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[FtZ4HRE (procaryotic cell)

Cytoplasm

Ribosomes
4 Nucleoid (DNA)
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Cell wall
Capsule

Flagellum

BB (eucaryotic cell)

Nucleus

Nuclear pore
Chromatin
Nuclear envelope
Nucleus
Nucleolus

Peroxisome
Microtubule
Lysosome
Free Ribosomes
Mitochondrion
Intermediate Filaments

Plasma membrane
Golgi vesicles
(golgi apparatus)
Ribosomes
Rough endoplasmic reticulum
Smooth endoplasmic reticulum
Actin filaments

Cytoplasm
ecretory vesicle
Centrosome

(with 2 centrioles)

Flagellum

Filamentous

Plasmodesmata cytoskeleton
Plasma membrane
Cell wall

Small membranous
vesicles

Chloroplast
Thylakoid membrane
Starch grain
9 Smooth
endoplasmic
Vacuole

reticulum
Vacuole

Tonoplast Ribosomes

Mitochondrion
(mitochondria)

Peroxisome

Nucleus
Nuclear pore
Golgi vesicles Nuclear envelope

Nucleolus
Golgi body Rough
(Golgi apparatus)  endoplasmic
reticulum

16
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Prokaryote

Plasmid

Chromosome
(DNA)

Endoplasmic reticulum

Nucleus

Mitochondria

Golgi apparatus

P ED

Ribosomes
Cell wall
Cytoplasm
Eukaryote:: @ B S 4e TR &



Rz Ez4h

MEFBR T (0.2-2 um) BRI (10-100 um)

Ll B

NS IR

MBI — kB SR ALD BAHA RIS
- b BERERK, BEE—DENBS,

HEUEREE, FIHIDNASRIEE i

0 SR, T BRI GROR (CER

DNATRIR, FSBERES BAT DNASREHNENRES; SHA

aEESR BESFS]

ROMAET FENET

—RESERET, E?%L%EE?‘:
StRRREASH, XRIESEFE ARKANER, ARRAFE, %R
{BEX, FEIFE/SIZIM, 70SIERER WIESENFEMBER, FENFERIZI0,
80SHZAEIK

18



Prokaryote
| I

Bacteria Archaea

| £ wl‘

- . - < = N3 o
Bacteria Actinobacteria Cyanobacteria Halobacterium
Gram-positive (Violet) cocci  (Actinomyces israelii) (Cylindrospermum sp) (Halobacterium sp)
Gram-negative (pink) bacilli
Protozoan

Eukaryote -
L
=
]
2
[
= |
Closterium
S
S
2
L ®
2
=
= 5 7 -
E Tulip Elodea Lossen’s stem
pollen grains .
Animal
N a8l mambrane '
. ayiosol

Human
cheek cells

Tardigrade Rotifer

rsscience.com

19



NG

#

= (bacteria)

- BE7lEF (Eubacteria)

- BREJVFRRENAE. HHE. 18
EfR, IR

-EREOECASHRZEN e
- @,@
e:ssxaeyzaexabe- ;

FiR FHY KR E

20



RzSEZAE

- BRI B2AFERANER, BEIFSIE
R R 2R S 2 IR AL SRAY.

- Y2 AR YIRS mmE?

OEREEE—ERRIAE, WX Pyrolobus fumariF1997 EERIGEHE
UERPENN., BAEGERA BO— AR O B R AT
FRRIKIRIRIRR.

5 A R L N y
D vt i » { f——) pm

21



- HE. BERE

5= (Archaea)

ES

- BAERIAEY), TR

FRINREES, F1EE

1M,

. E'—i BiZ4

s S F551%

YIS RRE S

. ezu\jg Ewlﬁﬁ_ =0,

T TR
- HESHESE

BB EFIES

4

f_)_‘_ 120
JF@ZIEUEI’J?E,Z%_

EEE A




5 (Archaea)

Anatomy of an Archaeal Cell

Pilus

(Ngi"awsalllle) Hamus or Cannulae
P a (Tube-like structures
&- unique to Archaea)
Plasma \/
membrane
Cytoplasm
Archaellum yiop
Nucleoid

(Chromosomal DNA)

Plasmid

Ribosome .
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Archaeal viruses
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Bacteria Actinobacteria Cyanobacteria Halobacterium
Gram-positive (Violet) cocci (Actinomyces israelii) (Cylindrospermum sp) (Halobacterium sp)

Gram-negative (pink) bacilli

26



TEM K SEIBEXT




IZLE2

=D

T

#

ab =5 D E

ﬁbZE

*3-1 HE. B (45 ) MEZEYFEN LR
HE ENE (HE) HiZA&EY
A G 7o f
i T 200 M 5 ¥ G el
i T “9+2” L5t " T “9+2” 4ty A “o42" 4ty
DNA 53LA Wk, A Jﬁlilﬁ?fi%; & R, AS5EARYSES: SHSEAKMEORYS S
—, HEERFN; HFAENE HANGEEFY); KD SHERENELZIFI; /£
B Al B WET; RPNy ENET; SRBN
22N AR A R, &/ 60 KB EEA N 708, & WA 80S, &4 70 ~ 84
FhPL_E 2R F1oT A 55 A i PP 11 5T
— 2 h tRNA F L E tRNA F 5 FR 4k tRNA iz i tRNA
SSIRNA M Z045M B S MIRIEX,;, —REmYE  FH4PBERX; —H4H  f 5 PMIREX
— HAZEYRBEE 5 B A YA =T
—» RNA R4l EA 2520 R TR 2V HEAH AR
2 i e EEMEE R FE R T MBERR IR A A0 i B T2 2 o 2 2T
R HE R TN
— EEABASINEIR R SZEE R RSG AL R M2 HER AR A
— YRR FF I MRS It ifeees i fEges
A EE NESE S AW HMEEM4KE a. b fHYI 4K a, b, ¢




BHiZzABAtE A RE R

BRUN S
RARALE, — P SEREFEXRNARERT SMRBEE FEERY

TACK @R, FRTEREY——BRPE SR ESEANNEREY. BERERE
— "Borrarchaeota" HNERENARRSEH 4. SHRGELANEI NS ES LEHEL.
— "Helarchaeota" ™
— "Lokiarchaeota"
— _|: "Baldrarchaeota”
I . "Odinarchaeota”
Z1IN 7/ I %
Xﬂ:/ "Hermodarchaeota"
Proteoarchaeota . "
Asgard Thorarchaeota .
"Wukongarchaeota" EHEAEZEY
T R ] | ,,
Hodarchaeota
*Gerdarch . CHRABRNERENNS, EREARRE—FEE, MEFEERE
erdarchaeota W — EIE A R EEE R,

"Kariarchaeota”

"Heimdallarchaeota”

Eukaryota

(+a—Proteobacteria) = 1:? EIEq:@

https://en.wikipedia.org/wiki/Asgard (archaea) onature



‘AR M E BEiZ5EY)
gieE |, BERE NZERBE gmmg 5110
e .
. (E3e FATEE | EREE
N Eﬂf@ﬂ l REREE FWE
EE] e 4%
FBER aTuER wEa
BATE R AR £ m B
ﬁi%ﬁ e
FavtE F B
W3
~IKE R TS
LUCA HT16S ZEARRNARS5

trEEE H A ERE dmE N

last universal common ancestor (LUCA), &f5E+Bs5k, 8, 5
HERAEYIRRIARIIEEI{RSE, 2K R IfEE st ERCIR

30



7“""?"""" v L8

W. s ;«.;f{.ﬂf A
JIR/RIL, 1837

EVEURIANILREIESG,

EULCERLL (1) #xBA,

[ }
-, |0t
IJI'.I

ABFAIDNA, &EEEG,

O, ARtk

wEzE, MABERRFHRES

FXATP, AT PA@;,

/—

° H;

i 'E,ﬁlzl / :iﬁﬁ,ﬁﬂgﬂzo



H* H*

Genetic code O

\\\\'\\ \ x @/ o Carbon
Hydrothermal fluid / /
Modified Bases 0 P, o
Cofactors CODH/ACS I I i
Biosyntheses \ N [CQ] CH,-C -SR%)CH:,-C -OPO;
I/ N HS-R HS-R
Glutamine Radical SAM
/ AP B —/? Ferredoxin
Glutamate ~ GS % @ Flavoproteins
ATP CHy-R e
5 (P)H
NH4+ Corrins
MoCo
Bl T Q% 9 Selenium
Iron

Geochemistry

Summary of the main interactions of LUCA with its environment

The last universal common ancestor between ancient Earth chemistry and the onset of

genetics. 2018
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cooler, more oxidized,
more acid Hadean ocean
<30 C, pH ca.5.5

the universal ancestor
(not free-living)

temperature-, redox-,
and pH-gradient

DNA era

RNP era

H*

X

RNA era 0 i , P07
amino acids - CO;
su__gavs bases * Fe2*s> Fe*
e N
prebiotic '&
chemistry
ocean
crust

HS™

CH3;SH

CN- CHa4
Y 4 '

NH3z

hot, reduced, alkaline
hydrothermal solution
ca.100°C, pH ca.10

eubacteria F

free-living cells archaebacteria

(chemoautotrophs)

Fed+

escape with conservation,
of redox chemistry %
at cell surface

independent invention - "”
of lipid biosynthesis
o

invention of most
biochemistry

the universal ancestor
(not free-living) ;

Martin and Russell, 2002
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acetyl-CoA
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formyl-methanofuran
Fir
formyl-H,MPT
Mch

methenyl-HMPT
Hya) Muan
methylene-H,MPT

Hywa| Mer
pmf

methyl-H,;MPT
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methyl-CoM
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acetyl-CoA
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Aix12 (Wood-Ljungdahl pathway)
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(Transport protein)
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Cholesterol

Glycolipid

Alpha-helix protein

Surface protein
(Integral protein)

Globular protein
(Integral) cytoskeleton Peripheral protein

RFEDF BER

(Phosphatidylcholine)

Phospholipid bilayer Phospholipid

Hydrophilic head

FIKIERYELER
Hydrophobic tail
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Free-living
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[F#ZHRE (procaryotic cell) » EHZHBE (eucaryotic cell)

Cytoplasm

Ribosomes
Nucleoid (DNA)

Plasma membrane

Cell wall
Capsule

Flagellum

Nucleus

Nuclear pore
Chromatin
Nuclear envelope
Nucleus
Nucleolus

Peroxisome

Microtubule
Lysosome
Free Ribosomes
Mitochondrion
Intermediate Filaments

Plasma membrane

Golgi vesicles

(golgi apparatus)

Ribosomes

Rough endoplasmic reticulum
Smooth endoplasmic reticulum
Actin filaments

Cytoplasm

ecretory vesicle

Centrosome
(with 2 centrioles)

Flagellum

Filamentous
cytoskeleton

Plasmodesmata
Plasma membrane
Cell wall

Small membranous
vesicles

Chioroplast
Thylakoid membrane
Starch grain

Vacuole
Vacuole
Tonoplast Ribosomes

reticulum

Mitochondrion
(mitochondria)

Peroxisome

Nucleus

Nuclear pore
Golgi vesicles > Nuclear envelope

Nucleolus

Golgi body Rough
(Golgi apparatus)  endoplasmic
reticulum
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Bacteria Archaea

Halobacterium

Cyanobacteria
(Halobacterium sp)

(Cylindrospermum sp)

Actinobacteria

Bacteria
(Actinomyces israelii)

Gram-positive (Violet) cocci
Gram-negative (pink) bacilli

Protozoan

Eukaryote .
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)
712 Cluster with prokaryotic 20255
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