
        
BIO 101L: Principles of Biology Laboratory 
 
Bacteria, Protists, and Fungi 
 
Introduction 
 
This lab marks the beginning of our study of the diversity of life. Hopefully, you will gain a 
broader appreciation of the tremendous variety that natural selection has generated as various 
lineages have adapted to different environments. You will be presented with specimens of many 
organisms, along with relevant information concerning how they make a living. For each 
organism, you should pay attention to it position on the Tree of Life (http://www.tolweb.org) 
because the living world cannot be understood without an evolutionary framework. 
 
 

A Phylogenetic Tree of Life 
 

 
 
The tree shown above depicts a hypothetical phylogeny for all living things. This phylogeny 
represents our current understanding of the evolutionary relationships of the six kingdoms of life 
on Earth. This tree was redrawn from your lecture textbook (Life: The Science of Biology). 
Recall that last week you learned how to interpret phylogenetic trees. In the tree shown above, 
time runs from left to right. By scanning the tree from left to right, you can look forward in time 
to more recently evolved groups of organisms. By scanning the tree from right to left, you can 
look back in time until you reach the common ancestor of all life. In your text, you can find 
phylogenetic trees for all of these kingdoms except for the Archaebacteria (Archaea), Eubacteria 
(Bacteria), and the Protista, about which our phylogenetic knowledge is still very limited. 
 
General Information: 
The material covered in this lab and the following diversity labs will appear on the practical 
exam at the end of the semester. You will be expected to identify specimens and answer 
questions relating to any material covered in these labs. Because the practical will require you to 
examine physical specimens, you should use your time in lab wisely and look at each specimen 
carefully. Drawing pictures of specimens that you can study outside of lab may help. In addition, 
page numbers in your copy of the Photographic Atlas for the Biology Laboratory will be given 
where relevant. The photo atlas should prove extremely useful as a study guide and as a means of 
distinguishing structures. You should examine the appropriate pages in the photo atlas, but are 
only responsible for the information that is also given in these lab handouts. If you own a digital 
camera, you may find it useful to bring it to lab. That way, you can take pictures of specimens 



        
and study them later for quizzes or the practical. Finally, you will be directed toward relevant 
pages in your lecture text (Life by Sadava et al. 2008); these pages will contain information about 
the taxa that you examine in lab.  
 
In today’s lab you will examine specimens from three kingdoms: Eubacteria, Protista, and Fungi. 
Eubacteria and Protists are essentially unicellular organisms, although each kingdom includes 
some species that form colonies, or aggregations of individuals. Fungi are truly multicellular 
organisms. Your goal in lab this week is to learn how to identify and characterize representatives 
of each kingdom. Some specimens consist of prepared slides, which you must examine using a 
microscope; other specimens will be living or preserved. You should handle and inspect each 
specimen, unless you are told not do so (some specimens are fragile or very expensive). 
 
General Terminology (find each definition in your textbook and write it below): 
 
Taxon –  
 
 
Prokaryotes –  
 
 
Eukaryotes –  
 
 
 
 
Kingdom Eubacteria (see pp. 27-32 of your photo atlas and pp. 560-579 of Life: The 
Science of Biology) 
 
General Characteristics of Eubacteria: 

1) The Eubacteria are prokaryotes, which are predominantly single-celled organisms 
without organelles (see Table 26.1 on p. 562 of Life) 

2) They are at the base of the tree of life; all of the other kingdoms of life evolved from 
bacteria. 

 
What you need to examine: 

1) Bacterial cells come in three basic shapes (Life, p. 563): coccus (round), bacillus (rod), 
and spirillum (spiral). Prepared slides of each type of bacteria are available. Use a 
compound microscope to view these slides. You lab instructor will show you how to use 
this microscope before you begin.  

2) You can also view living cyanobacteria (Life, p. 563). These organisms derive energy 
from photosynthesis. Cyanobacteria are bright green because they contain molecules that 
capture all other colors of light (as do plants and certain protists).  

 



        
Kingdom Protista (see pp. 582-607 of Life: The Science of Biology) 
 
Looking at the Tree of Life, you should notice that protists seemed to appear on multiple 
branches, which reflects the hypothesis that living protists descended from multiple ancestral 
lineages. In fact, the Kingdom Protista has historically served as a ‘garbage bin’ for taxonomists; 
any eukaryote that did not appear to be a plant, animal or fungus was simply thrown into the 
Kindom Protista. Once biologists were able to examine the genes of these organisms, they 
realized that many protists were distantly related to one another. Very likely, this kingdom will 
eventually be divided into multiple groups. 
 
General Characteristics of Protists: 

1) Most protists are microscopic and unicellular, although some are quite large (e.g., 
slime molds, seaweed) and some are colonial (e.g., Volvox).  
2) Protists consist of eukaryotic cells with specialized organelles. 
3) Locomotion involves various structures, including pseudopods, flagella and cilia (p. 
591 of Life). 
4) Protists reproduce asexually by fission or sexually by conjugation (p. 593 of Life). 

 
What you need to observe: 
You can view living specimens of protists using a compound microscope. Three distinct types of 
protists are available: Amoeba, Euglena, and Paramecium. Their general characteristics are 
described below. See the appropriate pages of your textbook for more details.  

 
1) Amoebas (p. 605 of Life) occur in freshwater, marine, and terrestrial environments, 
such as species of the genus Ameoba. Movement involves the use of pseudopods (“false 
feet”), which are flowing projections of cytoplasm that extend and pull the amoeba 
forward. Pseudopods can also engulf food particles. Amoebas reproduce asexually by 
splitting into two daughter cells (binary fission).  
 
2) Euglenoids (p. 604 of Life) are predominantly freshwater species of flagellated 
protists, such as species of the genus Euglena. Many species possess specialized 
organelles called chloroplasts, which enable them to create energy by photosynthesis. 
These organisms possess a light-sensing organ that enables them to move toward light.  
 
3) Ciliates (p. 598 of Life) are unicellular protists that possess large numbers of hair-like 
cilia on their surface, such as species of the genus Paramecium. Cilia function in 
locomotion and feeding. These organisms are heterotrophic, which means the feed on 
other organisms rather than create energy by photosynthesis. Paramecia reproduce by 
conjugation (see Figure 27.13 on p. 594 of Life); be sure to view the prepared slide that 
shows paramecia engaged in conjugation.  

 
Some protists live in colonies, such as species of the genus Volvox. Examine the prepared slide 
of Volvox. Note that color of the cells in the colony. How do you think they obtain their energy?



        
 

Phylum Material Specimen Basic Structures Other Features Photo atlas Comments/Drawings 
Green Algae 
(Chlorophyta) 

Prepared 
Slides 

Chlamydomonas Unicellular; i.e., non-
colonial 

 Figs. 4.35-7  

Eudorina Small colonies   
Volvox Large colonies  • vegetative cells  

• daughter 
colonies  
• zygospores  

Figs. 4.40-7 

Oedogonium Filamentous colonies • Cell wall Figs. 4.52-60 
Spirogyra 
(undergoing 
conjugation) 

Filamentous colonies • Chloroplasts 
• Cell wall 
• Conjugation tube 

Figs. 4.61-4 

Brown Algae 
(Phaeophyta) 

 Sargassum Colony   Fig. 4.86  
 
 

Red Algae 
(Rhodophyta) 

 Rhodymenia Colony  Fig. 4.97  
 

Diatoms  
(Chrysophyta) 

 Mixed species of 
diatoms 

 • Silica shells Figs. 4.2-10  
 
 

Amoebas 
(Rhizopoda) 

Live 
specimens 

Amoeba  • Pseudopod 
• Nucleus 
• Cell membrane  

Figs. 4.18-20  

Flagellated  
Protozoans 
(Sarcomastigophora) 

 Trypanasoma 
gambiense 

 • Flagellum Figs. 4.22-24  

Euglenoids 
(Euglenophyta) 

Live 
specimens 

Euglena  • Flagellum 
• Pellicle  

Figs. 4.25-27  
 
 

Sporozoa  Plasmodium Smear of blood 
inflected with 
Plasmodium 

• Distinguish the 
protists from the red 
blood cells 

Fig. 4.21  
 
 

Plasmodial Slime 
Mold 
(Myxomycota) 

 Physarum   Figs. 4.107-13  

Ciliates 
(Ciliophora) 

Live 
specimens 

Paramecium 
(undergoing 
fission) 

Asexual reproduction 
(fission) 

• Cilia 
 

Fig. 4.31  

Prepared 
slide 

Paramecium  
(in conjugation) 

Exchanging genetic 
material 

 Fig. 4.32 



        
 
Kingdom Fungi (pp. 63-76 of your photo atlas and pp. 650-667 in Life: The Science of Biology) 
 
General Characteristics of Kingdom Fungi: 
 

1) Fungi are multicellular eukaryotes. 
2) Fungal cells have cell walls containing chitin (the cell walls of plants contain cellulose and animals 

lack cell walls). 
3) Fungi are heterotrophic, which means they absorb chemical energy from their environment 
(autotrophs produce energy by photosynthesis). 
4) Fungi are major decomposers of leaf litter, rotting wood, and other materials. 
5) A fungal body consists of filaments called hyphae, which absorb nutrients and fuse during 
reproduction. A mycelium is a network of individual hyphae used for foraging. A mushroom is an 
aggregation of hyphae attached to an underground mycelium. 
6) Most fungi are sexual. They have a complex life cycle (see Figure 30.12 on p. 659 of Life). 
Reproduction involves the following structures: 

Sporangium – forms spores 
Gametangium – forms gametes 
Conidiophore – forms multinucleate asexual spores 

 
 

 
Phylogenetic tree for the Fungi 

 

 
 
 
What you need to observe: 
Fungi are primarily classified according to their life cycle and morphology. Refer to the relevant page of 
your photo atlas to see the details of the life cycle as mentioned below. 
 

1) Zygomycota (p. 664 of Life): You are all familiar with Rhizopus stolonifer, more commonly 
called black break mold. Rhizopus fungi also grow on fruit and other moist, carbohydrate-rich foods. 
All member of this phylum reproduce asexual and sexually. For asexual reproduction, Rhizopus 
spread hyphae across the surface of the bread and also spread hyphae vertically; vertical hyphae 
possess a sporangium at their tip (see Fig. 5.2 of your photo atlas). When you see black mold on old 
bread, you are looking down at the sporangia (singular: sporangium) of the fungus. By the time 
sporangia appear, the hyphae have already penetrated the bread slice, including the adjacent bread 
slices in the loaf (in case you wanted to know next time you pick off the mold and think you fixed the 
problem). Eventually, the cell wall of the sporangia break, releasing thousands of tiny spores which 
will germinate into new Rhizopus hyphae if they land on a suitable source of food.    
  
Zygomycota also reproduce sexually by having hyphae of opposite mating types pair up and form a 
zygosporangium between the two hyphae strands. The zygosporangium is the fungal zygote produced 



        
by the union of the male and female hyphae types. Zygomycota are called “conjugation fungi” due to 
their mode of sexual reproduction.  
 
2) Ascomycota (p. 665 of Life): The cup fungi live both independently and within symbiotic 
relationships with green algae (i.e., lichens). Common examples include the morel mushrooms, 
truffles, and baker’s yeast. These fungi can also reproduce both sexually and asexually, but the 
asexual mode is more common (see Fig 5.9 of your photo atlas). During sexual reproduction, a 
fruiting body called an ascocarp is formed which constitutes the ‘cup’ in cup fungi. Specialized 
reproductive hyphae grow within the cup and release spores. Baker’s yeast is a unicellular fungus that 
is used for fermentation. Examine the prepared slide of yeast. Also examine the preserved 
specimen and prepared slide of powdery mildew, which is another member of the Ascomycota. 
 
3) Basidiomycota (p. 667 of Life): The club fungi are the mushroom types that you have probably 
seen growing in your yard, for sale at the grocery store, and on your pizza. Common examples 
include puffballs, shelf fungi, and the white mushrooms you purchase at the grocery store. The most 
visible part of the life cycle (the above-ground mushroom or basidiocarp) is produced during sexual 
reproduction and is only a small part of the fungus’ volume and mass. Most of the fungus is 
underground as hyphae and mycelia (mass of intertwined hyphae). Sexual reproduction is more 
common in this phylum. During sexual reproduction, spores are released from specialized hyphae 
growing off the gills on the underside of the basidiocarp.  Examine the specimens of wheat stem 
rust, puffballs, and mushrooms, which are all members of the Basidiomycota. 
 
4) Imperfect Fungi (p. 663 of Life): This is a group of fungi for which scientists currently have a 
limited understanding of their life cycle. Eventually, many fungi in this category may be grouped as 
an ascomycete or basidiomycete. The most common example is Penicillium, which forms a blue-
green mold on spoiled bread and cheeses. Penicillium is well known because it secretes a chemical 
called penicillin, which inhibits the growth of bacteria. Examine the prepared slide of fungi from 
the genus Penicillium. 
 
5) Lichens (p. 655 of Life): This super-organism really consists of two organisms living together as 
symbionts. A lichen usually comprises a green algae and an ascomycete fungus. Symbiosis refers to 
the fact that both the algae and the fungus benefit from this relationship. The fungus receives carbon 
and nutrients from the algae; the green algae received a surface to live on, which prevents it from 
drying out (free-living green algae are aquatic). Lichens commonly grow on exposed rock surfaces 
and on trees. In the Arctic tundra, lichens are the primary food for reindeer and caribou. Examine the 
prepared slide of lichen, which shows the vegetative tissue called a thallus. You can also 
examine the live specimens located at the front of the room. 

 
 



        
Kingdom Fungi 
 
Phylum Example Material Photo atlas Basic Structure Other Features Comments 
Zygomycota Rhizopus   Figs. 5.2-8 • Sporangia 

• Zygosporangia 
• Rhizoids 
 

Sexual and Asexual. Check Raven and 
Johnson (p 725). Fusion of nuclei occurs 
in zygosporangia, and meiosis follows. 
Sporangia, which arise from either 
germinating zygosporangia or rhizoids, 
release haploid zygospores 

 

Ascomycota 
(Sac Fungi) 

  Figs. 5.9    
yeast Preserved 

specimen 
Figs. 5.10  Asexual only  

Powdery mildew Preserved 
specimen , 
Prepared 
slide  

Figs. 5.18-9 • organism Sexual. The “powdery” material consists 
of haploid spores. 

 

Mycorrhizae    • hyphae 
• root cells (not part 
of the fungus) 

Sexual  

Basidiomycota 
(Club Fungi) 

  Figs. 5.25-6    
Mushrooms and 
associated hyphae 
in rotting 
vegetation 

Live 
specimen 

Figs. 5.27-8 • basidiocarp 
(“mushroom” structure) 

Sexual. Fusion of nuclei, meiosis and 
haploid spore formation occurs on 
“gills” in mushrooms.  

 

Wheat (Stem) rust Prepared 
Slide 

Figs. 5.32-5  Sexual  

White mushrooms Live 
specimen 

 • basidiocarp 
• gills  
• cap 
• stalk 

  

Shelf fungi   • basidiocarp 
• gills  

  

Puffballs Preserved 
specimen 

 • basidiocarp 
• spores 

Puffballs are well adapted to disperse 
their spores – touching a puffball results 
in the release of many spores. 

 

Imperfect fungi Penicillium Prepared 
slide 

Fig. 5.20             • Conidiaphores 
• Spores  

Asexual  

Lichen Various types Live, 
Prepared 
slide  

Figs. 5.39-48 • lichen Symbiosis between fungus and alga or 
cyanobacteria 

 

 


