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TpaekTopua nNnbIBYLLETO
XXF'YTUKOHOCLa

CmelLleHne No BUHTOBOW Cnvpanu.

AHN30KOHT:
MOTOpPHbIN XXIYTUK CO34aET ABMXYLLYIO CUIy.
Pyneson — genaet ABUXeHne LeneHanpasieHHbIM.
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[TonepeyHbIN XKIyTUK
Dinoflagellata

PyneBown (nonepeyHbIn) XXryT MHOTOKpaTHO
ANVHHee, T.e. MoLHee, YeM MOTOpPbIN
(NMpogonbHLIN).




Jlokomouwus
NPOTUCTOB



KOHCTPYKTUBHbIE NNaHbl CTPOEHUS
NPOTUCTOB

XFYTUKOHOCL|bI
e Choanoflagellata
e Chlorophyta
e Chrysophyta
e Haptophyta
e Cryptophyta
e Dinoflagellata
e Euglenoidea
e Kinetoplastida
e Diplomonadida
e Trichomonadida
e Hypermastigida

MHOIOXHYTUKOBbIE/PEeCHUYHDI

peCHUYHbIe e:
NPOTUCTDI OYeHb Mano rpynn
e Opalinata

e Ciliophora



[lononHUTEeNbHbIE CTPYKTYPbI YHAYNUNOANN
KIyTUKa
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OyHKUMGA
loh&yEbhh &déd ENbrophycea).

MOHOKMOHarsbHble aHTUTEeNa Ha O4UH U3 TIMKONPOTENHOB MAaCTUIOHEMBI.
Y XMBbIX KNETOK aHTUTEeNa cbpmBatoT MaCTUrOHEMbI; CKOPOCTb 70-80%.

Fig. 2. Immunofluorescence staining of mastigonemes with mAb-
MASTI. The same cells are seen by dark-field (A,B.C) and
immunofluorescence microscopy (A’ B’.C"). B.B’ and C,C’ were
observed from a different angle (~90° difference). Mastigonemes
are present as a row of fluorescent dots on both sides of the
flagellum (A’.C"). Cells were fixed with 3.7% formaldehyde in A A’
and with 0.2% glutaraldehyde in B,B’,C,C’. mAb-MAST]1 positive
rings at the anterior end of the cell are seen only in A”. Bar, 10 pm.



Flagellar locomotion in euglenids |_| apa KCaJ1bHbI |7|
TAHX

Peranema trichophorum

Euglena sp. A paraxial rod next to the axoneme

Paraxial rod

epositioned intracellularly

*fastened to certain doublets of the axoneme



[TapakcuanbHbIN TAX:
doyHKLNSA

The elastic rod works as a flexion spring.
It accumulates and then releases energy
of the axoneme bending. Supposedly.

paraxial rod
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An analogue:

The hind leg tendons accumulate and
release the energy of the jump.
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[lononHUTEeNbHbIE CTPYKTYPbI YHAYNUNOANN
KIyTUKa

* MacCTUIOHEMDbI
* rMapakcuasibHbIN TSX
* yHOYNUpylowas membpaHa

Pa3sHoobpasue Bbllle, YeM Yy KITETOK
Metazoa



[ononHuTenbHble CTPYKTYPbl MOKPOBOB KNETKU
XXIYTUKOHOCL,A

HagomembpaHHble YCIOXKHEHMUS
NOKPOBOB.

YeLwynku.



[ TMKOKanuk
C

transmembrane  adsorbed transmembrane

wit sl g roNCRypon Glycocalyx: a coat of poly- and
e - Sugar residue % . .

oligosaccharides on the surface
of plasma membrane.

cell coat |
(glycocalyx)

lipid |
bilayer |

CYTOSOL

[Munkokanukc
ronbIX NOOO3HbIX

ameb (MpoTtuctsl 1):
1 — Paradermamoeba;

2 — Ripella;

3 - Polychaos;

4 — Korotnevella;

5 — Korotnevella;

6 — Mayorella




Uellynku (HM3LLe
Prasinophycea®” seneribie)

» [lo Tpex TMNoB Yelyek y O4HOU
KneTku (bosbLue, 4eM y BCex Apyrnx
ayKapmor).

* Yellynkn He MMHEpPanNM3oBaHbI.

Pyramimonas gelidicola
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Uellynkm ueHTpoxenmaHbIX CONTHEYHUKOB

Uellyinkn ecTb B pasHbix rpynnax NpoTncToB, B TOM YMcre y
CONHEYHMKOB.

Polyplacocystis

Acanthocystis B.B.




Yewynkn Coccolithophorida®™®
(Haptophyta')

aragonite CaCO,

3auem

Y MeTaKkneTo4YHbIX OPraHM3MOB €CTb MMNKOKAIMKC, HO HET CINOXHbIX ero oopm,
TaKNX KaK YeLlymnKu.,



KneTto4Haga
C e wHK @xtracellular structure)

occurs in fungi, land plants,
macroalgae, as well as in protists,
but never in flagellates.
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chrysophyte : (y/
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Jason Oyadomari

choanoflagellate
Salpingoeca




CybmeMmOpaHHble CTPYKTYPbI KNETKU

fithBdTRYSEULRSHEB

KOpeLLKM

[Mennunkyna
Dinoflagellata

[Mennukyna Euglenoidea

Tybynemma
Kinetoplastida

[Mepunnact Cryptophyta



Tybynemma
Kinetop lastida Tripanosoma brucei

MeTaLumKnndeckas dopma (13 Kp.pycna)
rnonepeyHbIn cpes

MMMNKOCOMBbI

MUTOXOHOPUA

TyOynemma

XryTuK (nepexonHas
30Ha)

XIYTUKOBbLIN KapMaH




[ToBEPXHOCTb KNETKA

ORLNHRERIX




[lennukyna

o Cucrtema 6enkoBbIX NEHT, NOACTUNAOLLNX
KIETOYHY0 MeMbpaHy

» [logaoepxmBaeTcst MUKPOTPYboUKamu.




[lepunnact Cryptophyta

External Face

Internal Face

Integral N e
Membrane ’ v

Protein Periplast Plates of Internal Cell Membrane
Periplast Component (IPC)

Ejectisome




|_|ej'|j'||/||(yj'|a Teka = ammecma

AnbBeOrbl = TEKaNbHbIE UMK

Di nOﬂagEI lata amdurecmarnbHble BE3UKYIbI.
Kneto4Ha
o MemMbpaH
a TekarnbHa
membpa .
3 anbBeo
S nnac

3

rpaHuLa mexay
anbBeoramMmu



[lononHuTenbHble KOPTUKANbHbLIE

[MoaoBHbIX CTPYKTYP HET Y KNETOK MEeTaKNeTOYHbIX OPraHU3MOB.

3auem?



>|<ryT|/| KOBbIU
apmMaH

3aqu

CnoXHble NOKPOBbI =

Euglena

1. OBHOBEHNE KINETOYHON
MemMOpaHbl.

2. 'y HekoTopbIX

XFYTUKOHOCLIEB BbIMOSTHAEN
ponb UMTOCTOMA. QHOO- U
9K30LMTO3.

Cryptomonas

Trypanosor



[1anniouykoBbIU

dannapart

B flagellar feeding
pocket vanes

R
3
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Annapart
doarouymTo3a
ropasgo CrioXxHee,
YyeM B MoObIX
KneTkax Metazoa

nucleus

microtubules
of feeding rod




The axoneme occurs in all phylogenetic lineages

* Emerged independently in different lineages?
e Such a complex structure is likely to evolve once.
* Are there taxa that lack the axoneme and centriole primordially?

dynein

Outer-doublet —

microtubule \ L Grster-

/ arm dynein

Flagellar
membrane

Central pair —
microtubules
(and associated
projections)

Ginger et al. 2008 Nature Reviews Microbiology



(| No kinetosomes or centrioles

Taxa lacking the flagellum

Number of described
extant species

Phylogeny of Eukaryota §
Protista. III. Handbook of Zoology (Ed. S.A. Karpov), Gromiida @ Haptophyta
Moscow, KMK Scientific Press Ltd. Plasmog!:gll%szgndla Centrohelida (__d__l .
! r Kathablepharida >100 000
Paramyxea
' Y Cryptophyta Rhodophyta (:l T - .
} Chlorarachnida
6<\6 Dimorphida 1000—10 000 @
5l Desmothoracida Embryopiiyta 100—1000 @
Q:(\ Cercomonadida Charophyta
Pansomonadida g 10—100 @
Cryomonadida 9 Chlorophyta <10 ®
Spongomonadida s Viridiplantae ,(-'\63 i
Thaumatomonadida Qg \65 Acrasida .
Euglyphida @— Cercozoa & \(\669 Schyzopyr.enlda
o C Heterolobosea Sl
Kinetoplastidea

Phaeodaria
Acantharia
Polycystina
Taxopodida

Xenophyophorea
Foraminifera
Komokiida

Discicristata Excavata
Trichomonadida

j@asalia Hypermastigida

——@ Diplomonadea

/ \. Oxymonadea

Pelobiontida
Testacealobosia

Ciliophora
Alveolata
Sporozoa (Apicomplexa) Myxomycizergnamgebtia t ebozoa
Colpodellea rotostelia
P \é Dictyostelia
Myxogastria

Dinoflagellata

I:)Actinophryida —
Bicosoecida @—
pseudodendromonadida &~
Blastocystida

Metazoa

Opalinata
Labyrinthomorpha
Oomycetes
IS'G Pedinellida
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Magnaporthe grisea
Cryphonectria parasitica
Neurospora crassa
Gibberella zeae '
Gibberella moniliformis
o; Sclerotinia sclerotiorum
Botrytis cinerea
Leotia viscosa
Trichophyton rubrum
¢ | L Coccidioides immitis

Aspergillus fumigatus
Aspergillus nidulans o
remothecium qossypn

Ascomycetes

e (N

S Phanerochaehe ::nhrysosporium

— = Phra&mid um
L]

o, Rhizopus oryzael

eocallimastix i
eocallimastix frontalis2

___|

Kluyveromyceslactis
Saccharomyces cerevisiae
Candida glabrata

Candida Krusei

Candida albicans

Candida tropicalis

Candida parapsilopsis _
Debaryomyces hansenii
Candida guilliermondii
Yarrowia lipolytica

Taphrina deformans
_@eumocystns carinii

Schizosaccharomyces pombe
Neglecta vitellin?o
manita phalloides

8[. Agarjcus bhisporus
pn’guopsts cinerea
Basidio-
num re,
s
Cryptococcus neoformans
a momysges stellatus

. mittium culisetae

Furculomyces boomerangus
Basidiobolus ranarum 7
Rhizopus oryzae2 yg0-
Mucor hiemalis

Glomus mosseae1

lomus mosseae?2
igaspora gigantea
?rontalls1

Allomyces macrogynusi
Allomyces macrogynus2
Coelomomyces stégomyiae

Catenaria anguillulae

Chytridio-

Is the lack of the
flagellum ancestral?

All taxa without kinetosomes
have flagellated relatives.

L Monoblephars macrandra
(I Chytriomyces hyalinus2
e [ Chytriomyces hyalinus1
______—— Entophl c.t..is,ggnjew?g,g‘!_gme,rgtae

Phylogeny of the fungi: RNA
5 polymerase Il subunit genes
Liu et al. 2006 BMC Evolutionary Biology

Ia

o Anop eles gambiae
Drosophila melanogaster
_ 8 | — Caenorhabditis elegans
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Taxa lacking the flagellum

Phylogeny of Eukaryota

Protista. III. Handbook of Zoology (Ed. S.A. Karpov),
Moscow, KMK Scientific Press Ltd.

Gromiida
Haplosporidia
Plasmodiophorea

Paramyxea
) Chlorarachnida
(\3 Dimorphida
‘\1,6 Desmothoracida

Q:(\ Cercomonadida
Pansomonadida

Cryomonadida
Spongomonadida
Thaumatomonadida

Euglyphida @—

Phaeodaria

Cercozoa

(| No kinetosomes or centrioles

Number of described
extant species

>100 000 ~

@ Haptophyta
Centrohelida ("d__]
Kathablepharida

Cryptophyta

Rhodophyta (:I

10 000—100 000
1000—10 000 @

Acantharia
Polycystina
Taxopodida
Xenophyophorea
Foraminifera
Komokiida

Ciliophora
Alveolata
Sporozoa (Apicomplexa)
Colpodellea
Dinoflagellata

Embryophyta 100—1000 @
Charophyta 10—100 @
Chlogphyta <10 ®
Viridiplantae X
e \65‘—\6 Acrasida
\(\369 Schyzopyrenida
p\(c’ Heterolobosea Euglenoidea
Kinetoplastidea
Discicristata Excavata

/

Trichomonadida
Parabasalia Hypermastigida
/

—@ Diplomonadea
Oxymonadea

Pelobiontida
Testacealobosia

Actinophryida e—
Bicosoecida @——

Pseudodendromonadida e~
Blastocystida

Opalinata
Labyrinthomorpha

Oomycetes
S Pedinellida
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