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A Typical Prokaryote Cell
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Color of
Gram + cells
Primary stain: Purple
Crystal violet (4555%)

Mordant: Purple
lodine (BfLK)
Decolorizing agent: Purple

95% Ethanol ()

Counterstain: Purple
Safranin (¥D4I)

Color of
Gram — cells

Purple

Purple

Red
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B Crystal violet

W lodine
[ 1 Alechol
M Safranin
€) Application of crystal @) Application of €) Alcohol wash OA
! pplication of
(a) violet (purple dye) iodine (mordant) (decolorization) safranin (counterstain)
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Fungi

—Chytridiomycota (F2E)

Blastocladiomycota (FEE 77 %)

Neocallimastigomycota (FB& 77 7)

Zygomycota (FEEE)

e e

Glomeromycota (BREEH, FRE)

Ascomycota (TEH)
— Dikarya_[
Basidiomycota (}& &)
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http://en.wikipedia.org/wiki/Chytridiomycota
http://en.wikipedia.org/wiki/Blastocladiomycota
http://en.wikipedia.org/wiki/Neocallimastigomycota
http://en.wikipedia.org/wiki/Zygomycota
http://en.wikipedia.org/wiki/Glomeromycota
http://en.wikipedia.org/wiki/Ascomycota
http://en.wikipedia.org/wiki/Basidiomycota

Aerial hyphae Vegetative hyphae

Aerial hyphae
i

s

= Vegetaﬂh hyphae

aakd ]
[2a=Trl."

(a) Aspergillus niger 3
(b) A. niger on agar
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Spore
)
é—r&—v -

(a) Septate hypha (b) Coenocytic hypha (c) Growth of a hypha from a spore
Capyright £ 2004 Pearscn Education, Inc., publishing as Benjarmin Cummings.,
i k
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http://genome-www.stanford.edu/Saccharomyces/VL-what_are_yeast.html
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Algal layer

Medulla<

(a) Three types of lichens 2cm (b) Lichen thallus
g, 29
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Medulla 4

i S e
Algal Iayer{ .' .'
= , >/ /
7a

hyphae

N )

- =L A " _'.l—_
Cortex {; Lﬁ)ij_r«% e

=5 S A
Hhizineﬂ(

(a) Three types of lichens 2cm (b) Lichen thallus
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#3F (algae)
R 2 $ 3 (protozoa)
) e ﬁﬁf (slime mold, water mold)
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VIR PREN  Characteristics of Selected Phyla of Algae

EE RF PF FESFE O KKE
Phylum Phaeophyta  Rhodophyta  Chlorophyta Bacillariophyta  Dinoflagellata Oomycota
Color Reddish Green Brownish Brownish Colorless, white
Cell Wall Cellulose and ~ Cellulose ~ Cellulose Pectin and Cellulose in -~ Cellulose
alginic acid silica membrane
Cell Multicellular ~ Most are Unicellular and ~ Unicellular Unicellular Multicellular
Arrangement multicellular  multicellular
Photosynthetic  Chlorophyll ~ Chlorophyll  Chlorophyl Chlorophyll Chlorophyll  None
Pigments aand d, aand b aand ¢, aand ¢,
xanthophylls — phycobili- carofene, carofene,
profeins xanthophylls ~ xanthins
Sexual Yes Yes Yes In a few (2) Yes (similar
Reproduction to the
Zygomycota
Storage Carbohydrate  Glucose Glucose Ol Starch None
Material polymer polymer

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.
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REFIEMIERELE (red tide)
W SRR (A BRI E

BUSHKEER  JEEREMER
HE (paralytic shellfish
poisoning » PSP)
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4 # 4 (Protozoa)
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jn %z 3k (Cellular Slime Mold)

Asexual reproduction

— —

Amoeba = \; '| v i )_,_.://'

reproduces \
cAMP "

@ Sporeiis - .

released. ; / ) // ;, /I'
@ — /1 CAMP [

Spore .. Nucleus ) /

(9] Amoeba

caps @ Cellsin | germinates © Amoebas \!a S *cAMP
spore cap from spore. move toward
form spores.! | cAMP signal P
| Stalk given off by &)
;‘ (1 mm) one amoeba.
@ Fruiting body with ©® Amoebas aggregate.

spore cap forms.

6 Slug stops migrating

and begms to form €
) stalk in differentiation ‘ :
sen X | stage. Sheath forms to create
0.25 mm migration stage (slug) (0.5 mm).



Sexual reproduction

@ Zygote develops o Multinucleate
by nuclear plasmodium
divisionand
cell growth. & ‘/”I

© Haploid gametes ¢ / o
fuse, producing / / \.\
zygote. Y
@ Plasmodium grows,
distributing nutrients by
cytoplasmic streaming.
© Gamete ( —
germinates -~ o }
from spore. T

Channel of
cytoplasmic
streaming

© Spores are\ o) iR
released. Plasmodium ,_M —
e separates into S
*f o groups of protoplasm.

Sporangia="\ ¢
il

Each group forms
sporangia on stalks.

© Spores develop 41

Nuclei in spores go through & 5 mm : !
in sporangia.

meiosis, forming gametes.
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s

Adenovirus
90 nm

®
Bacteriophages

f2, MS2
24 nm

30 nm

~

Prion
Poliovirus 200 % 20 nm

v /0

Bacteriophage T4 Rabies virus
170 x 70 nm

] Bacteriophage M13 /\
Rhinovirus 800 x 10 nm K F
30 nm -

Chilamydia elementary body
e 300 nm
Tobacco mosaic virus
250 x 18 nm _—

Viroid
300 x 10 nm

Ebola virus
970 nm

Vaccinia virus
300 x 200 x 100 nm

E. coli Plasma membrane
(a bacterium) of red blood cell

3000 x 1000 nm . 10 nm thick

Copyright ©® 2007 Pearson Education, Inc., publishing as Benjamin Cummings.
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Capsomere i Nucleic acid

> Capsid

/ {a) A polyhedral virus {(b) A Mastadenovirus
/ Copyright € 2004 Pearson Education, Inc., publishing as Banjarmin Summings.,
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(b) Herpesvirus
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9
® 2%+ (Viroids)

viroids
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2.
3.
4,
S.
6.
7.

4

IR RNA 77 F, fRE

SRS

19615 B e B B B4

(Viroids)

AR EE IR 3R

19714E-H T.O. Diener #5442 ¥ER T (Viroids)
TR R— R ENE T2 —

HESIRPEY, FE AR AR E, B RAE YRS
B8 £ mRNA R

’é)’lﬁ)? NAHH, HIHE (A

RNAF B —ELtE PR P

C

1 IPY & T ntron) B EEV)

N

= HBSNR, MERENTA

A
=
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Fatal familial
Insomnia

(FFI, Eaptd:
K IEFHRSE)

Jakob

1)

Creutzfeldt-

(CJD, EHIX
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http://www.immaculata.edu/bioinformatics/hhassel/picture%20of%20infected%20brain.jpg
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Aerobic Lithotrophs (Chemoautotrophs)

B Hydrogen bacteria

% —> Sulfur bacteria

ﬁé’\lﬁﬂ% — [ron bacteria

4{EE — Nitrifying bacteria

Nitrosomonas

Nitrobacter

H, + 120, - 1,0

H,s + 120, » H,0+ S
S+150,+H,0 —™ H,S0,

2Fe™ + 120, + H,O —™ 2Fe® +20H"

NH, + 1.50, » HNO, + H,0

HNO, + 120, —* HNO,
63
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acidic 0

1

2

3

10

11

exfreme
acidophiles

w REME

acidophiles

=)

= RIRE

“ N B B R B

heutrophiles

& i Bk Bl ST R B

alkalophiles

exrems
alkalophiles
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“HJAERFS pH 1.0 ~ 3.5 YEEMUR R CRE R 2
70°C ~ 85°C)
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themophiles
100*—160*F
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http://www.atpm.com/6.07/national-parks/images/bubbler.jpg
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Temperature (°C)

multiplies in rice

Refrigerator air
=10
0 1 2 3 4
/‘\‘ Hours
/ Copyright € 2004 Pearson Education, Inc., pulblishing as Bengamin Cummings.

»

Approximate temperature
>range at which Bacillus cereus
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DNA
replication

Septum formation

G

Completion of
septum with
formation of
distinct walls

u u Cell separation

Time Number
(hours) of cells
0 1
0.5 2
1 4
15 8
2 16
25 kY
3 64
35 128
4 256
45 512
5 1024
55 2048
b 409
10 1,048,576
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4 Stationary
Lag phase Log phase phase

Death phase

5 10
Time (hr)
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Acid-base reservoir

and pump
Viewing
port
| Exhaust
Impeller
Cooling
: water out
Cooling iy
jacket
. - Culture broth
Cooling
water in
- Sparger
(air bubbles)

Steam — ﬂ ~— Sterile air

83



9
® pEpst (Fermenter)




ﬂ:{/:} 0 A
ARt 3 S r) T

85



1. WAEERmIE LREA
2. WAEIEREE - fElR ~ BRSE FRVEA
3. MAYHERRESARG R

86



° FOBRTA

° BB

° BFREA

* (BRI (DR REE LS LRIF)
° ERETERIRHA

* BE®REZERERLE

* HAth

90



Ml a g e Sk

¥ B A & — 427 (cheese) ~ Bt (yogurt) - 5 p¥
FopriEE BFEALE
CEARAE M SERERS (S ¢S

PR B 7Y 4 7)




@ 2014 Encyelopadia Britannica, Inc.




O Grapes are  © Sulfite is added to & 7t # 5
tested and kill undesirable £ %4
yeasts and bacteria.

il ] O Result is pressed to
. O Yeast inoculum separate solids from
is added. wine.

@ Wine is clarified
in settling vats.

5 ' Fermentation

occurs.
o

R
© Grapes are
crushed =
and de-
stemmed.

O Wine is filtered. ©® Wine is aged. @ Wine is bottled. 00



4 W% (Bioconversion)
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Bt ¥ LA B PR
He2 3 8% (Microbial Mining)

1 wBkE- £FE 4R @S A%
2. Bfa~EBR A
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WAL HER — UEFDRFG - v

. ERFBE: CS+20, —— Cuso,

2. RFRIBZE.
4 FeSZ + ].5 02 + 2 HzO B — 2 Fez(SO4)3 + 2 H2S04

CUS + Fez(SO4)3 —>CUSO4 + 2 Fe(SO4) + S
3. fcB CuSO, , P H4Fah RfR

-
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€@ Leaching: Fe3* in
acidic leaching solution
oxidizes insoluble copper

sulfide (Cu*) to soluble
Copper for
Pregnant industrial uses

CuSQ, (Cu 2+),
(metal-bearing) _
i . ;% /% Leach dump of solution, CuSO, Fe? (metallic
XA W - copper sulfide ores scrap iron)

Pump

Oxygen in aerated pond

@ oxidation pond: Barren solution, © cuso, precipitates as
T ferrooxidans oxidizes No copper, iron copper (Cu%); Fe3+is
FeSO, to Fe3+ + H,S0, as Fes0 changed to FeSO, (Fe2*).

(acidic leaching solution).

© 2013 Pearson Education, Inc.
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.512" ﬁ (Bt) Bacillus thuringiensis

g

Gram-positive, spore-forming soil bacterium

FProduce insectcidal crystal
protains (G-andoloxins)
during sporuiation

Most Bf strains can
synthesise more than
one crysial, which may
be formed by differant
Cry loxins
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How Cellulosic Ethanol is Made

Blomass ls cut
into shrsds
and pretreated
with heat and

:hr.tml:.;ilsln
make collubote G}
Ethanal i+
e purilied
distiflation and
prepaned for
distribution.

Homass s harsestod
and delivered 1o
the biocefinery.

Enryrmes break down Microbes ferment
ceflulote chalns sugars inlo
info sugars. athanol,
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2 7 5

R BE 2K (RPEL - &
F & 3o ) Clostridium acetobutylicum (4€ B 4
Chaim Azriel Weizmann *+1916# ¢ L8 &)

B AP A B e (AR EE)
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Volta fire
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http://www.bta-technologie.de/files/erk-methan.JPG

8 © 2013 Pearson Education, Inc.
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3,4,5-trichlorophencl OH 2,3,5,6-tetrachloro-

MIicrobial degradation pathways for PCP
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product Q N
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“Excuse me, sir, would you mind getting the door for us?”
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