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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 «mediumy 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
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[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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Solanum tuberosum mitochondria

Fig. 2. Import of «mediumy size DNA into Solanum tuberosum mitochondria does not depend on the presence of TIRs from mitochondrial linear
plasmids: 4 — 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
sequently recovered in the mitochondrial fraction were analyzed by agaro

for import into isolated S. tuberosum mitochondria. Nucleic acids sub-
se gel electrophoresis, Southern blotting and autoradiography
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to plant mitochondria (Fig. 2, 4). 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. fuberosum 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 «mediumy 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. fu-
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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Crenndika imnopry JIHK B i30J1b0BaHUX MITOXOHJPISX 3 POCINH

i ccaBIliB

M. B. Kyninuenko, H. 16paxim, K. C. Kirimerxko,
10. M. Koncrantunos, ®@. Be6ep-Jlotdi, A. Jurpum

Pesrome

Mema. Busuenns siominnocmeti ¢ imnopmi J{HK y mimoxounopii poc-
JUH T II0OUHU OIS KPAW020 PO3YMIHHS 2eHeMUKU MimOoXOHOpPIl ma po3-
POOKU 6i0mMexXHON02IYHUX NI0X0016 00 iT docnidxncenHs. Memoou. Exc-
nepumenmu 3 imnopmy /JHK 6 i30160068ani Mimoxonopii pociun 3 8u-
KOpUCIAHHAM K CyOcmpamie nociioosHocmetl, ki micmams abo ne
micmsame cneyugpiunux Kinyeeux ingepmosanux noemopis (KII1), xa-
Ppakmepuux 015 ATHIUHUX NAA3MIO POCTUHHUX MImMOXoHOpil. Pe3yns-
mamu. Bcmanogneno, ujo epexkmuericmo imnopmy JJHK y mimoxono-
Ppii neniniiino 3anexcums 6i0 posmipy JJHK. Ilokaszano, wo imnopm y
pocaunni mimoxonopii monexyn JHK «cepeduix» poszimpis (4—7 muc.
n. H.) MA€ He3HAuHYy cmpyKmyphy cneyudiunicmo. ani KIII nnasmiou
11,6 muc. n. n. 3 Brassica napus, ani KII1 S-niaszmio i3 Zea mays ne uu-
uamo enausy na imnopm /JHK y mimoxondpii Solanum tuberosum. Buc-
HoeKu. Ompumani OaHi ci0Uamsv Ha KOPUCMb 2INOMe3U ICHYBAHHS GU-
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docneyupiuHo20 Mexanizmy nepeHecenHs MimoxXoHOPIAIbHUX JIHIHUX
nAA3MIO Y POCIUHHI MIMOXOHOPII.

Kuniouosi crosa: imnopm JITHK y mimoxonopii, mimoxonopianohi
JHIUHI RAA3MIOU POCIUH, MIMOXOHOPIANbHUL 2EHOM.

Crermudura nmmnopra JJHK B ©3011poBaHHBIX MUTOXOHIPHUSIX

paCTeHI/Iﬁ 1 MJICKOIMATAIOIINX

M. B. Kynunuenko, H. U6parum, E. C. Knumenko,
0. M. Koncrautunos, @. Bedep-Jlotdu, A. Autpuru

Pesrome

Lens. Uzyuenue paznuunvix ceoticme umnopma JJHK ¢ mumoxonopuu
pacmenuii u yer08eKa sl 1yuuieco NOHUMAHUS 2eHeMUKU MUMOXOHO-
putl u pazpabomru 6UOMEXHOI02UYECKUX NOOX0008 OJisl ee UCCIed08a-
nusi. Memoowt. Dxcnepumenmul no umnopmy JJHK 6 uzonuposannuie
MUMOXOHOPUU PACMEHULL C UCNONIb308AHUEM 8 Kadecmee cyocmpamos
noOCIe008aAMENbHOCIEN, COOCPIACAUWUX UTU HE COOEPICAUUX Cheyudu-
YecKuUX KOHYesbIxX uneepmuposannvix noemopos (KHUII), xapakmepruix
07151 IUHEUHBIX NAA3MUO PACMUMENbHBIX Mumoxonopuil. Pezynvmamo.
Yemanoesneno, umo s¢pgpexmusnocmes umnopma JJHK 6 mumoxonopuu
umeem Heauneunyto 3agucumocms om pasmepa J{HK. Iloxazano, umo
umnopm 6 pacmumenbuvie Mumoxonopuu monexyn JHK «cpeonux»
pasmepos (4—7 meic. n. n.) umeem He3HAYUMETLHYIO CHPYKMYPHYIO
cneyughuunocms: nu KUII naasmuowt 11,6 moic. n. n. us Brassica na-
pus, nu KUI1 S-naasmuovt uz Zea mays ne okazwl8aom e1usHUA HA UM-
nopm J{HK & mumoxonopuu Solanum tuberosum. Boi6oowt. [lonyuen-
Hble OanHble CEUOCMENbCMBYION 6 NONb3Y 2UNOMEe3bl CYUeCMBOBAHUS
BUOOCNEYUDPUUECKO2O MEXAHUIMA NEPEHOCA MUMOXOHOPUATNLHBIX JIU-
HeUHbIX NAA3MUO 8 PACMUMENbHbIe MUMOXOHOPUU.

Kurouesvie crosa: umnopm /JHK 6 mumoxonopuu, mMumoxoHopu-
anvhvle TUHelHble NAA3MUObL PACTNeHUl, MUMOXOHOPUATbHBIU 2EHOM.
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