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apter 3

microbial cell structure and function

Procaryotic microorganism

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

Rogers
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Pneumococci

Bronchus

Bronchiole

course of bacterial pneumonia. As the pneumococcus traces a pathway down the respiratory tree, it provokes intense inflammation
| exudate formation. The blocking of the bronchioles and alveoli by consolidation of inflammatory cells and products is evident.
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(d) Hyphomicrobium (e) Walsbv’s square archaeon

(f) G. ferruginea

Figure 3.2 Unusually Shaped
Procaryotes. Examples of procaryotes
with shapes quite different from bacillus and
coccus types. (a) Actinomyces, SEM
(X21,000). (b) Mycoplasma pneumoniae, SEM
(X62,000). (c) Spiroplasma, SEM (X13,000).
(d) Hyphomicrobium with hyphae and bud,
electron micrograph with negative staining.
(e) Walsby's square archaeon. (f) Gallionella
ferruainea with stalk.
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Specimen Approximate diameter or
width x length
in nm
Oscillatoria
Red blood cell 7,000
E. coli 1,300 = 4,000

Streptococcus 800-1,000
Poxvirus 230 = 320
Influenza virus 85

T2 E.coli bacteriophage 65 x 95
Tobacco mosaic virus 15 = 300
Poliomyelitis virus 27
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Streptococcus agalactiae, the cause of Group B
streptococcal infections; cocci arranged in chains; color-
enhanced scanning electron micrograph (5%X4,8001Z).
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Figure 3.17 Gram-Positive and Gram-Negative Cell Walls. The gram-positive envelope is from Bacillus licheniformis (left), and

the gram-negative micrograph is of Aquaspirillum 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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o UDP derivatives of NAM and o NAM-pentapeptide is transferred o UDP transfers NAG to the bactoprenol-NAM-
NAG are synthesized (not to bactoprenol phosphate. They pentapeptide. If a pentaglycine interbridge is
shown). are joined by a pyrophosphate required, it is created using special glycyl-tRNA
bond. molecules, but not ribosomes. Interbridge
UDP—NAM formation occurs in the membrane.
L-Ala L-Ala
eSequential addition of amino
acids to UDP-NAM to form the
NAM-pentapeptide. ATP is used 0-Glu
to fuel this, but tRNA and oAl Cycloserine © The bactoprenol carrier transports the
ribosomes are not involved in completed NAG-NAM-pentapeptide
forming the peptide bonds that e L-Lys (DAP) / repeat unit across the membrane.
link the amino acids together.

p-Ala—Dp-Ala

Lipidl UDP—NAG Lipid 1I

Bacitracin

Periplasm ®®  Ppeptidoglycan — NAM—NAG
Pentapeptide

Vancomycin

e Peptide cross-links between peptidoglycan °The bactoprenol carrier moves back oThe NAG-NAM-pentapeptide is attached

chains are formed by transpeptidation across the membrane. As it does, it to the growing end of a peptidoglycan
(not shown). loses one phosphate, becoming chain, increasing the chain's length by
bactoprenol phosphate. It is now one repeat unit.

ready to begin a new cycle.

Figure 10.12 Peptidoglycan Synthesis. NAM is N-acetylmuramic acid and NAG is N-acetylglucosamine.The pentapeptide contains L-
lysine in Staphylococcus aureus peptidoglycan, and diaminopimelic acid (DAP) in E. coli. Inhibition by bacitracin, cycloserine, and vancomycin
also is shown.The numbers correspond to six of the eight stages discussed in the text. Stage eight is depicted in figure 10.14.
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o - T e Christian R.H. Raetz,” C. Michael Reynolds,
NH; 0)\ H -
a o we TR M. Stephen Trent,? and Russell E. Bishop’
OH . HOAoH .
e :EP.M.A,“FN 'Department of Biochemistry, Duke University Medical Center, Durham, North
AmB k:::::"m“ Carolina 27710; email: raetz@biochem.duke.edu, mikereyn@biochem.duke.edu
. . co, 0"‘° i y a1 . 2nape "N zDepartment of Biochemistry and Molecular Biology, Medical College of Georgia,
M —— 3 = D ~ S "o;% Augusta, Georgia 30912; email: strent@meg.edu
"IC ermins) "1 torminus) e > Department of Biochemistry and Biomedical Sciences, McMaster University,
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The Protein Secretion Systems of Gram-Negative Bacteria.
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Cell Envelopes of Archaea. Schematic representations and electron
micrographs of (a) Methanobacterium formicicum, and (b) Thermoproteus tenax.
CW, cell wall; SL, surface layer; CM, cell membrane or plasma membrane; CPL,
cytoplasm.
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& LAIZE (L-form of bacteria)

MEEERFELGT (ZREFHEEZAN) B R REETH KN R
%V Aa B S R BE R TG AT R A

(F#EEZH1E (Lister) TFHARFIE LRI TEL, 1935F £ &%k
WEAELN, EREAMTE. THEAE. HHKE. &XKE. 2K
HEAEANEE20LHAE 8 L)

& LA EEMBIINAME, AREZHS;
T e BB AEEE, WOUK IR .
& STBEBUR, TEEGESRE EER “HATE”
IR/ E%E (ERE).ImMmESR) . Joseph Lister (1827~1912)
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| B A= 20 B BE B BT Y R B X e
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= REEAEL K.

Penicillin inhibition

of wall synthesis.
Incubation in isotonic
medium

Protoplast

& SRR AFRUBR, KREEE. &Y. HOEEES
FH 55 EREBH;

4 fkg@fgibﬁﬁiﬂﬁﬁﬁ% EARGEZS), WABAHSIBRE

& EBEEFZN (WmEERE) TAKEH. BREE,
e RIKE A BRI IE R 451

& HIEEHHRERHEE S I ANINRREYR, &
Wt FUBR A RN AT SR AL A B P i R A7 SERR AL

Transfer to Swelling due
dilute medium to H,0 influx Lysis
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& LRI (steroid)

BV S B A VIR X 5wl R FL 4B A — AN & (S B2
SRS

> BRZEYRAEESSE MRS (Hopanoids) TG & B
RYIF, RAMWAERKEEREZ —.

HO

(a) Cholesterol (a steroid) is found in eucaryotes

> FOME I e — A AT R (steroid) 25 RETIR o
I, & B N5%6-250%. XU TR &R T ) V\J\T/H
L T L R Lol

% W2 (polyene antibiotics) # 4 & 7 B IL & & EE Y
261 8 FE

(b) A bacteriohopanetetrol (a hopanoid), as found in bacteria
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3.14/EER (prokaryotic cytoskeleton)

B (microfilaments) . #HA% (intermediate
filaments) « % (microtubules) =#4-HI R B LG,
LR ARAERNREEF. EHEEHEAE XM

g > BEEMAR
w % 5L
> REElES.

(a) (b)

N e A  Figure 312 The Procaryotic ytoskeleton. Visuaization o

Procaryotic Protein (Eucaryotic Counterpart) Function Comments the MreB-like cytoskeletal protein (Mbl) of Bacillus subtilis. The Mbl
FisZ (tubulin) Cell division Widely observed in Bacteria and Archaea protein has been fused with green fluorescent protein and live
MreB (actin) Cell shape Observed in many rod-shaped bacteria; in Bacillus cells have been examined by fluorescence microscopy. (a) Arrows

subtilis is called Mbl ¢ >
Crescentin (intermediate filament proteins) Cell shape Discovered in Caulobacter crescentus pointto the helical cytoskeletal cables that extend the length of

the cells. (b) Three of the cells from (a) are shown at a higher
magnification.
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> PHBT 1929 # £, 4L XI60E L E
HA 2 T BE A R R T R

> EAFHAEESCRB T RNEREFT A
KB, 28 P R BYPHB ] 34 H T & #960%.

Electron micrograph of Bacillus megaterium (30,500).
Poly-B-hydroxybutyrate inclusion body, PHB; cell wall,
CW; nucleoid, N;plasma membrane, PM; esosome,” M;
and ribosomes, R.
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& KBk (carboxysomes)
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& S (gas vocuoles)

WL HEEFE. THEEIIRKENE P EERTEHT
BRRERATY, K/NN0.2~1.0umX75nm, HHE
FRE A NERAR, SMF2nmBEREAREEE.

Theg: 5400 b E DUE 40 R E R BOE K B R IREUBRE
O FEFHYIHK .

Figure 3.14 Gas Vesicles and Vacuoles. A freeze-fracture
preparation of Anabaena flosaguae (% 89,000). Clusters of the
cigar-shaped vesicles form gas vacuoles. Both longitudinal and
cross-sectional views of gas vesicles can be seen (arrows).
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> EHEAEEREYF, ERNAR—EEEB R
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> EZRREaAREESEHEH, ML EH
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DNA fibers

Membrane
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GIPOE
FEASIAET, RECRAERE, W

EHRBEI] (Planctomycetes) K4
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FRAFAE.

An electron micrograph
of

Gemmata obscuriglobus
showing the nuclear

body
envelope (E).
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3.6 fi-F (spore)

> RTRIREB RN,
2 1 B A ML TR
Muty, A THRAT I
KA A — PR

> FOT I8 R HE B R
A g, RART L,

> RTLHTE, RTORE
s, RIRAE AR
L%

> FE SRR T

Micrebi:: s

Figure 24.3 Examples of
Actinomycete Spores as Seen in the
Scanning Electron Microscope.

(a) Spores of Pilimelia columellifera on mouse

hair (X 520). (b) Micromonospora echinospora.

(c) A chain of hairy streptomycete spores.
(d) Microbispora rosea, paired spores on
hyphae. (e) Aerial spore chain of
Kitasatosporia setae.
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> FERFAER TDNA. RNAKEES, &8 KEKEERK
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\ Exosporium

= AT s

Figure 3.47 Endospore Structure. Bacillus anthracis
endospore (X 151,000).
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Figure 3.46 Examples of Endospore Location and Size.
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Figure 3.50 Endospore Germination. Clostridium pecti-
novorum emerging from the spore during germination.
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3.8 fEfI K& (parasporal crystal)

Spore Crystal
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J. R. Norris

{¥%€ E%TZFX*JIZOO% ﬂj Eijﬁﬁ;%%% E] é}/‘j %E%‘é%ﬁ; Figure 16.88 Formation of the toxic parasporal crystal in

A, ] EI’]’%‘ iZ;*éF: ’Hé%@ e A B 2 —[%ﬁ%lj )327%_ E}EIJ T I ;tj% the il?St‘fCt Fl’qth()gen Bacillus thuringiensis. Electron micro-
L graph of a thin section.

(R4 By A K 2 —— SR 2R A section
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Richard Unz

FIGURE 17.54 Photomicrograph of a floc formed by Zoogloea
ramigera, the characteristic organism of the activated-sludge proc-
ess. Note the large number of small, rod-shaped bacteria surrounded

by a polysaccharide slime and the characteristic fingerlike projections
. of the fioc. Negative stain using India ink.
(b) Bacteroides

(a) K. pneumoniae
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Pseudomonas aeruginosa Biofilm Infections:
Community Structure, Antimicrobial
Tolerance and Immune Response

Morten Rybtke', Louise Dahl Hultqvist’,
Michael Givskov ''2 and Tim Tolker-Nielsen’

1 - Costerton Biofilm Center, Department of Immunology and Microbiology, Faculty of Health and Medical Sciences, University of

Copenhagen, DK-2200 Copenhagen, Denmark
2 - Singapore Centre on Environmental Life Sciences Engineering, Nanyang Technological University, Singapore 637551, Republic

of Singapore
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(a)

Figure 27.11 The Growth of Biofilms. Biofilms, or microbial growths on surfaces such as in freshwater and marine environments, can
develop and become extremely complex, depending on the energy sources that are available. (a) Initial colonization by a single type of
bacterium. (b) Development of a more complex biofilm with layered microorganisms of different types. (c) A mature biofilm with cell aggre-

gates, interstitial pores, and conduits.
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(c) P. vulgaris—peritrichous flagellation

(a) Pseudomonas—monotrichous polar flagellation (b) Spirillum—Ilophotrichous flagellation
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e N
AF axial fibril
AFE PC OS PC protoplasmic cylinder

OS outer sheath
IP insertion pore

(a2)

Filament

Figure 3.42 Mechanism of Flagellar Movement.
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 (MotA, MotB, FliG, FIiM, FliN).
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Figure 3.42 Mechanism of Flagellar Movement.
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 (MotA, MotB, FliG, FIiM, FliN).
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¢ FBHIRF R

> HREABINAWEHRFAREIH TR E RER;
> HiBREs RN, MAREZH;

> ERTHK, RENEERNHEBNER T BIIPLEE;

> HEBRIBBI B R TR RS, MIRATPHIZKARE
> HEBIERTeT R B AT, AHRUEE;

E. coli motor rotates 270 revolutions per second;

Vibrio alginolyticus averages 1,100 rps.
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Usain Bolt: BXit3k: 9.58%. &HE: ME: =PEEI um/second, EK
1.9k, mR&EE: 5 5&KK/H 0.9um, HHFEEE: 100 EK/P.
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8. BE& (fimbriae)
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Chaperone-usher pili Curli Type IV pili Type Il secretion pili Type IV secretion pili
Escherichia coli Escherichia coli  Neisseria gonorrhoeae  Salmonella typhimurium  Agrobacterium tumefaciens
7-8 nm 4~7 nm 5-8 nm 6-12 nm 8-12 nm
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% P FmC:A \[] &&
ImC:
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£ ° &
PapA ‘i@; Rey,
Prgl
gs ADP+Pi ADP+Pi ATP

ADP+Pi  ATP

Pili and their assembly machineries in Gram-negative bacteria.
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New EMBO Member’s Review

Architectures and biogenesis of non-flagellar
protein appendages in Gram-negative bacteria
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2. 40 HH B 2 L 45 4
9.HF (pilus)

> HiEMR S SR EMEE, EHLEEKL,
HEN—ZDHJLR.

> WEBHEIVA S AT EET;

> — LT E 2 RORA I e T e A R
(BPHEAR) #, Kt EEMHER
% (BIZE®E) . YHAANEHEFEEE
fm, HEWRE, BRI NERAF L E
b, NS4 A&17EA (conjugation) o

> 7 B 5 AL RNAE T 1R BN RF S P R B
AR

M X C r@b i::;;*; 3 |8

. : - . g o *
’ . : ~ . - g FRY W -
2 , .. < . & Beih R -
e . - . L -

Figure 13.24 Bacterial Conjugation. An electron micro-
graph of two E. coli cells in an early stage of conjugation.The F*
cell to the right is covered with small pili or fimbriae, and a sex

pilus connects the two cells.
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A HEEMEREF PR EZKNIG, REMPFRERNFBEZ —, INHHRE
AN R R, RAEMPHEERKRE,

® BEWARA —ERAT AN FRREHERE, 770, ZEGECE, PRER
SEANS5RE, RFSZalRRE. BHeFNER;

& T R w5 K EIDNAR & Flf SR EAE & R TI Z, WREIFURER FHRF ML HER &
& (divisome) WYKUEC, LHEFtsZE aE4 M+ BRI, RAEHROTEEFS;

® WG, REFEAERZEANSET, 2 RE A (divisome) WRE T &, A/EERY
B, ISR, GRIBATREAE KM, RSB, KATNEHFERNTHHE,

A EE. col iFMMEEFRATER. subtilisRARBE L RUARKRE .
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2. 25 (budding)

S B SEAE I R K H — AN RGE,
RIERERR, BEHHEL AL,

RIETE BCAMOL AR, BRI FR
REAME (budding bacteria)

REBFEBEHANE, PBEBEELET,

"--.l Ny
. Lasvs
Sl . ¥ ’
o -
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2, .

U LS ke \'-‘.'."‘:.:)’ e 3 NPT e VT
o "“"} = AZE e Y s dd &.“ . <.‘ y ‘\“"' é ' ‘.‘; i ¥ .; 3

Figure 22.5 Prosthecate, Budding Bacteria. Hyphomicrobium
facilis with hypha and young bud.


http://baike.baidu.com/view/2079572.htm
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The Life Cycle of Hyphomicrobium. Swarmer cell
with subpolar
to lateral
flagellum (one
to three)

New nucleoid
moving into
Hypha ~ MYPha

Hypha lengthens more and
produces another bud.
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2. %A Y 2R

& 555 (Streptomyces)

> S EWE (Streptomyces) H*£500% #, BA—LEEF I N TR AfEFE, BEvEE
EKEGKERK., BARTHWNLIEF, TEFUNMEYN VHEFE, T LEFHREZDN
mEY ., BEEHSELEE (geosmin) KT HIELL LB,

> REWAEAWYL, REWLMRTL, Forefdy. BRErr a2l =MEL,
e %, tARREMRS T, ERAEKR—BRAAEAWYL, RIAKLLFRT.

> HEWREENMAEMNTIER, EXAFWTBAEL TR, LEEFERNAEFFH,
SONLE £ RETREY, RAMRREAEBEENALE, KTAK. ZD%. Eh
. REAE. BMRERES TEAEANESLNE, #5 %R #HSelnan Waksman X
PR Y A E “antibiotic” —H, AAKB19524 3 MRK,

> REE8ER: Streptomyces coelicolorse 5% WA % B BB A B %
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Growth of Streptomyces coelicolor
on a solid substrate

Smooth spores of S. niveus

Spiney spores of S.
viridochromogenes.

M x C r@b i::;;‘; 3

Warty spores of S. pulcher
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€541 (Cyanobacteria) 184 % # (blue algae) S 4% (blue-green algae) .
BEoREEHANE, THE, 2EELTEE, JTHITFALGERANARFEZEH;

> BEWEAHKE T KAWAR, AFAEMAHEICET &4, F “LEEM” ZF5;
> | &R E AL,

(a) Chroococcus turgidus (b) Nostoc
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RUNES

(c) Oscillatoria (d) Anabaena spiroides and Microcystis aeruginosa

Figure 21.8 Oxygenic Photosynthetic Bacteria. Representative cyanobacteria.(a) Chroococcus turgidus, two colonies of four cells
each (X600). (b) Nostoc with heterocysts (X550). (c) Oscillatoria trichomes seen with Nomarski interference-contrast optics (X 250). (d) The
cyanobacteria Anabaena spiroides and Microcystis aeruginosa. The spiral A. spiroides is covered with a thick gelatinous sheath (% 1,000).
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G

legy

E IR EF

Glycogen
granules

Plasma membrane

Phycobilisome
row
(side view)

Phycobilisome

row
(front view) Polyphosphate
granule
Cyanophycin Lipid
granule
Nucleoid or
nucleoplasm
Cationysane Phycobilisomes |
Ribosome
Cell wall Thylakoids
Figure 21.11 Bloom of Cyanobacteria and Algaeina P Gas
Eutrophic Pond. membrane s
um .
EREMAREREEETRN @ ®
HIE T R Y A
,/& }l:; ( b ]. OOIII) o Figure 21.7 Cyanobacterial Cell Structure. (a) Schematic diagram of a vegetative cell. The insert shows an enlarged view of the

envelope with its outer membrane and peptidoglycan. (b) Thin section of Synechocystis during division. Many structures are visible.
(a) Mustration copyright © Hartwell T. Crim, 1998.
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(a) Cylindrospermum (b) Anabaena

Figure 21.9 Examples of Heterocysts and Akinetes.(a) ¢ylindrospermum 7t 5 % i
( heterocysts) (H)FIV A5 EF ST (akinetes) (A) (X500). (b) Anabaena (¥) 5 M.
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2. B YIRS
& FEMPAE: EXKAE, R, A TRESHEZE, REEHIE,
FEETHRREERREE, BTHEASN (Mollicutes) .

> X JEAR (mycoplasma) s, b, MHES KB e E R
N, DL TR, AN, 2N K E 15,

(b)

Figure 23.3 The Mycoplasmas. Electron micrographs of Mycoplasma pneumoniae showing its pleomorphic nature. (a) A transmission Flgure 234 Mycoplasma Colonles. Note the f”ed-egg

electron micrograph of several cells (X 47,880).The central cell appears flask or pear-shaped because of its terminal structure. (b)A scanning appearance, colonies stained before phOtogfaphiﬂg (X ]OO)-
electron micrograph (X 26,000).
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O K5 (Chlamydiae) : RB—3& 178 ERLMA & A4 BRI /N 3 22 R MG .

e L&
Figure 21.13 The Elementary body Reticulate body (initial body)
< M Size about 0.3 um Size 0.5-1.0 um
Chlam dlal Llfe . igid cell w. Fragile cell wall
| y 8% orl R - o O
¥ 2 Resistant t in Lysed by trypsin
Cyc e : R;:SA‘:DNA:():::: =1:1 R{lA:DNAcontent-Sﬂ
[ s Toxic for mice Nontoxic for mice
elementary bOdleS (EB) Isol:ted orgaru'smsinfectiws. ls:‘atedor‘;z?nismsnotinfectious
Iarger retlculate bodles ?\ Adapted for extracellular survival Adapted for intracellular growth
(RB), and an é;, ;

Plasma RB undergoing Lysed phagosome
|ntermed|ate bOdy (IB) = memb;ane Phagosome binary fission and plasma membrane
betweenEB and RB. Tas 5| e , ,..\ \:.
The RBs accumulate N N % |
high concentration of ?"5’4\ » 33 ’/
ribosomes. g-@?’ @ Ll | | 1 | | | 1
. ° 0 2 6 12 18 24 30 36 42 48

> infectious cycle of Hours after infection

chlamydiae. @ ()
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o LR, B TC IR R AE A B BE R

Rz FEE A%, 1HREA RDNA. RNA. & B A %,
= REeRHE,

X A 1 2 T B A A R R 2 A AR

# B (elementary body ) Ae#f{K (initial body)
K E & (intermediate body) :%Q
L8 EHE, ¥KJEMA ( Chlamydia psittaci) #F % & A FE A\ ; —_

GRS B ER (1897.7.23—1958.9.30)

1955 H R 0B HPB KR EWAR (Chlamydia trachomatis ) !

Y VY
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¢ kIR (Rickettsia) : RETHRNFEMAE, FHMREE,
THEE, FEZRHTERLE.

FE B

> R A, TR

> MRS, BE, R, R, ARALHK;

> A HfEE, LPSATTE £ i E

> M”V\ﬁifﬁﬁ§£ Aﬁ“fmsdﬁf

>ﬁﬁ?% %ﬁﬁL@,%.@ﬁ“%ﬁ%%%.ﬁ;
> NI EMEFEZ G

> XTI, 563 K E 30441 T R AL

> 3 IR AR A IR Fu GRS 5 49 B He 1 a 48 BEL# o

HAAL90F AR E L LIEZ 1 E (Rocky Mountain typhus ) TEk H & 4B = E A
FH.T.Ricketts (1871-1910) , &% 4=,
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(a) (b)

Figure 22.4 Rickettsia Rickettsial morphology and reproduction. (a) A human fibroblast filled with
Rickettsia prowazekii(x1,200).(b) A chicken embryo fibroblast late ininfection with free cytoplasmic R. prowazekii(x13,600)
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