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Figure 3.1 Representative Bacteria. Stained bacterial cultures as
seen in the light microscope. (a) Staphylococous aureus. Note the
gram-positive spheres in imegular clusters. Gram stain (% 1000,

(b} Emterococcus faecalis. Note the chains of cocei; phase contrast
(2000 {e) Bacillus megaterium, a rod-shaped bacterium in chains.
Giram stain { %600, (d) Rhodospirillum rubmm. Phase contrast
(500}, (&) Vibrie cholerae. Curved rods with polar flagella {3 10000
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Figure 3.2 Unusually Shaped Bacteria.
Examples of bacteria with shapes quite
different from bacillus and coccus types.

(a) Actinomyces, SEM (x21.,000).

(b) Mycoplasma preumoniae, SEM
(x62.,000). (c) Spiroplasma, SEM

(%13,000). (d) Hyphomicrobium with hyphac
and bud. electron micrograph with negative
staining. (e) Walsby’s square bacterium.

() Gallionella ferruginea with stalk.

Spacimen Approximate dameter or
widtn  len
nm
Osciiatorta
Red biood cell 000
E. col 1,200 5 4,000
Rickettsla 475
Povins 230.x 320
Infiuzrza vins B L
T2 E cof bactariophage 8595 L
Tobacoo mossic vins 15 % 300
Pollomyestis vins. o)

Figure 3.3 Sizes of Bacteria and Viruses. The sizes of selected bacteria relative to the red blood cell and vimses.
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Giant Bacteria. (a) This photograph, taken with pseudo dark-field
illumination, shows Epulapiscium fishelsoni at the top of the figure
dwarfing the paramecia at the bottom (> 200). (b) A chain of
Thiomargarita namibiensis cells as viewed with the light microscope.
Note the external mucous sheath and the internal sulfur globules.
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Figure 3.7 Plasma Membrane Structure. This diagram of the fluid mosaic model of bacterial membrane
structure shows the integral proteins (bluc) floating in a lipid bilayer. Peripheral proteins (purple) are associated
loosely with the inner membrane surface. Small spheres represent the hydrophilic ends of membrane phospholipids
and wiggly tails, the hydrophobic fatty acid chains. Other membrane lipids such as hopanoids (pink) may be present.
For the sake of clarity. phospholipids are shown in proportionately much larger size than in real membranes.
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Figure 3.5 The Structure of a Polar Membrane Lipid.

Phaospl [y an id often found in
bacterial membranes. The R groups are long, nonpolar fatty acid
chains.
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Figure 3.6 Membrane Stercids and Hopanoids. Common examples.

Figure 3.8 Mesosome Structure. Bacillus fastidiosus ( X91,000). A
large mesosome lies adjacent to the nucleoid.
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Figure 3.9 Internal Bacterial Membranes. Membranes of
nitrifying and photosynthetic bacteria. (a) Nitrocystis oceanus with
parallel membranes traversing the whole cell. Note nucleoplasm (n)
with fibrillar structure. (b) Ectothiorhodospira mobilis with an
extensive intracytoplasmic membrane system (< 60.000).
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Figure 3.11  The Structure of a Typical Gram-Pasitive Cell. Electron
micrograph of Bacillus megaterium (<30.500). Note the thick cell wall,
CW: “mesosome.” M: nucleoid, N; poly-B-hydroxybutyrate inclusion
body. PHB: plasma membmane, PM: and ribosomes, R.

Figure 3.13  Inclusion Bodies in Bacteria. (a) Ultrastructure of the
cyanobacterium Anacystis nidulans. The bacterium is dividing, and a
septum is partially formed, L1 and LIL Several structural features can
be seen, including cell wall layers, LIIT and LIV; the plasma
membrane, pm; polyphosphate granules, pp; a polyhedral body. pb;

and C phycin material, ¢. Thy s run along the length of the
cell. Bar = 0.1 pm. (b) Chromatium vinosum, a purple sulfur
bacterium, with intracellular sulfur granules, light field (x2,000).
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Figure 3.14 The Bacterial Nudeoid. (a) Nucleoids in growing
Bacillux cells stained using HCI-Giemsa stain and viewed with a light
microscope (bar = 5 pm). (b) A section of actively growing E. coli
immunostained specifically for DNA and examined in the transmission
electron microscope. Coupled transcription and translation occur in
parts of the nucleoid that extend out into the cytoplasm. (¢) A model of
two nucleoids in an actively growing E. coli cell. Note that a
metabolically active nucleoid is not compact and spherical but has
projections that extend into the cytoplasmic matrix.
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Figure 3.15  Gram-Puositive and Gram-Negative Cell Walls. The gram-positive envelope is from Bacillus
ticheniformis (left), and the gram-negative micrograph is of Aquaspiriilum serpens (right). M: peptidoglycan or murein
layer: OM, outer membrane; PM, plasma membrane: P, periplasmic space: W, gram-positive peptidoglycan wall.
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HAM HAG Figure 3.16  Peptidoglycan Subunit Composition. The peptidoglycan subunit of
Escherichia coli, most other gram-negative bacteria, and many gram-positive bacteria. NAG
CH, :l-l HH— '3 o is N-acetylglucosamine. MAM is N-scetylmuramic acid (MAG with lactic acid attached by

an ether linkage). The tetrapeptide :1'u:|téhain is composed of alternating - and L-amino
acids since meso-diaminopimelic acid is connected through its L-carbon. MAM and the
tetrapeptide chain attached to it are shown in different shades of color for clarity.
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acid In another bat il Figure 3,17 Diaminoacids Present in Peptidoglycan.

(a) L-Lysine. {(b) meso-Diaminopimelic acid.
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Figure 3.18  Peptidoglycan Cross-Links. (a) E. coli peptidoglycan
with direct cross-linking, typical of many gram-negative bacteria

(b} Staphviococcuy aureus peptidoglvean. 5. aureny is a gram-positive
bacterium. MAM is N-acetylmuramic acid. MAG is N-aoetylglucosamine.
Gly is glycine. Although the polysaccharide chains are drawn opposite
cach other fior the sake of clarity, two chains lying side-by-side may be
linked together (see figure 3.19).
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Figure 3.18  Peptidoglycan Cross-Links. (1) E. coli peptidoglycan Figure 3.20 Isolated Gram-Positive Cell Wall. The peptidoglycan
with direct cross-linking, typical of many gram-negative bacteria wall from Bacillus megaterium, 2 gram-positive bacterium. The latex
(b) Staphvlococcus aureus peptidoglycan. S. aureus is a gram-positive spheres have a diameter of 0.25 pm.

bacterium. NAM is N-acetylmuramic acid. NAG is N-acetylglucosamine.
Gly is glycine. Although the polysaccharide chains are drawn opposite
cach other for the sake of clarity, two chains lying side-by-side may be
linked together (see figure 3.19).

4
N-Acetyimuramicacid  © §._ @

: g
N-Acatyiglucosamine \ ’?e '
T “;“‘ 'fi\

Pentagtycine
2) Interbridge )

Figure 3.19 Peptidoglycan Structure. A peptidoglycan segment showing the polysaccharide chains,
tetrapeptide side chains, and peptide interbridges. (a) A schematic diagram. (b) A space-filling model of gram-
negative murein with four repeating peptidoglycan subunits in the plane of the paper. Two chains are arranged
vertical to this direction.
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Figure 3.22  Teichoic Acid Structure. The
segment of a teichoic acid made of phosphate,
glycerol, and a side chain, R. R may represent
D-alanine, glucose, or other molecules.

Figure 3.21 The Gram-Positive Envelope.
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Figure 3.23  The Gram-MNegative Envelope.

Phosphollpid

Faplidoglycan

Figure 3.24 A Chemical Model of the E. coli Outer Membrane and Associated Structures. This cross-
section is to-scale. The porin OmpF has two channels in the front (solid arrows) and one channe] in the back
{open arrow ) of the trimenc protein complex. LPS molecules can be longer than the ones shown here.
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Figure 3.25 Lipopolysaccharide Structure. (a) The lipopolysaccharide from Salmonella. This slightly
simplified diagram illustrates one form of the LPS. Abbreviations: Abe. abequose: Gal. galactose; Gle, glucose;
GlcN. glucosamine; Hep, heptulose; KDO, 2-keto-3-deoxyoctonate: Man, mannose; NAG, N-acetylglucosamine;
P. phosphate; Rha, [-rhamnose. Lipid A is buried in the outer membrane. (b) Molecular model of an Eschernichia
coli lipopolysaccharide. The lipid A and core polysacchanide are straight; the O side chain is bent at an angle in
this model.
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Figure 3.26 Protoplast Formation. Protoplast formation induced by incubation with penicillin in an isotonic
medium. Transfer to dilute medium will resolt in lyvsis.
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Figure 3.27 Bacterial Capsules. (a) Klebsiella preumoniae with its
capsule stained for observation in the light microscope (< 1,500)
(b) Bactervides glycocalyx (gly), TEM (x71,250).
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Figure 3.28 Bacterial Glycocalyx. Bacteria connected 10 cach other
and to the intestinal wall, by their glycocalyxes, the extensive networks
of fibers extending from the cells (X 17.500).
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Figure 3.29 The S-Layer. An clectron micrograph of the S-layer of
Deinococcus radiodurany after shadowing.
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Figure 3.30 Flagella and Fimbriae. The long flagella and the
numerous shorter fimbriae are very evident in this electron micrograph
of Proteus vulgaris ( %39,000).
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Figure 3.31 Flagellar Di E tes of various p of
flagellation as seen in the light microscope. (a) Monotrichous polar

¥ (b) Lophotri (Spirillum). (c) Peritrichous
(Proteus vulgaris, X600). Bars = 5 pm.
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Figure 332 The Ultrastructure of
Gram-Negative Flagella. (a) Negatively stained
flagella from Escherichia coli (X66,000). Arrows
indicate the location of curved hooks and basal
bodies. (b) An enlarged view of the basal body of
an E. coli flagellum (<485,000). All four rings

(L, P. S. and M) can be clearly seen. The uppermost
arow is at the junction of the hook and filament.
Bar = 30 nm.

@ I= - 22nm -] )

Figure 333 The Ultrastructure of Bacterial Flagella. Flagellar basal bodies and hooks in (a) gram-negative
and (b) gram-positive bacteria.
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Figure 3.34 Growth of Flagellar Filaments. Flagellin subunits travel through the flagellar core and attach to
the growing tip.
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Figure 336 Mechanism of Flagellar Mov This diagram of a
gram-negative flagellum shows some of the more important components
and the flow of protons that drives rotation. Five of the many flagellar
proteins are labeled (Mot A, Mot B, Fli G, Fli M, Fli N).

Figure 3.35 Flagellar Motility. The rclationship of flagellar rotation
to bacterial movement. Parts (a) and (b) describe the motion of
monotrichous, polar bacteria. Parts (¢) and (d) illustrate the movements
of peritrichous organisms.
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Figure 3.37 Positive Bacterial Chemotaxis. Chemotaxis can be
demonstrated on an agar plate that contains various nutrients. Positive
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Figure 3.3%  Directed Movement in Bacteria. (a) Random
movement of a bacterium in the absence of a concentration gradient.
Tumbling frequency is fairly constant. (b Movement in an attractant
gradient. Tumbling frequency is reduced when the bacterium is moving
up the gradient. Therefore mns in the direction of increasing attractant
are longer.
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Figure 340 E les of Endospore Location and Size.
(a) Central spore. (b) Subterminal spore. (¢) Terminal spore.
(d) Terminal spore with swollen sporangium.

Figure 3.41 Endospore Structure. Bacillus anthracis endospore

Figure 3.42 Dipicolinic Acid. (X 151,000). Note the following structures: exosporium, EX; spore
coat. SC; cortex, CX: core wall, CW; and the protoplast or core with
its nucleoid, N, and ribosomes, CR.
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Figure 3.43 Endospore Formation: Life cycle of Bacillus megaterium. The stages are indicated by Roman
numecrals. The circled numbers in the photographs refer to the hours from the end of the logarithmic phase of
growth: (.25 h—a typical vegetative cell; 4 h—stage 11 cell, septation: 5.5 h—stage 111 cell. engulfment;

6.5 h—stage 1V cell, contex formation: § h—stage V cell, coat formation: 10.5 h—stage V1 cell. mature spore
in sporangium. Abbreviations used: C, cortex: IFM and OFM, inner and outer forespore membranes;

M, mesosome: N, nucleoid; S. septum: SC, spore coats. Bars = 0.5 mm.
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Figure 344 Endospore Germination. Clostridium pectinovorum
emerging from the spore during germination. Bar = 05 pm
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