they both 
served on:  
 
"General Sir David Bruce sank into a divan, stretched out his highly polished 
boots into the middle of the room, inserted his spurs into the rug, drew his 
John Bull visage deep into his clothes, turtle fashion, and slept profoundly 
which was good for the general and also helped the meeting."  



                                            History of Malaria 
 
The symptoms of malaria – periodic fevers - were described in ancient 
Chinese medical writings. Malaria became widely recognized in Greece by 
the 4th century BCE, and it was responsible for the decline of many of the 
city-state populations. By the age of Pericles, there were extensive 
references to malaria in the literature and depopulation of rural areas was 
recorded.  
 
In the Susruta, a Sanskrit medical treatise, the symptoms of malarial fever 
were described and attributed to the bites of certain insects. A number of 
Roman writers attributed malarial diseases to the swamps. 
 
                                               Early Antimalarials 
 
In China, the antifever properties of an extract of the Wormwood plant were 
first described in 340 BC. The active ingredient, artemisinin, is today the 
most effective antimalarial drug known, especially in combination with other 
medicines. 
 
Spanish Jesuit missionaries in South America learned from Indian tribes of 
an extract from the bark of the Cinchona tree that could cure fevers and it 
was used to cure the wife of the Viceroy of Peru. The medicine from the bark 
is now known as the antimalarial, quinine.  



“…My husband, Stanley, of course, had 
never attributed malaria to the 
mosquito, though malaria was his 
deadly enemy all through his life in 
Africa—and even in [his] early youth, in 
Arkansas U.S. ... He used to think it was 
“miasmic”—and in the Great Forest, he 
told me, he could smell and taste 
malaria ... he thought malaria was in 
some cases borne by wind”.  

“Dr. Livingston, I presume” 



Charles Lavaran discovered that malaria was caused by a parasite  
In 1880 Lavaran examined the blood of a soldier suffering from malaria in 
Algeria and detected movement of the red blood cells and found that this 
was due to fine filaments attached to round pigmented bodies. He published 
that these were malaria parasites, but the conceptual framework of the time 
was that malaria was caused by “bad air” or bacteria from swamp water, and 
no one believed his theory.  
 
In 1882 Laveran visited Rome and showed his parasite to two scientists, 
Marchiafava and Celli. In 1884 they looked at unstained blood from malarious 
patients and saw a active amoeboid ring (trophopzoite) in the red blood cells. 
They published this finding and named it Plasmodium malariae, but did not 
refer to Laveran since they thought it was something different from what he 
showed them.  



The Mosquito Man – Ronald Ross  

Ross was an MD in India.  His was interested in finding 
the cause of malaria. In 1897 he tried breeding 
mosquitoes in the lab and fed them on a patient with 
malaria.  

 
"Now prick up your ears because the hunt is up again. …..The question I 
have set myself to answer, and which I now feel able to tackle, is Do healthy 
mosquitoes fed on malarial blood, contain any parasite which similar 
mosquitoes fed on normal blood do not contain? ... I keep mosquitoes, after 
feeding on crescents, for one, two, three days and then examine, so as to 
allow the flagellulae time, by supposition, to mature into full-grown 
mosquito-parasites suspicious bodies being noted, I have only to compare 
with control insects . . . ".  

He wrote a letter to Patrick Manson: 



" But the weather became very hot again in August. At first I toiled 
comfortably, but as failure followed failure, I became exasperated and worked 
till I could hardly see my way home late in the afternoons. Well do I remember 
that dark hot little office in the hospital at Begumpett, with the necessary 
gleam of light coming in from under the eaves of the veranda. I did not allow 
the punka to be used because it blew about my dissected mosquitoes, which 
were partly examined without a cover glass; and the result was that swarms of 
' eye-flies '-minute little insects which try to get into one's ears and eyelids-
tormented me at their pleasure, while an occasional Stegomyia revenged 
herself on me for the death of her friends. The screws of my microscope were 
rusted with sweat from my forehead and hands, and its last remaining eye-
piece was cracked ". Writing to his wife he said: " I have failed in finding 
parasites in mosquitoes fed on malaria patients, but perhaps am not using the 
proper kind of mosquitoes ".  

Ross’s diary 



 
On August 16th these were fed on his malaria patient, Husein Khan. That 
evening he wrote to his wife: " I have found another kind of mosquito with 
which I am now experimenting, and hope for more satisfactory results with it 
". On the 17th he dissected two of these mosquitoes but found nothing 
unusual.  

But now "some Angel Fate" had put into the hands of one of his "mosquito-
men" some larvae, which hatched out a different, dappled mosquito 
(Anopheles).  



On August 20th, a dull, hot day, Ross went to the hospital at 7 a.m., 
examined his patients, dealt with his correspondence and had a hurried 
breakfast in the mess. One of his mosquitoes had died and this he 
dissected without noting anything significant. He had two mosquitoes left 
of the batch fed on Husein Khan on the 16th and at about 1 p.m. he began 
to sacrifice one. Dissecting it he scrutinized the tissues micron by micron, 
when suddenly, in the stomach wall he "saw a clear and almost perfectly 
circular outline before me of about 12 microns in diameter. The outline 
was much too sharp, the cell too small to be an ordinary stomach-cell of a 
mosquito. I looked a little further. Here was another and another exactly 
similar cell ".  

On the 19th he killed another and found "some peculiar vacuolated cells in 
the stomach about 10 microns in diameter ".  



He changed the focus of his microscope and there within each of these new 
cells was a cluster of black pigment. He made rough drawings in his 
notebook, sealed his specimen, went home to tea and slept for an hour. The 
thought struck him that if the cells were really parasites they should grow in 
size in the last remaining mosquito during the night.  

He spent the night in agony lest his last remaining mosquito should die and 
decompose before morning. Next day he killed and dissected this remaining 
specimen. There were the cells again, twenty-one of them, just as before, 
only now much larger . . .  

The cells were therefore parasites, and, as they contained the characteristic 
malarial pigment, were almost certainly the malaria parasites growing in the 
mosquito's tissues!  



 
This day designing God 
Hath put into my hand 
A wonderous thing. And God 
He praised. At his command 
I have found thy secret deeds 
Oh million-murdcring Death. 
I know that this little thing 
A million men will save 
Oh death where is thy sting? 
Thy victory oh grave? 
 

Next morning Ross wrote a poem which he sent to Manson on Aug. 22 



Page from notebook where 
Ronald Ross recorded his 
discovery of the mosquito 
transmission of malaria, 20 
August 1897.  

By June 29 he had located them  
in the blood cavity and on July 4 
he found them in the salivary 
glands.  



In 1898 Patrick Manson was convinced by Ross that mosquitoes could 
possibly transmit malaria. To test this theory he actually allowed Anopheles 
mosquitoes which had fed on a malaria patient to bite his own son and his 
son came down with malaria!  
 
 
He then went with some friends to the Roman Compagna near Ostia, which 
was notorious for malaria, and lived in a mosquito-proof hut from July to 
October; he and his friends remained in perfect health.  
 

An Experiment to Prove that Mosquitoes Could Transmit malaria 



Carlos Chagas and the discovery of a new disease and its cause 

Chagas was sent to the Amazon to work on a malaria outbreak. People told him  
about a bug – the “barbeiro” – that bit them at night. He dissected these and  
found trypanosomes in the gut. If he let these bite lab animals, they became sick. 
He then found the parasites in the blood of sick people.  



William Trager and the cultivation of Plasmodium in vitro 

Trager worked on trying to culture the duck malaria parasites free of cells for  
over 30 years. The in 1975 he switched to the human malaria, P. faliciparum and 
 tried to grow them inside red blood cells. It worked and has led to a large  
amount of research and may lead to a vaccine.  
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