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MOP®OJIOTNYECKHUE TUIIBI OPTAHU3AIIUU IIMPEHOU/10B
Y 3EJIEHBIX MOHA ],
O.H. bBoaauna

Boraangecknit uactutyT uM. B.JI. Komapoa PAH, Canxt-Iletepbypr

B cmamve obcyscoaemes ponv nupenouda y 3enéHbix MOHAOHBIX 8000pociel. Y
6udos Chlamydomonas x Hacmosiuemy 6pemeHu 6blseeHo 6 Mmunos nupeHoudos,
PA3IULAOWUXCSL MEAHCAY COO0U CMPOEHUEM KPAXMATbHOU 0OKIAOKU, YUCTOM U XAPAKMEPOM
PACnonodIceHUss MULAKouodo8 @ cmpome nuperouda. [aw aumanus pacnpedeneHus munog
nupenoudog 6 epynnax Chlamydomonas u na kiadoepammax, npeonazaemvix pPA3HbLIMU
aemopamu. Bvickazvieaemcss npednodcenue paccMampueamv NUPEHOUO KaK npumep
MOOyabHOU  opeanuzayuu. Cmasumcst 60RpPOC 0 20MONO2UU NUPEHOUOO8 V  3eNEHbIX
sodopocieil.

ITupenonn — KpymHasi CTPyKTypa B COCTaBE XJIOPOIUIACTOB BOJOPOCIEH, MMEoLIast
BBICOKYIO CTETIEHb ITPEIOMIICHHUS CBETOBBIX JTy4eil B ONITHYECKOM MUKPOCKOIIE, KaK MPaBUIIO,
OKpYXKECHHass OOKJIagKkoW W3 TMOoJHcaxapuIHbIX MerabosuToB. [lommMmo Bonopociei
MUPEHOU Bl OOHAPY)KEHBI M Y HEKOTOPBIX BBICIIMX PACTEHHUI — Y aHTOLIEPOTOBBIX MXOB U
LIUKAJOBBIX PACTCHUM.

dusnonorudyeckas poib NuUpeHounga auckyrupyercs ¢ 70-x rr. XX B. m g0
CETOJHAIIHEr0 JHS HE COBCEM SICHA. 3HAYMTEJFHYIO €ro 4acThb cocTaBisieT gpepmeHT PID-
KapOOKCHIIa3a, SIBISIOIIUICS KIIFOUEBBIM (EPMEHTOM B (POTOCHHTETHYECKUX peaKIusixX
pactenwuii [1, 21]. OgqHako MHOTHE BHABI BOJIOPOCICH, HE HMEIOIINE MTUPEHON A, TIPEKPACHO
BETCTUPYIOT M OCYIIECTBILIIOT MpPOIlecCchl (POTOCHHTE3a C TOH ke 3(PPEeKTUBHOCTHIO, UTO U
conepxamue nupeHonn [16]. OOHapyXeHHBIE B NMHUPECHOHIE CIEeIbl HYKICHHOBBIX KHCIIOT
MO3BOJISIIOT OCYIIECTBISITH B HEKOTOPBIX CIIydassX CAMOCTOSITEIBHOE JIEJICHUE, COBMEIIEHHOE
[0 BPEMEHHU C JIEICHHEM XJIOPOIUIACTOB BOAopocieil. B npyrux ciydasx MUpEeHOHWIBI HE
JIeITISITCS, @ IPOCTO UCUE3al0T B MPOIEcce AEICHHUs M 3aHOBO MOSBIISIOTCS B XJIOPOILIACTaxX y
BHOBb 00pa30BaHHBIX KIIETOK [5].

HaGﬂlOI[eHI/IH 3a MUPEHOWAAMU IMO3BOJIMJIN BBIABUTL Pa3JIMiud B UX CTPOCHHUU CLIC B
Havyajle TpOIIEANIero BeKa. bbumm mpemanoxeHsl uX Kinaccupukanmu [3, 9, 18].
BriocneacrBun nmomMumo kinaccuukanni [5] yka3plBUIMCh UX OTJIMYUTENBHBIE OCOOCHHOCTH
[6].

CyIIecTBeHHBIH TPOrpecc B M3yYeHHH MOP(OIOTHH THPEHOWZOB OBLI CBS3aH C
MOSIBJICHMEM METOIOB NPOCBEUYMBAIOIIEH JIEKTPOHHONH MHUKpockonuu. C TOro MOMEHTa Y
Pa3HbIX TaKCOHOB BOJOPOCIICH OBUIM OIMCAaHBl ITHUPEHOMIBI, PA3THYAIONINECS TOHKHM
CcTpoeHueM ero kommoneTos [4, 8, 11, 12, 13, 14, 15 u mp.].

HanGonburee pasHooOpazue B yIbTPACTPYKType NHUPEHOWAA OBLIO BBIABICHO Yy
3eJICHBIX MOHAJHBIX BOJIOPOCIEH, OTHOCUMEBIX K poxy Chlamydomonas [2].

X1aMUJIOMOHaIbl — 3TO OOJIblIAsl TPyINa OPraHU3MOB, HACUUTHIBAIONIAS, COTJIACHO
KJIacCH4YecKuM TpezcrasieHusM [7], 6omee 500 BumgoB. [t ynodcTBa KiaccuuKanuu pos
Obu1 pa3but Ha noapossl u cexuuu [10, 18], a BocnencTBuM — TOJIBKO Ha rpynmsl [5, 7]. B
OCHOBY TAaKCOHOMHH XJIaMHZOMOHA] MOJO0XXEHBI B3aMMOCBSI3aHHBIC MpPU3HAKK «(hopma
XJIOPOIUIACTA» M «PacIojI0KEHHE M YHCIIO MUPEHOMIOB B XJloporuiacte» (puc. 1).

K nacrosiemy momenty y Chlamydomonas BblieneHO 6 THIOB MUPEHOWUAOB. THITBI
pa3nuyaroTcss OCOOEGHHOCTSAMH CTPOEHHMS KpaxMalbHOW OOKJIanku (CIUIOUIHAS WM
(hparMeHTHpOBaHHAs — M3 KPYNHBIX IUIACTHHOK WM M3 MEIKUX 3€peH Kpaxmalna), YHCIOM
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TunakouzoB B mauke (1, 2, 3 wim Gomee) M XapaKTepoM HMX PACIPEACICHUS B CTPOME
MUPEHOUIA.

Pacnipenenenue THIOB MO TPyMiaM XJIaMHJIOMOHA NPeICTaBieHo Ha puc. 1. Takum
o0pa3oM, TakcoHomuueckue rpymmsl Chlamydomonas HeogHOpoaHEL. HO BO MHOTHX M3 HHUX
BBISIBJISIFOTCS] JOMHUHUPYFOIIHE THIIBI.

Tak, y Hauboiee XapakTepHOH M MHOTOYMCIECHHOW TIpYIIBl poja — TPYIIbI
Euchlamydomonas — npeBanupyer IV tun nupenouna (C. angulosa, C. augusta, C. bullosa,
C. debaryana, C. gelatinosa, C. nivalis, C. parallelistriata, C. reinhardtii, C. regina, C.
spaeroides). Tlpyu 3TOM YCTaHOBJIEHO HaJIMYME EAMHOTO THIA IMUPEHOMJA Y ILITaMMOB,
OTHOCHUMBIX K ontHOMY By (C.reinhardtii — 6 mutammoB u C.debaryana — 7 miTaMMOB).

III Tun nupenonna Hamboiee xapakrepeH s BuAoB rpynnbsl Chlamydella (C.
elliptica var. brittanica, C. moewusii, C. monadina) n Amphichloris (C.pseudopertusa, C.
desmidii). Tonpko y nByx BumoB rpynmsl Chlamydella (C. noctigama u C. planoconvexa)
oOHapyxeH V THIL

B rpymme Chlorogoniella otmeueHo HanOobpIiee pa3sHOOOpa3ue THIIOB MAPEHOUIOB.
Tak, OompmmHCTBO w3y4eHHBIX BUAOB (C. asymmetrica, C. baca, C.badensis, C.
minutissima, C. proteus, C. oblonga) copepxut nupenoun IV tumna; 2 suna (C. applanata,
C. gloephila var irregularis) — 1 tun, a C. chlorococcoides (2 mramma) — VI Tai.

B rpymmax ¢ mameiv umcinom BumoB: Agloe (C. mutabilis), Pseudagloe (C.
agloeformis) n Pleiochloris (C. carrizoensis) — BbisiBien nupeHoun Il Tuna.
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Puc. 1. Pacnpenenenne Tunos mupenonnos (I — VI) B rpynmax Chlamydomonas. YKupHbiMu
CTpeNIKaMH yKa3aHbl HauOoJIee XapaKTepHbIe AJIsl TPYIIIBI TUITbI TUPEHOU 0B

C pa3BUTHEM METOJOM MOJICKYJIIPHON OHOJIOTMH W TOSBICHHEM MHOTOYHCICHHBIX
JIEPEBBEB, COJAEPKAIIMX Pa3IWYHbIE BUJBl 3€JEHBIX BOJOPOCIEH, HAM MPEICTaBUIACH
BO3MOYKHOCTH OILIEHUTH PACIIOJIOKEHHE TUTIOB MUPEHOU 0B Ha ATHX AepeBbsx [17; 19 ; 20].

CormocTaBlieHue TaKUX AAHHBIX JUIsl OJHUX M T€X K€ IITAMMOB 3€JIeHBIX MOHaJ
BBISIBUIO KOPPEJALMIO THUIOB MUPEHOMAOB C KIaJaMH, IOJYyYEHHbIMA pPa3HbIMU
uccnenoBarensmu. [Ipu 5ToM B 0THOW U TOH ke KJaJe HepeaKo 00BheIUHITUCH BOJOPOCIIH C
Pa3TMYHBIM TAKCOHOMHYECKUM ITOJIOKECHHEM, HO HMEIOIINE OJUH U TOT )K€ TUI IIUPSHOMIA.
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86/100/90 Yenoshle
“ I: Cm. actinochloris (UTEX 578 = SAG 34.72 'Cd. mutabilis') US7698f 0003HaYeHUA:
92/96/37 SAG 1.72 Cm. actinochloris ('Cd. actinochloris”) '
94/98/90 L Cm. asteroideanom. nov. (SAG 1147 'Cd. bipapillata’ ) 'y
U70783
Cm. radiata (UTEX 966 = SAG 47.72 'Cd. radiata') U57597
SAG 46.72 Cim. carrizoensiSJ
("Cd. chiorecoccoides”) W

SAG 26.86 'Cd. augusid)
SAG 29.83 "Cin. elathratiiios
'Cd. macrostellata' (SAG 72.81) U70785

b

MNupenoup,

t i re OTCVTCTBY E
78/100193 SAG 15.82 'Cd. chlorococcoides B oTCyTCTBYeT
SAG 16.82 'Cd. chlorococcoides’ |l
SAG 12.96 'Cd. chlorococcoides’ Chloromonas
reticulata v .

'Cm. rosae’ (UTEX 1337 = SAG 51.72) U70796 *

$6/95/91 SAG 5.73 'Cd. augusm.ém ¢
0r0=
100/160/100 ool SAG 13,89 "Cd. augusra' monas
62/-167 SAG9.87 'Cd. aug o

Cr. serbinowil |

T1/73/80 (UTEX 492 =SAG 11.84) U70795 vi B
SAG 3.85
Cn. rubrifilum ("Cm. clathrata’) ¢

0.005 substitutionssite  pyoeschold et al., 2001

Puc. 2. [lpuMmep conocTaBieHUs THIIOB MUPEHOUIOB M JaHHBIX MOJICKYJISIPHO-
(mtoreHeTHYECKOTO aHam3a y npencrasureneit pona Chlamydomonas (Cm)

IMo Mepe HAKOIUICHUS COOCTBEHHOrO M JMTEPATYPHOrO Marepuaia THIOTe3a O
MPOTHOCTUYECKOM XapakTepe aHAIM3UPYEeMbIX JepeBbeB (KacaTelbHO OTIENbHBIX HX
BETBEi) Bce OOIIbIIe IOATBEpPKAAETCS (PHC. 2).

B To e Bpemsi pa3Hble KiaJbl MOTYT COJEP)KaTh BOJOPOCIH C OJMHAKOBHIM THIIOM
nupenouga. CnenoBaTenbHO, THUI IHPEHOWAA Y 3€JIEHBIX BOAOPOCIEH MOXET ObITh
paccMOTpeH U Kak IpuUMep MX MOAYJIbHOM OpraHU3aIiy.

HaﬂbHeﬁﬂlHﬁ aHaJIU3 paciupeacjaCcHus TUIIOB MUPEHONUIO0B IMMOMOXKET YCTAHOBUTH WJIN
OTBEPTHYTh UX TOMOJIOTHIO y pa3HbIX rpymm Chlorophyta.
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MORPHOLOGICAL TYPES OF PYRENOID ORGANIZATION IN GREEN
MONADS

O.N. Boldina
Komarov Botanical Institute of Russian Academy of Sciences, Saint-Petersburg
The pyrenoid is a dense structure in algal chloroplasts usually surrounded by
polysaccharide envelope. Its body consists mainly of Rubisco protein, playing key role in

plant photosynthesis. The pyrenoid function remains obscure, since some algae without
pyrenoid possess high metabolic activity of Rubisco. The pyrenoid behaviour during cell
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cycle (division, disappearance or appearance de novo) could be attributed to the traces of
nuclear acids.

From the beginning of of 20th century the distinctions in pyrenoid structure have been
revealed and some classifications were proposed. With the appearing of TEM the
distinctions in the fine structure of pyrenoid components of different algal taxons have been
described. The greatest variability in pyrenoid structure has been revealed in the genus
Chlamydomonas. Actually the 6 pyrenoid types, varying in several traits (starch envelope;
thylakoid number in a pack; character of the thylakoid distribution in stroma body) have
been revealed. The analysis of pyrenoid distribution in Chlamydomonas taxonomic groups
showed its irregularity. Nevertheless, existence of dominating pyrenoid types in some of the
groups have been demonstrated. The type IV dominate in Euchlamydomonas and
Chlorogoniella species, type W1l — in Chlamydella and Amphichloris. The types |, and VI
were determined only in Chlorogoniella species; \I — in Chlamydella species and type |l —
in single species of Agloe, Pseudagloe u Pleiochloris. The arrangement of pyrenoid types in
cladograms for same strains of green monads has revealed correlation of pyrenoid types
with the clades on the phylogenetic trees given by different researchers. In the trees algae
having different taxonomic position, but the same pyrenoid type, quite often unite in one
branch. On the othe hand, different branches (and clades) can contain algae with identical
pyrenoid type. Therefore, the type of pyrenoid in green algae can be considered as an
example of their modular organisation. Further analysis of distribution of pyrenoid types is
needed to resolve the question of their homology at different groups Chlorophyta.
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