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the growth and control of microorganism

the paramount evo[utionary accomp[ishment of bacteria as a group is rap id, eﬁiczient cell

growth in many environments —J. L. ]ngraham, 0. Maalee, and F. C. Neidhardt
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Figure 5.1 Binary Fission.

(a) A young cell at early phase of cycle

(b) A parent cell prepares for division
by enlarging its cell wall, cell
membrane, and overall volume.

(c) The septum begins to grow
inward as the chromosomes move
toward opposite ends of the cell.
Other cytoplasmic components are

distributed to the two developing cells.

(d) The septum is synthesized
completely through the cell center,
and the cell membrane patches
itself so that there are two separate
cell chambers.

(e) At this point, the daughter cells
are divided. Some species

separate completely as shown here,

while others remain attached,
forming chains, doublets, or other
cellular arrangements.

[]cell wall
Cell membrane
(O chromosome 1

O Chromosome 2
@ Ribosomes
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Origin of replication Initiath Diivisi
length — ofdivision —— proteins and
reached process septum precursors
Replication Septation ——= Division
begins
Initiation Initiation DMA replication and partition Partitioned
mass —= of DNA =  DNA
copies

reached replication

Replisome
y ' ' '
o 0 20 40 6(
Time (minutes)
Chromosomes yirs
separate Origins
separate

e : — Figure 6.2 The Cell Cyclein E.coli. A 60-minute interval between divisions has been assumed for purposes of simplicity (the actual time
' /‘ between cell divisions may be shorter). E. coli requires about 40 minutes to replicate its DNA and 20 minutes after termination of replication to
. Cell elongates as pea— prepare for division.The position of events on the time line is approximate and meant to show the general pattern of occurrences.

replication continues
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Function

Anchors Z ring to plasma membrane

Unknown

Coordinates septation with
chromosome segregation

} Unknown

Peptidoglycan synthesis

FtsN Unknown

AmiC Hydrolysis of peptidoglycan
to separate daughter cells

MinCD

D T

(a) (b)

ﬁ;ﬁ 5 J// Figure 6.4 Cytoskeletal Proteins Involved in
(ia Cytokinesis in Rod-Shaped Bacteria.
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Protists
Table6.2 | Examples of Generation Times® Tetrahymena geleii 924 99_49

Incubation Scenedesmus quadricauda 25 5.9
. ‘ Temperature l‘iieneratiun Chlorella pyrenoidosa 25 7.75
Microorganism (*C) Time (Hours) Asterionella formosa 20 0.8
Bacteria Leishmania donovani 26 10-12
Beneckea natriegens 37 0.16 Paramecium caudatum 26 10.4
Escherichia coli 10 0.35 Euglena gracilis 25 10.9
Bacillus sublilis 40 0.43 Acanthamoeba castellanii 30 11-12
Staphylococcus aureus 37 0.47 Ciardia Jamblia 37 18
Pseudomonas aeruginosa 37 0.58 Ceratium tripos 20 22 8
Clostridium botulinum 37 0.58 Fungi
Rhodospirillum rubrum 25 4.6-5.3 Saccharomyces cerevisiae 30 2
Anabaena cylindrica 25 10.6 Monilinia fructicola 25 30
Mycobacterium tuberculosis 37 =12

Tmpﬂnema Fa,f,fjd'um 27 a9 * Generation times differ depending on the growth medium and environmental conditions used.
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FEAEET- B R E Figure 6.9 Prolonged Decline in Growth. Instead of a
i%%é’l\%%%ﬁ f‘ﬁ%ﬂfﬁﬂ;ﬁjﬁd ’ distinct death phase, successive waves of genetically distinct

subpopulations of microbes better able to use the released
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nutrients leaking from change in environment
dead siblings (e.g., animal passage)



T E w B F bk X

chool of Life Science

i 5.1 AR AEK

& AEYEKFNE (measurement of microbial growth)
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Calculation: Number of colonies on plate x reciprocal of dilution of sample = number of bacteria/mil “
(For example, if 32 colonies were on a plate of /1000 dilution, then the count is 32 x 10,000 = 320,000/ml in sample.) A
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R FREESR, 24N EGTHAE S

> / y) removed and

i Membrane filter
Water sample placed in plate
Membrane filtered through p containing the
filter on a membrane filter appropriate — Incubation
filter support (0.45 um) : medium < 2 for24 hours € = Typical
—_— “‘ | > i/ colonies
i | ¥ 3 ‘{l‘ %
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Figure 6.13 The Membrane Filtration Procedure. Membranes with different pore sizes are used to trap different microorganisms.
Incubation times for membranes also vary with the medium and microorganism.



£ owm B % kK X

School of Life Science

=

(b)

Figure 6.14 Colonies on Membrane Filters. Membrane-filtered samples grown on a variety of media. (a) Standard nutrient media for
a total bacterial count. An indicator colors colonies red for easy counting. (b) Fecal coliform medium for detecting fecal coliforms that form
blue colonies. (¢) Wort agar for the culture of yeasts and molds.
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/Control valve
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Air SA:

filter . U
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(3
Cocooooccecoo0d

Receptacle

(a) (b)

Figure 6.11 A Continuous Culture System: The Chemostat. (a) Schematic diagram of the system. The fresh medium contains a limiting amount
of an essential nutrient. Growth rate is determined by the rate of flow of medium through the culture vessel. (b) A commercial fermenter that may be
used as a chemostat. The fermenter uses 0.75 to 1.5 liter culture vessels, and factors such as temperature, pH, and oxygen concentration can be
regulated during growth.
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Figure 6.16 A Continuous Culture System:The Chemostat.
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Table 6.3 Microbial Responses to Environmental Factors

Descriptive Term Definition Representative Microorganisms

Solute and Water Activity

Osmotolerant Able to grow over wide ranges of water activity or Staphylococcus aureus, Saccharomyces rouxii
osmotic concentration

Halophile Requires high levels of sodium chloride, usually above Halobacterium, Dunaliella, Ectothiorhodospira
about 0.2 M, to grow

pH

Acidophile Growth optimum between pH 0 and 5.5 Sulfolobus, Picrophilus, Ferroplasma, Acontium,

Cyanidium caldarium

Neutrophile Growth optimum between pH 5.5 and 8.0 Escherichia, Euglena, Paramecium

Alkalophile Growth optimum between pH 8.0 and 11.5 Bacillus alcalophilus, Natronobacterium

Temperature

Psychrophile Grows well at 0°C and has an optimum growth Bacillus psychrophilus, Chlamydomonas nivalis
temperature of 15°C or lower

Psychrotroph Can grow at 0-7°C; has an optimum between 20 and Listeria monocytogenes, Pseudomonas fluorescens

30°C and a maximum around 35°C

&3 I‘§ g y
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Mesophile

Thermophile
Hyperthermophile
Oxygen Concentration
Obligate aerobe

Facultative anaerobe

Aerotolerant anaerobe

Obligate anaerobe
Microaerophile

Pressure
Barophilic

Has growth optimum around 20-45°C

Can grow at 55°C or higher; optimum often between
55 and 65°C

Has an optimum between 80 and about 113°C

Completely dependent on atmospheric O, for growth

Does not require O, for growth, but grows better in
its presence

Grows equally well in presence or absence of O,
Does not tolerate O, and dies in its presence

Requires O, levels below 2-10% for growth and is
damaged by atmospheric O, levels (20%)

Growth more rapid at high hydrostatic pressures

M X crébi

Escherichia coli, Neisseria gonorrhoeae, Trichomonas
vaginalis

Geobacillus stearothermophilus, Thermus aquaticus,
Cyanidium caldarium, Chaetomium thermophile

Sulfolobus, Pyrococcus, Pyrodictium

Micrococcus luteus, Pseudomonas, Mycobacterium;
most protists and fungi

Escherichia, Enterococcus, Saccharomyces cerevisiae

Streptococcus pyogenes

Clostridium, Bacteroides, Methanobacterium,
Trepomonas agilis

Campylobacter, Spirillum volutans, Treponema
pallidum

Fhotobacterium profundum, Shewanella benthica,
Methanocaldococcus jannaschii
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| ution ] ==
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Table6.4 | Approximate Lower a,, Limits for Microbial Growth

% Water Activity Environment Procaryotes Fungi Photosynthetic protists
q 1.00—Pure water Blood { Vegetables, Most gram-negative bacteria
% Plant wilt | meat, fruit and other nonhalophiles
=z

Seawater
ﬂ: 0.95 Bread Most gram-positive rods Basidiomycetes Most genera
% 0.90 Ham Most cocci, Bacillus Fusarium

Mucor, Rhizopus
ISE Ascomycetous yeasts
‘FEIJ 0.85 Salami Staphylococcus Saccharomyces rouxii
(in salt)
w 0.80 Preserves Penicillium
0.75 Salt lakes Halobacterium Aspergillus Dumnaliella

oy Salted fish Actinospora
T 0.70 Aspergillus
% Cereals, candy, dried fruit
E@ 0.60 Saccharomyces rouxii

Chocolate (in sugars)
A 3 Honey Xeromyces bisporus
L Dried milk
—& 0.55—DNA disordered

Adapted from A D. Brown, “Microbial Water Stress,” in Bacteriological Reviews, 4004):803-846 1976. Copyright © 1976 by the American Society for Microbiology. Reprinted by permission.
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3. pH
P #&&%ﬁﬁ&&iﬁﬁ%ﬁ%

AL bl o , RE; | > POrERE A NENE TR

RRBUEES. B KB s m 7 _

> BOW R FhEE K VE > pHIED. 0-6, AW REHNE 3
MR E: &/&K—RF|IHWT C

> WY IRE M S5 B A kA

‘ > SpHfK T4 5 EME, 4

> YIRS EE ; B 5 & B #18 (chaperone) ! ! A
B A R, 2K T AR BR R T

- ST L A B, fr A o

® AKMAEMEYHEKWPHER T, H4KAFpHEHER FHE (EREKREY . BREREY) ;
® MAMARWPHIAZRS. 544, MAEMELAT;
® MAMMIEN WK LI R T WplE, BEFMBR _SFRZW,
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pH=7.0 Actinomycetes
Some_grchha_:aa pH—4;6 Bacteria Like weak basic }
Acidophiles neutrophiles alkalophiles
\ \ A
\{
74 0 5.5 7.0 8.0 Vi
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PAERESH
Streptomyces griseus (IR 55 H)
Saccharopolyspora erythraea (4.5 ZFEZ )
Penicillium chrysogenum (F=i5H 5 H)
Streptomyces aureofaciens (&% Z 555 )
Streptomyces rimosus (2555 )
Penicilium griseofulvum (K735 %)

6.3-6.9
6.6-7.0
6.5-7.2
6.1-6.6
6.0-6.6
6.4-7.0

M XCI”@b ii::sii’;-i I‘»ng

A K &iEpH A RPTERFIRIEPH

6.7-7.3
6.8-7.3
6.2-6.8
5.9-6.3
5.8-6.1
6.2-6.5
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ToHlE: .
NaNOs ROt L NaOH
Ebr:  ERBEA AN
pHATY TR InAEERME, BREESE
DEJN

REARES . JNERIR, FEEESE
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4. -‘ZHE]I]‘)E Optimum
& BRI A R -

bH)
7

3
D BB g
e 3 >
2) BN R AE e 2
Minimum Maximum ;2
3) BMYIR KRR | ]
Temperature I T T I
BB AN K REBTNTR, 0 . s 7
Gl éj\ 75 u;g J/‘q\ . % ,réJE .;;g ‘//‘q\ . ”/’% e Figure 6.20 Temperature and Growth. The effect of Temperature ()

Sy t t wth rate.
T, MBI R AR KA FTPRIETHE on AT

v £KBEE=EK (cardinal temperatures) : H{& (minimum) | &i& (optimum) . &H& (maximum)
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Temperature Ranges for Microbial Growth

Cardinal Temperatures (°C)

Microorganism Minimum Optimum Maximum
Nonphotosynthetic Procaryotes

Bacillus psychrophilus —-10 23-24 28-30
Micrococcus cryophilus —4 10 24
Pseudomonas uorescens 4 25-30 40
Staphylococcus aureus 6.5 30-37 46
Enterococcus caecalis 0 37 44
Escherichia coli 10 37 45
Neisseria gonorrhoeae 30 35-36 38
Thermoplasma acidophilum 45 39 62
Bacillus stearothermophilus 30 60-65 75
Thermus aquaticus 40 70-72 79
Sulfolobus acidocaldarius 60 80 85
Pyrococcus abyssi 67 96 102
Pyrodictium occultum 82 105 110
Pyrolobus fumarii 0 106 113

Photosynthetic Bacteria
Rhodospirillum rubrum
Anabaena variabilis
Oscillatoria tenuis
Synechococcus eximius
Protists
Chlamydomonas nivalis
Fragilaria sublinearis
Amoeba proteus

Euglena gracilis
Skeletonema costatum
Naegleria fowleri
Trichomonas vaginalis
Paramecium caudatum
Tetrahymena pyriformis
Cyclidium citrullus
Cyanidium caldarium
Fungi

Candida scotti
Saccharomyces cerevisiae

Mucor pusillus

ND*

ND

ND
70

—36

4-6
ND

20-25
25

6-7
18
30-34

1-3
21-23

30-35
35
ND
79

5-6
22
23

16-26
35
32-39
25
20-25
43
45-50

4-15
28
45-50

M XCI”@b ii::sii’;-i I‘»ng

ND
ND
45-47
84

8-9
35
ND
=28
40
42
28-30
33
47
a6

15
40
20-58
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1. B ¥ B Psychrophiles grow well at 0° C and have an optimum growth
temperature of 15° C or lower; the maximum is around10° C.

Hyperthermophiles

Thermophiles

2. Many species can grow at 0 to 7° C even though they have optima between
20 and 30° C, and maxima at about 35° C. These are called [} 4 &
psychrotrophs or facultative psychrophiles.

Mesophiles

Psychrotrophs
Psychrophiles

Growth rate

3. BBiE EMesophiles are microorganisms with growth optima around 20 to
45° C; they often have a temperature minimum of 15 to20° C. Their maximum
is about 45°

C or lower |
. . T T | | | | | T T T T T 1
4. Some microorganisms are ;. they can grow at 10 0 10 20 30 40 50 60 70 80 90 100 110 120

temperatures of 55° C or higher. Their growth minimum is usually around 45° C Temperature (°C)
and they often have optima between 55 and 65° C.

Figure 6.21 Temperature Ranges for Microbial Growth.
Microorganisms can be placed in different classes based on their

5.As mentloned_ previously, a f(fw thermophiles can grow at 90° C or_above and temperature ranges for growth. They are ranked in order of increasing
some have maxima above 100° C. Procaryotes that have growth optima between  growth temperature range as psychrophiles, psychrotrophs,
80° C and about 113° C are calledi##&# hyperthermophiles. They usually do mesophiles, thermophiles, and hyperthermophiles. Representative

not grow well below 55° C ranges and optima for these five types are illustrated here.
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6.1 Life above 100°C

Until recently the highest reported temperature for procaryotic growth
was 105°C. It seemed that the upper temperature limit for life was
about 100°C, the boiling point of water. Now thermophilic procary-
otes have been reported growing in sulfide chimneys or “black smok-
ers,” located along rifts and ridges on the ocean floor, that spew
sulfide-rich super-heated vent water with temperatures above 350°C
(see Box figure). Evidence has been presented that these microbes can
grow and reproduce at 121°C and can survive temperatures to 130°C
for up to 2 hours. The pressure present in their habitat is sufficient to
keep water liquid (at 265 atm; seawater doesn’t boil until 460°C).

The implications of this discovery are many. The proteins,
membranes, and nucleic acids of these procaryotes are remarkably
temperature stable and provide ideal subjects for studying the ways
in which macromolecules and membranes are stabilized. In the fu-
ture it may be possible to design enzymes that can operate at very
high temperatures. Some thermostable enzymes from these organ-
isms have important industrial and scientific uses. For example, the
Taq polymerase from the thermophile Thermus aquaticus is used
extensively in the polymerase chain reaction. The polymerase chain
reaction (section 14.3)
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4. B
HE AL
1) BERAEARE TR RAIER
2) SIS HRENAAAIENR, 8RR FIALEE!.

g AL -

1) %A e B R B

2) FENSE, REBRFATEEBEIFINEEREEARENE
HRFER;

3) R4 PR R EH;

4) MEEAERLWEFE R EE R LA ES, Park. The water is at its boiling point and

very rich in sulfur. Su/folobus grows well in
such habitats
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WAV EBREREIRERNA FRERE

AKIRE/C KERE [°C Ri=YiRE [°C
Streptococcus thermophiles 37 47 37
Streptococcus lactis 34 40 FEYN25-30 ; FEFLER30
Streptomyces griseus 37 28 —
Corymebacterium pekinense 32 33-35 —
Clostridium acetobutylicum 37 33 —

Penicillium chrysogenum 30 25 20
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MR SRI%R, TEMAENS N TMER, i i 5
Figure 6.22 Oxygen and Bacterial Growth. Each _ i) o W w

dot represents an individual bacterial colony within the

agar or on its surface. The surface, which is directly Obligate Facultative Aerotolerant Strict Microaerophile
exposed to atmospheric oxygen, will be oxic.The aerobe anaerobe anaerobe anaerobe

oxygen content of the medium decreases with depth

until the medium becomes anoxic toward the bottom of  Enzyme content

the tube.The presence and absence of the enzymes .\ 50D .+ 0D .+ 50D 50D .\ SO0
superoxide dismutase (SOD) and catalase for each type + Catalase + Catalase — Catalase - Catalase +/— Catalase

are shown. {low levels)
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1 ‘?‘ﬁﬁ?’f&% (obli g ate aerobe) 0, - e O,~ (superoxide radical)

M‘@Eﬁﬁ?ﬁm%ﬁ:—l:jﬁgiﬁy 759“6%3‘3 ()2“_|_ e +2H—> HZOZ (hydrogen peoxide)
ReE, U TFEIEARKERE, SHELE

(SOD) Mid& NS (catalase) . H,0,+ ¢+ H'—— H,0 + OH:(hydroxyl radical)
& LHREZHERMEHAE RIRLHE AR T T S EHHENERRE
%%Z 20-2— + 2H+ superoxide dismutase o 02 + H202
Ep. Acetobacter (BRfTH &) , Azotobacter (FEEH catalase
J&) : Pseudomona aeruginosa (4A%HREME) ; 2H,0; = 2H,0 + O,
Corynbeacterium diphtherise (EAMREFE) H,0,+ NADH + H* peroxidase ~ 2H,0 + NAD"

T BB B BE L
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2 WiFEE (microaerophilic bacteria)

HEEEBIEPESE (0.01~0.03E, MIERH RKRSEFHESERN0.2E)
Fi%iﬁé&%wéwo

SOD

3. & E (aerotolerant anaerobes)

—RAESTFEFAETHITREEENREE, HEMNMHNEKRATE
E, P TEMNECHLESE .
§LE§E§

catalase
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4.3 REH (facultative anaerobes)

FEHERELEFMF T AR, HERABLTEKSEL.

LB EN ST E, KT E.

5. R&EE (anaerobes)

SFENENES, PFEEHERES,
HEHEHAE KT EHIE.
XU B B

Lid \ Lockscrew / Clamp
- ' )
F\ Rubber gasket seal
2H2 + 02_> 2H20
Catalyst chamber / ’
| l

Contains palladium pellets (070

Oxygen removed from chamber by

| combining with hydrogen to form water.
This reaction is catalyzed by the
palladium pellets.

Gas generator envelope
Water is added to chemicals
in envelope to generate H, and CO,.
Carbon dioxide promotes more rapid
growth of microorganisms.

Anaerobic indicator strip
Methylene blue becomes colorless in
absence of O,.
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T P P A R 98 {1 e S

>

0.01 0.1 1 10 .
021& &/ mg.L'1
| I I | -
. . 0.2
0.0002 0.002 0.02 Ozﬁj\ }_"E/ atm Figure 6.23 An Anaerobic Work Chamber and Incubator.

or TR I X =R MAEM A KK
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6.)E/7 (pressure)

> EREWIRES, BE: 2-3%C, EH: 600-1000KkE)E, KRAR —BBMEWERE,
{f]z%ﬁéi;ﬁg%ké% (barotolerant microbes) , EAWEWHMEREH, HEFER
EEAH AKX

> EEBEFTAEETFERNREEMAY (barophilic microbes) , EEZEFLEREWLHY
B4 # (Mariana trench ,10500K) . XH. BEREMETET A RE £
X, "EENEARBEHREFEERN . TEERIH THELS,
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735} (radiation)

KRATEIHE SF RS, XEBRBENS
FREY

> X-rays, gamma-rays&:5| it B BiE s,
BRRE, BAENFBOEL;

> 4 (ultraviolate) B 5 &R 5
&, EENIT.

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

Gamma rays
- X rays » " Radio waves
Uliraviolet Infrared

10~* 0.01 1.0
Wavelength (nm)

200 300 400 200 600 F0d a00 200

Wavelength (nmj

Figure 6.25 The Electromagnetic Spectrum. A portion of
the spectrum is expanded at the bottom of the figure.

900,
SEN-.
- .
o 3
«
i)
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& BERREFRHEDHAE

- BRI R

WA _
BHREK

PRI &AM 2 #N (Shelford’s law of tolerance)
L IR A PR I that there are limits to environmental factors below and above

which a microorganism cannot survive and grow, regardless of
the nutrient supply.
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Figure 6.26 Morphology and Nutrient
Absorption. Microorganisms can change their
morphology in response to starvation and different
limiting factors to improve their ability to survive.
(a) Caulobacter has relatively short stalks when
phosphorous is plentiful. (b) The stalks are extremely
long under phosphorus-limited conditions.

(b)
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& BRI P A Y % e FTH R
> KE: MHEE; AR FHE. BARREHZEE R
> T HEEE . % e M BEFETCVE R L) ja) f3

P T PR K

1. “MREAXER” . “FE” AUPEMEVERRARE “QEE” , SRR ERH%;
2. “VESUARER” : DURSFTRH I —EMEMHAMRSNIR, SBEELREREIFE LXELL “95
BE” RAHHETR. EREEKPRTHERZMME.

Postgate microviability assay: ¥ #0 ¢ (viable but nonculturable procaryotes .VBNC)
EAREREHEEAREL, FLBEEWH, EAWEREAAENEULER TR, 405 4T
T, ETE LA B AT BE A A VAT K
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& EYRR (biofilm) :7e4ystarE R A K R E R a5 E

SR RSN R SRR T, MR R EREE—EERNESH . MR
EYIRERE. BAR. DNA. RIESERIEEFRIHT 7R

VIR A H T REN - & AR RE 6T R B2 AL
BB 2 I 8

> EERY R A B AEER . B
> RIER RS, FRIEPH], T iREW
R L L. B A 45

> (RIS BT Fo 2k I B 40 35T A B
> A TR, 248 [ 2 P B Ao AT 3L

AEIRIGTY R U M H R M E . EL RS U
B P BNSEARE, SRENTEAR
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Substratum pre-conditioni Q
cbyanbientmolecules * S ‘Qé , @épf
Q Q = ¢ 0
% @ Desorption e 990 5 &7
Convecti Detac
& T? o?ar?:‘:ﬁﬁusv;e ¢ ° ee,wo:,mazzt’ %
Mo e g

Secretion of
f © cCeli-to-cell ° 000 O et epolysaccharide
0 signaling o |\°09 matrix \"\
| andonsetof o @) Replication N N &
exopolymer o , andgrowth

production

&

T RRAE PR ) 7 7
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5.1 WAL K
& HEARASBEPRAEYIRIAER: e Ek f e fiEE (Cell-Cell

Communication Within Microbial Populations)

Vibrio fischeri: V. fischeri
acylhomoserine lactone (AHL) me Spression
« 'l Q= OHHL
Signal and Structure Representative Organism  Function Regulated @ ,ux’ l IUXCDABEG>
I P .f / N -
" o Q Erwinia carotovora Virulence and antibiotic /\/lk)J\ - O
roduction -
WT Pseudomonas aeruginosa sirulen_ce and biofilm % u F'
H Burkholderia cepacia Em:g ‘ o
pigy e Vomohener irdence LuxR is localized RN © OHHL can diffuse in and out
in the cytoplasm 000t TR of the cell and activate LuxR
S v A ¢ .} o receptors in other cells
Gyclic thiolactone Staphylococcus aureus Virulence : 5 . .
2 o Figure 1. Schematic of the LuxI/LuxR quorum sensing system in
Gry—vm—nsn—ma—q:s—Ser:sEr—Lm—Pha ‘/. ﬁSCher i _31
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LRGN, Cquorum sensing) - —REEEEMBHA R B EREE AT ENKTEE,
HTAREERESZRMEFHARARN —HERRE, BEAFEMEDEFEITIRED.,

> BRI N RS AR ER L, Mz BRI IES: AHL. AT-2. A-factor.
gamma~GBL%¢ JL T # /N F, B A B 41 5 :autoinducer;

> BRBNZEN A NMNEMEARSERFHARYE, REYHRERNSELE —EAKF, 5
A FHRELB|FE, 4T BBERRIN;

> BRI N T L K AR S F

> BRBNEE, WRFLZHNERNI R, 2 —MHeRHENHAERAEIE, F— £8P
MBI BRI, — B,

> RN AN, BT MEDAREENRRAE, BET AMINHEDGE &: SN
T A 4 & Qb S Y MR, R R R AR EAT

> G, GCAHEHFERERR, TN, BRBNEMETNE £ LRMENEEIE,

> HRYUMNB KA ENEIR., SWBERER. AEEFHNEER. XERRNBEEEEZ N,
7= 5 A A AR R B FT B

choofbof ﬁfe S%;ientlijecla5 chr@bl

legy
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FICINE (Vibrio fischeri) BEEENE FIR$5 M 2%

O O ®
O @»° = = e
L periplasm
> R Z AI-2F9C8-HSL > LuxQ ™M
B, AinRFrLuxQ%: o ® . h |
@% /pc ’ % )—é LUXU@? O LuxU ® ® i S oxo COHSL Lunﬁfscence

BL AL, 2T LuxO%% We S

BRAEHE, KA mEE 3k
LitRs

o) 4= } i
> AT-27C8-HSLA B s "' "' ) [ e
T

S HLuxOE R, 1. T T
LitRA & &K, #

7ELuxR, FiainS.
LuxRF& A, ZEiM
LuxCDABEG % 3% ,
T Rk IE R A,

~ €
\—/ LuxR LuxCDABEG
451 % 5 ~_ 7

The QS network of V. fischeri

T LuxCDABEG mRNA




S%:hoofhof Iﬂ?i}fe S%ien?g chr@bllﬁggy

5.1 AV &

o _ At ! 7

(a) E. scolopes, the bobtail squid (b) Light organ
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Chem. Rev. 2011, 111, 28-67

M2Xcrebi:lsgy

Quorum Sensing in Gram-Negative Bacteria: Small-Molecule Modulation of

AHL and Al-2 Quorum Sensing Pathways

Warren R. J. D. Galloway," James T. Hodgkinson,™* Steven D. Bowden,* Martin Welch,* and

David R. Spring**

Department of Chemistry and Department of Biochemistry, University of Cambridge, Cambridge, CB2 1EW UK.
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Microbial Control Methods

Physical agents

Incineration

Sterilization | Sterilization Boiling water,

Sterilization

Mechanical
removal methods

Chemical agents

(Inanimate)

Disinfection | gElEglFLTs0]

hot water,

| | Disinfection | it

pasteurization

Sterilization

lonizing

Sterilization

Figure 7.1 Microbial Control Methods.

Monionizing

Disinfection: The destruction or removal of vegetative
pathogens but not bacterial endospores. Usually used
only on inanimate objects.

Sterilization: The complete removal or destruction of
all viable microorganisms. Used on inanimate objects.

Antisepsis: Chemicals applied to body surfaces to
destroy or inhibit vegetative pathogens.

Chemotherapy: Chemicals used internally to kill or
inhibit growth of microorganisms within host tissues.
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o A

> #if Ginhibition) : AEMKEINZEEANTET; —E#R, EHTUKE

> JET- (death) : A4y AR KL%

> JHE (disinfection) : FRFE. FHIEERE — BRI REE TS EE

> PAJHE (sanitization) : RF. MHIBGREZETHERNKEREE

> KB (sterilization) : FXE—EHmER

> B (antisepsis) : AMEAFINHIMED R EKEHE

> 57 (chemotherapy) : HEEIREER /7RI R EE 4 PR HUR SE B3]
18 2N D A K E5H
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> ARG R/N: BTN EELE,

> WAEVBERERE: OFEERSH . FE2EEH. ARTEE S5 4R

> DUAEYIRR RV BERTE Ay S0 B T AT o i A s

> {E R H B ]

> BE: RURERNREE, KUK BRARER, FARESE;

> REHE: FEFRpHAFENY: NERKpHES KHE, BUMHEKR; £YE
IR, RN IEE B, RREETRES T,
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1. BEXE

4. mBER 5. TH#H

2. BHER 3. JuEfEHA

6. AWK 7. BRE

1.1 & (heat) :

Approximate Conditions for Moist
Heat Killing

Organism  Vegetative Cells Spores
Yeasts 5 minutes at 50-60°C 5 minutes at 70-80°C
Molds 30 minutes at 62°C 30 minutes at 80°C
Bacteria® 10 minutes at 60-70°C 2 to over 800 minutes
at 100°C
0.5-12 minutes at 121°C
Viruses 30 minutes at 60°C

M XCI”@b ii::s’:’;-i I‘»ng

G+

Log, number of survivors

Minutes of exposure

Figure 7.2 The Pattern of Microbial Death. An exponential
plot of the survivors versus the minutes of exposure to heating at
121°C.In this example the D,;, value is 1 minute. The data are from
table 7.1.
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1.1 #%# (moist heat) : i s oy oo
> BEZRIRKHE (autoclaving) s"’"""m;fm -l e T R
— Rk BEFeEE: 121°C, 15pounds. 30min; *LQ )
HEFE. #AERS: 112°C. 8pounds. 15min. 1 ///-\;_fh
HESEINERIRKE Y (continuous autoclaving) ; T N N - =
135-140°C, 15s;

EKIEFE (pasteurization) l
LTH: 63°C, 30min; o)

[ T—=—

HTST: 72- 85°C,15s; B#120-140°C, 2- 4s %ﬂ,_ 7 %
| T

vV ® @

Automatic ejector valve is
&K (fractional sterilization)

Pressure regulator
for steam supply

To waste line Steam supply

YV V @ @ Y
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&Ll
Exhaust valve (to remove Steam to Safety Pressure Operating valve (controls steam

——a t fter sterilizati
< %ﬁ 9{%‘\ ) %Eiﬁ . steam after sterilization) ch/amber valve gauge from jacket to chamber)
"% = °

L — P —
> KBEEAELATE (EHEFMAT30emX30ecmX 30cm) , (_/ —li_l,‘,ﬂ . J
KRB BB BB R A K R AR AR 85%, & 1 i~ — i S
a2 HGEEE, DETFEARE. BABETE, HAH [ = e
RS, FEWE T, NAANNE
> BENEMEBEAIL, RN, BLEEEFTF sy L\\
> HEMBRELE. BEEWEZ b, \ \\»
> W ORE MR TR B & A A
> KERE AT, NEAZRTIHT; t“\;;;,;,;;.;.'.;.;., >\>§ =
> WAL R A RO R | — seoen
> /f%%é\%%{/ﬁa %ka%‘ﬁﬁ, M@Z’E‘K%%&%Eﬁt%?@ﬁ - (_smm'“m T 5 Thermometer
%I{f/{j&ﬁ%: M M = 113 » I Eilj_ L_I’J. . [_}0\
> KEZEEBEAELR, EAXKENE “0” LE4 73T T] Automatio teckr vavele 4] Prossure regulator
FERIT | mmmmn ) e

To waste line exhausted. Steam supply
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#1%e (incineration) : X&&—Lio4 /8 BRI 3 i) 23 I
ot R TH B AE P B R A o

> THRKWHRMEM, REET TR RERE,

> BERRERIEE . BRI OOR KA ;

> RIE AR I E ] AT T ROKH

> B 3R B e A At B R e B AR B SR AR B T TR
H .
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& HFL S (thermal death point , TDP): ZE100-48F A&
TSR T R BAED IR

& HJFEHFE] (thermal death time, TDT): #ERE—R
BT, RICEFMSFRA HITUAEY) B R i [E

& HERARE (decimal reduction time , D): 7E4F
SE R BE TR AR FEARE i H 90% BB AR M BT 7 IR B ]

® z value: HDERRIV/IORERENEE, REBBAEY
X B I 100 105 110 115 120 195

ZERTHE
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m D Values and z Values for Some Food-Borne Pathogens

Organism Substrate D Value (°C) in Minutes zValue (°C)

Clostridium botulinum Phosphate buffer g = 0.204 10

Clostridium perfringens Culture media Dy = 3-5 6-8

(heat-resistant strain)

Salmonella spp. Chicken a la king Dy = 0.39-0.40 4.9-5.1

Staphylococcus aureus Chicken a la king Dy = 5.17-5.37 5.2-5.8
Turkey stuffing Dy =154 6.8
0.5% NaCl Dy = 2.0-2.5 5.6

Values taken from F. L. Bryan, 1979, "Processes That Affect Survival and Growth of Microorganisms,” Time-Temperanre Conirol of Foodborne Pathogens, Atlanta: Centers for Disease Control and Prevention,
Atlanta, GA
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1.3 1&iE

> RBRSBEDXFILEK, FEREBEZIIH);

> EEREUTEZRER, MEMEKZIMH], TERRZTBEESK
> KRR OK i AR T A

> RERG-BLEIFBREMIT.

v AR R — A TR, E20%H s e B, —T0°CH R E1-34,
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2. %5} (radiation)

& % HMES (Ultraviolet , UV radiation )
260nm1 L 74T B DNA S — B4k, S840
HET, — AR [a] 30080 A2 A B ),

> BINNFENE, A TREKNRE;

> 25T H Tl 6 RAR AT AR

> RS AT RIRAER ARIARE, BATHTKERES;
> RO B RA RIGE R, RN LB A

& HEIES (ionization Figure 7.9 Ultraviolet (UV) Treatment System for Disinfection of Water.
At . Water flows through racks of UV lamps and is exposed to 254 nm UV radiation. This system has a
rsdiation: FEC‘E g EE%° capacity ofseveral million gallons per day and can be used as an alternative to chlorination.
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3.3 98 (filtration)

i H RIFHIBRTE 1%, B4 U 5 77 2k
I E A k. e fL4E: 0.2um.

Pores

1/4" stepped T
hose connector |

Durapore filters

E. faecalis

Filter

(B -
Filter support = Y
i ‘ ] Filling bell
‘ /

(b) E. faecalis Bell cap—— i
X Sterilized 4
fluid

(a) B. megaterium

Cross section
Millipak-40 filter unit
Figure 7.7 Membrane Filter Types. (a) Bacillus megaterium on an Ultipor nylon membrane with a bacterial removal rating of 0.2 um (@ (b)

(% 2,000). (b) Enterococcus faecalis resting on a polycarbonate membrane filter with 0.4 wm pores (x5,900).

Figure 7.6 Membrane Filter Sterilization.
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Exhaust HEPA —_¢
filter

Motor/blower

Supply HEPA —
filter

UV light — |

Optional

support High-velocity

air barrier

(a) (b)

Figure 7.8 A Laminar Flow Biological Safety Cabinet. (a) A technician pipetting potentially hazardous material in a safety cabinet.
(b) A schematic diagram showing the airflow pattern.
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& EHI ALY R
1. RHEHER

2. HLEY

3. fiAEER

> KM E A E (minimum > ¥H = (50% > 2 KEHAFE (minimum
inhibition concentration, lethal does, LDso) 7 lethal does, MLD) : 7
MIC) E—=E4&HT, &k —EEAHT, WELHY —EEAHT, WFELue

SRAMBLHBENEK | | RESMMERAMET | | 100%8 F RS T 1
i BRI it g B
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1.REHEER
$axt—YIEG . RERAE YRS TEA RN, RIS SRR PG TF RS RF

> A KRB EZEK (phenol HE 2 SHOHEERE

coefficient, P.C) : AR 600 62.5
: \ \ b A AL 45

e — RN, v s 28 2

R 2 3£ LA 5 axm 5.6 4.0

BRI Y 8 R S 2% 4.1-5.2 4.1-5.2

%ﬂ@ﬁ%%ﬁ@%ﬁ S F 2.7 5.3

=B E Z B 2.0-2.3 2.3

% AR 1.9 3.5

RHE 0.6 0.5

HBEAFRRA 78 0.04 0.04

KRR AL B RBR 1 1
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2. HifCHizE® (antimetabolite Bimetabolite analogue)

> SIEFHKNREY— & FIE O BREER
> REIEEREY, EMEDTESREERY: 8-ER  aw PABA

19 IR RS B ARG MR RG

> B A& YR AT I B P b 1 T BT A L |
b IE & AR g 6%%%%%%%%%%%A& |0

NH>
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BIRZE

Sulfisoxazole

BT AR AR,

H R B 2L T PABA;
B nPABA. — S MW

— = N i) 74
"‘;kxn‘{’@?\ nj%né\\ t:I)lfl

e S BT Al IR B R Y T

il 5
BRIERT — R
2 BKPABAA B IE &
RN

A
I |
e
- L
on
}J privon
1\ EI%X‘TRE\’
0.5 2. WNINEERE,
3. RIIPABA
2
| |
6 12 18 24

B 6]/ h
PABAFRFRTEREXT E. coli W) HNH]
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3. JitE & (antibiotics)

PR BESelman Waksman &8l $8—ZRHMEYEE
M AEPIE IS R BAREIR RS IR FERE =Y, BN TEE /K
RIF=Y, AR RSB RSB RI EEEYI R . #
B NP DS, SR iim|EERE,

> F— M4k FEEFleningl928F X W F E % (Penicillin) , % H
BHAEAKREA RIS, 0005 AR RAWKATAR, AFET
FA 35300 % i ;

> EATR%HIILAE R ER A E T A, 20%k B A H

> SRPAERWFELY: LTEER (45 %, FEZEXWAS %), %
i%@ﬁ (11 %>’ @%%;@(6 %)’7)(%'#}@5‘5%’ ﬁ;%@%ﬁ%%ﬁ%;}é’ Figure 34.1 Bacteriocidal Action of Penicillin. The
%Wﬁé;{%ﬂj{;‘é‘ EEE}K;}%\ g}%;ﬁi{, éﬁi%—ﬁiéfgﬁ/ﬂﬁé%%ﬁ20ﬁ Penicillium mold colony secretes penicillin that kills Staphylococcus

1 ﬁ-a aureus that was streaked nearby.
o
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1945 Nobel Prize

Alexander Fleming (1881-1955)
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=1~

" e
NH HN-CNH, _H
” 1 : "
H,NC—N : P
OH L . 5 N COOH
HO cyclohexane ring . i
oH R \ - .
S of penicillinase attack site
on the Beta-lactam ring
o (0]
(o) 0 (o)
CH,OH o_gZ
H,C
NH, COONa
OH
0 Penicillin V OCH Ampicillin Carbenicillin
(o) 3
HO o
CH,OH 0

Amino sugar ”

H;CHN
Z;/& éOONa
OH OCH,

Streptomycin Methicillin Ticarcillin
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— Number of drugs
Tj‘&%/ﬁé"‘%’ ?f/Jﬁ%,\\\TﬂilJéj\ﬁlOg /l\/% §IJ S N — Natural product—derived
NBLAEZE (B-lactams) , (HEFEFLTER)
’%’u%ﬂr’}%%ﬁ%(aminoglycosides) e L RS
(macrolides), Bk (peptides), W& %
(tetracyclines), .2k (Anthracyclines),
fE k% (lipopeptides) , "i&BH %
(quinolones/fluoroquinolones), ¥ 2%k
(ansamycins), ¥ 2 (nucleosides), ZEkE
(polyethers), % WM (polyenes) A I

— Natural products

ﬁé(Oxazolidinones) #% 725 (sulfonamides) i
%, J@b/“% SRR & )j RO ER, W s S S IS ST SO T et
texiobactine.

Year

Fig. 1. Number of drugs approved in the United States from 1981 to 2007.
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J Ind Microbiol Biotechnol (2014) 41:185-201
DOI 10.1007/510295-013-1325-2

REVIEW SI M B

sngigty for Industnial Micrshiokogy
and Biotechalogy

Importance of microbial natural products and the need
to revitalize their discovery

Arnold L. Demain
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3. JitE & (antibiotics)

& HIAERMBERAKIER (target) S REBIIEBR, FHA:

RATI Lo N KRER:

> A O BE A Rl > FEME (cidal) : RIC4UM, Hdriek,
> TR 4 B R ZNGIpUE:=

> FHWIDNA. RNAA L; > M (static) : ERTIHIGRAERK, —
> FHWI A& R B Rk, ATPURE .

> PUER. TRAHERIE, HRIKERBIER
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1.Inhibition of cell wall synthesis
9000000000000006000000I000000000000000000 ~ 3 ~

ﬁ 0,00,0.0,0)0.0.0,0,00/0.0.00.0,00.00.d00.00.0000,00000000000 membran ..."’. 3

H ~ : cytoplasm s

: LS

3 z ‘O’Si%: :

e "

| b 3.Inhibition of DNA or RNA synthe % :

o= nhibition o or syn e51s o8 4 Q

1’5 ,é oh 'v(/vwvv\ mRNA s

H "8 - o :

? gm \ ona W8 2.Inhibition of protein S

m B A synthesis S
fEIJ l GTP—‘»’GHP;?CHP dTMP —» dTTP : :
T \ TMP dUMP I
7N ﬁ' S ~_ Q% 4.Inhibition of folate synthesis &4
BT e £

00000000 000000000000 000000000ee00000000000e
) &SSO peripasm O
© 5.cell membrane disruption
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a Cell wall biosynthesis b Protein biosynthesis C DNA and RNA replication

@ MurB, C, D, E, F, A,
p-Ala-p-Ala ligase

® MraY

@ MurG

® Transglycosylases

® Pyrophosphatase

@ Transpeptidases

P)

Protein &

DNA
synthesis

!

GTP —» —> Dihydropteroate —» —» Dihydrofolate dTMP —» dTTP

l

Tetrahydrofolate

dUMP
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3. i E (antibiotics)
[ Table341 [ Properties of Some Common AntibacterialDrugs |

Antibiotic Primary
Group Effect Mechanism of Action Members Spectrum Commeon Side Effects
Cell Wall Synthesis Inhibition
Penicillins Cidal Inhibit transpeptidation Penicillin G, penicillin V, Narrow (gram-positive) Allergic responses (diarrhea,
enzymes involved in methicillin anemia, hives, nausea, renal
cross-linking the toxdicity)
polysaccharide chains of Ampicillin, carbenicillin Broad (gram-positive, some
the bacterial cell wall Eram-negative)
peptidoglycan.
Activate cell wall lytic
ENZYES.
Cephalosporins Cidal Same as above Cephalothin, cefoxitin, Broad (gram-positive, some Allergic responses,
cefaperazone, cefiriaxone Eram-negative) thrombophlebitis, renal injury
Vancomycin Cidal Prevents transpeptidation Vancomycin Narrow (gram-positive) Ototoxic (tinnitus and
of peptidoglycan subunits deafness). nephrotoxic,
by binding to D-Ala-D-Ala allergic reactions
amino acids at the end of
peptide cross-bridges.

Thus it has a different
binding site than that of
the penicillins.
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3. JitE & (antibiotics)

Protein Synthesis Inhibition

MXcrebi:lsgy

Aminoglycosides  Cidal

Tetracyclines Static

Macrolides Static

Chloramphenicol Static

Bind to small ribosomal
subunit (305) and interfere
with protein synthesis by
directly inhibiting
synthesis and causing
misreading of mRNA

Same as above

Bind to 235 rRNA of large
ribosomal subunit (505)
to inhibit peptide chain
elongation during protein
synthesis

Same as above

Neomycin, kanamycin,
gentamicin

Streptomycin

Oxytetracycline,
chlortetracycline

Erythromycin, clindamycin

Chloramphenicol

Broad (gram-negative,
mycobacteria)

Marrow (aerohic
gram-negative)

Broad (gram-positive and
-negative, rickettsia and
chlamydia)

Broad (aerobic and anaerobic
Eram-positive, some
gram-negative)

Broad (gram-positive and
-negative, rickettsia and
chlamydia)

Deafness, renal damage.
loss of balance, nausea,
allergic responses

Same as above

Castrointestinal upset, teeth
discoloration, renal,
hepatic injury

Gastrointestinal upset,
hepatic injury, anemia.
allergic responses

Depressed bone marrow
function, allergic reactions
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3. JitE & (antibiotics)

Nucleic Acid Synthesis Inhibition

M X crébi

:ﬁ:lﬁisJ)/

Norfloxacin, ciprofloxacin,
Levofloxacin

R-Cin, rifacilin, rifamycin,
rimactame. Ampin, siticox

Narrow (gram-negatives
better than gram-positives)
Broad spectrum

Mycobacterium infections
and some gram-negative such
as Neisseria meningitidis
and Haemophilus

imfTuenzae b

Tendonitis, headache,
lightheadedness,
convulsions, allergic

Mausea, vomiting. diarrhea,
fatigue, anemia, drowsiness,
headache, mouth ulceration,
liver damage

Quinolones and Cidal Inhibit DNA gyrase and
Fluoroquinolones topoisomerase [V, thereby
blocking DN A replication
Rifampin Cidal Inhibits bacterial DNA-

dependent RNA
polymerase

Cell Membrane Disruption

Polymyxin B Cidal Binds to plasma membrane

and disrupis its structure
and permeability properties

Polymyxin B, polymyxin
topical ointment

Narrow=—gram-negatives only

Can cause severe kidney
damage, drowsiness,
dizziness
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Antimetabolites
Sulfonamides Static Inhibits folic acid synthesis Silver sulfadiazine, sodium Broad spectrum MNausea, vomiting,
by competing with sulfacetamide, and diarrhea;
p-aminobenzoic acid sulfamethoxazole, hypersensitivity
(PABA) sulfanilamide, sulfasalazine, reactions such as
sulfisoxazole rashes,
photosensitivity
Trimethoprim Static Blocks folic acid synthesis Trimethoprim (in combination Broad spectrum Same as sulfonamides, but
by inhibiting the enzyme with a sulfamethoxazole less frequent
tetrahydrofolate reductase [1:5])
Dapsone Static Thought to interfere with Dapsone Narrow—mycobacterial Back, leg. or stomach pains;
folic acid synthesis infections, principally discolored fingernails, lips,
leprosy or skin; breathing difficulties
fever. loss of appetite, skin
rash. fatigue
Isoniazid Cidal if Exact mechanism is unclear,  Isoniazid Narrow—mycobacterial Nausea, vomiting, liver
bacteria but it is thought to inhibit infections, principally damage, seizures, “pins
are lipid synthesis (especially tuberculosis and needles” in extremities
actively mycolic acid); putative (peripheral neuropathy)
growing, enoyl-reductase inhabitor
static if
bacteria
are

dormant
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3' ﬁéi% (antl bIOtICS) 500ul 500ul 500ul 500ul 500ul
PAERKAM (titer) = BAL (unit) X @ . . & &

’
;
;
;

A e > = . R bbb i A L) i
fﬁﬁ S )})&mwﬁmgﬁg ’ }%ﬂ% ’ i MUk Ml AR wwwaw“=—— U
1m g = 1000 unit, El:l ll.lg =lunit, yrivms bk bbb v b i
ikl iiithl ikl bl wthl unlil
& SEMEWRE (MIC) in i i i i i
B 2 r ' 2

lIl
\100u1

3
\100u1
in ]
Il
/"

& BEIERE (MLC) ARAEKNERE

B B R R B KK RIRIRE .
> HREARMERE

(Dilution Susceptibility Tests) : FE&AHE 0.1
to 128 ug/ml (2-fold dilutions) J& &, WMEANHE
MNGURE R, BHR16-20h, TEH A KW RN E K E
HMIC,
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3. JitE & (antibiotics)

> W HE B iR% (Kirby-Bauer method) : AB#FIUNRFASEEEBEMER, AN,
MRBRERENLEE, AREBARAER, A% HTEATR, ERBK04E, Wﬁilm
ERE TR, WATERBEMERRK, THETF50CE#16-18/0 0, NENTEER, #HIZX,

T eeeee ¢

500ul 500ul 500ul 500ul 500ul
w 4#% S wﬁ 4#444 i
BB MM el
iy el bl e sl sl
i Lt i i i iy
p= 21 22 23 9-4 9n
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3. JitE & (antibiotics)

gi LYY
Sl NiGHa), :
o '*u@f;/__xifz tetracycline
0 'ﬁ? Tfkﬁ HCO
e 07 I@< Sy l“j);

Q o

MH;

"Tf

o

erythromycin A penicillin G cephamycin C

JINRBIER D T 5

hjll{(:régt)iﬁj §

vancomycin
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b Synthetic products Sulphomethoxazole
0=5 L'i »
- o NH
F A COOH . 5
"'. NT T “CH
I\ /~0 NHz  ~ | - | o :
D \/J\/ HN™ N7 ot
HN \) ﬁ :
F  Linezolid D"CHE
(Zyvox) D Ciprofloxacin Trimethoprim

900,
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= .
b 3
«
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Antibiotic Class Generation 1 Generation 2 ——— = Generation 3 = Generation 4 = (Generation 5

Cephalosporins

M HFSES oK

o o7

l"[;'.-"‘:..l'\";cH *g:é":oa

Erythromycin A ————— = Clarithromyein Telithromycin

Oxytet cline o cline e mssmesmmm----------- -3 Pantacyclines
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0 10 20 30 40 50 60 kb
L | | | | | |
R ,,_‘_“m'.m ervAll ¢ n»H' . T,
| eryAl | | eryAll | [ ervAlll | , ‘ - . | - = !
eryCT i eryBI eryBIT  eryF . eryG arylit eryCI eryCH eryBIV - eryCVI BT eryCTV ayc¥ eryBVIT 3k ORF2T
Module 2 Module § Module 6 Non PKS genes ery PKS genes Non PKS genes
M ocu. L'[Odule 3 S— Fig. 16 Map of the regions of the Saccharopolyspora erythraea genome containing the genes associated with erythromycin biosynthesis.
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6-Deoxyerythronolide B
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3. JitE & (antibiotics)

DUERNDUE RIS E NN E, RARFET
—RIIRR BN PUER KN Z 1.

LT -
> FPRAEXTHUAE R B RN B B B
> XFPUERE RBAT B

> BRI @eE, EFKEAWEIIEE;
> AR 25 0EE N\ 20 i O T8 3 1
> SNHER R DIE R I H 4.

Efflux pump

Antibiotic-degrading ‘

5/ C ‘v»: d
‘ » C " ;egmmm

qAnt biotic-resistance
~ genes

> A

Antibiotic

/ " “Antibiotic-altering
enzyme

Antibiotic
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Acinetobacter ssp.#1 Acinetobacter ssp.#2  Acinetobacter ssp.#3

FIG 6 Role of resistance gene pollution in generating novel, complex DNA elements.
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3. JitE & (antibiotics)
DAEERDIERBEZEAR

> RERERE;
> PiERERRFPFKPFEE, maE:

© Feft: A F I P T Bt
©® L4 BREVEEL, FEAET “HE%RA
HW” -superbug, BERK
® #F. “last resort” , BT HE

2 M TR AR IR G T B |
Resistance, then, has proven not to be a matter of if,
but a matter of when! - Christopher T

Walsh
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DNA fragment

> — )
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3 - plasmid or to
Dead Y chromosome
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Resistance . ¢

gene
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Table 1 Evolution of resistance to clinical antibiotics

THE SPREAD OF ANTIBIOTIC RESISTANCE

Antibiotic Year deployed Clinical resistance observed® Ref An increasing proportion of bacteria display resistance to common
antibiotics.

Sulfonamides 1930s 1940s 38 = Fluoroquinolones = Cephalosporins (3rd gen) = Aminoglycosides

Penicillin 1943 1946 38 Carbapenems Polymyxins

Streptomycin 1943 1959 38

Chloramphenicol 1947 1959 38 30

Tetracycline 1948 1953 38 . ’Sg

Erythromycin 1952 1988 38 2 z

Vancomycin 1956 1988 38 232

Methicillin 1960 1961 38 82

Ampicillin 1961 1973 38 E 3

Cephalosporins 1960s Late 1960s 38 s g'

Malidixic acid 1962 1962 3 :3 &

Fluoroquinolones 1980s 1980s 40 &vn q‘i

Linezolid® 1999 1999 41 &

Daptomycin® 2003 2003 42 0 . . : <

Retapamulin®d 2007 2007 43 2000 2002 2004 2006 2008 2010 2012

Fidaxomicin 2011 2011 44

*Enterobacteriae, including Escherichia coli, Klebsellia pneumonia,

Bedaqui linebe 2013 ? 45 Enterobacter and Salmonella enature
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TREATMENT TRENDS Deaths attributable to antimicrobial resistance every year by 2050
The first comprehensive, global report on antibiotic use shows that the
drugs are increasingly popular in low- and middle-income countries.

4. Europe "
390,000

North America

’ 317,000
.

Doses per 1,000 people ‘ ‘ Latin America Africa ' Oceania
M 30,000-39,999 ' N 392,000 4,150,000 22,000
W 20,000-29,999 v
¥ 10,000-19,999

0-9,999

No data

Source: Review on Antimicrobial Resistance 2014



%hoofﬁof Lﬁfe iienfg MXCF@bI'&gy

1.0 1 Il CQuinclone antibacterials (JO1M)
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Figure 5 | The relative abundance of antibiotic resistance gene types
assigned to each major antibiotic class in the different populations.
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