READING AND QUESTIONS:  KINGDOM PROTISTA

DIRECTIONS:  Carefully read each section and answer the questions that follow using complete sentences on a separate sheet of paper.  
The members of the Kingdom Protista are known as protists.  Like kingdoms archaebacteria and eubacteria, protists are unicellular organisms.  Also like them, protists were one of the first groups of living things to appear on Earth.  Protists represent the first step in the series of evolutionary events that eventually led to the development of multicellular organisms such as mushrooms, trees, birds and humans.  


Although protists are larger than bacteria, most cannot be seen without the aid of a microscope.  Protists, however, are quite different from bacteria.  The most important difference is that protists have a nucleus and many other cell structures that bacteria lack.  Protists can be defined as unicellular organisms that contain a nucleus.  Not all protists fit this definition perfectly.  Therefore, scientists are still revising their ideas about which protists should be classified together and about which should be classified as protists.


Protists live in a watery environment.  They can be found in the ocean as well as in bodies of fresh water.  Some protists live in moist soil.  Others live inside larger organisms as parasites (organisms that live in or on another organism and harm it).  Some protists that live inside other organisms help their hosts.


Protists generally live as individual cells; however, many protists live in colonies.  A protist colony consists of a number of relatively independent cells of the same species that are attached to one another.  Some colonies are foamlike clusters of cells.  Others are branching and treelike.  A few are rings or chains of cells.  And one type of colony consists of an intricate network of slime tunnels.


Evidence from fossils indicates that protists evolved about 1.5 billion years ago (bya) -- about 2 billion years after bacteria.  According to one hypothesis, the first protists were the result of an extremely successful symbiosis (a long-term relationship between two or more different species) among several kinds of bacteria.  In this case, some of the bacteria lived inside another bacterial cell.  Each kind of bacterium performed activities that helped the "team" survive.  Over time, the partners in the symbiosis became more specialized (suited for one particular task) and lost their independence.  Traces of this early symbiosis can still be seen in protists and other cells that possess a nucleus.  Within these cells are certain structures that are quiet similar to bacterial cells.  They even contain their own hereditary material.


Protists vary greatly in appearance and in the ways in which they carry out their life functions.  For example, some protists are autotrophs.  Autotrophs are able to use energy such as sunlight to make their own food from raw materials.  Other protists are heterotrophs.  Heterotrophs get their energy by eating food that has already been made.  A few protists are able to function as either autotrophs or as heterotrophs, depending on their surroundings.


Kingdom Protista is divided into many phyla, and there is currently much debate about the classification of protists.  For the sake of simplicity, we will group them into three general categories:  animallike protists, plantlike protists and funguslike protists.

1.
Explain how protists are similar to archaebactera and eubacteria.  Explain how they are different.

2.
When did protists first appear in the fossil record on Earth?

3.
Give an example of a symbiotic relationship other than the one described here.

4.
While standing in line at the grocery store you notice the following newspaper headline:  "Science Shocker:  Alien Invaders in Every Cell in Your Body!"  Explain why there may be some truth in this headline.  (Hint:  Fungi, plants and animals evolved from protists that lived millions of years ago.)

ANIMALLIKE PROTISTS

Animallike protists are also called protozoa, which means "first animals."  Long ago, these organisms were classified as animals because they have several characteristics in common with animals.  Their cells contain a nucleus and lack a cell wall.  They are heterotrophs.  Most of them can move.  Protozoa are divided into four main groups:  the sarcodines, the ciliates, the zooflagellates, and the sporozoans.
Sarcodines.  Sarcodines are characterized by extensions of the cell membrane and cytoplasm known as pseudopods.  The word pseudopods means "false foot" because these footlike extensions are always temporary.  Pseudopods are used to capture and engulf particles of food.  Some sarcodines also use pseudopods to move from one place to another.  Many sarcodines have shells that support and protect the cell.  For example, the shells of foraminiferans may resemble tiny sea shells and the shells of radiolarians are studded with long spines.  When foraminiferans and radiolarians die, their shells sink to the ocean floor and (over vast periods of time) form thick layers.  Over millions of years, these shells are changed to rock.  Some rocks that contain ancient protist shells, such as limestone and marble, are used in building.  Others are used for drawing — the chalk your teacher uses is probably made of prehistoric foraminiferans!


The most familiar type of sarcodine is the bloblike ameba.  Amebas use their pseudopods to move and to obtain food.  An ameba first extends a thick, round pseudopod from part of its cell.  Then the rest of the cell flows into the pseudopod.  As an ameba nears a small piece of food, such as a smaller protist, the ameba extends a pseudopod around the food.  Soon the food particle is completely surrounded by the pseudopod.  This process produces a bubblelike structure that contains the food called a food vacuole.  The food is digested (broken down into simpler materials) inside the food vacuole.  The digested food can then be used by the ameba for energy and growth.  The waste products of digestion are eliminated when the food vacuole joins with the cell membrane.  The process just described is used to transport "large" particles, such as bits of food or solid wastes through the cell membrane.  Other substances, such as water, oxygen and carbon dioxide do not need to be carried in and out of the cell this way.  These substances simply pass right through the cell membrane.


Protists that live in fresh water, like amebas, must deal with a serious problem — water tends to come into the cell from the environment.  Fortunately, protists have a special cell structure that enables them to keep the right amount of water in the cell.  This structure is called the contractile vacuole.  Excess water collects in the saclike contractile vacuole.  When the contractile vacuole is full, it contracts to squirt the water out of the cell.


Amebas reproduce asexually by dividing into two new cells.  Because amebas have a nucleus, the process of cell division involves more than simply making a copy of the hereditary material and then splitting in two (which is how bacteria reproduce).  In amebas and all other cells with a nucleus, cell division involves a complex series of events, which we will study more thoroughly later.

5.
How do amebas change their shape?

6.
What do you think might happen to an ameba if excess water was allowed to build up in the cell?

7.
How do pseudopods form food vacuoles?

8.
What does a food vacuole consist of?

9.
What is the relationship between the inner surface of the food vacuole and the outer surface of the cell membrane?

Ciliates.  Ciliates are protozoa that have small hairlike projections called cilia on the outside of their cells.  The cilia act like tiny oars and help these organisms move.  The beating of the cilia also helps sweep food towards the oral groove.  In addition, the cilia function as sensors.  When the cilia are touched, the ciliate receives information about its environment.  Cilia may cover the entire surface of a ciliate or may be concentrated in certain areas.  In some ciliates, the cilia may be fused together to form structures that look like paddles or the tips of paint brushes.  A few ciliates possess cilia only when they are young.  As adults, they attach to a surface and lose their cilia.


One of the most interesting ciliates is the paramecium.  The cilia of the paramecium sweep food particles floating in the water into an indentation on the side of the paramecium called the oral groove.  The oral groove leads to the gullet.  Food vacuoles form around the incoming food at the base of the gullet.  Then the food vacuoles pinch off into the cytoplasm.  As a food vacuole travels through the cytoplasm, the food is digested and the nutrients distributed.  When the work of the food vacuole is completed, it joins with an area at one end of the paramecium called the anal pore.  The anal pore empties waste materials into the surrounding water.


Paramecia, like other ciliates, have two kinds of nuclei.  The large nucleus controls the life functions of the cell.  The small nucleus is involved in a complicated process called conjugation.  During conjugation, two ciliates temporarily join together and exchange part of their hereditary material.

10.
In the digestive process in the paramecium, what is the function of the cilia?  What structure do you use for the same process?

11.
Where does digestion occur in the paramecium?

Zooflagellates.  Flagellates are protists that move by means of a flagella.  A flagellum is a long whiplike structure that propels a cell through its environment.  Flagellates may be animallike, plantlike or funguslike.  Plantlike and funguslike flagellates will be discussed later.  Animallike flagellates are called zooflagellates.  (The prefix zoo- means animal.)  Zooflagellates usually have one to eight flagella, depending on the species.  However, some types of zooflagellates have thousands of flagella.


Many zooflagellates live inside the bodies of animals.  Some do not have any effect upon their host (the organism they live in).  Others benefit their host and may even be essential to its survival.  For example, termites and wood roaches rely on zooflagellates in their intestines to digest the wood that they eat.  Without the zooflagellates, these wood-eating insects would quickly starve.  Still other zooflagellates harm their host.  Parasitic zooflagellates are responsible for a number of diseases in humans and animals.  One parasitic zooflagellate causes African sleeping sickness, which is transmitted from one host to another through the bite of a tsetse fly.  Other kinds cause various types of diseases of the intestines.

Sporozoans.  All sporozoans are parasites that feed on the cells and body fluids of their host animals.  They cannot move by themselves.  Many have complex life cycles that involve more than one kind of host animal.  During these life cycles, sporozoans form cells known as spores.  The spores enable sporozoans to pass from one host to another.  For example, a new host may become infected with the sporozoans if it eats food containing the spores.  Or it may become infected if it is bitten by a tick, mosquito or other animal that has spores in its body.


Perhaps the most famous type of sporozoan is the organism that causes the disease malaria.  This organism is Plasmodium.  Plasmodium has two hosts:  humans and the Anopheles mosquito.  Both hosts are necessary for the Plasmodium to complete its life cycle.  When a mosquito infected with Plasmodium bites a human, it injects its saliva.  the saliva contains substances that keep blood flowing so that the mosquito can drink its fill.  The saliva also contains Plasmodium spores.  The injected spores are carried by the blood stream to the person's liver.  There the spores divide many times, producing a large number of sporozoan cells.  The resulting sporozoans are a form that can infect red blood cells.  After several days, these sporozoans burst out of the red blood cells, destroying them.  Some of the sporozoans released when the red blood cells burst can infect more red blood cells.  Others can infect mosquitoes.  If the person with malaria is bitten by another Anopheles mosquito, the sporozoans along with the blood enter that mosquito.  In the mosquito, the sporozoans undergo several stages of development and eventually form spores, which continue Plasmodium's life cycle.


The malaria-causing sporozoans inside a patient's body develop in such a way that all the millions of infected red blood cells burst at roughly the same time.  Within a few short hours, large amounts of parasites, bits of cells, and other kinds of "garbage" are dumped into the bloodstream.  These released materials cause the patient with malaria to develop a high fever (about 41ºC or 105ºF).  As the patient's temperature climbs, the patient feels very cold and develops goosebumps all over.  When the patient's temperature begins to return to normal, the patient feels very hot and sweats a great deal.  And the disease has only just begun!  The chills and fever of malaria occur again and again for weeks.  In the most common kind of malaria, the chills and fever occur every 48 hours, last for about 6 to 8 hours each time, and persist for several weeks.  Toward the end of that time, the chills and fever become less frequent and less severe.  However, all may not be well even if the patient appears to have recovered.  Several weeks after it first began, malaria often happens all over again.

12.
Explain why destroying the places where mosquitoes breed can help prevent malaria.

13.
The ciliate Glaucoma reproduces by dividing into two cells.  It reproduces at the fastest rate of all protists, dividing once every three hours under the best conditions.  Assuming that conditions are perfect, how many times will Glaucoma divide during a day?  If you start off with one cell that divides at the very start of the day, how many cells will you have at the end of the day if all of the cells survive?

14.
Compare the ways in which sarcodines, ciliates and zooflagellates move.

PLANTLIKE PROTISTS

Like other protists, plantlike protists are unicellular and most of them are capable of movement.  Like plants, plantlike protists are autotrophs that use light energy to make their own food from simple raw materials.  Many organisms rely directly on plantlike protists for food.  In addition to capturing energy and making it available to other organisms in the form of food, plantlike protists play another important role in the world.  They produce oxygen as a byproduct of their food-making process.  About 70 percent of the Earth's supply of oxygen is produced by plantlike protists.


Most kinds of plantlike protists are flagellates; that is, they move by means of flagella.  To distinguish them from zooflagellates, plantlike flagellates are often called phytoflagellates.  (The prefix phyto- means plant.)  They are many different kings of plantlike protists, but only two of them will be discussed here.

Euglena.  Euglenoids come in a variety of forms.  Some are long and oval; others triangular or heart-shaped.  Still others live in branching colonies that look like bushes with oversized leaves.  All have at least one flagellum used for movement.  In the cytoplasm near the pouch that holds the flagellum is a reddish eyespot.  The eyespot is sensitive to light.

Diatoms.  How would you feel about brushing your teeth with protists?  Like it or not, you are probably doing exactly this every time your brush your teeth because a part of many toothpaste is made from plantlike protists called diatoms.

Diatoms are the most numerous of the protists.  Each diatom is enclosed in a two-part glassy shell.  The two parts of the shell are covered with beautiful patterns of tiny ridges, spines and/or holes.  When diatoms die, their tough glassy shells remain.  In time, the shells collect in layers and form deposits of diatomaceous earth.  Diatomaceous earth is a coarse, powdery material.  This makes it an excellent polishing agent -- and thus an important ingredient in toothpaste and car polish.  Because diatomaceous earth reflects light, it is also added to the paint used to mark traffic lanes on roads and highways.

15.
Why is it important for a euglena to be able to sense light?

16.
Why are plantlike protists important to humans and other animals on Earth?

FUNGUSLIKE PROTISTS

Funguslike protists can have a great effect on human life, as the Great Potato Famine in Ireland illustrates.  In 1845-46, one type of funguslike protist destroyed the entire potato crop, creating a famine that caused the deaths of about one-third of Ireland's population.  Funguslike protists can also attack other crops, such as cabbages, corn, and grapes.  Animals get diseases caused by funguslike protists.  The fuzzy white growths that sometimes appear on the fins and mouth of aquarium fishes is one such disease.


Although it is clear that funguslike protists are important, it is not clear exactly what they are.  But we do know about their characteristics.  Funguslike protists are heterotrophs.  Most have cell walls.  Some are almost identical to amebas during certain stages in their life cycles, and many others have flagella at some point in their lives.  Because of these characteristics, many experts classify these puzzling organisms as protists; however, some scientists classify them as fungi.


Slime molds are examples of funguslike protists.  At one point in their life cycle, these protists are moist, flat, shapeless blobs that ooze slowly over dead trees, piles of fallen leaves, and compost heaps.  Reproduction in slime molds involves the production of a structure called a fruiting body, which contains spores.  Spores are special cells that are encased in a protective coating.  Each spore can develop into a new organism.  Spores released by a slime mold develop into small amebalike cells.  Each amebalike cell may develop into a single huge cell several centimeters in diameter.  This large cell contains many nuclei.  Eventually, the large cell settles in one place and produces fruiting bodies.  In other cases, the amebalike cell produces a huge mass of cells and the mass begins to function as a single organism  Some scientists believe this could have been a way in which multicelled organisms evolved from unicellular ones.
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