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Aim. Investigation of different features of DNA import into plant and human mitochondria, for a better under-
standing of mitochondrial genetics and generation of biotechnological tools. Methods. DNA up-take experi-
ments with isolated plant mitochondria, using as substrates various sequences associated or not with the specific 
terminal inverted repeats (TIRs) present at each end of the plant mitochondrial linear plasmids. Results. It was
established that the DNA import efficiency has a non-linear dependence on DNA size. It was shown that import in-
to plant mitochondria of DNA molecules of «medium» sizes, i. e. between 4 and 7 kb, barely has any sequence spe-
cificity: neither TIRs from the 11.6 kb Brassica plasmid, nor TIRs from the Zea mays S-plasmids influenced DNA
import into Solanum tuberosum mitochondria. Conclusions. The data obtained support the hypothesis about
species-specific import mechanism operating under the mitochondrial linear plasmids transfer into plant mi-
tochondria. 
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Introduction. It is well known that horizontal gene trans-
fer (HGT) is one of the substantial factors, mainly in the
evolution of bacteria. Recent studies indicate that plant mi- 
tochondria are unusually active in HGT, relative to all
other organelles of multicellular eukaryotes [1]. The dis-
tinctive feature of plant mitochondria is the size of their ge- 
nomes, which are much larger than those of other eukaryo- 
tes. Moreover, in addition to a large and complex main mi- 
tochondrial genome, plant mitochondria contain small
circular and linear DNAs regarded as extrachromosomal
replicons or plasmids [2]. The linear mitochondrial plas-
mids are present in many fungi and in some plant species,
but they seem to be absent in most animal cells. They
usually have in common an «invertron» structure that is
characterized by the presence of terminal inverted repeats
(TIRs) and proteins covalently attached to their 5' termini

[3]. The Brassica 11.6 kb plasmid, one of the linear mi-
tochondrial plasmids in plants, shows a non-maternal in-
heritance, in contrast to mitochondrial genomes [4]. The
origin of these plasmids is unknown, but indirect eviden-
ce indicates the possibility of horizontal transfer from fun- 
gal mitochondria. These pecularities suggest that plant mi- 
tochondria might possess a mechanism of natural compe-
tence to take up foreign DNA, resembling that of the pro-
cess in the bacterial cells [5]. The aim of the project is to
study different features of DNA import into plant mito-
chondria and into human mitochondria, for a better under- 
standing of mitochondrial genetics and generation of bio-
technological tools.

Materials and methods. We developed DNA up-
take experiments with isolated plant mitochondria,
using as substrates various sequences associated or not
with the specific TIRs present at each end of the 11.6 kb 
linear plasmid from rapeseed (Brassica napus L.) [4].
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Further substrates for mitochondrial import were the S1 
and S2 linear plasmids from maize (Zea mays) [6, 7].
Organization of these plasmids is shown in Fig. 1. Iso-
lation of mitochondria and uptake assays were perfor-
med as described earlier [5, 8].

Results and discussion. It has been shown previous-
ly [8] that (i) the efficiency of the import of large DNA
molecules into plant mitochondria depends on the sequen- 
ce and (ii) the specificity of DNA import can be mediated
by the presence of certain elements in their sequence, es-
pecially TIRs at the ends of the molecules. Conversely,
the efficiency of DNA import into mammalian mitochon-
dria seemed to depend neither on the DNA sequence, nor

on its size. Until now the role of the sequence and struc-
ture (in particular of the TIRs, which are different in linear 
plasmids from mitochondria of various plant species) in
both mitochondrial DNA translocation and mitochondrial 
genetic processes (autonomous replication, integration in- 
to the genome, etc.) is unknown.

We addressed the possible universal role of the TIRs
of mitochondrial linear plasmids from Z. mays and Bras-
sica in the mechanism of DNA import into plant mito-
chondria. Using a vector containing the TIRs (327 bp)
from the 11.6 kb B. napus plasmid [4], we obtained se-
veral DNA constructs and tested the importance of the
size and DNA structure in the efficiency of the import in-
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Fig. 1. Organization of the mitochond- 
rial linear plasmids used in the stu-
dies: Brassica napus 11.6 kb and Zea 
mays 6.4 kb S1 and 5.4 kb S2 plas-
mids; dpo: DNA polymerase, rpo:
RNA polymerase; the region of per-
fect sequence homology between the 
S1 and S2 plasmids is designated by
pink color
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Fig. 2. Import of «medium» size DNA into Solanum tuberosum mitochondria does not depend on the presence of TIRs from mitochondrial linear
plasmids: A – different sequences from the Brasica rapa mitochondrial genome were cloned between the TIRs from the B. napus 11.6 kb plasmid
(the Zea mays S1 and S2 plasmids were cloned in parallel; all sequences were subsequently amplified by PCR with or without the TIRs); B – the
amplified PCR products were radioactively labeled and used as substrates for import into isolated S. tuberosum mitochondria. Nucleic acids sub-
sequently recovered in the mitochondrial fraction were analyzed by agarose gel electrophoresis, Southern blotting and autoradiography



to plant mitochondria (Fig. 2, A). The DNA sequences
of Z. mays linear plasmids, S1 [6] and S2 [7] with or wi-
thout TIRS (208 bp) were also cloned and used as subst-
rates for import assays (Fig. 2, B). Using radioactively
labeled DNA subst rates and the in organello potato (S.
tuberosum) mitochondrial import system [5], it was es-
tablished that the import efficiency has a non-linear de-
pendence on DNA size: DNA fragments of 6–7 kb in si-
ze can be imported into S. tuberosum mitochondria mo-
re effectively than molecules with a 4 kb size. It was also
shown (Fig. 2) that import into plant mitochondria of
DNA molecules of «medium» sizes, i. e. between 4 and
7 kb, barely has any sequence specificity: neither TIRs
from the 11.6 kb Brassica plasmid, nor TIRs from the Z.
mays S-plasmids influenced DNA import into S. tu-
berosum mitochondria. Conversely, the role of the TIRs
from the 11.6 kb linear plasmid in the import of large
DNA molecules was established earlier for the B. rapa
mitochondria [8].

Conclusions. The data obtained support a species-
specific import mechanism of the mitochondrial linear
plasmids, and more generally of large DNA molecules,
into plant mitochondria, which needs further investi-
gation.
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Ìåòà. Âèâ ÷åí íÿ â³äì³ííîñ òåé â ³ìïîðò³ ÄÍÊ ó ì³òî õîíäð³¿ ðîñ -
ëèí ³ ëþäèíè äëÿ êðà ùî ãî ðî çóì³ííÿ ãå íå òè êè ì³òî õîíäð³é òà ðîç-
ðîáêè á³îò åõ íî ëîã³÷íèõ ï³äõîä³â äî ¿¿ äîñë³äæåí íÿ. Ìå òî äè. Åêñ-
ïå ðè ìåí òè ç ³ìïîð òó ÄÍÊ â ³çîëü î î âàí³ ì³òî õîíäð³¿ ðîñ ëèí ç âè -
êî ðèñ òàí íÿì ÿê ñóá ñòðàò³â ïîñë³äîâ íîñ òåé, ÿê³ ì³ñòÿòü àáî íå
ì³ñòÿòü ñïå öèô³÷íèõ ê³íöå âèõ ³íâåð òî âà íèõ ïî âòîð³â (Ê²Ï), õà -
ðàê òåð íèõ äëÿ ë³í³éíèõ ïëàçì³ä ðîñ ëèí íèõ ì³òî õîíäð³é. Ðå çóëü -
òà òè. Âñòà íîâ ëå íî, ùî åôåê òèâí³ñòü ³ìïîð òó ÄÍÊ ó ì³òî õîíä- 
ð³¿ íåë³í³éíî çà ëå æèòü â³ä ðîçì³ðó ÄÍÊ. Ïî êà çà íî, ùî ³ìïîðò ó
ðîñëèíí³ ì³òî õîíäð³¿ ìî ëå êóë ÄÍÊ «ñå ðåäí³õ» ðîç³ìð³â (4–7 òèñ.
ï. í.) ìàº íå çíà÷ íó ñòðóê òóð íó ñïå öèô³÷í³ñòü: àí³ Ê²Ï ïëàçì³äè
11,6 òèñ. ï. í. ç Brassica napus, àí³ Ê²Ï S-ïëàçì³ä ³ç Zea mays íå ÷è- 
íÿòü âïëè âó íà ³ìïîðò ÄÍÊ ó ì³òî õîíäð³¿ Solanum tuberosum. Âèñ-
íîâ êè. Îòðè ìàí³ äàí³ ñâ³ä÷àòü íà êî ðèñòü ã³ïî òå çè ³ñíó âàí íÿ âè- 

äîñïå öèô³÷íî ãî ìå õàí³çìó ïå ðåíå ñåí íÿ ì³òî õîíäð³àëü íèõ ë³í³éíèõ
ïëàçì³ä ó ðîñ ëèíí³ ì³òî õîíäð³¿.

Êëþ ÷îâ³ ñëî âà: ³ìïîðò ÄÍÊ  ó ì³òî õîíäð³¿, ì³òî õîíäð³àëüí³ 
ë³í³éí³ ïëàçì³äè ðîñ ëèí, ì³òî õîíäð³àëüíèé ãå íîì.

Ñïå öè ôè êà èì ïîð òà ÄÍÊ â èçî ëè ðî âàí íûõ ìè òî õîí äðè ÿõ 

ðàñ òå íèé è ìëå êî ïè òà þ ùèõ

Ì. Â. Êó ëèí ÷åí êî, Í. Èáðà ãèì, Å. Ñ. Êëè ìåí êî, 

Þ. Ì. Êîí ñòàí òè íîâ, Ô. Âå áåð-Ëîò ôè, À. Äèò ðèø
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Öåëü. Èçó ÷å íèå ðàç ëè÷ íûõ ñâîéñòâ èì ïîð òà ÄÍÊ â ìè òî õîí äðèè
ðàñ òå íèé è ÷å ëî âå êà äëÿ ëó÷ øå ãî ïî íè ìà íèÿ ãå íå òè êè ìè òî õîíä-
ðèé è ðàç ðà áîò êè áè î òåõ íî ëî ãè ÷åñ êèõ ïîä õî äîâ äëÿ åå èñ ñëå äî âà -
íèÿ. Ìå òî äû. Ýêñïå ðè ìåí òû  ïî èì ïîð òó ÄÍÊ â èçî ëè ðî âàí íûå
ìè òî õîí äðèè ðàñ òå íèé ñ èñ ïîëü çî âà íè åì â êà ÷åñ òâå ñóá ñòðà òîâ 
ïîñëå äî âà òåëü íîñ òåé, ñî äåð æà ùèõ èëè íå ñî äåð æà ùèõ ñïå öèôè-
÷åñ êèõ êîí öå âûõ èí âåð òè ðî âàí íûõ ïî âòî ðîâ (ÊÈÏ), õà ðàê òåð íûõ
äëÿ ëè íåé íûõ ïëàç ìèä ðàñ òè òåëü íûõ ìè òî õîí äðèé. Ðå çóëü òà òû.
Óñòà íîâ ëå íî, ÷òî ýô ôåê òèâ íîñòü  èì ïîð òà ÄÍÊ â ìè òî õîí äðèè
èìå åò íå ëè íåé íóþ çà âè ñè ìîñòü îò ðàç ìå ðà ÄÍÊ. Ïî êà çà íî, ÷òî
èì ïîðò â ðàñ òè òåëü íûå ìè òî õîí äðèè ìî ëå êóë ÄÍÊ «ñðåä íèõ»
ðàç ìå ðîâ (4–7 òûñ. ï. í.) èìå åò íå çíà ÷è òåëü íóþ ñòðóê òóð íóþ
ñïå öè ôè÷ íîñòü: íè ÊÈÏ ïëàç ìè äû 11,6 òûñ. ï. í. èç Brassica na-
pus, íè ÊÈÏ S-ïëàç ìè äû èç Zea mays íå îêà çû âà þò âëè ÿ íèÿ íà èì -
ïîðò ÄÍÊ â ìè òî õîí äðèè Solanum tuberosum. Âû âî äû. Ïî ëó ÷åí -
íûå äàí íûå ñâè äå ò åëüñòâó þò â ïî ëüçó ãè ïî òå çû ñó ùåñ òâî âà íèÿ
âè äîñ ïå öè ôè ÷åñ êî ãî ìå õà íèç ìà ïå ðå íî ñà ìè òî õîí äðè àëü íûõ ëè -
íåé íûõ ïëàç ìèä â ðàñ òè òåëü íûå ìè òî õîí äðèè.

Êëþ ÷å âûå ñëî âà: èì ïîðò ÄÍÊ  â ìè òî õîí äðèè, ìè òî õîí äðè-
àëü íûå ëè íåé íûå ïëàç ìè äû ðàñ òå íèé, ìè òî õîí äðè àëü íûé ãå íîì.
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