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Outline for this course

1. Brief introduction to microbiology (2, GF)

2. General structure of bacteria, archaea, fungi and
acellular microbes (10, ZLR)

3. Microbial nutrition, growth and control (6, GF)

Mid-term examination

4. Microbial metabolism (10, TY)

5. Microbial molecular biology and genetics (12, YJ)
6. The diversity of the microbial world (3, GF)

7. Microbial ecology and applied microbiology (3, GF)
Final examination



Final score

i 4-6 topics each time
i 5-8 min per topic
i Be well prepared!
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Chap. 1 The Evolution of
Microorganisms and Microbiology



Outline

. What is microbiology and what does it study?

. Primary features of microbes

. Microbes in the evolution of life

. History of microbiology

. Modern microbiology and its branches



What is microbiology?

From Wikipedia:
Microbiology is the study of microscopic organisms,
those being unicellular (single cell), multicellular (cell

colony), or acellular (lacking cells).




Objects of Microbiology

Organisms and
biological entities
studied by

microbiologists
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ﬁglség Pr%lt%az%a _scr::(ce)rllichla Methanogens nucleic acid RNA often RNA Protein
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*A protist is any eukaryotic organism that is not an animal, plant or fungus.



Prokaryote vs. Eukaryotes

Nucleolis Mitochondria Nucleoid Capsule

o P
”° ~—— Flagellum
p (4]
——tad Cell
Ribosom Prokaryotes

F Cell Membrane

» Nucleus enclosed with membrane
_ | » Typical cell organelles with membrane
» Planctomycetes bacterium?




Diversity of microorganisms
(from small size to large size )



Acellular entities (hanometer scale)

Normal prion Diseased prion

Amino acids
in alpha helix

Amino acids
in beta helix

Amino acids
in sheet form

Prion



Bacteriophage (W i 14)

Protein coat

Nucleic acid

DNA

Talil

k ’ Fibres




Bacteria and Archaea (0.1um-?)

Mycoplasma 37 J&4& Unknown ultra-small
microorganism
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Epulopiscium fishelsoni Thiomargarita namibiensis



Euka ryotic Fungus (Fungi)
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microorganisms .~ SR
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Microalgae
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Xenophyophore (a protozoa over 10 cm)



What is a lichen(#14¢)?

i 6\\‘"; Download from
Dreamstime.com

A lichen is a composite organism that arises from algae or
cyanobacteria living among filaments of multiple fungi in a
symbiotic relationship.




Microbes have so diverse types and so
many shapes!



Huge number of microorganisms

onh our planet

Soil (per gram)
Seawater (per mL)
Freshwater (per mL)
Tap water (per mL)
Clean air (per m3)
Human feces (per gram)

Skin (per person)

10°
104-10°
104-10°
103
10°
1012

1012



Microbes in the evolution of life

Bacteria
)
> =
1a% 4 S N
w A w2tz § F& SN Three Domains of Life
* ”’%:_”oo % $< o 0@

The six kingdoms:

Animalia, Plantae, Fungi, Protista,
Archaea/Archaeabacteria, and
Bacteria/Eubacteria

<D>Domain (i)

<K>Kingdom (#t)

%
rRNAs'e;‘mdwage x y <P>Phylum (l‘j)

Urresolved branching order | Eukarya <C>Class (M)
<0>Order (H)

<F>Family (£})
<G>Genus (&)
<S>Species ()

Figure 1.2 Universal Phylogenetic Tree. Theseevolutionary
relationships are based on RNA sequence comparnsons. 1o save space,
many lineages have not been identified.
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1674-1676,

1665, Hook e
ublished Leeuwenhoe
" i i discovered
Micrographia S ]
microorgansims Antony van Leeuwenhoek
(1632-1723)
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= Timeline of Microbiology
"‘
. T Mid-late 19t century

Louis Pasteur
(1822-1895)

Pasteur’s three main

contributions to | contributions to

microbiology

microbiology
1995 the first
Robert Koch prokaryotic
(1843—1910) Jehome was
sequences

1928, Griffith

discovers 1929', 194.1: I‘\’very 1977, Woese
bacterial Fleming :: rifiec was ¢ separated
transformation  discovered @ carrier o Archaea from

penicillin genes in cells Bacteria



Louis Pasteur
1822-1895

Pasteur ‘s contributions:



. Settle (refute) the matter of spontaneous generation (ZE 5" B 7R
KAV, living organisms could be directly generated from nonliving

matters)

\\ \

Larvae
generated from
rotten meat

of fly

Aristotle

1745, John Needham

Because of
contamination

—

Freshly boiled and
sealed broth

Cloudy because of
presence of
microorganisms

(W) (B
Seal the rotten

food and larvae
do not present

Francesco Redi
1626-1697

Use tightly sealed flask
No growth!
Need air for change?

Lazzaro
Spallanzani

Georg
No growth! Schroder
Use cotton to
filtrate air

T~ Growth! Felix Pouchet



Vicrob J —_— 1.
icro es-<,.,'!>,/v O
being
destroyed b
Vigorous heat Broth free of
is applied. live cells (sterile)
> W
Neck on second Neck intact; airborne
sterile flask microbes are
is broken; trapped at base,

growth occurs.

Only rigorous and well-designed
experiments give reliable conclusions!

Significances of this contribution:

and broth is sterile.

Break the obstacle to the
development of microbiology as a
scientific discipline

Developed liquid media for
culturing microbes and methods
for  sterilizing media and
maintaining their sterility



Il. Fermentation by microorganisms

Fermentation is a metabolic process that
consumes sugar in the absence of oxygen

Yeast cells contaminated with
bacteria




Fermentation products from different microorganisms

Glucose
C
v

Organisms4/4/p yrU\:iC aCid\\>

Fermentation
products

Industrial market helps the development of microbiology.



lll. Invention of vaccine as a pioneer of immunology

In 1770s, Edward Jenner had used material from cowpox (/&)
lesions to protect people against smallpox (A 7£)

Vaccine for chicken cholera

In the fields of
ool observation
—=F — chance favors only

Aged culture of  Healty Fige fom the prepared mind.
choled bacferium

Louis Pasteur  'Splo505, N\SeR 3
« g Pasteur invented anthrax vaccine (/&JERE )
N A
@y‘}' and rabies vaccine (JERZE ) lately

Chicken injecled ~ Free from
/% with aged culfure cholera

N protein
M protein P G Protein

Rabies Virus

Fresh cullure
cholera bacleriu

Norrrhal eallhy  Dead due to
chicken cholera

Envelope | protein —

P Protein



Koch‘s contributions:



l. Pure culture on agar plate

The pure culture is the foundation for all
research on infectious disease.
----Robert Koch

Utilized by many microbes
and melt at 37°C

Microorganisms are changed from
time to time in broth medium.
(contamination)

Polysaccharide from algae
Not degradable for most microbes
Not melt below 90-100°C
Transparent

Not suitable for growing
many microorganisms!



Koch’s contributions:
Il. Koch’s Postulates to determine the causative microorganism of a disease

Postulate 1

The same microorganisms
are present in every case

of the disease.
: : Golden standard for
Universality det o o I
(%‘5@115[3) etermining patnogen:
=
Postulate 2
Postulate 4

The identical microorganisms

Microorganisms could be 4
isolated in pure culture & are isolated and re-cultivated
from the tissue specimens of

the experimental animal.

Uniqueness

(e — 1)

,7\%

Postulate 3 Reproducible
Microorganisms form the pure causality

culture are inoculated into a |
healthy, susceptible animal. The ﬁfﬁﬁﬂ‘] EI%‘H{

disease is reproduced.




Pathogens isolated by Koch

AR |
SARL SRR,
e ‘.\'z""
by .
S
e T
P ¥° E At

Bacillus anthraci (7 JEAT#) Mycobacterium tuberculosis (£51% 75 S A1)
Pathogen for anthrax Pathogens for tuberculosis

Vibrio cholerae FE &L\ ; Pathogen for cholera



Other Milestones in Microbiology

(Details will be introduced in corresponding chapters)

In 1928, Griffith's experiment, reported by
Frederick Griffith, suggests that bacteria are
capable of transferring genetic information
through a process known as transformation.

In 1929, Penicillin was
discovered by Alexander

rough strain
(nonvirulent)

by

mouse lives

smooth strain
(virulent)

i

&
l

&>

mouse dies

heat-killed
smooth strain

mouse lives

rough strain &

heat-killed
smooth strain
®

x o X
o4®

mouse dies

Fleming.

In 1944, Oswald Avery verified DNA
was the carrier of genes in cells

N

© +
@0~ Protease .
Mouse dies
Rough + DNase =—)
nonvirulent ~ Dead smooth
strain virulent strain

Mouse lives



In 1977, Frederick Sanger
sequenced the first genome Bacteria
of bacteriophage $X174. '

Stramenoplies

Atenates
CantmOB[ae

Archaea &
z/ffe,,%a

Euryarchaeots

—

rRNA sequence change s
Uresolved branching order £ 5§ Eukarya

Uy
§

§
Pelogg,

Universal phylogenetic tree
. of life based on rRNA gene

Carl Woese sequence
(1928—2012)

From 1995, the genomics era
In 1977, the three

> 1995, the first Bacteria genome domains (?f all cell
> 1996, the first Archaea genome organisms
» 1997, the first fungi genome



Chinese microbiologist:
7 KL (1897-1958)

Chlamydia trachomatis
PPHRACIR 1
“RIFARZAL”



Major branches in modern microbiology

\\\
Medical \\

A microbiology

Micrebial
Ecology

Modern
microbiology \ /

Agricultural
A microbiology

Industrial \.\

A microbiology



Medical microbiology

Severe acute respiratory syndrome (SARS, 2003)

Infection is the invasion of an
organism's body tissues by
disease-causing agents, their
multiplication, and the reaction
of host tissues to these
organisms and the toxins they
produce.

In 2010 about 10 million people died of
an infectious disease. (from Wikipedia)

*Dueto diferences Inthe |
case definions being
used at a national level,

Ireland: 1
e China: 1512

Switzerland: 1 U
Genn:\;l-‘s 8 Hong Kong: 1358
=4 Mongolia: 3
W France: 5 J 5
N Sweden: 3 apan
\ Spain: 1 Taiwan: 29
Canada: 182 Italy: 3 Australia: 1
USA: 220

Romania: 1 = S
Viet Nam: 63

Kuwait: 1 5 .

Brazil: 2 “ (// Singapore: 177

South Africa: 1 | § (/ Pnilippines: 1
Malaysia: 5
Indonesia: 1

SARS: Cumulative Number
of Reported Probable* Cases
Total number of cases: 3547 as of April 19, 2003

Country: number of reported cases
I No Local Transmission
B Local Transmission

Schematic drawing of SARS coronavirus

Spike glycoprotein
Membrane
glycoprotein

Small envelope
ghycoprotein

W Nucleocapsid
phosphoprotein

RNA

Source: Drazen JM '



Ebola virus Symptoms of

Headache N2 Pharynx and lugs
Red Eve F . - Hiccups

Sysemic y ~ - Sore throat

- Fever - Difficulty breathing

- Difficulty swallowing

- Lack of appetite
- Internal bleeding

Chest pain
Stomach

- Pain
-Vomiting

- Muscuta
Aches
Weakness

- Bleeding

Joints
-Aches

Intesti
- Diarrhea




Antibiotic resistance pathogens

Super bacteria, also referred to as super bugs, are
bacteria that have grown resistant to most antibiotics.

Cell Wall Synthesis

IIIIIIIII

Inhibits cell wall
synthesis ’.
-

DNA Coiling, Transcription,
and Translation

hhhhhhhhh

Fluoroquinolones

clic Peptides
Inhibit protein
synthesis

Aminoglycosides

Inhibit protein
synthesis

ATP Synthesis

Resistance to MDR-TB

antibiotics could lead X
to the deaths of ten ZEI ’GE’” *Z 7y 3k
Zim

million people a year
globally by 2050.




“PidEIIN " S
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1869-1938 Salmonella typhi

At least three deaths were attributed to her, ...
some have estimated that she may have caused 50 fatalities



Microbial ecology

Fossil fuel
combustion CO
Reductive Oxidative
CO2 fixation
Photo-and Methano-and
chemoautotrophy methylotrophy
vy
Organic
matter CO:2 CHa

Respiration and

fermentation Methanogenesis

Oxidative and redox neutral Reductive

The Microbial Carbon Cycle



Organic N

Amino and nucle acid
A

Assimilatry
itrate reduction

N2 Fixation

Anammo L :
Dissimilatory nitrate

reduction

Nitrification(step 2)

Nitrification(step 1) NOZ

The Microbial Nitrogen Cycle



Industrial microbiology

Industrial fermentation

l I Motor
J

Culture or 1 pl—i_probe
nutrient addition ] l | ) ."‘ Disso|ved Oxygen
probe
Sample —» —€3—n o |7 SR
line « =
Valve o = —p Cooling
(S ! water out
“ ol 9 Impellers
l L ‘{ - i

Temperature 2" oo B  Cooling

sensor and q g o Tl ¥ jacket

control unit « f?

.‘_ g : ‘ ~ Biosensor
Cooling—p o unit
water in
C t I ° Valve
ontrol:
Temperature ‘-_ Airin
pH
. Valve

Dissolve oxygen g
Stirring Harvest Air ifilter

line

Nutrient addition
etc.

Food:

Critic acid
Lactic

Qils

Fatty acids
Polysaccharides
etc.

Non-food:

Antibiotics
Vitamins
Amino acids
etc.



Agriculture microbiology

Bacterium with

selected gene
9 Chromosome

Chromosome@\ Ti plasmid
olated ""'"\O Agrobacterium t{RERTE cell

ene for Gene spliced into Ti plasmid

erbicide
resistance
Recombinant Agrobacterium Genetic engineering
) Agrobacterium with Ti of agriculture
Plant cell plasmid vector

@

Process —

e é@

Plants.
modifed
becterium




Microorganisms are in
the air

water

food

ourselves

Microbiology are involved in all our life.



Homework

> Parasites (3745 H) are objects of microbiology. Is it

right? Why?

> 2016 BRI 52 AN IR FRIERI R R H,
R4 B 10 1 SR ) 2 00 5 sl A ) 2 Ei%fdﬂ?%

“ ﬂM%J\_/\EBMRM?/\ﬁ%

iAW BTRIF R B, e

N2

/_

/\
HIJ

j:

ﬁﬁkﬁﬁﬁi

' i“

B

\.\I
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The next lecture:
Bacterial Cell Structure



