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'U�� %HQW� 0DGVHQ� YR� VYRMRP� åLYRWRSLVH� QDStVDO�� åH� KR� YRGD� YåG\�
SULĢDKRYDOD� DNR� åHQD� D�]DVYlWLO� MHM� RFKUDQH� FHOê� VYRM� GRWHUDMãt� åLYRW��2G� URNX�
�����GR������S{VRELO� QD�8QLYHU]LWH� Y�&RSHQKDJHQH�DNR�HNROyJ�D�]RROyJ��9R�
IXQNFLL� GRFHQWD� SUDFRYDO� DM� QD� 8QLYHU]LWH� /XQG� YR� âYpGVNX�� NGH� ERO�
]RGSRYHGQê� ]D� UR]YRM� HNROyJLH�� QHVN{U� Y� WHMWR� ãSHFLDOL]iFLL� SRNUDþRYDO� QD�
8QLYHU]LWH�Y�2GHQVH�Y�'iQVNX��

%RO�SRUDGFRP�PLQLVWUD�åLYRWQpKR�SURVWUHGLD�D�KRFL�Xå�MH�QD�G{FKRGNX��
HãWH� VWiOH� MH� åLDGDQêP� RGERUQtNRP�� 'RVWDO� U{]QH� FHQ\� ]�U~N� PLQLVWURY��
DUFKLWHNWRY�� XþLWHĐRY� L�ãSRUWRYFRY� D�U\EiURY�� 1DGãHQLH� SUH� RFKUDQX� SUtURG\�
D�GREUp� ]GUDYLH� YR� YHNX� ��� URNRY� URELD� WRKWR� VNURPQpKR� þORYHND� D� YHGFD�
QHYãHGQêP� D� FKDUL]PDWLFNêP�� =DåLO� Y� åLYRWH� YHĐD� QHRE\þDMQêFK� VWUHWQXWt�
D�QiKRG� D� SUH� QiV� EROR� YHĐNêP� ]iåLWNRP� VWUHWQ~Ģ� VD� V� QtP� D� ]GLHĐDĢ� MHKR�
Qi]RU\�R�UHYLWDOL]iFLL�WHþ~FLFK�Y{G��

%XGHPH�SRFWHQt��DN�'U��%HQW�/DXJH�0DGVHQ�RSlĢ�QDYãWtYL�6ORYHQVNR�
D�SRGHOt�VD�V�QDPL�R�MHKR�FHQQp�VN~VHQRVWL�]�YêVNXPX�D�RFKUDQ\�WHþ~FLFK�Y{G��
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Abstract 
7KLV� FRQWULEXWLRQ� LV� DQ� LQWURGXFWLRQ� WR� WKH� SUREOHPDWLF� RI� WKH� HQGRFHOOXODU�
V\PELRVLV�RI�F\DQHOOHV�DQG�DOJDH�ZLWK�PLFURVFRSLF�XQLFHOOXODU�DQLPDOV��6HYHUDO�
W\SHV�RI�SKRWRWURSKLF�HQGRV\PELRQWV�DUH�SUHVHQWHG�� L�H��SURNDU\RWLF� F\DQHOOHV��
�*ODXFRSK\WD��� DQG� HXNDU\RWLF� FRFFRLG� JUHHQ� DOJDH� �&KORURSK\WD���
&ODVVLILFDWLRQ� RI� WKHVH� RUJDQLVPV� LV� RQO\� VOLJKWO\� GRFXPHQWHG�� WKHUHIRUH� WKHLU��
PROHFXODU� GDWD� DUH� QHHGHG� WR� HOXFLGDWH� WKHLU� SRVLWLRQ� LQ� WKH� SK\ORJHQHWLF�
V\VWHP�RI�OLYLQJ�FUHDWXUHV��
Keywords: cyanelles, coccoid green algae, endocellular symbiosis, Protozoa 

Úvod 
)RUP\� V\PELy]\� PLNURVNRSLFNêFK� VLQtF� �F\DQHO�� D�ULDV� V�LQêPL� åLYêPL�
RUJDQL]PDPL�V~�UR]PDQLWp��FI��)RWW�������5RXQG�������5DL�HW�DO���������9�WRPWR�
SUtVSHYNX� FKFHPH�SRXNi]DĢ� QD� HQGRFHOXOiUQX� V\PELy]X�� SUL� NWRUHM� KRVWLWHĐ� MH�
PLNURVNRSLFNê� MHGQREXQNRYê� åLYRþtFK� D�HQGRV\PELRQW� åLMH� SULDPR� Y�MHKR�
SURWRSODVWH��QLH�HSL]RRWLFN\�QD� MHKR�SRYUFKX��þL�Y�PHG]LEXQNRYêFK�SULHVWRURFK�
�Synechococcus VS���2EU�����DOHER�HQGRJOHLFN\�Y�VOL]H�NROyQLH��Synechococcus  
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2EU�� ����� �� ±� .RUHĖRQRåHF�Paulinella chromatophora V�GYRPD� F\DQHODPL�� �� ±�Glaucocystis 
nostochinearum V�KYLH]GLFRYLWR� XVSRULDGDQêPL� F\DQHODPL�� �� ±� NROyQLRYi� VLQLFD�Woronichinia 
naegeliana V�HQGRJOHLFNêPL� EXQNDPL� NRNiOQHM� VLQLFH� Synechococcus endophyticus�� �� ±�
Synechococcus VS�� UR]PQRåHQê� Y�PHG]LEXQNRYêFK� SULHVWRURFK� UDãHOLQQtND�� �� ±� þULHYLþND�
Paramecium bursaria V�HQGRV\PELRWLFNêPL� ]HOHQêPL� ULDVDPL� Chlorella vulgaris �EXQN\�
V�S\UHQRLGRP��� �� ±� ]HOHQp� ULDV\�Chlorella� VS�� �EXQN\� EH]� S\UHQRLGX�� Y�EXQNH� QiOHYQtND�� �� ±�
QiOHYQtN� ]�URGX�Vorticella V�HQGRFHOXOiUQ\PL� FKORUHODPL�� �� ±� NRUHĖRQRåHF� V�YQ~WUREXQNRYêPL�
MHGQREXQNRYêPL�]HOHQêPL�ULDVDPL�W\SX�Stichococcus��)RWR��DXWRU���
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endophyticus�� 2EU�� ��� �+LQGiN� ������� (QGRFHOXOiUQ\�HQGRSURWRSODVWLFNê� W\S�
V\PELy]\� MH� ]UHMPH� MHGHQ� ]� QDMVWDUãtFK�� SUHWRåH� Y]ĢDK� PHG]L� EXQNRX�
åLYRþtFKD�D�MHKR�IRWRWURIQRX�]ORåNRX�±�F\DQHORX��DOHER�]HOHQRX�MHGQREXQNRYRX�
ULDVRX�� MH� EH]SURVWUHGQê�� +RVWLWHĐVNêP� RUJDQL]PRP� ERO� Y�SUDYHNHM� KLVWyULL��
YêYRMD� åLYêFK� RUJDQL]PRY� MHGQREXQNRYê� KHWHURWURIQê� ELþtNRYHF�� DOHER� LQê�
DSRFKORULFNê�SUYRN��NWRUê�DNR�SRWUDYX�SULMDO�VLQLFX�DOHER�ULDVX��DOH� MX�QHVWUiYLO��
7iWR� NRULVĢ� VD� SULVS{VRELOD� QD� SRGPLHQN\� åLYRWD� Y�MHKR� EXQNH�� GHOLOD� VD� D�SUL�
UR]PQRåRYDQt�åLYRþtFKD�VD�VWDOD�V~þDVĢRX�QRYRY]QLNQXWêFK�GFpUVN\FK�EXQLHN��
9êKRG\� WDNHMWR� V\PELy]\� EROL� Y]iMRPQp�� RELGYDMD� SDUWQHUL� Y\XåtYDOL�
Y\SURGXNRYDQp� PHWDEROLW\�� 6LQLFD� DOHER� ULDVD� PDOD� X�KRVWLWHĐD� ]DEH]SHþHQê�
~NU\W�SUHG�SUHGiWRUPL�Då�GRYWHG\��NêP�VD�WHQWR�åLYRþtFK�QHVWDO�SRWUDYRX�LQpKR�
SUHGiWRUD� D�KRVWLWHĐ� ]DVD� GRVWiYDO� N�GLVSR]tFLL� N\VOtN� D�RUJDQLFNp� OiWN\�� NWRUp�
IRWRV\QWp]RX�SURGXNRYDOL�F\DQHO\�D�ULDV\��

âW~GLX� Y]iMRPQêFK� Y]ĢDKRY� PHG]L� KRVWLWHĐRP� D�HQGRV\PELRQWRP� VD�
YHQRYDOR� PQRKR� SR]RUQRVWL� �FI�� 5RXQG� ������� QDSULHN� WRPX� YHĐD� RWi]RN� DM�
HOHPHQWiUQHKR�FKDUDNWHUX��DNRX�MH�QDSU�� LFK�SUHVQi�WD[RQRPLFNi�LGHQWLILNiFLD��
]RVWiYD�VWiOH�QH]RGSRYHGDQêFK��3UtþLQRX� MH�QHRE\þDMQi�PHWRGLFNi�QiURþQRVĢ�
YêVNXPX�� D�WR� QDMPl� Y�WêFK� SUtSDGRFK�� NHć� VD� MHGQi� R�REOLJDWyUQX� V\PELy]X��
SUL�NWRUHM�RELGYDMD�SDUWQHUL�V~�QDWRĐNR�QD�VHED�QDYLD]DQt��åH�QHP{åX�H[LVWRYDĢ�
MHGHQ� EH]� GUXKpKR�� 7êND� VD� WR� SUHGRYãHWNêP� WêFK� RUJDQL]PRY�� NGH�
IRWRELRQWQRX� ]ORåNRX� V~� F\DQHO\�� =LVWLOR� VD�� åH� F\DQHO\� X� Paulinella 
chromatophora� �2EU�� ���PDM~� URYQDN~� XOWUDãWUXNW~UX� DNR� SURNDU\RWLFNp� VLQLFH��
DOH�EXQNRYi�VWHQD�LP�FKêED��FI��)RWW�������5DL�HW�DO���������3DUWQHUL�VD�QHGDM~�
VDPRVWDWQH�NXOWLYRYDĢ�D�MHGHQ�EH]�GUXKpKR�K\QLH��

3UDYGHSRGREQH�SRNURþLOHMãt� W\S� HQGRFHOXOiUQHM� V\PELy]\� SUHGVWDYXMH�
VSROXåLWLH�SUYRNRY�V�MHGQREXQNRYêPL�]HOHQêPL�ULDVDPL�]�RNUXKX�URGRY�Chlorella�
DOHER� Stichococcus�� 7HRUHWLFN\� WiWR� V\PELy]D� P{åH� E\Ģ� EXć� VWULNWQH�
REOLJDWyUQD�� W�M�� MHGHQ� GUXK� ULDV\� P{åH� åLĢ� Y�EXQNiFK� LED� MHGLQpKR� GUXKX�
V\PELRQWD��DOHER�YLDF�GUXKRY�åLYRþtFKRY�Pi�WHQ� LVWê�GUXK�V\PELRQWLFNHM� ULDV\��
þR� YãDN� GRWHUD]� QHEROR� H[SHULPHQWiOQH� GRNi]DQp�� =QiP\� MH� DM� YRĐQHMãt� W\S�
VSROXåLWLD��SUL�NWRURP�RELGYD�RUJDQL]P\�P{åX�åLĢ�VDPRVWDWQH��3UtNODGRP�P{åH�
E\Ģ� ]QiPD� þULHYLþND�Paramecium bursaria�� X�NWRUHM� QDFKiG]DPH� MHGLQFH� DNR�
EH]� V\PELRQWRY� �DSRFKORULFNp��� WDN� DM� VR� V\PELRQWPL� �]HOHQp�� 2EU�� ���� 9Q~WUL�
SURWRSODVWX� åLM~FH� FKORUHO\� �QD]êYDQp� WLHå� HQGRFKORUHO\� DOHER� ]RRFKORUHO\�� VD�
GDM~�VDPRVWDWQH�NXOWLYRYDĢ�Y�ODERUDWyULX�QD�EHåQêFK�PpGLiFK�SUH�]HOHQp�ULDV\��
2EGREQH� MH� WR� DM� Y�SUtSDGH� ]RRFKORUHO\� EH]� S\UHQRLGX�� 1DSURWL� WRPX� ULDV\�
]�RNUXKX�URGX Stichococcus åLM~FH�Y�SURWRSODVWH�VFKUiQNDWêFK�NRUHĖRQRåFRY�VD�
GRWHUD]�QHSRGDULOR�L]RORYDĢ�D�NXOWLYRYDĢ�PLPR�WHOD�VYRMKR�KRVWLWHĐD��2EU������

PUHKĐDG�KODYQêFK�W\SRY�HQGRFHOXOiUQ\FK�V\PELRWLFNêFK�RUJDQL]PRY 
9�QDãLFK� VODGNRYRGQêFK� ELRWRSRFK� VD� QDFKiG]D� QHSUHEiGDQp� PQRåVWYR�
IRWRWURIQêFK� HQGRV\PELRQWRY�� NWRUêFK� KRVWLWHĐVNp� RUJDQL]P\� ±� MHGQREXQNRYp�
SUYRN\� �DPpE\�� NRUHĖRQRåFH�� QiOHYQtN\�� D�SRG���� V~� ]YlþãD� Xå� ]QiPH��
7D[RQRPLFN~� U{]QRURGRVĢ� HQGRV\PELRQWRY� YLGLHĢ� ]�QDVOHGXM~FHKR� SUHKĐDGX��
NWRUê�SUH�OHSãLX�RULHQWiFLX�Pi�IRUPX�XUþRYDFLHKR�NĐ~þD��7UHED�YãDN�]G{UD]QLĢ��
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åH� Y]KĐDGRP� QD� QHGRVWDWRN� LQIRUPiFLt� Y�WHMWR� YHGQHM� REODVWL� MH� SUHKĐDG�
LED�RULHQWDþQê��

�D� (QGRFHOXOiUQD� V\PELy]D� V� prokaryotickými cyanelami PDM~FLPL� IXQNFLX�
FKORURSODVWRY� ������������������������������������������������������������������������ *ODXFRSK\WD�
>QDSU�� Paulinella chromatophora �2EU�� ��, Chalarodora azurea,� Cyanoptyche 
gloeocystis, Gloeochaete witrockiana, Glaucocystis nostochinearum �2EU����@�

.Đ~þ�QD�XUþRYDQLH�ãWXGRYDQêFK�HQGRELRQWRY�

�E� (QGRFHOXOiUQD� V\PELy]D� V� eukaryotickými zelenými jednobunkovými 
riasami �����������������������������������������������������������������������������������������������������������
�D��5RåPQRåRYDQLH�EXQLHN�autospórami W\SX�Chlorella............................. ��

�D��(QGRFKORUHO\�JXĐRYLWp�������������������������������������������������������������������������
�D�*XĐRYLWp�HQGRFKORUHO\�s pyrenoidom W\SX�Chlorella vulgaris ...�����

�D�%XQN\������P�Y�SULHPHUH������������� Chlorella vulgaris��2EU��������
�E�%XQN\�YlþãLH����������������������������������������������������������Chlorella VS��

�E�*XĐRYLWp�HQGRFKORUHO\�bez pyrenoidu ��������������������������������������������
��������������������������������������������������������Chlorella minutissima �2EU�����

�E��Oválne�HQGRFKORUHO\�V�S\UHQRLGRP���������������������������������Chlorella VS.�
�E��5R]PQRåRYDQLH�SULHþQ\P�GHOHQtP�EXQN\�QD�GYH�þDVWL�W\SX�������������������

���������������������������������������Stichococcus��GRWHUD]�QH]DUDGHQê�GUXK��2EU�����

6NXSLQD� RUJDQL]PRY� V�HQGRFHOXOiUQ\PL� F\DQHODPL� S~WD� SR]RUQRVĢ� ELROyJRY� DM�
]�KĐDGLVND� ULHãHQLD� RWi]N\� S{YRGX� FKORURSODVWRY� X� ULDV� �WHyULD� HQGRV\P�
ELRWLFNpKR� S{YRGX� FKORURSODVWRY� X� ULDV�� Y�WRPWR� SUtSDGH� X�þHUYHQêFK� ULDV���
&\DQHO\� PDM~� VFKRSQRVĢ� IRWRV\QWp]\� D�Y�EXQNH� KRVWLWHĐD� IXQJXM~� DNR�
FKORURSODVW\�� %XQN\� KRVWLWHĐVNpKR� åLYRþtFKD� PDM~� SUDYp� MDGUR� ±� HXNDU\RQ��
QLHNHG\�DM� SXO]XM~FH� YDNXRO\� �Chalarodora azurea,�Cyanoptyche gloeocystis���
ãWHWLQRYLWp�YêEHåN\��Gloeochaete witrockiana���DOHER�]KUXEQXW~�EXQNRY~�VWHQX��
SRGREQH�DNR�FKORURNRNiOQD�ULDVD�Oocystis��Glaucocystis nostochinearum��2EU��
����,FK�SR]tFLD�Y�V\VWpPH�åLYêFK�RUJDQL]PRY�QLH�MH�Y\ULHãHQi��6WDUPDFK��������
DNFHSWRYDO� 6NXMRP� ������� QDYUKQXWp� RGGHOHQLH� *ODXFRSK\WD�� QDSURWL� WRPX�
QLHNWRUt� LQt�DOJROyJRYLD� �FI��)RWW�������+LQGiN������� LFK� WUDGLþQH�SRQHFKiYDM~�
Y�MHGQRWOLYêFK�V\VWHPDWLFNêFK�VNXSLQiFK��

Diskusia 
$NR� YLGLHĢ� DM� ]�WRKWR� NUiWNHKR� SUHKĐDGX�� ãNiOD� HQGR]RLFNêFK� V\PELRWLFNêFK�
RUJDQL]PRY� MH� GRWHUD]� OHQ� þLDVWNRYR�SUHVN~PDQi�D�YLDFHUp�GUXK\�QLH� V~�HãWH�
SUHVQH� ]DUDGHQp�� 3UYRUDGi� SRåLDGDYND� MH� G{NODGQi� ]QDORVĢ� åLYRWQêFK� F\NORY�
HQGRELRQWRY� Y�SUtURGQêFK� HNRV\VWpPRFK� D�Y�ODERUDWyUQ\FK� SRGPLHQNDFK��
9�LGHiOQRP�SUtSDGH�WR�Y\åDGXMH� L]RORYDĢ�PRQRGUXKRYp�NXOW~U\��NWRUp�]DUXþXM~��
åH� VD� MHGQi� R�MHGHQ� D�WHQ� LVWê� RUJDQL]PXV�� 8�QLHNWRUêFK� SUHGVWDYLWHĐRY�
SURNDU\RWLFNêFK� JODXNRI\WRY� �QDSU�� Gloeochaete witrockiana, Glaucocystis 
nostochinearum��D�X�YlþãLQ\�]HOHQêFK�MHGQREXQNRYêFK�ULDV�WR�EXGH�PHWRGLFN\�
]YOiGQXWHĐQp�� R� þRP� VYHGþLD� Xå� H[LVWXM~FH� NPHQH� JODXNRI\WRY� �QDSU��
Glaucocystis nostochinearum��2EU�� ��� Y�DOJRORJLFNêFK� ]ELHUNDFK��.RPSOLNRYD�
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QHMãLD�D�GRWHUD]�EH]�~VSHFKX�MH�L]ROiFLD�F\DQHO�QDSU��X�NRUHĖRQRåFD�Paulinella 
chromatophora DOHER�X�Chalarodora azurea. $M� Y�SUtSDGH�HQGRV\PELRQWRY� VD�
YHĐD� VĐXEXMH� RG� ]tVNDQLD� PROHNXOiUQ\FK� ~GDMRY�� NWRUp� XNiåX� QD� LFK�
I\ORJHQHWLFNp�SRVWDYHQLH�Y�V\VWpPH�åLYêFK�RUJDQL]PRY��2VRELWQ~�SR]RUQRVĢ�SUL�
WRP� WUHED� YHQRYDĢ� W]Y�� NU\SWLFNêP� GUXKRP�� NWRUp� V~� PRUIRORJLFN\� SRGREQp�
QLHNWRUêP�]QiP\P�GUXKRP��DOH�JHQHWLFN\�V~�RGOLãQp��

3RćDNRYDQLH 
3UiFD�EROD�ILQDQFRYDQi�V�SRGSRURX�SURMHNWRY�9(*$����������D������������
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Abstract 
&RPPXQLWLHV�RI�SKRWRWURSKLF�PLFURRUJDQLVPV�RI�D�WKHUPDO�JH\VHU�DW�*iQRYFH�
QHDU�3RSUDG��&��6ORYDNLD��ZHUH�VWXGLHG��7KUHH�PDLQ�JURXSV�RI�RUJDQLVPV�ZHUH�
SURGXFLQJ�PDFURVFRSLF�PDVVHV� QHDU� JH\VHU�� F\DQREDFWHULD�� JUHHQ� DOJDH�DQG�
GLDWRPV�� )URP� F\DQREDFWHULD�� Phormidium beggiatoforme� IRUPHG� \HOORZ� WR�
EURZQ�PDVVHV��P. tenue�JUHHQ�WR�EODFN�PDVVHV��QRVWRFDOHDQ�VSHFLHV�Rivularia 
haematites� GDUN�EURZQ� WR�EODFN� FRORQLHV��)LODPHQWV�RI�D�]\JQHPDWDFHDQ�DOJD�
Spirogyra VS��VWHULO��ZHUH�DFFRPPRGDWHG�LQ�D�VKDOORZ�SRRO�IRUPLQJ�KXJH�JUHHQ�
PDVVHV��'LDWRPV�LQ�VSLWH�RI�WKHLU�VPDOO�FHOOV�ZHUH�UHVSRQVLEOH�IRU�GDUN�\HOORZ�WR�
EURZQ� FRORU� RQ� WKH� VXUIDFH� RI� IORRGHG� VRLO� QHDU� JH\VHU� RU� RFFXUUHG� VROLWDU\�
DPRQJ�RWKHU�F\DQREDFWHULD�DQG�DOJDH��
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