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Chapter 1

Characterizing and Classifying
Eukaryotes
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Eukaryotes
* Major groups

 Protozoa

 Algae
 Slime Molds (& water mold:

 Helminthes

* Include both human pathogens and organisms vital for
human life
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Reproduction in Eukaryotes

* More complicated than that in prokaryotes
e Why?
 More DNA —

« Eukaryotic DNA packaged with histones as
chromosomes in the nucleus

 Nuclear
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Nuclear Division
* Nucleus has one or two complete copies of genome
» Two types
* Mitosis — division into two equal nuclel
* (1) 2N-> (2) 2N

0 — nuclear division in which chromatids
are separats

* (1) 2N (4) 1N
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Nuclear Division

* Mitosis * Meiosis |
* Prophase * Prophase |
* Metaphase » Metaphase |
* Anaphase * Anaphase |
* Telophas » Telophase
e Melosis |l
* Prophase |l

* Metaphase Il
* Anaphase Il

* Telophase I
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Nuclear Division
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Nuclear Division
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Cytokinesis (Cytoplasmic Division)

 Typically occurs
simultaneously with
of mitosis

Cleavage furrow

. IN some
algae and fungji,

* Results In
coenocytes
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Schizogony

Merozoites

Nucleus

Multiple mitoses Cytokinesis

Figure 12.
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Protozoa

» Eukaryotic
e Unicellular

e Lack cell walls

slousV

« Usually

e How?

* Nutrition

« Chemoheterotrophs -
most

o - a few
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Protozoa

* Vegetative form
* trophozoite

« Asexual reproduction
e fission

e or schizogony

« Sexual reproduction

¢ conjugation

e Some produce cysts
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Distribution of Protozoa
e Require moist environments

* Most live worldwide
* In ponds, streams, lakes, and oceans

« part of the plankton

* Very few are pathogens
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Changesin Classification

Linnaeus
(a) Late 18th
century

(b) Late 20th
century

Modern
(c) Early 21st
century

© 2012 Pearson Edueation, Ine.
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Archaezoa

Flagella

 No mitochondria
* Multiple flagella
e Glardia lamblia

Undulating — gl
membrane

 Trichomonas vaginalis Axostyle
(no cyst stag

(c) Giardi lamblia (d) Giardialamblia cyst
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Rhizopoda (amoebas)

* Move by

¢ Entamoeba Food vacuole

Pseudopods

» Acanthamoeba

(a) Amoeba profeus

No jpeg for Figure 21.21
g J Figure 12.18a
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Apicomplexa

* Nonmotile

« Complex

* Plasmodium
» Babesia
» Cryptosporidium > 8
» Cyclospora

mucosa
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Plasmodium

Infected mosquito bites Sporozoites

Sporozoites :
in salivary human; sporozoites undergo
gland migrate through schizogony in
bloodstream to liver cell;
liver of human merozoites
are produced
Resulting sporozoites
migrate to salivary glands
of mosquito Merozoites
Sexual released into
reproduction bloodsteam from
liver may infect
In mosquito’s Asexual ggl\?é red blood
Zygote digestive tract, | . reproduction
gametocytes ' ' :
Female unite to form i AN Intermediate host
gametocyte | W e Merozoite develops
Male - into ring stage in red
gametocyte blOOd Ce”

Ring

Ring stage
grows and

Definitive host B

divides,
Another mosquito bites Merozoites are released produmqg
infected humnan and when red blood cell merozoites
Ingests gametocytes ruptures; some merozoites

infect new red blood cells,
and some develop into
male and female

gametocytes Merozoites
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Ciliophora (ciliates)

* Move by

 Complex cells
e Paramecium

* Balantidium coli Is the
only human parasi

EEIZI 25 pm
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Pellicle Cytostome Food vacucle

W L r -

Contractile Macronucleus
vacuole

Anal pore

Micronucleus
(a) Paramecium

Stalk Cytostome Cilia

(b) Vorticella
Figure 12.20



Euglenozoa

 Move by

* PhotoautotrophsEuglenoids

 Chemoheterotrophs
* Naegleria

 Flagellated and amoeboid forms,
meningoencephalitis

e Trypanosoma
e Leishmania
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Euglenozoa

Eyespot
Cytostome

Flagellum

Preemergent
flagellum

Nucleus

Pellicle

Chloroplast
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Dinoflagellata

 Dinoflagellates

* Cellulose In plasma
membrane

e Unicellular

Flagellum

* Chlorophylla andc,
carotene, xanthins

e Store starch

e Some are symbionts In
marine animals Fiagellum

Figure 12.14

* Neurotoxins cause paraly
shellfish poisoning
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Other protozoans

Radiolaria

@ 0.25 mm

Foraminifera
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Protozoan Life Cycle

Trophozoite
(active, feeding stage)

Adverse
environment

Excystment Encystment
Release of
active callular
Cyst
form ' formation
[:
-

Moisture,
nutrients

Cyst
(dormant, resting stage)

Figure 12.
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Reproduction in Protozoa
* Most reproduction - asexual only

* binary fission or

* A few also use sexual reproduction

« Gametocytes that fuse to form diploid zyc

» Some have nuclel

* Macronucleus- many copies of genome

e controls , growth, and sexual
reproduction

* Micronucleus- involved in genetic recombination,
sexual reproduction, and regeneration of
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Conjugation in Paramecium

a Meiosis of micronuclei produces
4 haploid micronuclei in each.

o Coupling of mates

micronucieus
Micronucleus {1n)

(2n)

Diploid
micronucleus (2n)

) Partners
kineses | < separate
partition .} Original macronudleus () Micronuclei fuse
pairs of disintegrates. Four @) Three mitoses to form diploid
nuclei into micmnutlei_hecm without micronucleus.
four daughter ~ Macronuclei, four cytokinesis
cells. remain micronuclei.  produce 8 micronucdlei.

) 3 micronudlei in each
disintegrate, the
remaining 2 replicate

ol £ mates swap

N

_ micronuclei
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Practice
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Fungi
» Aerobic or facultatively anaerobic
« Chemoheterotrophic
e Most are (nutrient recycling)

* Cell walls composed of chitin
 Lack chlorophyll; do not perforn

o antibiotics

« Can spoill fruit, pickles, jams, and jellies

* 30% cause diseases of - animals, and
humans

* Mycology is the study of fungi
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Fungi

*Acquire nutrients by absorption
Most are saprobes
«Some trap and kill microscopic soil-dwelling nematodes
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Fungi

Cell type Eukaryotic Prokaryotic

Cell membrane Sterols present Sterols absent, except in Mycoplasma

Cell wall Glucans; mannans; chitin [no peptidoglycan) Peptidoglycan

Spores Produce a wide variety of sexual and caexual Endaspores [not for reproduction); some asexual
reproductive spores reproductive spores

Metabolism Limited to heterotrophic; cerobic, facultatively Heterotrophic, chemoautotraphic, photoautatro-
anaerobic phic; aerobic, facultatively anaerabic,

anaerobic
Sensitivity to Otien sensitive o polyenes, imidozoles, and Often sensitive fo penicilling, tetracyclines, and
antibiotics griseofulvin ominoglycosides

SOURCE: After B. D. Davis et al., Microbiclogy, 4th ed. Philadelphia: |. B. Lippincott, 1990, p. 744,
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Molds

* The fungal thallus consists of hyphae
* A mass of hyphae is a mycelium.

Aerial hyphae Vegetative hyphae
Aerial hyphae J

(a) Aspergillus niger :
(b} A. niger on agar

Copyright © 2004 Pearson Education, Inc. publiskisgdenjamin Cummings Figure 12.2



Fungal Mor phology

Nuclei

Aseptate hypha

Septate hypha

Nucleus

Copyright © 2004 Pearson Education, Inc. publisiiadgenjamin Cummings Figure 12.14c



Fungal Morphology
' é';ii-" v

-

Figure 12.14
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Fungal Morphology

Figure 12.1
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Y easts

« Unicellular fungi
 Fission yeasts divide symmetrically

* Budding yeasts divide
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Dimor phism

¢ PathOgenIC dlmorpr‘.n Yeastlike growth Moldlike growth
fungi

* yeastlike at 37°C

 moldlike at _ °C

Copyright © 2004 Pearson Education, Inc. publisfisdgenjamin Cummings Figure 12.4



Characteristics of Fung

Table 12.3
Group

Characteristics of Fungi

Type of Sexual Spore

Comments

Representative Genera

Division Zygomycota
Division Ascomycota

Division Basidiomycota

Deuteromycetes

Zygospores
ARCOsDores

Basidicspores

Mare known

Coenooytic laseptate)

Septate; some associated with cyanobacterizia
ar green algas to form lichens

Sepltate

Seplate

Copyright © 2004 Pearson Education, Inc. publislda@enjamin Cummings

Rhizopts
Clawviceps
Saccharomycas
Evpericiflivrm
Tuber
Meurospora
Aganicis
Cortinelis
Cryptococcis
Amarita
Histopiasma
Trichapfiyton

Table 12.3



Reproduction of Fungi

* Asexual reproduction — occurs in all fungus
e mitosis and cytokinesis
* Budding
* Pseudohypha - series of buds that remain attached
* Asexual spore
« Sexual reproduction — most but not all

« Zygote gives rise to
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Asexual Budding

Asexual Spores
of Molds

Figure 12.14a
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Asexual spores

l,z"_,\ r.—'" e
() Cell wall — 0
I;._.J, L5
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f / J, °
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° | \ @ ”
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o Arthr r
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3 '

* Chlamydospore W,y

Spore

>-0-0-@

{€) Growth of a hypha from a spore
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Sexual reproduction

* Melosis Diploid nucleus produces
haploid nuclei (sexual spores)

* Plasmogamy Haploid donor cell nucleus (+)
penetrates of

recipient cell -)

« Karyogamy + and — nuclel fuse

« Sexual Spores
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Sexual Spores Formation

©

Haploid stage (n)

“'"e#-

f

Haptlnid nucleus
(1m

Dlharyntic stage
{ n+n)

Haploid nucleus
(1m
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Subgroups Within the Fungi

DIvision Zygomycota
DIvision Ascomycota

DIvVISIion

Deuteromycetes
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Zygomycota

« Conjugation fungi
e Coenocytic

* Produce sporangiospores and

 Rhizopus, Mucor (Opportunistic, systemic mycos
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Zygomycete Life Cycle

e Zygote produces |

a sporangium @ Spores are released

from sporangium

o Karyogamy and g

meiosis s
- Spore germinates
47 Sexual reproduction ® to produce hyphae
&) Zygospore €D Aerial hypha sporan li:;s res
forms produces a sp bl
N ' sporangium

B Gamete forms of
at tip of hypha () Vegetative
p 4 TN mycelium
grows

Asexual reproduction

—E3

wt

€) spore germinates T
to produce hyphae \__,

Zygosporan-gium
containing zygospore

Copyright © 2004 Pearson Education, Inc. publislda@enjamin Cummings

¢ e Sporangium

bursts to
release
spores

Figure 12.6



Sexual spores

» Zygospore Fusion of haploid cells produces
one zygospore
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Asexual Sporesof Molds

Sporangium Sporangiophore

o rt"

Y

Figure 12.17
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Ascomycota

e Sac fungi
e Septate

* Produce ascospores and frequently

» Aspergillus (opportunistic, systemic mycosis)

 Blastomyces dermatitidis, Histoplasma capsulatum
(systemic mycoses)

* Microsporum, Trichophyton (cutaneous mycoses)
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Ascomycete Life Cycle

Conidia
Ascospore
() Ascospore %
e Ascus opens germinates ¥ o Hypha produces
torelease @ _ o to produce conidiophore
ascospores .77 oA o hyphae \

o Meiosis

then [
mitosis @% .I'i Asexual reproduction Ii
" Sexual reproduction . == i
~ €) Conidia are released
(o ) vegetative from conidiophore
mycelium
grows }
/ = & — gD
o Karyogamy s e i e Conidium germinates

to produce hyphae
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Sexual spores

* Ascospore Formed In a sac (ascus)
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Asexual Sporesof Molds

Figure 12.17
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Conidiospores

Conidia .

Arthrospores

{b) Arthrospores

B-‘rastﬂcmgidia :

{a) Conidia

|c) Blastoconidia
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Basidiomycota

* Club fungi
e Septate

* Produce basidiospores and sometimes conidiospores.

 Cryptococcus neoformans (systematic mycosi

Copyright © 2004 Pearson Education, Inc. publisfdaddenjamin Cummings



Basidiomycete Life Cycle

Basidiospores
are formed by
meiosis
Basidiospores
mature

; Basidiospores
\ are discharged
@_._. 5

(£) Basidiospore germinates
to produce hyphga

o €) Hyphal fragment breaks

‘. off vegetative mycelium
i : e o e
._-_L ) .'h.'-. --.,-: " 1-|_',|1_-. I i1 /

Y © ”“Eatf_‘ﬁ“ﬂ' © Asexual reproduction

Fruiting structure mycelium
(“mushroom™) grows
develops /

-+ _ e Fragment grows

: -~ toproduce new
© Piasmogamy D mycelium
Figure 12.8
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Sexual spores

« Basidiospore Formed externally on a pedestal
(basidium)

Copyright © 2004 Pearson Education, Inc. publislda@enjamin Cummings Figure 12.8



Division Basidiomycota

Cross section of gill W
showing hyphae T '

€D pair of haploid —=
nuclei fuse ;

released

() Basidiospores )
germinate to

produce mycelia

__4% = -;ﬁu -F
wl
w (14

Hypha of opposite mating
m:;m a types fuse below ground

Figure 12.2
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Deuteromycetes

« Contains heterogeneous collection of fungi who sexual
stages are unknown

* TRNA sequencing places most in Ascomycota, a few
are Basidiomycota

* Penicillium
» Joorothrix (subcutaneous mycosis)

« Sachybotrys, Coccidioides, Pneumocystis (systemic
mycoses)

« Candida albicans (Cutaneous mycoses)
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Economic Effects of Fungi

Fungi Positive Effects Negative Effects
Saccharomyces Bread, wine, beer Food spoilage
Trichoderma Cellulose used for juices and | Cryphonectria

fabric parasitica (chestnu
blight)
Taxomyces Taxol production Ceratocystis ulm (Dutch
elm disease)
Entomorphaga Gypsy moth control
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Fungal Diseases (mycoses)

e Systemic mycoses Deep within body

e Subcutaneous mycoses Beneath the skin

« Cutaneous mycoses Affect hair, skin, nails
 Superficial mycose Localized (eg. hair shaf
* Opportunistic mycoses Caused by normal

microbiota or fungi that
are normally

Copyright © 2004 Pearson Education, Inc. publisfdaddenjamin Cummings



Lichens
« Mutualistic combination

» Green alga (or cyanobacterium) & fungus
 Alga produces and secretes carbohydrates
* Fungus provides holdfast
* Abundant throughout the wo
« Grow on soll, rocks, leaves, tree bark,

» other lichens,

 Important in creation of soil from rocks

e Eaten by many animals
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Makeup of a Lichen

Ascocarp of fungus

Substrate

Figure 12.24
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Three Basic Shapesof Lichens

Fruticose

Crustose

Foliose

Figure 12.2
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Figure 12.10

Algal layer
Rhizine

(k) Lichen thallus

Medulla <

=, @
T
o
-
0

=]

)
Q

{a) Three types of lichens

Lichens
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Algae

sEukaryotic
sUnicellular, filamentous, or multicellular (thallic)
*Most are photoautotrophs

Flagella
=

Meiosis é/'w S

z!‘rgnte Growth
formatiun

Nucleus 4—

N Sexual renl's:dxu“:tlinn
) reproduction b i
G~y Stored
Tﬂilizai Q_/
Gamete formation Growth

(b) Life cycle of a unicellular green alga (Chlamydomonas)

. . L - : Table 12.1
Copyright © 2004 Pearson Education, Inc. publislda@enjamin Cummings



Sublittoral Littoral| Green algae,

Zone Zohe cyanobacteria,
- euglenoids
. ERELEE =0
Unicellular green algae,
G row in ESUHFME diatoms, dinoflagellates LAND
. &
Red o .
the photic Aped o Multicellular
zone gieen Fldne
50 :
Orange A Brown algae

100 § Yellow A
™

200

250

300
{a) Algal habitats _
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Phaeophyta

e Brown algae (kelp)

Pneumatocyst Blade Stipe

e Cellulose + alginic acid
cell walls

 Multicellular

 Chlorophylla andc,
xanthophylls

 Store carbohydrates (b) Brown alga (Macrocystis) "o5m

« Harvested for algin

Copyright © 2004 Pearson Education, Inc. publisfdaddenjamin Cummings Figure 12.11b



Brown Algae

Figure 12.2
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Rhodophyta

* Red algae

e Cellulose cell walls
 Most multicellular

 Chlorophylla andd,
phycobiliproteins

 Store glucose polymer

(c) Red alga (mcxad:a] | T,
« Harvested for agar and
carrageenan
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Figure 12.27
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Chlorophyta

* Green algae
 Cellulose cell walls

* Unicellular or
multicellulal

lﬂIMull‘.iEEII.I.:IIEI* i U
» Chlorophylla andb Grasn alga (i)

 Store glucose polymer

e Gave rise to plants

Copyright © 2004 Pearson Education, Inc. publisfdaddenjamin Cummings Figure 12.12a



Bacillariophyta

e Diatoms

* Pectin and silica cell walls

» Unicellular

» Chlorophylla andc, carotene, xanthophylls
 Store ol

* Fossilized diatoms formed oll

Y 4 F e g

(b} Asexual reproduction of a diatom

(a)
Copyright © 2004 Pearson Education, Inc. publisfdaddenjamin Cummings Figure 12.13



Figure 12.28
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Dinoflagellata

 Dinoflagellates

* Cellulose In plasma
membrane

e Unicellular

Flagellum

 Chlorophylla andc,
carotene, xanthins

e Store starch

e Some are symbionts In
marine animals

* Neurotoxins cause paraly ;
shellfish poisoning

Copyright © 2004 Pearson Education, Inc. publisfdaddenjamin Cummings
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Oomycota
« Water molds

e Cellulose cell walls

* Multicellular
« Chemoheterotrophic

* Produce zoospor

* Decomposers and plant parasites

 Phytophthora infestans responsible for Irish potato
nlight

 P. cinnamomi infectsEucal yptus

* P. ramorum causes sudden oak death

Copyright © 2004 Pearson Education, Inc. publisfdaddenjamin Cummings Figure 12.15



Slime Molds

§) Sspores are released

Sporangium [

Stalk |

* Cellular slime molds « Plasmodial slime molds

* Resemble amoebas, » Multinucleated large
Ingest bacteria by cells

hagocytosis
phagocy - Cytoplasm separates

» Cells aggregate into into stalked sporangia

stalked fruiting body.
J Y * Nucleil undergo meiosis

» Some cells become and form uninucleate
spores haploid spores
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Helminths

 Normal Helminths —

* Free living _ o
_ * Kingdom: Animalia
e Solil or water _
* Phylum: Platyhelminthes

« Decomposers (flatworms)
« Parasitic worms * Class: Trematodes (flukes)
 Multicellular animals  Class: Cestode
e microscopic diagnostic (tapeworms)
stages * Phylum: Nematodes
(roundworms)

 usually eggs or larvae

* Dependent on host -
Chemoheterotrophic
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Trematodes

e g

.:.!-.. SR Y]

0, foo)
: [ L)} I:' (] i’

' - L

(a) Fluke anatomy {b) Clonorchis sinensis
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Cestodes

Scolex <

Neck

Testis

Genital
pore

Ovary

| Mature proglottid
will disintegrate and
release eggs

Copyright © 2004 Pearson Education, Inc. publislda@enjamin Cummings Figure 12.27



Nematodes. Eggs I nfective for Humans

| Genital =
il pore
| |-Anus

(2-5 mm long)
Female
(a) Adult pinworms (8-13 mm long) (b} Pinworm egg

Copyright © 2004 Pearson Education, Inc. publislda@enjamin Cummings Figure 12.29



ArthropodsasVectors

* Vectors = animals that carry
and transmit microscopic
pathogens

* Kingdom: Animalia

* Phylum: Arthropoda
(exoskeleton, jointed lec (a) Fomale masauito

 Class: Insecta (6 legs)
* Lice, fleas, mosquitoes
 Class: Arachnida (8 legs)

* Mites and ticks

* May transmit diseases
Copyright © 2004 Pearson E(M&]thani&}ﬁenjamin Cummings Figure 12.31, 32



ArthropodsasVectors

*
(a) Actual size

Actual size (d) Actual size

(e) Actual size (f) Actual size (9) Actual size

© 2012 Pearson Education, Inc.
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The Eukaryotes

TABLE 12.1

Fungi, Algae, Protozoa, and Helminths

Major Differences Among Eukaryotic Microorganisms:

Helminths

Kingdom
Mutritional type
Multicellulariry

Cellular arrangement

Food acquisition

method

Characteristic
features

Embryo formation

Fungi
Chemaoheterotroph
All, except yeasts

Unicellular, filamen-
tous, Heshy (such
as mushrooms)

Abscrptive

Sexual and asexual
spores

MNone

Protist
Photoautotroph
Some

Unicellular, colonial,
filamentous;
tissues

Absorptive

Pigments

MNone
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Profist
Chemoheterctroph
MNaone

Unicellular

Absorptive; ingestive
[cytostome)

Matility; some
form cysts

MNarne

Animalia
Chemoheterctroph
All

Tissues and organs

Ingestive [mouth);
absorptive

Many have elaborate
life cycles, includ-
ing egg, larva,

and adult

All

Table 12.1



