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ﬁaLLﬁfi'}LLUﬂﬁL?ﬂﬁagjmwﬁ’u species  UANAIIULATLTRWITTITa UdaS
s g o g 1 . . . =
soiufaraduldniislusuiuuitde 3ulawionsanau (ellipsoidal or spherical) 1u

Yau (cylindrical or rodlike) wasLdunaeg (helical or spiral)
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e
31‘“ 51 Characteristic A Diplacocci
arrangements of cocci. with .
schematic ilustrations of ey Yy
patterns of multiplication. ud — ‘-.-” T ey
(A) Diplococci: cells divide Sk o
in one plane and remain at-
tached predominantly in
pairs. (B) Streptococci:  p Syeplococci
celis divide in ons plane
and remain attached to e P T T R T T R
torm chains. (C) Tetracocci: "‘:; - V}‘) - &3\.}} R ¥ S -,a.}-.ﬁ.é'«-,l‘
cells divide in two planes
and charactarislically form
groups of four cells. (D) € Tewods.
Staphylococci: cells divide '
in three planaes, in an irreg- %
ular pattern, producing fh e \‘}:} — gzg
“bunches” of cocci. (E) R0
Sarcinae: celis divide in
three pianss, in & regular
pattern, producing a
tuboidal arrangement of cells.

{Photomicrographs from J, e R g
Nowak, Documenta Micro- J " Gl - é}’ — —-
tiologica, Erster Tei, Bak- -

tarien, Gustev Fischer Ver-
lag KG, Stuttgart, 1927}
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ot 5-
3 ns5-2 Typical rod-

shaped bacteria (bacilli).
Noie dilerences in iength
and width. {A) Clostridium
sporogenes . (B) Pseudomo-
nas sp., (C) Bacillus mega-
terium , {D) Salmonella typhi.
(From J. Nowak, Documen-
ta Microbiologica, Erster
Teil, Bakterien, Gustav
Fischer Verlag KG, Stutt-
gart. 1927.}

1]&
3UN 5-3  pod.shaped

bactaeria as seen from scan- coides. {Courtesy E. G.
ning electron microgiaphs Afriklan, G. St. Julian, and
of bacterial colonies: (A) L. A. Bulla, Jr., and Appl Mi-
Bac#llus cereus; (B) B. sub- crobiol, 26:934, 1973.)

tilig; (C) B. cereus’var. my-

74
"MI 211



Veldte

v

U 5-4
3 Spiral bacteria.

. {A) Leptospira cell showing
charactaristic axial filament.
Electron micrograph

(x 71,526). (From A K.
Naumann, S. C. Hoit, and C.
D. Cox. J Baciariol, 98:885,
1969 By permission. (B}
Spirilfum itersonii as seen
by electron microscopy (X
33.600). (From G. D. Clark-
walker, J Bacteriof, 97:885,
1969. By permission.) (C)
Rhodospirtttum rubrum (x
1.220). (Naval Biological
taboratory.) (D) Spirochae-
ta stenastrepta (x 23,000).
(Courtesy of E. Canale-
Parola and RA. Joseph.) (E)
Mathanospirittum hungatii,
a new species of a gram-
negative bactartum tnat oc-
curs in filaments up to 100
am in length. (Courtasy J.
G. Farry, P. H. Smith, and
R. S. Wolfe, and int J Sys-
ten Bacteriol, 24:465,
1974.}
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llei
3 N 5-5 Some bactena

show morphological char-
acteristics different from the
conventional spherical, cy-
lindrical, and spiral types.
(A) Saprosphira sp.: very
long (some more than 50
1M in length), vary from
straight to spiral-shaped,
prominent transverse walls
or septa (x 1,650). (Courte-
sy of G. J. Hageags, Jr.} (B)
Caulobacter sp.: shon,
curved, rod-shaped cells
with a “stalk’ at one end:
stalks serve 1o attach bac-
teria 10 objects in their ma-
ring anvironment. (From A.
L. Houwink, Antonie van
Leeuwenhoek, J Microbiol
Serol, 21, 1955.) (C) Strep-
tomyces sp.: very long;
coiled; branched; and have
hyphae, some of which bear
spores. (Courtesy of M.
Lechevalier.}) (D) Aquaspir-
#lum bengal (x 9.800), a
large spiriltum isolated trom
pond water. (Courtesy N. R.
Krieg from R. Kumar et al.,
int J System

Bacteriol, 24:453, 1974.)
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sUn 5-8
o An ccular mi-

cromeler scale can be -
pased on a MICroscopic
field Since the distance be-
tween divisions on the ocu-
lar'micrameter scale are
known, it is possibie to
measurg the dimensions of
organisms in the micro-
scopic tield.
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representation of structural ; " o
organization of a bactenal \ X :
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cell of all speciaes. (A} Gross Fiogelﬁufk_’/
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1ed o <

monas azﬁm]amaadﬁmag‘nmmammma (polar flagelia) LL@imn“ﬁag’j’Lu

genus

<

a

Escherichia ﬁ):ﬁtLWﬂﬂLﬁJﬂﬁ’]“ﬂ’Jﬁ’lL%ﬂé (peritrichous flagella)

: E . Pepid
X ™~ k;;‘:r ogycun Penplasme
A loyer

',,m“ 3 Cytoplasrmic

memhbhi, e

= |
?.ﬂﬂ 5-8,Ba¢:taﬂsl flagal- x 80,000. (B) Basal struc-
ia. (A} The basal structure  tures of isolated flagella of
of flagella in the cell of a  Pseudomonas aer. ginosa.
multifiagellate mutant of Specimen prepa same
Pseudomonas aeruginosa. as for (A). Magnification ap-
Spacimen partially lysed by proximately x 180,000. (C)
osmotic-skock and nega- Model of a Hlageliar basal
lively stained with 1% phos-  structure in gram-negative
photungstic acid. Magnifi-  bacteria (Courtesy T. lino,
cation approximalely University of Tokyo.)

Lﬁaumnu,wamaaa'ﬂuamwm‘smmaﬁmm@LﬁnLﬁuﬂdﬂﬁa:waaLﬁu"lé’éT’mné’aa
L | { S = £ =Y © W g =1 &=
AN TIAUUFIRINNT T TN Lm‘[ﬂuh'rn‘mmammuwLﬂwmlﬁwmﬂmmwaamu
A es W L4 1 Qs A. I I3 - A 3 W e
"l@mﬂﬂﬂaoﬁ;am*a'ﬂuummw muﬂmlugﬂﬂ 5-9 agndlsfenunmwaswaariules
=3 =l s ] 1 ;‘: | rl nl' Q. Fd{ I €
uJumeaﬂum:@mmmmmummsnaa:gammmnumﬂmaqalmymtﬂuamﬂnnau
mﬁj”@L'%'mﬁma:nﬁm:a@mm5nE%“\amml,ﬁuvlﬁé";Uﬂﬁaagammﬂﬁtﬁnmau UHWan
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' v a 4 | A o = 4 X% Y
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bR 5-11

80 MI 211



E ;_‘.

o
Eﬂ“ 5-10 gheathed tia- ble substructures arising
gellum of Pseudomonas from a cell (x 56,000). (C}
stizolobii (electron micro- Single flagalium of P. stiz-
graphs negatively stained olobii, greatly magnified
with sodium phosphotung- {» 130,000} showing core
state). (A) Severai cells of P and sheath structure. (From
stizolobii with single flagel- 4 A. Fuerst and A. C. Hay-
la (x 20,000). (B} A single ward, J Gen Microbiol,
polar flageillum without visi- 58:239, 1969.)

"
H
B
.4

E
Y

L]

MI 211

A L. A - - et
Un 5-9 Bacterial flageila as seen in stained films.
{A} {x 2,000) and (B) (x 4,000) are Pseudomonas spe-
cies exhibiting characteristic polar flageliation, i.e.. a )

A 5-11
ok

single flagellum or a tuft of ftagella at one end.

(C) {x 1.500) Borrelia recurrentis, (D) {x 2,000} Spiril-
lum serpens. (Courtesy of E. Leifson and The Journal
of Bacteriology.}

Demonstralion of ampty cores in the
Hagelia of Clostrigium thermehydrosuifuricum. The
cells were examinad by eleciron microscopy using
freeze-etched preparations. This illustration shows
flagelia lying on the surface of the celt wali which is
composed of haxagonal subunits. The fractured fia-
galia show hoilow cores. Note the regular array of
subunits that constitutes the surface siructure x
80,0200. Insert shows site of insertion of fiagelium
thraugh cell wall x 2,500,000. (Courtesy U.8. Sileytr
and A. M. Glauert, Nature, 241.542 1973, ang J Ultra-
structure Res, 50:103, 1975.)
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3 " 5-13 Fimbnialed

bacteria. (A) Shigella flex-
neri: dividing bacilli with
numerous fimbriae sur-
rounding the cells

{x 20,000}). (B) Salmoneila
typhi; dividing bacilh with
numerous fimbriae and &
lew {lagella (the very long
appendages) (x 12,500).
(Courtesy of J. P. Duguia
and J. F. Wiltkinson and The
Society tor General Micro-
biology. Symposia X1 19617 )
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Cell wall {

Cyloplasmic
membrone

ﬂd'
3 n 5-15 Schem fic n-
T lerpretation of ce. walls
trom electron microscope
observations. (A) Gram-
positive bactena. ()
Gram-negalive baclera
Outer fayer not always wavy
and intermediate layer not
always demonstrable.
Intermediote (Courtesy A | Laskin and
Outer layer loyer H. A Lechevalier (eds.),
3 i ' Handbook of Microbiology,
CAC Press. inc., Cleveland,
1974,

Celt woll

Cytoulasmic I
membrane

Ui 5-16
3 n 5-1 Thin section of
a bactenal cell showing
multiple surface-layer struc-
tures. (Courtesy Helen
Crane. From F. L. Crane
and J. D. Hall, Ann NY Acat
Sci, 19524, 1972 )
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MINN 5-2

Cell-wall Composition and the Gram-stain Reaction of Bacteria and Yeasts

MAJOR CHEMICAL
GRAM-STAIN COMPONENTS OF

ORGANISM | REACTION CELL WALLS

Saccharomyces cerevisiae + Polysaccharide, protein, lipid

Candida spp. + Polysaccharide, protein

Staphylococcus aureus + Peptidogl'ycan, teichoic acids

Bacillus subtilis + Peptidoglycan, teichoic acids

Streptococcus faecalis + Peptidoglyean, polysac-
charide, teichoic acids

Micrococcus lysodeikticus + Peptidoglycan

Escherichia coli _ — Lipopolysaccharide-protein-
lipid complex, lipoprotein,
peptidoglycan

Salmonella gallinarum - As for E. coli

Proteus vulgaris — As for E. coli

Spirillum serpens - As for E. coli

SOURCE: Modified from M.R.J. Salton, Bacteriol Rev. 25. 77-99. 196].
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ﬂﬁN‘ﬁ 5-3
Functions of Surface Structures of Bacterial Cells
STRUCTURE FUNCTION CHEMICAL COMPOSITION
Flagella Locomation Protein
Pili Conjugation tube Protein

Cell adhesion

Capsules and extracellular Protective (7) Polysaccharides, polypeptide
material Phage receptors '
Cell adhesion Polysaccharide
Cell wall (gram-positive) Mechanical protection Peptidoglycan, teichoic acids
Phage receptors Polysaccharides
“Wall", outer envelope Mechanical protection Peptidoglycan
(gram-negative) Permeability Lipopolysaccharide
Phage receptors Lipid and protein
Plasma membrane and Permeability Lipid, protein
Mes0sOMmes Biosynihesis

F:lectron transport
Chromosome anchoring
and partition

SOURCE: M. R. J. Salton, ‘*Molecular Bacterioligy,” in J. B. G. Kwapinski et al.,
Molecular Microbiology, Wiley, New York, 1974.
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Eﬂ‘" 5-19 Formation of bacterial protoplasts or sphero-

* plasts: (A) schemalic version. (B) Slages in the develop-
ment ol spheroplasts by one species of Proteus. (1} A
single cell of a species of Proteus is shown after 30 min of
contact with penicilin. (2) The cell wall has become
woakened after 60 min of penicillin contact, and the
cytoplasm has started to penetrate the cell coat in the
middle portion. (3} Within 80 min after contact with
#enicillin, the cytopiasm, held intact by only the cyto-
g-asmic membrane, has almost been exiruded into the
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surrounding rnedium. (4) After 120 min, the original cel
has disappeared: two spheroplasts have formed. which,
when propagated in this stale, constitute L-phase growth
of a species of Proteus. {5) Five hours alter peniciliin
contact occurred in a hypotonic medium, one spheroplast
has swollen into a giant cell with immense vacuoles.
However, it is still. viable and revertible to the original
organism. (From Physicians Bull, April, 1963; £ Lilly ang
Company.)
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loreta txponded Y, .

T ang rubules
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71]4
l N 5-20 Bacternal mem-

branes. (A} Dragram show-
ing the development ol a
mesosome as deduced Irom
seral sectiormmg of 8-4-
chenormis Lamellar mem-
brane accumulales, leading
e an invagination of the cy-
topiasmic membrane. The
iameliar membrane then ex-
pands into tubules and ves-
icles [x} The invaginated
cytoplasmic membrane
forming the sac of the
measosome; (y} internal
membranes are also
formed. (From H. J. Aogers,

Bactariol Rev, 34194,
1970.) (B) Mesosome struc-
ture in a bacillus as demon-
strated in an electron mi-
crograph of an ultrathin
section. (Courtesy of A.
Ryter and C. Frebel } (C)
Cytomembranes of Nitroso-
cystis aceanus. (Courtesy of
8. W. Watson.}
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CYTOPLASMIC INCLUSION'
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vasfawmdavsiiia metaphosphate W8% polyphosphate Wanfiowdadwnmngsles
ﬁ’nwuluwﬂﬁﬁwmwﬁ@ua:ﬁﬁﬂmumnéumsjawqmaawaﬁﬂssnaué’wﬁ'ﬂmﬁm
VBJ polymerized f-hydroxybutyric acid ﬁﬂ%tﬁ@mma’]iﬂi:ﬂﬂﬂ polysaccharide LT
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JUN 5-21 ¢)ocieon mic

crograph of a thin section
ot Thiobacillus thioparus
showing polyhedral inclu-
sion bodies. (Courtesy J. M.
Shivley, G. L. Decker, and
J. W. Greenawalt, J Bacter-
iol, 101:620, 1970.)
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31]“ 5-22 Polyphosphate granules

in Desulfovibrio gigas as reveaied by
several different microscopic tech-
nigues. (A) Phase contrast light micro-
graph of D. gigas showing granules of
refractile bodies. x 1.800. (B) Electron
micrograph of D. gigas showing intra-
celluar polyphosphate granule (dark
body). x 3.800. {C) Electron micro-
graph of a stained section of D.gigas
showing large dark polyphosphate
granules. x 12.000. (D) Zlectron micro-
graph of Isolated polyphosphate gran-
ules. x 28,000. (From H. £ Jones and
L A. Chambers. J Microbiol 89:67,
1975.)
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514
7] 5-23 ~Electron mi-

crograph of thin section of
Bacillus subtilis showing
nuclear material (light-
appearing areas) in addition
to cell wall, cytoplasmic
membrane, mesosome, and
initial stage of cross-waii
formation, x 35,000. (Cour-
tasy S. F. Zane and G, 8.
Chapman, Georgetown Uni-
) versity.}
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i, cobcells grown on u medium con-
twining thymidine lebeled wilh the
rudicactive hydrogen isolope tritium.
it wus spread on g sensitive photo-
gruphic plate and the radioactive
“track’ of the molecule detecled mi-
croscopically. This DNA molecule is
undergoing replication. From |. Cairns,
Screntific American, jenuary 1966.
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MYIMAAIRNS (antomy) V84 Bacillus spp, WS Clostridium spp. WAITH Y19
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ﬂai
| N 5-25 piagrammatic
summary of sporulationna
Baciilus species Membrane
and associated mesosomes
are shown n blue O-l, tran-
sition from replicating cell
lo axial stage. 2. 3 and 4
slages in forespore devel
opment At stage 4 the cell
becomes “committed” lo
proceed lo 8 Thus a cell al
stage 3 can be returned 10
the vegetative form by fresh
medium (E Young. unpub-
lished) Stage 5, cortex de-
velopment commences
(doffed fine} and continues
through 6 when the coa’
protein 1s deposited. Stage
7 15 characterized by a de-
hydration of the spore pro-
toplast and an accumula-
tion of DPA and calcium in
the spore. Stage 8, com-
plete refractitity, a lytic en-
zyme acts lo release the
spore. Also shown are ger-
mination A: outgrowth lo a
primary cell B; from which
the cell may. under special
condittans, enter sporula-
tion by a shortcut C, “the
microcycle,” but normally
undergoes logarithmic
growth (spiral arrow)
[From Philip Fitz-Jameas and
Elizabeth Young, G. W.
Gould and A Hurst {eds.},
The Bacterial Spore, Aca-
demic. New York. 1969; by
permission.)
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A

Eﬂ“ 528 Lirastructure changes in an anaerobic ba-
cilys during spurulation (A] Longstudinal section of ceif
ifrom B h culture) showing the axial disposition of ils
nuckear materyd {Nu) during the vvhal stage of sporula-
ton. Mesosaine (M), Except where indicated otherwise,
marrers represgnt 0.2 rn. (A7) Enlarged longitudinai
section showing the two layers {arrows) of the cell wall,
Marker .epresents 0.1 pme. (B') Oblique section showing
the surface pattern on the outer ceil wall. (8) Longitudi-
nat section of cell (6-h culture) showing slight invagina-
tions (arrows) of the piasma membrane near one pole
during the early part ot spore septum formation. (C)
Longitudinal section of call (8-h cuiture) with a com-
pleted spore septum (arrows) (D) Longitudinal section
of cell {10-h culture) during the early phase of forespore
enguliment. Mescsomes (M) are present al the periph-
ery of the septum. (E} Longitudinal section of cell (10-h
culture) after completion of forespore enguitment. Sub-
stantial cortex {Cx) has formed, and sevaral pieces of
spore coat (C) are present at the mother-cell end of the
spore Mesosoimes (M} are present in the nonsporulat-
ing portion of tha cell. (F) L ongiudiral saction of celt
(16-h cuiture) showing advanced stages in formation of
spore coat {C) and cornex {Cx} Early axcsporium forma-
tton is indicated by the thin fongitudinal fissure, slarting
at the polar end of the celt, betwean the sporangial
mainbrane and the cytoplasmic material around the
spore protoplast {G) Oblique section showing topside
view of the discrete spore c%t iragments (arrows). (H)
Loungitudinal section of cel {16-h cullurej showing en-
circlament of the corlux (Cx) following coalascence of
spore coat {(C) preces. Development of the exospornum
{E¥) is quite advanced at this slage. (1) Longitudinal
section of celt {16-h culiure) coniaining 8 mature spore
(S) with a lully developed axosponum (Ex). {J) Cross
section of a mature spore (S) showing the convoluted
axosporium {arrows) within the intact cell wall (Cw) of
the sporangium. (From Miura Santa, Hans R Hohl, Hil-
mer A Frank. J Bacternol 9825 19683 )
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3 n 5-27 Germinating

of the severud spoie coat

spore 1roin cultura of Bacd- appear at the ends of thy
lus mycoides (A) grown 2 h vegetative call. (SAB photos
at 35°C (=« 44,000} and (B) LS 205 and 204 from G
grown 1%, h at 35°C Knayst, 7. F Bakar, and J

{x 46,000) The two halves Hither, J Bacturiol, 583 525,
1947.)
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