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Things that animals do

Obtain food
Be able to move
Obtain oxygen
Remove metabolic wastes
Maintain water and salt balance
Sense and react to the environment
Reproduce and perpetuate the species
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Things animals do – gas and nitrogenous waste 
Advantages of small size

Size Surface Volume Surface/volume
0.5 mm 0.000007854 0000000001636 480,000
0.6 mm 0.1256 0.0004189 299
2.0 mm 12.57 4.189 3
5.0 mm 78.53 163.6 0.5

Protozoans are 0.005–0.3 mm in size.Protozoans are 0.005–0.3 mm in size.
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Things animals do – Obtain food
Phagocytosis and pinocytosis
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Things animals do – Obtain food
Digestion

Lysosome

Enzymes

Food vacuole

Ingested food particle
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Things animals do – obtain food
Digestion

Cytostome

Cytoproct

Food vacuole
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Things animals do - locomotion

Types of protozoan movement

Pseudopods
Undulipods
– Cilia
– Flagella

No movement
– Parasitic forms
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Things animals do - locomotion
Undulipodia: 9 + 2 Organization
(Sliding microtubule hypothesis)

Central
microtubules

Peripheral
microtubules

Dyenin arms
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Undulipods
Dyenin
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Things animals do – salt and water balance
Water expulsion vesicle
(Contractile vacuoles)

Ampulla

FullFull

EmptyEmpty

Endoplasmic
reticulum

Feeder canal

Excretory pore
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Things that animals do -
Reproduction

Sexual reproduction
– Syngamy
– Conjugation

Asexual
– Binary fission
– Multiple fission
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Origin of the nuclear envelope
Cytoplasm

Nuclear region
(Nucleoid)

Endoplasmic
reticulum

Nuclear
envelope
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Endosymbiosis

Nuclear material
(Nucleoid)

Aerobic
bacteria

Developing
endomembranes

Mitochondria

Nuclear 
envelope

Photosythetic
bacteria

Endoplasmic retic.

Chloroplast
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Protist origins: Endosymbiont  theory

Endosymbiont theory accounts for
– Nuclear membranes
– Intracellular membranes and spaces
– Mitochondria (chloroplasts)

Université d’Ottawa / University of Ottawa

Centriole
(Centrosomes or basal bodies)
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Microtubules and 
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Origin of cellular motility – Cellular creeping
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Molecular motors

Dyenin
Kinesin
Myosin
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Kinesin/Dyenin motors
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Unikonts
– Opisthokonta (Animalia and Fungi)
– Amoebozoa 

Bikonts
– Chromalveolata (Ciliophora and Apicomplexa)
– Archaeplastida (Plantae)
– Excavata (Euglenozoa)
– Rhizaria

Protist Supergroups
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Reclinomonas americana
© Alastair Simpson
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Reclinomonas americana
© Alastair Simpson
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Choanozoa
(Unikont: Opisthokonta)

Collar

Flagella
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Colonial choanoflagellates
Unikont: Opisthokonta
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Things animals do - locomotion
Flagellar beat

Planar beat
Helicoid beat

Université d’Ottawa / University of Ottawa

Unikonts
– Opisthokonta (Animalia and Fungi)
– Amoebozoa 

Bikonts
– Chromalveolata (Ciliophora and Apicomplexa)
– Archaeplastida (Plantae)
– Excavata (Euglenozoa)
– Rhizaria

Protist Supergroups
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Things animals do - locomotion

Amoeba (Sarcomastigota: Amebozoa)

Water
expulsion

vesicle

Endoplasm

Ectoplasm

Pseudopodia

Nucleus

Food
Vacuoles

Jessica Cloutier
lobopods - large fleshy pseudopods
these create the locomotion that we associate with amoeboid movement
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Things animals do – locomotion
Pseudopod locomotion
(Amebozoa)

Hyaline cap

Ectoplasm
Endoplasm

Direction of movement
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Molecular motors

Dyenin
Kinesin
Myosin
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Vorticella: Myonemes
Alveolate: Ciliophora

Olih00x1

Jessica Cloutier
two types of cytoplasm, 1 is fluid and liquidy, endoplasm
outside is thicker and more rigid ectoplasm
when we see movement or flow we see the endoplasm flowing relative to the ectoplasm 
myosin move relative to actin fibres and produce a small contraction causing the cytoplasm the move forward. 
motor creating cytoplasmic movement
dyenine and kinesin motors are unidirectional and relative to where the centriole is, kinesin moves away and dyenin moves towards. because not being laid down by centriole, actin fibres can move in both directions. no polarity to cytoskeleton. myosin motors not restricted in their movement. can have rapid changes in direction. much more effective form of mobility. 
at the back end we go in the opposite direction, turn ecto into endo by breaking down the actin to destroy the tracks that give rigidity to ecto. 
we have amoebas in our immune system, white blood cells, engulf foreign particles, also rich in teeth (much of tooth decay has to do with amoebas). 

Jessica Cloutier
we find there are 3 major, very similar motors that work with similar mechanisms that either run up and down microtubules or actin. explains a lot of movement, the biochemistry of it is set very early on. 

Jessica Cloutier
cilliate has actin fibres that are permanently present with myosin that will run up and down. called myonemes. in single cells and in some multi, a cell can have more than one function and the strand of actin with myosin can be used to change the shape of the cell. 
vorticella creates a current while attached on the substrate, when something comes along it contracts into a little ball by using a spiral actin fibre. when it lets go of the myosin motors it returns to its actual shape. can have actin myosin movement that is not cytoplasmic. 
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– Opisthokonta (Animalia and Fungi)
– Amoebozoa 

Bikonts
– Chromalveolata (Ciliophora and Apicomplexa)
– Archaeplastida (Plantae)
– Excavata (Euglenozoa)
– Rhizaria

Protist Supergroups
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Things animals do – Obtain food
Paramecium (Alveolate: Ciliophora) Food VacuoleFood Vacuole

Water expulsion
vesicle (empty)
Water expulsion
vesicle (empty)

MicronucleusMicronucleusMacronucleusMacronucleusPelliclePellicle

Oral GrooveOral Groove

CytostomeCytostome

CytoproctCytoproct

CytopharynxCytopharynx
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Things animals do - locomotion
Ciliar movement:
Metachronal wave

Jessica Cloutier
wont look at red one
archaeplastida are the algae of the unicellular world. there are a group of algae that underwent a secondary symbiosis, resulted in complex levels of endosymbiosis, these are chromalveolata. Alveolate characteristics is a folding of the plasma membrane that protects against the pull of the flagella. 
ciliophora get 9+2 structures all around their body surface (cilia), severely highly specialized protists. 

Jessica Cloutier
impact of all the cilia is a problem when you beat the cilia, with a flagella there are 2 different types of beats but with this organism the cilia need to be coordinated so they dont get entangled. could have everything beat simultaneously, like breast stroke. they can speed up, slow down, twist, stop and go forwards and back because of the coordination. use metachromal wave

Jessica Cloutier
one of most diverse and abundant life form because so successful. 
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Things animals do - locomotion

Pellicle structure (Alveolate: Ciliophora)

Alveolus

Kinetodesma

Kinetosome

Cilium

Université d’Ottawa / University of Ottawa

Things animals do - locomotion
Pellicle structure
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Undulating membranes
Membranelles
Cirrus

Things animals do - locomotion
Compound ciliature
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Cirrus
Membranelle

Jessica Cloutier
the bubbles are all folds of cytoplasm, called alveolus giving their name. have a centriole growing a cillia while also growing microtubules sideways to make a weaving mesh that cover the surface to give a rigid appearance. 

Jessica Cloutier
reinforcing skeleton
gives every cilliate a very uniform appearance, all the paramecia all have a structure that has a groove in the middle. cillia beat food down to the base of the groove. 
have a very rigid shape so can usually recognize a cilliade by its shape. cant have cytoplasmic flow though, the rigidity means that you cant pierce it with openings in too many locations. cant use phagocytosis in any area. tend to feed and ingest their food in one area at the surface of the cell. end up with a cytostome with a cytopharynx and potentially a cytoproct. 
end result is a very complex structure with precise forms of locomotion, also used for feeding. 

Jessica Cloutier
cilia adjacent to each other can all fuse together and be used as a fan. 
membranelles = paddle like
cirrus = a cluster of cilia fused, can do other things with them like walk across the substrate if strong enough.
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Things animals do - locomotion
Euplotes
Alveolate: Ciliophora
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Macronucleus
Micronucleus

Things animals do - reproduction
Nuclear organization
Alveolate: Ciliophora
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Things animals do - reproduction
Conjugation - Alveolata: Ciliophora

Conjugates join at
the oral area and the 
micronucleus undergoes
meiosis

Jessica Cloutier
two types of nuclei
the nucleus being used for general functioning, the DNA is constantly being used and potentially damaged. strategy is to set aside one copy of DNA and never touch, just use to produce gametes. called the 
cilliates put aside a micronucleus of DNA, make many copies of this to form the macronucleus which is polyploid. the micro is diploid. when it reproduces and mixes DNA from two separate individuals the micro is the one thats involved. macro is to produce enzymes, RNA, regulatory components. the advantage is that every time an RNA strand is made, one is made per nucleus. can sustain a large cell due to so many copies. found nowhere else in protozoans or protists. 
get a very unique form of reproduction because unique form of arranging DNA, called conjugation. destroy the macronucleus so it doesnt get in the way and interfere, end up with micro that will undergo meiosis (4 products) and then swap them and recombine. 

Jessica Cloutier
how it happens varies with different groups. difficult life cycle to follow. paramecia can join (+ and -), fuse face to face, get ready for conjugation so micro will undergo meiotic division, have 4 and 4, one of each swaps. mates up with another micro that was already there and fuses into a new diploid nucleus while hte other two just watch. 
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4 micronuclei are formed,
Macronucleus remains

Things animals do - reproduction

Conjugation (Alveolata: Ciliophora)
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Micronuclei are exchanged
Macronucleus remains

Things animals do - reproduction
Conjugation (Alveolata: Ciliophora)
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Two micronuclei  and
macronucleus disappear

Things animals do - reproduction
Conjugation (Alveolata: Ciliophora)

Jessica Cloutier
all the remaining DNA will disintegrate, including the macro and the 2 extra bodies of meiotic event that werent exchanged. end up with 2 fused paramecia with a diploid nucleus. 

Jessica Cloutier
Jessica Cloutier January 15, 2013 3:23 PM
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Synkaryon forms from the
fusion of micronuceli in 
each conjugant.

Things animals do - reproduction
Conjugation Alveolata: Ciliophora
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Three mitotic 
divisions
produce 8 nuclei 

Things that animals do - reproduction
Conjugation (Alveolata: Ciliophora)
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4 micronuclei become
macronuclei, 3 disappear,
and remaining become
micronucleus.

Things that animals do - reproduction
Conjugation (Alveolata: Ciliophora)

Jessica Cloutier
synkaryon is name of the cell, is the single formed nucleus of the cycle. then the paramecia separate and have to regrow and macro. this stage happens in many different ways. have micronuclei that divide while some stay diploid and some divide many times, never separate and become polyploid. 

Jessica Cloutier
no have 8 nuclei inside the cell. cell division is run by nucleus. of the 8, 4 will become macronuclei. but you cant have multiple macro trying to control cell division so 3 disappear and dissolve. have 1 micro left, will divide and cause cell division to occur. 

Jessica Cloutier
get micro that divide, some become macro and the rest but 1 disappear. 
if it had divided again to be 16, 8 would have become macro, 7 would disappear and one would remain. 
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Mitotic divisions of
micronuclei and 
macronucleus

Things animals do - reproduction

Conjugation (Alveolata: Ciliophora)
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Things animals do - reproduction 
Malaria – human
(Alveolata: Apicomplexa)

SporogonySporogony

SchizogonySchizogony

GametogonyGametogony LiverLiverRBCsRBCs

Things animals do - reproduction
Malaria – human
Alveolata: Apicomplexa

SporogonySporogony

SchizogonySchizogony

GametogonyGametogony LiverLiverRBCsRBCs

Sporozoites migrate to
the salivary glands

Mosquito's saliva
infects human

Oocysts beneath
stomach lining

Male gamete

Female gamete

Ingestion of
gametocytes

2:33 PM
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Jessica Cloutier
main take-home is that we have genetic mixing. most rely on simple binary fission where there is no mixing. ciliates found a mechanism that took advantage of meiosis and use it as a single celled organism. combined with cilia is the other reason why its one of the most successful groups. 
not sex because there are no gametes involved. the haploid organism lives inside the original. 

Jessica Cloutier
apicomplexa has a special organelle called the apical complex which is a bag that has become specialized to invade the tissues of multicellular organisms. entire group is internal parasite of other groups. 
when we have a zygote that produces an organisms that isnt able to produce gametes = spores. 
amplify numbers using binary fissions, become schizons through schizogony. sporogony makes products that move into human host that go through morphological change to make schizons that multiple many times to host the cell?
- 

Jessica Cloutier
spores are made by meiotic divisions of zygotes. so the bottom cells are always haploid, turned into gamete form. when it is digested and gets a signal to undergo a morphological change to become female or male. immobile egg and motile sperm that fuse and form a zygote. the zygote imbeds in the wall of the mosquito's stomach and undergoes meiotic divisions through sporogony to bring numbes up. migrate to salivary glands and get injected into human host where it searches for liver where it changes its form to schizon, divides and consumes the liver cell until it is packed and gets released into the blood stream. takes a different morphology here
- sporogony because zygote doesnt make the gametes, theres something in betwee. 
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SporogonySporogony

SchizogonySchizogonyGametogonyGametogony

LiverLiverRBCsRBCs

Sporozoites
enter liver 
cells

Schizont

Trophozoite

Ingestion of
gametocytes

Macrogametocyte

Microgametocyte

Things animals do - reproduction
Malaria – human
Alveolata: Apicomplexa

Merozoites
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– Amoebozoa 

Bikonts
– Chromalveolata (Ciliophora and Apicomplexa)
– Archaeplastida (Plantae)
– Excavata (Euglenozoa)
– Rhizaria

Protist Supergroups
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Things that animals do – sense their environment
Euglena (Discicristata: Euglenozoa)

Nucleus
Nucleolus

Water expulsion vesicle

Chloroplast

Paramylon grains

Pellicle

Paraflagellar body

Eyespot
Flagellum

Jessica Cloutier
merozoites make a feeding cell called trophozoite, then the liver keeps reinvading. this is all schizogony. sometimes merozoite emerging you get a gametophyte and the process repeats. 
- just before liver cell bursts the schizont changes to merozoite which is better suited to travel in blood. 
- all 3 are schizonts but different morphologies. trophozoite is the form to better suit living in a red blood cell. 
- just before being consumed one gamete will become a little bit bigger than the other. one will be non motile, larger, nutrient rich the other will be small and motile and they will fuse together and complete the life cycle. 

Jessica Cloutier


Jessica Cloutier
- very small, like most in excavates. some are photosynthetic. have the ability to orient towards light. can absorb nutrients from surrounding nutrients if they are there, if they aren't they swim up and use photosynthesis. have extremely large flagellum, and a second one that fuses with the first. 
- has deep grooves in which the flagella are anchored. 
- has a distinct pigmented eyespot (red), integrates the flagella to use for orientation towards and away from light by using the shadow of the flagella to tell where light is in the area where the 2 flagella fuse together to form a swelling.
- pellicle like the ciliates have. important to reinforce the plasma membrane against force of cilia. euglena has a loose microtubule membrane underneath with same function but for flagella. 

Jessica Cloutier
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Protozoan skeletons: Tests

Calcium Carbonate
– Granuloreticulosae

Silica
– Rhizopods
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Protozoan skeletons
(Granuloreticulosea)

Jessica Cloutier
characterized by the fact that they produce shelves.
- calcium carbonate or silica. 

Jessica Cloutier
most of their body in the shell and stick out filamentous narrow pseudopods to catch food and bring it in. 
- some of the first organisms that were out there, shells drop to bottom when they die. 

Jessica Cloutier
made up of nothing but calcium shells discarded by dead rhizaria, like most sedimentary rock. 


