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microbial cell structure and function

Eucaryotic microorgnism

The era in which workers tended to look at bacteria as very small loags of enzymes has [ong passed.
—Howard ).

Rogers
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Complex archaea that bridge the gap between prokaryotes and
eukaryotes
Anja Spang®!, Jimmy H. Saw”!, Steffen L. Jergensen”?, Katarzyna Zaremba-

Niedzwiedzka®!, Joran Martijn’, Anders E. Lind', Roel van Eijk':T, Christa Schleper?3,
Lionel Guy'#, and Thijs J. G. Ettema'
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(c) Penicillium (d) Penicillium (e) Stentor

(f) Amanita muscaria
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(a) Fungal (Yeast) Cell
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(b) Protozoan Cell
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m Functions of Eucaryotic Organelles

Plasma membrane

Cytoplasmic matrix
Microfilaments, intermediate
filaments, and microtubules

Endoplasmic reticulum
Ribosomes

Golgi apparatus
Lysosomes
Mitochondria

Chloroplasts
Nucleus

Nucleolus

Cell wall and pellicle
Cilia and flagella
Vacuole

Mechanical cell boundary, selectively permeable barrier with transport systems, mediates cell-cell
interactions and adhesion to surfaces, secretion

Environment for other organelles, location of many metabolic processes
Cell structure and movements, form the cytoskeleton

Transport of materials, protein and lipid synthesis

Protein synthesis

Packaging and secretion of materials for various purposes, lysosome formation

Intracellular digestion

Energy production through use of the tricarboxylic acid cycle, electron transport, oxidative phosphorylation,
and other pathways

Photosynthesis—trapping light energy and formation of carbohydrate from CO; and water

Repository for genetic information, control center for cell

Ribosomal RNA synthesis, ribosome construction

Strengthen and give shape to the cell

Cell movement

Temporary storage and transport, digestion (food vacuoles), water balance (contractile vacuole)
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o Ubiquitin protein \ 7= E1, Ubiquitin-activating enzyme
ligation
; ADP + P;

Peripheral tubules

. E2, Ubiquitin-conjugating enzyme

Trans or maturing face

E3, Ubiquitin-protein ligase

\ Protein
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Attached polyubiquitin —Q\S proses
chain 198
e Recognition of ATP
ubiquitin-conjugated - 208 By
protein = l
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26S Proteasome P*" ADP + P,

Regeneration of Degraded peptides
'. ubiquitin
o Release and recycling ]
of ubiquitin (3] !

Dictyosome

(a stack of

flattened &

cisternae

or lamellae) @

CIS or f g face Figure4.9 P Degradation of Proteins. (a) The

first step in this protein degradation pathway is to tag the target

(b) protein with a small polypeptide called ubiquiton.This requires
the action of two enzymes and energy is consumed. Once tagged,

the protein is recognized by the 26S proteasome. It passes into the
large, cylindrical proteasome and is cleaved into smaller peptides,
) which are released into the cytoplasm.The amino acids in the
E‘/ J\ %% B@ ’Iﬁﬁﬂ }iﬁ small peptides can be recycled and used in the synthesis of new
proteins. The ubiquitin polypeptides are reg d and can
participate in the degradation of other proteins. (b) A model of the

26S proteasome, showing its cylindrical structure and the location
of the tagged protein within the cylinder. (b) Proteasomes
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Endoplasmic reticulum Chromatin
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(double membrane) lamella matrix
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Figure 4.22 Coordination of Ciliary Activity. A scanning
electron micrograph of Paramecium showing cilia (X1,500).The
ciliary beat is coordinated and moves in waves across the
protozoan's surface, as can be seen in the photograph.
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Figure 4.23 Cilia and Flagella Structure. (a) An electron micrograph of a cilium cross section. Note the two central microtubules
surrounded by nine microtubule doublets (X 160,000). (b) A diagram of cilia and flagella structure.
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Table4.2 | Comparison of Procaryotic and Eucaryotic Cells

Procaryotes Eucaryotes

Property Bacteria Archaea Eukarya
Organization of
Genetic Material

True membrane- No No Yes

bound nucleus

DNA complexed No Some Yes

with histones

Chromosomes Usually one circular chromosome Usually one circular chromosome More than one; chromosomes are

linear

Plasmids Very common Very common Rare

Introns in genes No No Yes

Nucleolus No No Yes
Mitochondria No No Yes
Chloroplasts No No Yes

&3 I‘§ g y
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Plasma Membrane
Lipids
Flagella

Reticulum

Golgi Apparatus
Peptidoglycan in
Cell Walls
Ribosome Size
Lysosomes
Cytoskeleton
Gas Vesicles

Ester-linked phospholipids and
hopanoids; some have sterols
Submicroscopic in size; composed

of one protein fiber

No

No
Yes

708

No
Rudimentary
Yes

= ) ) 4 B 5 )

Glycerol diethers and diglycerol

tetraethers; some have sterols
Submicroscopic in size; composed
of one protein fiber

No

No
No

708
No

Rudimentary
Yes

M ic r@b =

Ester-linked phospholipids and
sterols

Microscopic in size; membrane
bound; usually 20 microtubules
in 9 + 2 pattern

Yes

Yes
No

805
Yes
Yes
No
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- AR BERE (yeasts)
-EB (Fungi){ ZREHE: E&E (mold)

| KRB FS2AEE: EE (mushroom)
BE (Pseudofungi)

_Z# (Myxomycota)
HIZWEY) 1 YR — BME%E (Algae)

(Eucaryotic microorganism) | (Plantae)

A — BFAEY (Protists)

L(Animalia)

B ZE

Saccharomyces cerevisiae (x21,000). ( MyC etalli a)

A mushroom
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(a) Saccharomyces cerevisiae:
budding division
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(b) S.cereviseae life cycle
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T2 E ] (Ascomycota)

H-FH ] (Basidimycota)

%W I (Zygomycota)

T H 1 (Chytridiomycetes)

Wi+ (Microsporidia)
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Figure 26.7 Hyphal Morphology. Diagrammatic representation
of a hyphal tip showing typical organelles and other structures.
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=

Rhizoid 3 Spore

Germination

Figure 26.10 The Zygomycota. Diagrammatic representa-
tion of the life cycle of Rhizopus stolonifer. Both the sexual and
asexual phases are illustrated.
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o ps
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Conidiophore
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Figure 26.8 Diagrammatic Representation of Asexual Reproduction in the Fungi and Some Representative Spores.

(a) Transverse fission. (b) Hyphal fragmentation resulting in arthroconidia (arthrospores) and (¢) chlamydospores. (d) Sporangiospores in a
sporangium. (e) Conidiospores arranged in chains at the end of a conidiophore. (f) Blastospores are formed from buds off of the parent cell.
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F=E H & (Penicillium chrysogenum) FELKE ik 7128 (Neurospora crassa) ¥ & i & (Aspergillus nidulans)
IH4: SEE (Penicillium notatum )
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3232 DOI 10.1002/pmic.201100087 Proteomics 2011, 11, 3232-3243

Review

Proteomics of eukaryotic microorganisms: The
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diploid nucleus With hasidia
Diploid nucleus | p

undergoes meiosis to

produce 4 haploid M

nuclei
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