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The polyamines spermiding, sparmine  and  putrescine, by
themselves, at physiological concentrations, induce the transport
of tha precursor of ornithine carbamoyliransferase into isolated
rat  liver mitochondria. The presence of polyamings in the
transport medium results in the approach of both mitochondrial
mambrares, suggesting a possible rolse of thess molecules in the
transport of the precursor of ornithine carbamoyltransferasse into
mitochondria, by the farmation and/or  stabilization of
mitochondrial structures involved in the transpori system. o1
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The majority of the mitochondrial proteins are nuclear
sncoded, synthesized in the cytoplasm as precursor polypeptides
usually containing an amino-terminal sxtension, and subssquently
imported into the organmells (1),

The biogenssis of oarnithine carbamoyltransferase (OQCT), a
mitochondrial matrix protein of the wea cycle, shows this
genaral modal (2).

Previous studies have raeported that ths transport of the
precursor of 0CT (pOCT) requires solublae cytosolic componant(sg)
present in the rabbit reticulocute lysate (3, 4) or in rat liver
cytosol (manuscript in praparation), and low molecular waight
components such as magnesium and potassium ions (3, 4). Recsntly,
we shouwsd that polyamines spernidine and sparmine, at
phusiological concentrations, stimulate the "in vitro" transport

of pOCT into rat liver mitochondria, in the presence of rabbit
reticulocyts lusate (5).
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In this report we present data showing that  the poluamines
sparmniding, spermine  or pubrescine alone are abls to drive ths
import of pOCY into isolated rat liver mitochondria. In addition,
Wz praesent preliminary  results  that clearly indicate a closer
approximation of the outer and inner mitochondrial membranes when
thess polyamines are pressent in the transport medium.

MATERIALS AMD HMETHODS

Mater.
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LeSImethionine (3 000 Ci/mmel, 15 mCi/ml) was from The
Radiochamical Center, Amersham.
Ganaral

pOCT-mRNA  of rat liver was transcribed and translated in a
nuclease-treated rabbit reticulocyte  lusate  system as described
in (&)."In vitro" import and processing of pOCT by  isolated rat
Vivar mitochondria, sodium  dodecyl sulfate-12 % polyscrylamide
gzl wlactrophoresis, fluorography of drisd gels and other methods
related to this study werse performed as described in (4).
Electron microscopy

Aliguots of 300 pl of mitochondria incubated in the pressnace
or  absence  of polyamines wers fixed in 600 1l of 0.1 f
phosphate-bufferad 3 % glutaraldehyds at 4 2C. After  fixation,
the mitochondrial suspension was centrifugsd at 10,000xg for 5
min., Fixed mitochondrial pellats were  washed overnight  in
phosphate buffer, postfined in 1 % phosphate-buffered osmium
tetroxide at 4 80, for 2 hours, dehydrated in a8 graded series of
acatone solutions and embedded in Yestopal. After polymerization,
ultrathin sactions of these samples werse sxamined in a Phillips
EM 300 elsctron microscops.

RESULTS AND DISCUSEION

In a previous study we have shown that poluamines spermidine
and  sparming, plus rabbit reticulocyte lysate (53 or rat liver
cytosol (manuscript in preparation) stimulate ths transport  of
pOCT into isolated rat liver witochondria. We tested the effact
of polyamines by themselves on the transport of pOCT. The resul
obtained {(Fig. 1) indicated that both the binding and ths
transport of pOCT wers stimulated whaen the incubation was
performed in 2 transport nedium consisting of 4mf spermidine in
the prasence or absence of reticulocyts lysate. The stimulation

produced by sparmidine alone was a8 efficiant as in the presence
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FIGURE 1.Spmrmidine alone stimulates pOCT binding and

2 ul of the cell-fres translated mixturs (containing pOCT)
ware incubated in & final volume of 100 pl with 400 pg of
mitochondrial protein, in a medium containing 3 mM Hepss buffer
pH 7.4, 0.25 M sucrose, % mf succinate, 75 pM ADP, 1.23 mft P, and
additions as follows, Lane 1f 20 p1 of rabbit reticulocyte
lysate {143 mg of protein/ml) and 4 mf spermidins. Lane 27 4 mf
sparmiding. Lana 37 none.

Mitochondria were analyzsd by SDS-polyacrylamide 12X gel
slectrophoresis and further fluorography.

of reticulocyte lysatae, indicating that spermidine alone is
sufficiant for the transport of this precursor.

The additional band that appears  betwsen pOCT and the mature
form, correspands to a 37 Kd poluypeptide that has also  bean
dascribaed bu  othar  authors (7)), however it is not known at
prasent whether it is & product of  an unspecific event (3) or
repraesants an intermaediate form in the transport of plOCT (8. In
our  transport conditions this intermediate form appesars to be
unspecific because it is detected only occasionally and it is not
imported into mitochondria.

To determine whether the wmature form had bsen translocated
into the mitochondrial matrix, mitochondria ware mildly treatsd
with trypsin after the transport sxperiments (Fig. 2). This
trypsin treatment resulted in total degradation of pOCT asz well
as of the intermediate form bound to mitochondria but maturs 0OCT
was rasistant to the treatment, indicating that it had bean
transported into mitochondria.

Further axper iments Wapre carried out using related
polyamines, sperming and putrascing, in the same transport
canditions. As can be obsarved in Fig. 3, sparming and putrescine
are also able to drive the import of pOCT into rat liver
mitochondria.

The stimulatory effect produced by thess polyamines on the

binding and transport of pOCT was at phusiological concentrations
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FIGURE 2. pOCT is transported intoc wmitochondria in a

Lana 13+ 2 pl of the cell-fras translated mixturse (containing
plCT) wers incubated in a final volume of 100 pl with 400 pg of
mitochondrial protein, in a medium containing 5 mM Hepes buffer
pH 7.4, 0.25 M sucrose, 5 mf succinate, 75 uM ADF, 1.25 mR F, and
4 mf spernidine. Lane 2¢Y  as in lane 1 but at the =nd of ths
transport reaction, a trupsin treatmant was performed ( 10 pg  of
trupsin/ml, 10 min at 0-4 8C). Trypsin activity was arrasted by
the addition of soubsan trypsin inhibitor (100 pga/ml).

Mitochondria were amnalyzed by SDS-polyacrylamide 12 X gel
aglectrophoresis and further fluorography.

FIGURE 3. Sparming and putrescine alone also stimulate tha

binding and transport of pocT.

2 »l of the cell-fres translated mixture (containing p0OCT?
ware incubated in a final volume of 100 1, with 400 pg of
mitochondrial protein, in a medium containing 5 mM Hepes buffer,
0.25 M sucross, 5 mM succinate, 75 pM ADF, 1.25 mP P, and
additions as follows, Lane 1% 1 nfl spermine. Lane 2% 1 mf
gparnidine. Lane 3% 10 oM putrescine.

Mitochondria were analyzed by SDS-poluscrylamide 12 X gel
electirophoresis and further fluorography.

Oul=4 mft sparmiding, 0.1~1 mM sperming and 10-30 mM putrescine.
At higher than phusiological concentrations both processas
(binding and transport) were slightly inhibited, particularly
with spermine (data not shownl.

In an attempt to understand the mechanism of action of the
polyamines on  the  pOCT import into isolated rat liver
mitochondria, we have studied the =sffect of polyamines on the
ultrastructurse of mitochondria when mitochondrfa ara incubated in

a transport medium containing spermidine or sperming  alone, at

physiological concentrations, by thin saction zlactron
microscopy. Freliminary results indicate that mitochondria

incubated in the pressnce of polyamines (fig.4 upper) show an
orthodox configuration, with the outer and inner membranes in
closer proximity than in mitochondria incubated in the absence of
polyaminegs. In the latter condition, wmitochondria showsd a
condensed configuration and an evident ssparation betuwesn the tuo

membranes (Fig. 4 lowsr). These observations extend praviously
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FIGURE 4. Effect of polyamines on

the wltrastructurse of

Electron micrographs of 1solated rat liver mitochondria incubated
for 30 pn at 30 2C, in 3 transport medium contaimng 5 R Hepes
buffer pH 7.4, 0.25 M sucrose, 5 mM succinate, 75 ol ADF, 1.25 mft
Foim bthe absence (lower) o prassencs (uppar) of 4 mM spermidine.
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reported results (93 showing that the pPresencs of high
concentrations of 40 mM spermine in  the incubation medium,
produced morphological changes in isnlated rat liver
mitochondria, which presented an obliterated outer witochondrial
compartmant and the inner and outer membranses in apparent contact

with ona another.

It is not krnown at presaent whalt the mechanism of action of
polyamines on the “in vitro® transport of pOCT is. Theses
polyamines, which occur in the millimolar rangs in  sukargotic
cells, play an important role in the regulation of ion transport
in mitochondria (14, 113 and in the stabilization of

mitochondrial membranses (12) among many othsr procaesses.

Fossibly poluamines act at  different levels in  the pOCT
transport, affacting the precursor poluypeptide and/or acting
directly on nitochondria. These moleculss may affect somes
mitochondrial structures related to the binding and/or
translocation of pOCT, becauss it is known that polyamines are
able to interact with components of mitochondrial membranes
{proteins and phospholipids) (13}, The fact that the tuo
mitochondrial membranss are indsed clossr in the presence of
polyamines, suggests that the formation and/or stabilization of
"rontact sites" by these molecules may be responsible for thsir
affect on ths transport of pOCT, becauss the "contact sites” have
been proposed as transport routes for the mitochondrial protein
precursors  (14). Another possibility is that polyamines may
favour an optimal conformation of the precursor polupeptide for
the transport, as has bsen reported for the NTPs (135). Also, the
amphiphilic nature of these poluamines, similar to the signal
peptida of mitochondrial precursors (16), may be related to the
translocation of the precursor polypeptides across mitochondriasl

membranss.

These possible rolas of polyamines, not onluy in the transport
of pOCT but of other precursors with or without leading peptide,
remain to be  investigated, particularly their physiological "in

vive'" sighificanca.
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