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Introduction
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biotechnology

Pathogenic microorganisms
The genes we share with yeast

Genes to genomics, proteomics & biological networks

Introduction: microorganisms
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Microbiology mikros = #~]- small
bios = &% F’]’] life
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% + E 5 (Antonie van Leeuwenhock):
Lok g p e EEaERR
BAEH ki REEF 22 i

p X% 4 ¥ (spontaneous generation):

el e
WEi A2 ApREL

= #4%, (Louis Pasteur, 1822-1895):
(D@  pRFIR, A RFI1IFFLIR
(biogenesis) » fEiR T4 &kRp 32 SORA |

(2) /R FHFBEEA AN G KEHFES
I3 1 Al (antibodies) &F AP A2

http://en.wikipedia.org/

Study of biology, micro-organisms, diseases
& vaccines

Pasteur Institute

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

What are microorganisms / microbes ?

R PLOrEE AT 4 SAY

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

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

* “How big is a.... ?*
http://www.cellsalive.com/howbig.htm

Some “monster” bacteria:

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

<y 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




104 nm

Three new archaea (by Dr. Brett Baker, University of California,

Berkeley)

Acid water (pH = ~1.0)

Diameter: 200 nm (= 1/50,000 cm), ~ 1/5 of common bacteria
4,000,000 of them = 1 period (FIJ%{,)

http://berkeley.edu/news/media/releases/2006/12/21_microbes.shtml

Cell structures: prokaryotic and eukaryotic cells

e A M2 BRAAE R
RGP BHEA, 9 2 R VAL A 4

B ¥% (Prokaryotic) & E ¥ (Eukaryotic) m%

Prokaryotic cells Eukaryotic cells

Bacteria Animals
Plants
Fungi
Protoza

Selected characteristics of prokaryotic & eukaryotic cells

Prokaryote Eukaryote

Cell size Typically 0.2-2 umin | Typically 10-100 um in
diameter diameter

Nuclear body No nuclear membrane | True nucleus consisting
or nucleoli (nucleoid) of nuclear membrane &

nucleoli

DNA Single molecule; not in | Several chromosomes
chromosomes

Membrane-enclosed | None Mitochondria, Golgi

typically bacterila cell
wall includes
peptidoglycan

organelles complex, chloroplasts,
vacuoles & others
Cell wall Chemically complex; Thick or absent;

chemically different

http://www.life.umd.edu/classroom/bsci424/BSCI223WebSiteFiles/ ProkaryoticvsEukaryotic.htm

Ped 2. £ 4 : The three domain system

« Carl Woese & George Fox

c WRLEUR P PR P AR
(ribosomal ribonucleic acid ; rRNA)z_ % 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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sk (Coccus)

{4  (Rod or bacillus)
B3k (Spiral)

@
cactus diplosoceus
.poo... a Scanning electron microscope
oo | e B8 (#6 3°  + B
staphylacocsus
u binary fission u u
bacillus
Rod /
i a3 a9
Bacillus ot
O
eoccobacilus
oy,
vibria
Spiral
spinllum Escherichia coli
(http://denniskunkel.com) m
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- wmfe ke (cell wall) ~ % % (cell membrane) &
*t 5 (outer membrane) cellwall\

- inA2 e Jr (cytoplasm) ,
H ¢ 33 - ® nuclear region
(nucleoid #+%) & ¥ pE
(ribosomes) %

CHw e ﬁ_a .g
(&4 @ 2 flagella)

-

http://bioweb.uwlax.edu/bio203/
ﬁ%’ff{t $2008/moder_just/adaptation.htm
N

Transmission electron microscope
(5% T 5 Baest)

Pseudomonas aeruginosa

BN A

Jo A2 e E (cell wall)

+ @ Peptidoglycan #=F 4% (& #£*¢ B2Fmurein) % <~ (polymer)
e S
 Peptidoglycan % ~%§: ¢ =448 k- 2_peptidoglycan ¥ < 48 3 =

* Peptidoglycan ¥ ~# (monomer):

_ NAM NAG .,
N-acetyl glucosamine (NAG), CH,OH NH&;

N-acetyl muramic acid (NAM)
and pentapeptide ﬁ w
NH-C (8]

CH:OH

H,c-cu-cao

s J pentapeptide
@

N-Acetylmuramic acid

(NAM)

N-Acetylglucosamine == <

Peptide
chain

interbridge
Peptidoglycan (murein)

(Prescaott et al., Microbiology, 2005)
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<RFHd >
- Developed by Dr. Hans Christian Gram Gram (-) :
+ A valuable tool for clinical diagnostic Pink to Red
& research Glat, Niagkl b
+ Not all bacteria can be definitively i ;\"‘J‘f P
- - bl SR S
classified by this method B A e d

- Staining w/ crystal violet(4- % /)
- Treat with iodine

- Rinsed with alcohol

- Counterstain w/ safranine(3g % #)

¥ B i 2 e R

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

—teichoic acid

* Peptidoglycan B it % %]
BERE 23 F (lysis)

* Techoic acids ¥ & §724 3 5%
dmie B2 R

peptidoghycan

NAN NAG

plide

< F8 P
Ptk

adhesins I T
1| | 1|} | /HgIY
invasins . ] J%O f&&)_

M {* o m e 2_ I'I? phospholipid

cytoplasmic

http://student.ccbcmd.edu/~gkaiser/goshp.html

Gram (+):
Dark purple
B S F L e R
outer memt-)rane peptidoglycan Peptidoglycan (10-20%)

Outer membrane (phospholipids,
Lipoproteins, proteins &
lipopolysaccharides, LPS)

=T

'Bp\as'mit mqmlgrang:’.'r:_
Co N TR
e 5

* Peptidoglycan ¥ it jm% 7]
BERES3H (lysis)

CLPSEp 44, VRELR
2F

o Feu B2
§'g; " 00 000
’ ; oo cytoplasmic
adhesins (*4 ¥ #1+) i || |membrane
invasins (&> %)

B S im e 23t

phosphelipid
http://student.ccbhcmd.edu/~gkaiser/goshp.html

KA wE, bl

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

REBEwF, bl

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




ta 2 e - (cell membrane)
cAB2 LB EA5: By F(phospholipid) & ¥+ ¥ (proteins)

* I B2

(DE#PB2 AE%: L2 FF
20 (ol4e: 4% -
FR D)

protein .
inner layer

—— water-soluble glycerol (3)*%::!' "§ ( Blde 2 pOIymyXinS)
hospholipid ] Pl _ 22
4 rn:Fesu;gl / and phosphate partion % 2. p &
|— water-insoluble fatty acid pertion

http://student.ccbcmd.edu/~gkaiser/goshp.html

WmF2 WL (flagella)

\/@W
==C__ )

SR EINCT EINET EIN ' E3
CmEEHET > # mEN ARWRR Y A

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

E. coli flagella motility
http://www.youtube.com/watch?v=2P9hvIsF9_c

Capsule

« Resistance to phagocytosis Fid

« Adherence to surfaces

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

Pili

i * Attachment to surface
et ]
F= Flagellum
P=Pili ; 5 :
zbio.net/pictures/e_coli_pili.jpg

« Bacterial mating

A F2 p (within the cytoplasm)

LSRN S LT S TR
* Cytosol : Jm% F2 e M= >

* Nucleoid: chromosome (% ¢ 1) 2 #f & > % & § ¥%
+ Plasmids (7 #2): small, closed circular DNA

*Ribosomes (#%pE#) : F¢ FL &~




3 #E 3 FL s S
- Jm¥2 3% : phospholipid, proteins & glycoproteins

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

cRRwEL PRI RE, Ao BEN LR
e & N-acetyl-D-glucosamone

- BRBHL o
. ’_lerlls\ -
@D e (B (D
| I i ’V -1 ,6-Gluean

, | T

| I

] iti | ManPr c:nrnin
_ e

TEM — Freeze Fracture
FWip2 i o FFERE SR A (lysis), #F 12 #17,

http://www.schoolproject2.ewebsite. drug targets
com/photos/fungi/

http://www.shieldmybasement.
com/images/molddishl.jpg

Membrane-bound organelles:

LR N L SN EUALE S5 A

The nucleus: nuclear membrane, multiple chromosomes within

BAPL Y AT RE S E

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
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CHPEFFELGR

Temperature Oxygen pH Osmosis

CH¥ESPIRRLE 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/IMg/Ca, Fe, trace elements

AR AERZ A BRELRFART 3RS (autoclave)

121°C, 15 pounds/inch?
15 55

Exhaust HEPA
filter
Matoridower 1
Supply HERA
titer

Special light [

and electncal
compasriment

http://Ih4.ggpht.com/_6vGOOBOkK4w/RbSezIDn-gl/
AAAAAAAAFXE/GQ8j8HRA7hU/P1220005.JPG

Hd 2wt &

4 £ & & (growth curve): ¥ - FERB I - Fr L A
B2 & (AR 2
4% % M
Stationary phase
e
Death
Lag phase
Lol B
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a§,§$%mﬁb ARG, L5
63 Bk 2

FReLSLE

F¥EeE, ¢4,
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Adapted & modified from %/ &
&5 Bitap B Poen | T

#.4 % (antibiotics) 2. # & : penicillin 2. &%

" p, AHAMAFIALFT, AU FRAW
diEm i, 3 ELFF

T2 FEREA,
&g Rie x 2§ K F(Penicillium notatum) % % B, § § 3 5
EHEPR  FRFEMET A RIHTERFLELFT, *
penicillin - ) —

- - - | =

* Florey & Chain (1940): #- penicillin 2  ehth it & &

B ¢
oy 1t

Penicillic 2. =% ()

¢ 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 T T
ot 7 Nondd
. P ] AT
OO e

Bacillus cereus

10



4 % 2.8 B &1i1i= (current status)

it F2 B A 1%l E2 R, FpAR4AA23 3, @S
#d FaFded

cHd A2 (B FfaE P ERER RIS LR

RNH S _-CH, CE _sH CH
\_’/ F\ CH-CH; FH\
- CHy CH
T

_A—N— :

. - HyN— CH
oF - COOH COOH E Lcobn
Basic structure = Cysteine + Valine
o]
) o 7w I
6-Aminopenicillanic acid, R = H: Carbenicillin, R = {/ N—cH—C
— |
COOH
R o Ie)
N |I \!
Penicillin G,R:( %-cw—c—_ i /R |
_ ‘ Ampicillin, R = \ >—C)—Z —C—0
— — |
NH,

List of some antibiotics

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

Antibiotics by class
Generic name Brand names Common uses? Possible side effects'? Mechanism of action

Aminoglycosides

Amikacin Amikin
Gentamicin Garamycin
Infections caused by Gram-negative
Kanamycin Kantrex bacteria, such a5 E‘échencmagwﬁ ad Binding to the bacterial 305 ribosomal subunit (some work by
5 . = Hearing loss
Neomycin Mycitadin Kiebsiella paticulafy Pseudomonas 9 binding to the 50S subunit), inhibiting the tranglocation of the
Efict + Aarab = Vertigo peptidylRNA from the A-site to the P-site and also causing
Neilmicin Netromycin | sergnosa, Eleciie against Aerobic | Kidney damage misreading of mRNA, leaving the bacterium unable to
Streptomycin bacter notobgatfacfafve synthesize prateins vital to its growth
plomy anaerobes) and tularemia. i i v
Tabramycin Nebcin
Paromomycin Humatin

Ansamycins
Geldanamycin
Experimental, as antitumor antibiotics
Herbimycin

Carbacephem

Loracarbef Lorabid prevents bacterial cell division by inhibiting cell wall synthesis|

s 2l

—

Mfﬁfe? N
B, ﬁ%%ﬁf?ﬂl& ﬂ ﬁ;‘ﬁ%},\é}f#ﬁz
_ = W
TS
FEES 1 ¥
#pEs &, 4 F,
AH, FiEs g8

BAF2d A ks B FLAT

* 42: Xanthophyllomyces dendrorhous
« Astaxanthin-producing yeast

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

* Astaxanthin:
(1) itk ehv it F e (2) 2 28¢ %

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

11



Nitrogen cycle

Nitrogen in b
atmosphere (N3)

/4
A

S5

Nitrogen-fixing
bacteria in
root nodules i Nitrates (NO5™)
of legumes Dacom
(aerobic and anasrobic
bacteria and fungi)

@ Nitrifying
Ammonification Nitrification bacteria

) e I D B

Nitrogen-fixing Nitrifying
soil bacteria bacteria

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

Before birth: microorganisms-free

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

Skin and mucous membranes are readily colonized

Some benefits of the normal microbiota:

REL FREAPF BB
Ve A gRipRFORERZ g2 A gL R

Normal microbiota of a human (1)

conjunctiva FiF}.;E : ﬁ’#‘ﬁ:ﬁ‘ﬁﬁ:?]—‘ﬁ?é
"&4% 2 Gran(-) # %

1. Coagulasse-negative

Normal microbiota of the
outer @ar
1. Coagulase-negative
Normal microbiota of the nosa SUAPAOCO0E
1. Coagulase-nogative 2. Diphtherids
staphylocoee 3. Patudomonas
2. Viridans streptococci 4. Entorobacionacess
3. Staphyloeoceus fureus {obeasionally)
4. Nelssana spp.
5. Haarmaphilis Spe. e :
& cus preumoniae g ':-;?_: A8 ;’Eﬂ"’i ;f;';kﬁ

1 | Normal of the mouth and orophary
Mormal microbbota of the: 1. Vingans streplococe! 9, Beta-himolytic stregplocacal

stemach | 2. Coagulast-nogative (nat group A)
p

1. Steptococeus i 10, Gandida spp.
2. Staphyloeoceus 3. Veillonala 5pp. 11, Hasmophiis $pp.
3, Lactobaciius 4. Fuobactenurm §pp, 12 Diphthorcids
4, Paplostreptococcus &. Traponoma spp. 13 Actomyoes spp,

&, Porplyromonas spp. 14, Eikenolla comodans
and Provolals $pp. 15, Staphyococtut durdus

P(RARPR im0
lﬂ v v Jﬁi‘) : | 8. Strepfococcus proumoniss
i ﬁ%“ Prescott, Harley, and Klein’s Microbiology (7th Ed.)

12



Normal microbiota of a human (2)
LR e BB H AT RT BHBFE

Narmal microbicta of the skin ! "r
1, Coaguiasa-nogative 4 Hofmal microbiota of the
staphylecacsi wmall intosting
2, Diphtharoids nchuding 1. Lactobacifius spp.
Proplanitactenum acnes) 2. Bacternites siip.
3, Staphylococeus aurius | 3. Clostricium spp.
4, Bireplacoccus spp, 4. Mycobacterium spp.
5. Bacillis 8pp. & Enterococc
B, Maigssozia Rurfur &, Enforobacteniacosn
2. Ganclty . % XFBESE 4
B, Mycobactenum spp 5E - | B
(pccasionally) ;‘ : ‘it » t}_ i H(&r ;‘ *"F

CLED, RF FGeR T ER)

e | r 4 Hormal iota of the large intestine

Narmal microbiota of the Normal microbiota of the 1. Bactercsdes 50D, 10, Stmplococeus spp.

urathra | 2R = L] 1, Pee PP,

1, Coaguiase-negative 1. Lactobacdhs 500, 3. Clostrichusm spp. 12. Acinplobacter spp.
staphylococei 2. Paptostraplococeus sop. 4. Peplostreptococous spp. 13, Coagulase-negalive

2, Diphtharcids 3. Diphthercids. 5. Escherichia coll staphylocooci

3. Sireplococeus app. 4, Streptococcus sop 6, Kisbsisfiz 5pp 14, Staphplecoccus aureis

4, Mycobactenum spp. 5, Clostricium pp. 7. Profeus spp. 15, Mycobacterium spp.

5. Bicternides 3pp. and 5. Bacteroides spp. 8. Lactobacilss spp. 16, Actingmytas $pp.
Fusobactenum spp. 7. Candicia 5pp, 9. Enterococ

6. Peplostrepiococcus spp. B. Gartinersila vaginals

2R * T H-RF L eGran() % Ffesk F; 4 oRF BGran(-)
FRE PRE B BRI

Pathogens (;fz:g,ﬁ #): disease-causing microorganisms
. )\;,z:k;‘;:ﬁj/:ggiug_ *

43
o PR GBI G R ST R 7

Opportunistic pathogens (f;?’ﬁb'tt:)ﬁ)ﬁz )
« — T pFfnormal microbiota =z fic# & o ko

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

Microbial biofilm (£ # %)

GROWTH & EXOPDLYMER ATTACHMENT
DIVISION PRODUCTION OF OTHER

0OF & BIODFILM ORGANISMS TO
BACTERIA FORMATION BIOFILM

{hrs.-days) (hrs.-days) (days-months)

REVERSIBLE IRRE¥ERSIBLE

ADSORPTION  ATTACHMENT

OF BACTERIA OF GACTERIA
(sec.y (sec.-min.)

- " ==
S

I“-'!r

organized microbial communities
encased in extracellular polymeric
substance & associated with
supporting surfaces (e.g. mucosal
surface or medical devices)

Candida albicans: the major fungal pathogen of humans

- A member of normal microbiota & an opportunistic pathogen

Candida (yeast)
i ting esophagus

Esophagus

Trachea

Pseudomembranous
candidiasis (oral thrush)

Candida Esophagitis

http://www.mdconsult.com

13



Biofilm formation in a medical catheter
in the pathogenic yeast
Candida albicans

Nett & Andes. (2006) Curr Opion Microbiol, 9:340-345
Schinabeck et al. (2004) Antimicrob Agent Chemother, 48:1727

P e The ™ TERIOT TR TOT TR

Antitiotic Antibacterial antibody
P\ o
v+ 8 *+re +v b X .
$ L s o L &, /-:Bm-cri
= > ==
. Frustrated phagocytosis
T in Pseudomonas aeruginosa
¥ e
- .-I LI"__;'/ =
(]
et e A El ¥
< ‘m“ : o Ol
fe) R ——
+ *_ (
Vit ol o |
i - 0&;5‘""8‘*-‘1"
i
Prescott, Harley, and Klein’s
] Microbiology (8th Ed.)

| D Puconic bactenum G Biofim bactenum i PTagOsyte snzymes

Pathogen
. . Copyright © The McGram-Hill Ina. ission required for ion of daplay
transmission P

Hanzontal contact LY

=)
- i Facal-orl contamination
(s LZR  can also bead 10 both of
s these types of ransmission.

3 =

®

. S

| -

Example: Airborne Transmission

* pathogen suspended in air and travels >1 meter

e oy

© Runk/Schoenberger/Grant Heslman Protograptyy

Prescott, Harley, and Klein’s
Microbiology (8th Ed.)

14



#L % B (Koch postulates)

PR 3 PRA L

R

amEnnmonm
L - MR
b e

DF-FEXIFF¥ER-FZ

Api M

(2) s %
A

Q) #md ¥ L

Ivu ‘ﬂ

% 35 @ PR E WL
L SRR

'ﬁ%* "
%
AR

=R

% R T Y
WEREED - W
LU ]

4 pR%HFR AL EH > 7o
BEDRES E¥

http://www.nsc.gov.tw/_newfiles/

W T R R

popular_science.asp?add_year=2006&

popsc_aid=146

wr g

EmmEen Ll ]

-
ks

B T

Linii}
' = 9

L L3 ]

/mmmn EnAmE
L L[S

ERRIRE
G

S FAAR

B. microti, B. equi

PR B L S B
SR £
R Bacillus anthracis P e A
SRR Babesia bovis, B.divergens, [ Bl (5

A <P 2

Brucella melitensis,
B. abortus, B. suis

4 ﬁ!\ﬂ,ﬁ:’fﬂvﬁ#%}

BRI P % Herpesvirus simiae ’fk"ﬂ'&ﬁ“ > BRI P U T
AR Leptospira interogens b A R
i kil Listera monocytogenes _z:qmj—mp

wis

Borrelia burgdorferi

e

Arobovirus

1% *%A;‘\f/pu 1

~ petsiiuar

L Rickettsia conorii AP
wawrv Pseudomonas pseudomallei AR A A
g Yersinia pestis ]

Chlamydia psittaci P - e

Coxiella burnetii

[ e e

Rabies virus R W#\‘ﬁ TP 5
< Barrelia spp. R eI 5
3¢ ﬁl Y \x’rw Rickettsia akari &fﬂ'&\},‘,
THEL TR Rickettsia rickettsii SR
VPR Salmonella spp. e - ap
FAEEIE R Rickettsia PR
Mycobacterium bovis T e
Francisella tularensis Wﬁmw PR B R
Rickettsia mooseri PR 5
Virus (Rhabdovirus group ) kg
Yellow fever virus &)

(http://science.scu.edu.tw/micro/1024/micro_encyc/index.htm)

wuwwﬁ Campylobacter fetus, TERIES A
C. jejuni
FioF Bartonella henselae iR
R Sikf %5 Coltivirus R
R Cowpox virus k)
@ o Cryptosporidium spp. b SR L
i % (i) Arbovius [P
Tp £ (St. Louis) Arbovius i [ g
A‘Aﬁuutﬁ(Eastern equine) Arbovius S pg
ﬁ?ﬁﬁj@(venezuelan equine) Arbovius i g
’J‘F‘, ;“J’P,@j%(Weslem equine) Arbovius (S
SR # Giardia lamblia =
£ Pseudomonas mallei [t 1/ 8
http://microbiology.scu.edu.tw/lifescience/
Symbiosis
When relationships move in When relationships move in
this direction, the infectious this direction, reestablishment
disease process begins. of a healthy host occurs.

\

(F 24

15



Mt P RpL gL

BTG BT KPR F L2 SRR

B2 2 %5 F1+ (virulence factors) :

i B F% fit ¥ 4 (adhension) @ %%~ &
% F-v

WOEd

i » (invasion)# #§ % (mul tiplication)

R ERGES B ENES I LLES LY
N # % —4-Gram(-)im 7 %2 LPS

Contribution of virulence factors to C. albicans pathogenicity

L]
Stage 1: Colonization & attachment = .. ".-.".

Epithelial adhesion & nutrient acquisition s & 4 & & 4 &

Virulence factors: Adhesins
Hydrolytic enzymes
Hyphae formation
Stage 2: Superficial infection
Epithelial penetration & degradation of
host proteins i

Virulence factors: Hydrolytic enzymes
Hyphae formation

Naglik et al. (2003) Microbiol Mol Biol Rev, 67:400
Zakikhany et al., (2006) Cell Microbiol, 9:2938

Stage 3: Deep-seated infection
Tissue penetration, vascular invasion & immune evasion or
escape

Virulence factors: Hydrolytic enzymes  Hyphae formation
Immunomodulation?

Naglik et al. (2003) Microbiol Mol Biol Rev, 67:400
Zakikhany et al., (2006) Cell Microbiol, 9:2938

Stage 4: Disseminated infection & tissue destruction
Endothelial adhesion, infection of other host tissues, activation
of coagulation & blood clotting cascades

Virulence factors: Adhesins  Hydrolytic enzymes
Hyphae formation
Immunomodulation?

Naglik et al. (2003) Microbiol Mol Biol Rev, 67:400
Zakikhany et al., (2006) Cell Microbiol, 9:2938
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R A FA AL F A AR

- %5 ¢ f$* B (Saccharomyces cerevisiae):
a one-cell (or unicellular) type of fungi

» They multiply as single cells that divide by
budding ! % (as shown in the figure)

* Yeast as a model organism (#:% 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)

T 3 « Human equivalents of the yeast
cdc genes are identified

7 « Cancer results from cell division gone wild
[
(

cell growth & multiply uncontrollably),

/. “* may be due to genetic mutations that are

The Call Cycle

inherited & caused by environmental factors
\ >/
= =i~

Current status of genome sequencing projects

http://www.ncbi.nIm.nih.gov/sites/entrez?db=genome

Search Gururu\' — o [ j - [ &0 J[cus )00

Limits | Previewandes | Histary | Cipboard | Details

Using Genome Resources [May 15, 2011]
o (1) Bacteria & Archaea (complete
Dremlend garame 4 1554 & in progress 4895)

(2) Eukaryotes (complete 40, draft

assembly 419 & in progress 662)

Other Resources
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Overview of a microbial genome project

* DNA sequencing
* Genome assembly
» Gene annotation

» Databases

DNA sequencing: the shotgun method

Source

«re ® Generate library representing
(40 kb insert)
whole genome

woweres  ® PiCKk random clones for
Tl sequencing

(1-2 kb inserts)

» Assemble from overlap of
clone sequences

oered o Rapid & simple

overlapping
sequences

(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 R

(Bini, 2005)

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)
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transcription translation
DNA (gene) RNA Protein
e ¥

Applications of genome sequences

 Characterization of metabolic & regulatory pathways

« Identification of targets for antimicrobial agents

« Study of antibiotic resistance

« |dentification of virulence factors for microbial pathogens

« Comparative genomics & evolution studies & human
diseases

* Global regulation of gene expression

Some tools for global analysis of gene functions

* DNA microarrays (# %] & &)

Monitor the expression of thousands of gene all at once

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

Analysis of protein expression “Proteome” (#-v ‘)
- DH ST WAL B e A 37 & Fov F 48 (Proteomics)

DNA microarrays

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

DNA microarray

Glass slide

10-20,000 genes/slide

PCR products or oligonucleotides
Labeling: fluorescence

Two or mere conditions/slide

(Bini, 2005)
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Prepare cDNAPIobE Prepare Microarray

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

http://www.bio.davidson.edu/Courses/genomics/chip/chip.html

Clustering of gene expression & Fe o FE

Comparing gene expression: PE
- Among different time points

- In response to different
environmental conditions

A eS80
1 the “envmmerta)

P

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

- Between normal cell vs. tumor
cell

} o ucnd
nihe “envarmentl

slrass 1 eaparme”
- Others
-

SElmes -6 lmes
rpessEd  nowe

Proteome analysis

Protemn

o You can also compare proteome
T from different samples
l Mapping (e.g. virulent vs. avirulent strains)
IEF —*

'Robot picking
v

Peptide ss fingerprint - . .
epLCs maRs Mg pini Protein identification

‘ MALDI-TOF
MS

Life’s complexity pyramid: a system view of life

LEVEL 4 (systems)

Modules are nested in a hierarchical
fashion & define cell’s large-scale
functional organization

LEVEL 3 (functional modules)
Groups of nodes

LEVEL 2 (building blocks)
Genetic-regulatory motifs:
metabolic pathways

LEVEL 1 (components)
Genome, transcriptome,
proteome & metabolome

Oltvai & Barabasi
(2002) Science
298:763

Individual components are likely unique to a given organism, the
topologic properties of cellular networks sharing high similarity
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Biological networks & Systems Biology

s e, " Establishing gene regulatory &
e - .. i ® - . il - . K
- we " protein-protein interaction networks

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

P e
— " =t ;@

21



