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TOPICS

- Introduction

+ Microbial utilization & Biotechnology
- Pathogenic microorganisms

« The genes we share with yeast

- Genes to genomics, proteomics & biological networks
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p ## 4 #& (spontaneous generation):
REL G2 A RFL 0

= #1748 (Louis Pasteur, 1822-1895)
DT pRFLE, ARFETILIFFLR
(biogenesis), e T4 4R 302 & epLA

(2) mEsn EPR PR OB OB O - REARES
TP 3 P (antibodies) &% ip A2

@) “HEF2R”

Pasteur Institute Study of biology, micro-organisms, diseases
— &vaccines

http://en.wikipedia.org/wiki/Pasteur_Institute

#R-f 2 ¥ (microorganisms / microbes) ?

R PLOrEE AT 4 SAY

oI AiFHA P
s (Bacteria) R4 4% (Protoza)
Fif (Algae) mE (Virus)

£ 7 (Fungi): = & (Yeast) & #&F (Molds)

Some “monster” bacteria:

Epulopisium fishelson (1991): ] & 4. (surgeonfish)z p % >
i | 2+ 4%, ~ 600 micrometers

~ e

& = -
Acanthurus lineatus,the striped surgsonfist NP/ Www.micro.cornell.edu/faculty/

Angert/faculty.EAngert.html
Thiomargarita namibiensis (1999):

Bf e 32 % AL, 100-750 micrometer

http://www.bact.wisc.edu/Microtextbook/
index.php?module=Book&func=displayfigure&book_id=4
&fig_number=34&chap_number=2




How small an organism can be?

December 2006
University of California, Berkeley |

Three new archaea

Diameter: 200 nm (= 1/50,000 cm)
~ 1/5 of common bacteria e

»

100 3m 4! 200 0t Y

4,000,000 of them = 1 period (F[J%FT)

How big is a.... ? http://www.cellsalive.com/howbig.htm
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B ¥% (Prokaryotic) & E ¥ (Eukaryotic) m%

Prokaryotic cells Eukaryotic cells

Bacteria Animals
Plants
Fungi
Protoza

Selected characteristics of prokaryotic & eukaryotic cells

Prokaryote Eukaryote
Cell size 0.5-2 um 2-200 pm
Nuclear body No nuclear membrane; | True nucleus; nuclear
no mitosis membrane; mitosis
DNA Single molecule; not in | Several chromosomes
chromosomes
Organelles None Mitochondria,
chloroplasts, vacuoles,
others
Cell wall Relatively thin; usually | Thick or absent;

peptidoglycan

chemically different

(Brock & Madigan, 1991)

M2 ¥ 2 &3 : The three domain system

< 197T& % > R A FAARE £ R4z 2 5 el s
Agped Fo2 40 L o v §Carl Woese$ A It/ 254 f24p 3
Fiha S m AR Lkt UR XA PR LP R A D o

< SUELA UR P PR B B4 (ribosomal ribonucleic acid ;
rRNA) 2 7 3

« ¥4 o 5 = # (domains):

Archaebacteria (+ + 2 # ) : methanogens, extreme halophiles,
hyperthermophiles

Eubacteria (£ W) : Gram (+) & Gram (-) bacteria

Eukaryotes (£ 24 4 ) : algae, protozoa, fungi, plants, animals
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Ik (Coccus)
£  (Rod or bacillus)

Bk (Spiral)

@
coctus dipiotoceus
streptwmcus' g
Coccus
staphylococsus
.:’ binary fission m
bacills
Rod /
; 3@ »a v o
Bacillus sroptobacius
O
eoccobacilus
oy
vibria
Spiral
spirillum
(http://denniskunkel.com) e

w2 RS

« e B2 (cell wall) ~ W% % (cell membrane) #&

*k 5= (outer membrane)

- int2 e §f (cytoplasm) , £ ¢ $ 3 - % nuclear region

(nucleoid) & +xpE%8 (ribosomes) %

cell wall \

" ./\r\

A
/ plasmid DH4  ribosome
plasma membrane
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+ 4 Peptidoglycan #<F 4% (& #£r¢ B2Fmurein) % ~#
(polymer) #f % =

* Peptidoglycan % ~%§: ¢ = 448 k= 2_peptidoglycan ¥ < 48 3 =

* Peptidoglycan ¥ ~# (monomer):

N-acetyl glucosamine (NAG), NAM NAG gug
N-acetyl muramic acid (NAM) CHyOH H  NH-G=D
and pentapeptide H o H
-0 H H o-
g W NHC=0 cu,on

HaGLHc=0  CH3

} pentapeptide

N-Acetylmuramic acid

(NAM)

N-Acetylglucosamine ™

interbridge

Peptide
chain

Peptidoglycan (murein)

(Prescott et al., Microbiology, 2005)
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- Staining w/ crystal violet
- Treat with iodine
- Rinsed with alcohol

- Counterstain w/ safranine/

Gram (-) : Pink to Red
Gram (+): Dark purple

¥ B i 2 e R

peptidoglycan

yrdy{ asm . -

%~ ovtoplasmiz me_m_t!_t:a

* Peptidoglycan B it % %]
HB R 23 F (lysis)

* Techoic acids ¥ &t §724 3 5%
dme R R

o Fd A
i s
adhesins
invasins
FIE B e 2T

Peptidoglycan (60-80%)
Teichoic acids
Lipoteichoic acids
Proteins

—teichoic acid
lipateicholc acid

peptidoghycan

NAN NAG

plide

cytoplasmic
membrane

phospholipid

(Kaiser, 2005)




¥ B 0 2 e B2

outer membrane

repieglycen Peptidoglycan (10-20%)
Outer membrane (phospholipids,
Lipoproteins, proteins &

- lipopolysaccharides, LPS)

* Peptidoglycan ¥ it jm% 7]
BEREF3F (lysis)

CLPSEp 44, VRELR
2F

< FU Faan:
e 3
esins I cytoplasmic
adl- 1 . (. 1 membrane
1nvasins
FUIE S i e 2 e > phosphlipia

(Kaiser , 2005)

KA wE, bl

Escherichiacoli (+ %1% )
Salmonella typhosa (# % &)
Pseudomomas aeruginosa (%% #)
Vibrio comma (&5 &)

REBEwF, bl

Staphylococcus aureus (&% § § 3 F))
Bacillus subtilis (+¥# #)
Clostridium tetani (2% & &)

S 2 e
3 B2 LB ESR: B T (phospholipid) & ¥¥ ¥ (proteins)

(DE#PB2 AE%: L2 FF
2&d (ol4e: FE£ -
FR D)

(342 % (b4t polymyxins)
and phosphate partion % 2. p %
|— water-insoluble fatty acid pertion

—=— waler-soluble glycerol

phospholipid ]
malecule

(Kaiser, 2005)

WmF2 WL (flagella)

\/@W
==C__ )

CARHWL WL WL HWLR

CwEE R BT R WL R EERY AR

In general, counterclockwise rotation causes
forward motion, clockwise rotation causing a tumble




Capsule
« Resistance to phagocytosis |

» Adherence to surfaces

ttp://pathmicro.med.sc.edu/
byt fox/protype.htm

* Attachment to surface

F?F]age,l!ﬁrﬁ

« Bacterial mating
P= Pili

A F2 p (within the cytoplasm)

R A S BB RHR R 4 2 e

- Cytosol : sm¥e F2 i d =&

+ Nucleoid: chromosome (% ¢ #) 2 #7 & » 2 £ F %%
- Plasmids (" #): small, closed circular DNA

* Ribosomes ({%pEi) : ¥v F2 &=

- e -

Yeasts

E 2 v B
- Jm¥2 3% : phospholipid, proteins & glycoproteins

- sm¥2 B& : chitin and/or cellulose, proteins
glucans (carbohydrate chains): glucose, mannose
& N-acetyl-D-glucosamone

o .’_lerlls\ -
@y e PR (@D
| I i ’V -1 ,6-Gluean
. — 1 |
L . ]
] Chitin | ManPr Cnr,ﬁn
_—
.
TEM Freeze Fracture

FWip2 i o FBFERE SR A (lysis), #F 12 £#17,
drug targets




Membrane-bound organelles:

LR N L SN EUALE S5 A
The nucleus: nuclear membrane, multiple chromosomes within

The endoplasmic reticulum (p & %): protein & lipid synthesis,
transport molecules within the cells, molecules storage

The Golgi complex (# # * %#): sort proteins & lipids received
from the ER, sort/package molecules into vesicle for
transport to other part of the cell or secretion

Mitochondria (% %#) and others

S IR FEE L PO PP

BEPEFRZBR2ZG R

CcHFRFRLG R
Temperature Oxygen pH Osmosis
CHYAIPIERLG R

Energy source: phototrophs & chemotrophs

Carbon source: autotrophs (CO,) & heterotrophs (organic comp’d)

Nitrogen source: nitrogen, nitrates, ammonia or organic N comp’d

Minerals: S, P, K/Mg/Ca, Fe, trace elements

AR AERZ A BRELRFAHRT I 3RS (autoclave)

121°C, 15 pounds/inch?
15 ;54K
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ﬁ:}#f%é,—i'f 99.97 % > 0.3 pm 2 F

i o il
Exh kst HEPA __-—_ﬂ»
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Maotoriblower ———— |

Supply HEPA [—— I,
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Salaty glass
vim*._crﬂep,.-jf: o
Spacial light | |
and elactncal
compartment

Hd 2wt &
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T 12 2 M
& Log phase Stationary phase
# Fut i
Death
Lag phase
R
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#.4 % (antibiotics) 2. # & : penicillin 2 &%

28, AR Ejkd Foor -_ii#’ﬁ" L e
-ﬁ}i‘"i/r&ﬂ’??’g‘u‘ dER2ZPF

« Alexander Fleming (1929): #m e ¥ Fd L 2 §F 53k
B, w®RiEx2 F#%EPenicillium notatum) F;% .
ﬁ'i’ﬁﬁ]iéﬁ“}% FRFTRAT ARIFIFIHRAL L

7§, Fpenicillin -

* Florey & Chain (1940): #- penicillin = #4 enih i g2 & 5, v

Penicillic 2.

#¥ (H)

¢ Penicillin prevents the cross-linking of small peptide chains
in peptidoglycan

« Pre-existing cells are unaffected, but all newly produced
cells grow abnormally, unable to maintain their wall rigidity,
and they are susceptible to osmotic lysis.

A

=

e J -V

-

/I

\’\

/ /—\

Bacillus cereus

4 % 2. 8 B &i1im (current status)

Some clinically important antibiotics

A 2R A T 1%MlE2f, FL A4 A2 B
#d FaFded

= B ANCRE L LRI Es S Fis oS £

RANH 5. _CH, HoN _SH s
e ~ -
\—r ¢ CH-CH; CH
\ ~ CH, ! CH
AN ! H,N—CH
6% ~ COOH COOH )t S
Basic structure = Cysteine + Valine
o]
) — 7N !
6-Aminopenicillanic acid, R = H: Carbenicillin, R = ¢/ M CH — C
A
Ne—
COOH
o]
il (o}

RS |

VRN
Penicillin 6, R =/  “y—CH,—C-
\_ _J_/ —C Ampicillin, R = </ /—Cb- —C—0

Antibiotic Producer organism Activity Site or mode of action
Penicillin genicillium Gram-positive bacteria | Wall synthesis
chrysogenum

Cephalosporin

Cephalosporium

Broad spectrum

Wall synthesis

acremonium
Griseofulvin Pem;:'li!i?fulvum Dermatophytic fungi Microtubules
Bacitracin Bacillus subtilis Gram-positive bacteria | Wall synthesis
Polymyxin B Bacillus polymyxa Gram-negative bacteria | Cell membrane

Amphotericin B

Streptomyces nodosus

Fungi

Cell membrane

Erythromycin

Streptomyces
erythreus

Gram-positive bacteria

Protein synthesis

Neomycin

Streptomyces fradiae

Broad spectrum

Protein synthesis

Streptomycin

Streptomyces griseus

Gram-negative bacteria

Protein synthesis

Tetracycline

Streptomyces rimosus

Broad spectrum

Protein synthesis

Vancomycin Streptomyces orientalis | Gram-positive bacteria | Protein synthesis
. Micromonospora . .

Gentamicin purpurea Broad spectrum Protein synthesis

Rifamycin SIETAEITEES Tuberculosis Protein synthesis

mediterranei

10



B P2 s Ak A FL &

* 42: Xanthophyllomyces dendrorhous
 Astaxanthin-producing yeast

* Astaxanthin (i % /i =% ):
BRSO R A

¢ Astaxanthin:
Q) kv F (2 X 254 %

http://www.microbelibrary.org/ASMOnly/details.asp?id=1971&Lang=

RpthHcd $

Before birth: microorganisms-free

Normal microbiota/normal flora (& ¥ #& 4 3 ¥):
microorganisms that establish permanent colonies inside or
on the body without causing disease

Brain, blood and muscles are normally microorganisms-free
Skin and mucous membranes are readily colonized

Some benefits of the normal microbiota:

REL FREAPF BB
Ve A gRipRFORERZ g2 A gL R

®E = XA L8 o0 normal microbiota

AR : o Gran(H ] ¢ 42 ST § I R RT L R
SR ER AR A0 R 2 Gran(-) ¥
voEs AFRRcnd FTRR

PR R )
BEETE R R o S

C O RET FGe SR B E). RT HRR Y
v .«)

A ARAGE D FfE|E 4 Fehi £ o normal microbiota 7 £
9420 RE EGran(-) 1 Fesk
Ldt D RF MaGran(-) Ffcs o S E B R -
B EeS S R

(http://microbiology.scu.edu.tw/lifescience/)
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Pathogens (if(:)’% #): disease-causing microorganisms

(1) invade the human body or produce toxins
(2) overcome the immune defenses & cause disease

Opportunistic pathogens ( ﬁbr})ﬁs&z F])

normal microbiota =z fic? $ & F_oh ke i;’ﬁ' o

#E & % > Flnormal microbiotasniz RAkdrd] -
LR RARFFIAE A B2 T EFAMPN
F¥ ARG R PR

Ee

http://microbiology.scu.edu.tw/lifescience/

#L % B3R (Koch postulates)

PR 3 RRA 2

& F AR RENOE
b el
MF-HEKIFFERF-FT
AT
(2) P A BT R RomE P v PR ML R
i e u,ﬁ}%* Samv
3) A $ 2% i‘éi‘ PEAR < J
ﬁa}r B d5ldesk b d RIERTARTE
WERE WS
anFEn
4) FRHERLEF 7 ogd
Wil 2 ks
http://www.nsc.gov.tw/_newfiles/ s i

popular_science.asp?add_year=2006&

popsc_aid=146

w7 A3A

EmmEen Ll ]
=
>
Linii} MEE TR
' ™ SLmER
LTSS

ERRIRE
O G T

AR T

e g ) /

S HS A

PR — Rl Py
S £
g Bacillus anthracis P e A
'X")iféﬁgﬁl Babesia bovis, B.divergens, (Bl (5

B. microti, B. equi

A P )

Brucella melitensis,
B. abortus, B. suis

T RS

AR Campylobacter fetus, TSR APy
C. jejuni
oy Bartonella henselae Fips i
|5kt 4 Coltivirus B
R Cowpox virus NS
[T Cryptosporidium spp. 2 ] 5
P Arbovius U

i (St. Louis) Arbovius U
1@W(Eastem equine) Arbovius S pg
T (Venezuelan equine) Arbovius e

7] B (Western equine) Arbovius s
SR # Giardia lamblia =

Lt
i

Pseudomonas mallei

TS A

http://microbiology.scu.edu.tw/lifescience/

B [

Herpesvirus simiae

RIS R PR [T

S

Leptospira interogens

S R

$ S

Listera monocytogenes

A

Borrelia burgdorferi

Arobovirus

TR pEIS YA

Rickettsia conorii

B

K}m i Pseudomonas pseudomallei YRR o Ay
b Yersinia pestis SFHIEH
P Chlamydia psittaci g - g

Coxiella burnetii

I REYIRLS s

Rabies virus ?‘*‘r% B 5
Barrelia spp. SR O
Rickettsia akari | B 5
Rickettsia rickettsii SRR
VPR Salmonella spp. e - ap
FAREEIE | Rickettsia e
At Mycobacterium bovis -
U Francisella tularensis mﬁﬁm@mmgﬁw L BRI
HEFHRE Rickettsia mooseri Al
AR VX Virus ( Rhabdovirus group ) EErdc]
f"ﬂ?ivﬂ Yellow fever virus [

(http://science.scu.edu.tw/micro/1024/micro_encyc/index.htm)
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Symbiosis
( A 7 1] 4 )
When relationships move in T When relationships move in
this direction, the infectious Commensalism this direction, reestablishment
disease process begins. 1 of a healthy host occurs.

Mt P hpL gL

BEFF: RRFAF ML PRRS F LIRS B

A FLRpAI

BB L ¥ 4 (adhension) © ®HE s & & 5 pEY ~ EF I
S

ER I IR SR

3

5% (entry) @ A4 BRI B A re i [0 e oo fiF
e #

& » (invasion)# # 7 (multiplication)

A3 G- RAEIF - wed B33
M & F —deGram(-) . 7 * 5z LPS

How do we measure microbial virulence ?

e Lethal dose 50 (LDsg)

number of pathogens that will kill 50% of an
experimental group of hosts

* Infectious dose 50 (IDsp)

number of pathogens that will infect 50% of
an experimental group of hosts

Percent deaths (mortality)

100
Strain A Strain B
75—
LD, =30 LD,, = 50
S0 I A

1
|
1
1
28 1 1
1
1
1
|

0 = e == == )
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Dose per unit of time
{Number of organisms)

Prescott et al., (2007)
Microbiology




2 ¥ ﬁ.f‘_#”'f'?gi 2Rt
RTFEF{AFAIHSLFIFT ARAR

They multiply as single cells that divide by
# budding (as shown in the figure)

* Yeast as a model organism (#3% 2 #):
- it is easy & cheap to replicate
- the average cell cycle for yeast is ~90 min (~24 h for human cells)

» Genome sequencing of S. cerevisiae
- Just over 12 million base pairs, containing ~6,000 genes
- About 20% of human disease genes have counterparts in yeast

Similarities yield clues to human disease: cancer as an example

« As long as it has enough food, the yeast just
eats & reproduces every ~90 min
(cell-division cycle)

« Only abnormal yeast cells stop growing while
their food supply is still plentiful
(e.g. cell-division cycle or cdc mutants)

e 3 « Human equivalents of the yeast
: cdc genes are identified
7 « Cancer results from cell division gone wild
X (cell growth & multiply uncontrollably),
/‘ ** may be due to genetic mutations that are

The Call Cycle

inherited & caused by environmental factors

N

HArFEL2Lnp

B2 AT 30 WA R A
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Microbial genome projects (#c4 4 & FIH3-3))

* 1995: completion of the first two microbial genomes
(Haemophilus influenzae, Mycoplasma genitalium)

« Development of faster, more accurate sequencing methods
 Current status of microbial genomics [NCBI January 7, 2009]

813 microbial genome completed (54 archaeal, 749 bacterial,
10 fungal)

Many (> 1,000 ?) microbial genome sequencing is in progress

Overview of a microbial genome project

* DNA sequencing
* Genome assembly
» Gene annotation

» Databases

DNA sequencing: the shotgun method

Ve‘clm Source

T T T clone . i

‘ wiwiset o Generate library representing
whole genome
%/ \\: \: it unordered .
RN LAL sequencing o Pick random clones for
p” & % clones
(1-2 kb inserts) Sequencing

» Assemble from overlap of
clone sequences

ordered
overapping

waences  * RAPId & simple

(http://www.bioteach.ubc.ca/Bioinformatics/
GenomeProjects/)

Genome Assembly

« Sequencing reading from
clones are overlapped — _
using sequence identities - =
- to obtain large segments

“Contigs”

« Resulting contigs are
combined to assembly the

whole genome /'_\

« By overlapping individual . genome
readings, a genome may .
be covered several times et

(Bini, 2005)
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Gene annotation

» Gene finding: determine putative open-reading-frames (ORFs)

* Translate ORFs

» Searching against databases of sequences
homolog (hit a protein of known function)
conserved hypothetical protein (hit a protein of unknown function)
hypothetical proteins (if no match)

¢ Assignments for molecular functions

Functional assignments (Pfam, etc)
Structural assignments (NCBI, PDB)

Microbial Genome Databases

* The National Center for Biotechnology Information (NCBI)
(http://www.ncbi.nlm.nih.gov/genomes/Iproks.cgi)

* The Institute for Genomic Research (TIGR)
(http://www.tigr.org/db.shtml )

* The DOE (Department of Energy) Joint Genome Institute
(DGI) (http://genome.jgi-psf.org/mic_home.html )

« Individual genome sequencing projects
(e.g.) Saccharomyces Genome Database (SGD)

transcription translation

DNA (gene) RNA Protein

Applications of genome sequences

 Characterization of metabolic & regulatory pathways

« Identification of targets for antimicrobial agents

« Study of antibiotic resistance

« Identification of virulence factors for microbial pathogens

» Comparative genomics & evolution studies & human
diseases

* Global regulation of gene expression

16



Some tools for global analysis of gene functions

» DNA microarrays (# #1& %)

Monitor the expression of thousands of gene all at once

*2-D PAGE (= '&3% v § /4~ 15) & mass spectrometry (5 3# » 17)

Analysis of protein expression “Proteome” (#-v ‘)
=D H ST TG Bod B A& Fod B R (Proteomics)

DNA microarrays

Solid supports: DNA macroarray
Membrane
Membrane 2-3000 genesfarray
i PCR products
GlaSS. Slld_e Labeling: radioactive |
Plastic Chlp One exp condition/membrane

Prepare CDNATPIobe

Brepare’Microartay.

(http:/vww.accessexcellence.org/RC/VL/GG/microArray.html)

DNA microarray
Glass slide
10-20,000 genes/slide
PCR products or oligonucleotides
Labeling: fluorescence
Two or mere conditions/slide
(Bini, 2005)
& o
& &
. ) o N R
Clustering of gene expression & e S
o P F e FES
& o g o TS
S ST ST F
. . & a‘ﬁ S T
Comparing gene expression: e ——

- Among different time points

- In response to different
environmental conditions

- From different microbial strains
(virulent strain vs. avirulent
strain)

- Between normal cell vs. tumor
cell

- Others

A eS80
1 the “envmmerta)

P

} o ucnd
nihe “envarmentl

olags respame”

SElmes -6 lmes
rpessEd  nowe
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Proteome analysis

Protein

You can also compare proteome
from different samples
l Mapping (e.g. virulent vs. avirulent strains)

'

SDS a
2D-PAGE

R

'Robot picking

v

Peptids fingerprint .. . .
epLCs maRs Mg pini Protein identification

MALDI-TOF
MS

Biological networks & Systems Biology

o .a.-w--&-;"*w.,.:p Establishing gene regulatory &

s - - . . P -
o nsinss ¥ e e "™ prOtein-protein interaction networks
ow BT L "

——— = -
e - e S -
ey, SO . @8 B e
) PRt C‘W - k '*.8""‘9“9
e e ®* @ »
e 9-...9..,‘_.:9"'9
v e T . "
- e w R ee B¢
e e i\ i
| S 99.‘.0‘ G—@*www'*
- - - o '-Bn‘.;em'
-‘o:‘e = & g o
—
oL 2
et e O, " oo o -
- - - T —— e B
e?eTer % [*4 e 80 *
- JE Y - e e
e o o .y
- ™ =

- http://depts.washington.edu/sfields/
previous_projects/index.html

http://www.bio-pro.de/en/life/magazin/04653/index.html
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