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SUMMARY: We have examined the effect of low molecular weight componsnts of the
transport mixture gensrally used for the import of rat liver pre-ornithine
carbamoultransferase by ispolated rat liver mitochondria. These studies revealed
that spermidine and spermine, at phusioclogical concentrations, stinulate the
transport of the precursor of ornithine carbamovltransferase into mitochondria.
This stimulatoru effect of spermidine and spermine is concentration-dependent
and is completely inhibited at higher than phusiological concentrations (20 mf
for spermidine and 4 mf for spermine). Magnesium jons, which aleo have & stinu-
latoru effect. inhibit the stimulatory effect of spermidine. o 1987 Academic Press,

Inc.

Spermidine and spermine, which occur in the willimolar range in sukaruotic
cells, affect a large number of cell functions. For axample, it is well estab-
lished that these poluamines play an importaent role in the regulation of ion
transport bu mitochondria (1-3). Theu alsc enhance the rates of DNA, RNA and
protein biosynthesis, which is the reason for the frequent inclusion of sperm-
idine in systems used for the studu of preotein sunthesis "in vitra® (4 5},

It has been shown that the transport of pOCT! into mitochondria requires
esnergized witochondria, soluble cutosolic cowponenti{s) present in reticulocuts
lysate (6-8) or rat liver?, and low wolacular weight componants from the
minturs used for the "in vitro" sunthesis of protsin precursors, Since isolated
precursor had not been available until recentlu, the transtation mixture used
for sunthesis, which frequentlu included spermidine, was added to the incubation
medium for the "in vitro” transport of mitochondrial protein precursors.

Given the recent availabilitu of purifizd rat liver pOCT (9), we tosted
the effect of the components of the translation mixture on the import of the pre-
cursar of OCT by isolated mitochondria. We found that spermidine. as well as

1. pOCT: precursor of ornithine carbamoyltransferasa.
2. manuscript in preparation.
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spermine, stimulates the transport of pOCT into mitochondria. This fact had not
been recognized, possibly, because as indicated, when the components of the sun-
thesis mixture were added to the transport test system some polyamines were
carrizd over. Documentation for the new stimulatory rols for spermidine and sper-
mine is presented in this paper.

MATERIALS AND METHODS

flaterials

£3951methionine (1000 Ci/mmol, 15 wCi/ml) was from The Radiochemical
Center, Amershanm.

pOCT-mRNA of rat liver was transcribed and translated in 3 nuclease-treated
rabbit reticulocyte lysate sustem as described elsewhers (10). The translation
mixture (14.25 pl, pH 7.6) contained 22 wM Hepes, pH 7.6, 76 mfl KC1, 0.4 mwM
magnesium acetate, 0.7 mh ATF, 0.3 mA GTP, 15 mM creatine phosphate, 1.5 mg/wl
creatine phosphokinase, 2.2 wM dithiothreitol, 0.9 mM spermidine, about 20 pCi
of (3551 methionine, and a mixture of the remaining 19 amincacids (27 yM
each), 5 pl of nuclease-treated rabbit reticulocyte lusate and ca. 25 ng pOCT-mRNA

(estimated from [32PIUTP incorporation during transcription). Incubation

was carried out at 300C for 60 min., At that time, cucloheximide was added
to the mixture to give a final concentration of 12 pg/ml.

General

"In vitro® import and processing of pOCT by isolated rat liver mitochon-
dria, sodium dodecyl sulfate-12X% polyacrulamide gel electrophoresis, fluorog-
raphy of dried gels and other methods related to this study were performed
as describad elsewhere (10). Oxtugen consumption was measured polarographical-
1y with a Clark type oxygen =lectrode using an aliquot of the mitochondrial
suspension equivalent to 4 mg of protein in 7 ml of the incubation madium (11).

RESULTS AND DISCUSSION

fis previously reported by Miura &t al. (7) the "in vitro" transport of pOCT
into mitochondria requires factor(s) present in reticulocute lusate as well as
components of the translation mixture enployed in the sunthesis of pOCT. As shown

in Fig. 1 the absence of the components of the translation mixturs (lanes 1-2)
decreases the binding of pOCT to mitochondria. Their prasence results in a higher

binding of pOCT (lanes 5-6) but they are not enough to permit transport, which
requires also the presence of reticulocute lysate (lanes 3-4), The different
mobilitiaes of the bands in lanes 2 4 and 4, with respect to lanes 1,3 and 3,
are due to the differaent amount of mitochondrial protein added.

Analysis of the offect of the components of the translation mixtura on the
transport of pOCT into mitochondria revealsd that 0.5 mM spermidine, concentra-
tion used in the "in vitro" sunthesis of pOCT (see Methods), had 3 stimulatory
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Rat liver pOCT was synthesized by transtation of spacific mRNA using
rabbit reticulocute lysate in the presence of [395Imethionine, for 40

nin. at 300C. 2 pl of the translated mixture (ca. 36,000 cpm of pOCT)

were incubated in a final volume of 100 pl with 200 pg or 400 pg of mitochon-
drial protein and additions as indicated. Lane 1: Rabbit reticulocyte lysate
(2.9 mg of protein) and 200 pg of mitochondrial protein. Lane 2¢ As lane 1 but
the amount of mitochondrial protein was 400 pg. Lane 3: Rabbit reticulocyte

lysate (2.9 mg of protein), components of the translation mixture (except [395]
methionine, pOCT-mRNA and lysat=) at the concentration indicated in Methods and
200 pg of mitochondriasl protein. Lane 43 As lane 3 but 400 yg of mitochondrial
protein. Lana 5% As in lame 3 minus rabbit reticulocuyts lysate. Lane 67 As lane
5 but 400 wg of mitochondrial protein. Lane 7¢ pOCT synthesized “in vitro".

The gel was dried and treated for fluorcgraphy.

2 pl of the cell-free translated mixture (ca. 50,000 cpm of pOCT) were
incubated in a final volume of 100 w1 with 400 pq of mitochondrial protein,
20 p1 of rabbit reticulocute lusate (145 mg/ml of protein) and other additions
as indicated. Lanz 17 No additions. Lane 2: 0.5 wM spermidine, Lane 3% 0.7 mM
ATF, 0.3 mM GTP, 15 mM creatine phosphate and 1.5 mg/ml creatine phosphokinase.
Lane 47 2.2 wf dithiothreitol. Lane 5: 27 pM aminoacid mixture. Lane 4 0.6 af
magnesium acetate and 76 wM potassium chloride, Lane 7: The transtation mixture
components (as indicated in Fig. 1). The gel was dried and treated for
fluorography.

effect on this process (Fig. 2, lane 2). The other components, at the same
concentrations as in the transtation mixture, apparently have no effsct on
the transport of pOCT: ATP, GTP,creatine phosphate. creatine phosphokinase
{lane 3); dithiothreitol (lane 4) and amincacid mixture (lane 3); however, as
indicated by Miura et al. (7) potassium plus magnesium ions are effective
(lane 6).

Further experiments to establish the effect of higher concentrations of
spermidine and spermine, a relatad poluamine, on the stimulation of the trans-
port of pOCT into mitochondria were carried out. As illustrated in Fig., 3, lanes
3-7 and Fig. 4R, lanes 4-6, spermidine, at concentrations in the physiological
range (4), had a stimulatory =ffect on the "in vitro” transport of pOCT into mito
chondria. Spermine (Fig. 3, lane 2 and Fig. 44, lanes 9-10) was also active.
Increasing concentrations of magnesium acetate augmented the stimulatory =ffact
on pOCT transport (Fig. 3, lanes 8-10) as indicated bu Miura et al. (7). Howsvar,
spermidine and magnesium together had an antagonistic effect on pOCT transport
(Fig. 3, lanes 3,4). A similar effect has b=en described in mitochondrial respi-
ration (12), and in phosphate and in calcium transport by mitochondria (1,3).

As shown in Fig. 4B the stimulation of thess poluaminas on pOCT transport
is concentration-dependent (maximum effect for spermine around 1 mfl and 4 mM for
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Lane 17 pOCT synthesized "in vitro" and [14CI-labeled OCT. Lanes 2-11:
2 1l of the cell-free translated mixture (ca. 35,000 cpm of pOCT) were incubated
in a final volume of 100 pl with 400 pg of mitochondrial protein, 20 pl of rabbit
reticulocyte lysate (145 mg/ml) and additions as follow. Lane 2: 1 wM spermine,
Lane 3: 2 alt spermidine and 1.5 M magnesium acetate. Lane 4% 2 mM spermidine
and 0.75 mM magnesium acetate. Lane 5: 4 nM spermidine. Lane 6% 2 mN spermidine.
Lane 73 1 mM spermidina. Lane 8! 3 mM maghesium acetate, Lane 97 1.5 sM magnesium
acetate, Lane 107 0.75 MM magnesium acetate. Lane 117 The translation mixture
components (as indicated in Fig, 1). The gel was dried and treated for
fluorography.

PANEL A: 2 pl of the translated mixture (ca. 25,000 cpm of pOCT) were

incubated in a final volume of 100 pl with 400 pg of mitochondrial protein, 20 sl
of rabbit reticulocute lysate (145 wmg/ml) and other additions as indicatad.

Lane 13 The translation mixture components (as indicated in Fig, 1). Lane 27 No
additions. Lanes 3-7: 0.2, 0.3, 1, 4 and 20 mM spermidine, respectively. Lanes 8-12:
0.2, 0.5, 1, 4 and 20 mM spermine, respactively. The gel was dried and treated
for fluprography.

FANEL B: The transport of pOCT into mitochondria, presented in Panzl A, was
quantitated by measuring densitometrically the radicactive band corresponding

to mature OCT. White bars correspond to spermine and black bars to spermidine,
the value at 0 mM corraspond to both poluamines.

speraidine). Completa inhibition was seen at higher concentrations of spermine
and sparmidine, 4 and 20 nfl, respectively.

Our results show that spermidine and spermine, at phusiological concen-
trations. stimulate the transport of pOCY into isolated mitochondria. It has
been suggested that poluamines stabilize mitochondrial membranss (13} angd
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protect the oxidative phosphorulation (14.1%). To clarify the observed 2ffect

of these poluamines on the transport of pOCT inte mitochondria, we have measuped
the ADP/0 ratio of wmitochondria in the presence of spermidine from O to 20 of,
as described in methods {11); we have found no significant changes in the values
of ADP/0 ratio (data not shown).

It has been reported that sional sequences of mitochondrial protein precur-
sors are heeded for their transport. and that the amphipatic nature of thass
leading peptides could be rasponsible of the reacognition and/or the transport
into mitochondria (16,173, Alzse it is known thal proteins and/or phosphelipids
of the mitocondrial membranss could be implicated in the different steps of the
transport (18.1%9). Since the amphipatic nature of the poluamines has been
related with the transport of cations through mitochondrial membranas (5). and
has been reported that theu are able fo interact with componsnts of the mitochon-
drial membranes {(proteins and phospholipids) (4). it seems plausible that poly-
amines could influsnce the transport of protein precursors through mitochondrial
membranzs. As in other stimulatoru effects due to spermidine and spermine, the
mwechanism by which these poluyamines stimulate the transport of pOCT is unknown.
The mechanism of action of other factors related with the transport of pOCT,
such as potassium and magnesium ions, has not been established =ithar. & major
guestion to be clarified is whether the protein transport stimulated by poly-
aminzs requires the previous uptake of these compounds by mitochendria, or
if they occur concomitantlu, as in the transport of phosphate ion into mito-
chondria (1,27,

ACKNDWLEDGRENTS

We are particularly grateful to De. Nouyen and Dr. G.C. Shore for suppluing

the clone pANISZ used to obtain pOCT-mRNA. We also thank M.J. Marcote for help
in different phases of this work, which has been supported by the Comisitn
Asesora de Investigacion Cientifica y Técnica of Spain {23846/83 & 0547/84). the
U.5.-5pain Committee for Scientific and Technological Cooparation. The Fondo de
Investigaciones Sanitarias and the IIC-KUMC International Cutologu Frogram.
Y.J, Riratles is a postdoctoral fellow of C.5.1.C. of Spain and C. Gonzdlez is
3 fzllow of the IIC,

REFERENCES
t1) Toninelle, A.. Di Lisa. F.. Siliprandi, D. and Siliprandi. N. (1783}
Piochim. Biophus. Acta 815, 399-404.

(2) Toninello. A., Di Lisa, F.. Siliprandi, D. and Siliprandi, N. (1986}
Arch. Riochem. Biophus. 245, 343-3568.

{3) Lenzen, 5.. Hickethier. K. and Panten, U. (1986) J. Biol. Chem. 261.
16478-16483.

25



Vol. 149, No. 1, 1987 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

(4) Tabor, C.W. and Tabor, H, (1984) Annu. Rev. Biochea. 53, 749-790.

(5} CLanellakis, E.S., Viceps-Mador=, D., Kuriakidis, D.A. and Heller, J.S.
(1979) Curr. Top. Cell. Regul. 15, 155-202.

(6) Argan, C., Lustu, C.J., and Shore, G.C. (1983) J. Biol. Chen.
258, 4647-46670.

(7) Miura, 8., flori, K. and Tatibana. #. (1983} J. Biol. Chew. 258,
6671-6674.

(8) Argan,C. and Shore, G.C. (1985) Biochem. Biophus. Res., Commun, 131,
289-298.

(9) MNquyen, M., Argan, C., Lusty, C.J. and Shore, G.C. (1984) J. Biol.
Chem. 258, 6467-6670.

(10) Gonzalez-Bosch, C., Miralles, V.J., Hernandez-Yago, J. and Grisolia, 5.
(1987) Biochem. Biophys. Res. Commun. 144, 131§-1323.

(11) Estabrook, R.W. (1947} Methods Emzymol. 10,41-47,

(12} Chaffee, R.K.J., Arine, R.M.. Rochell, R.H. and Schultz, E.L. (1977)
Biochem. Biophys. Res, Commun. 77, 1009-1014,

(13) Tabor, C.YW. (1940) Biochem. Biophus. Res. Commun. 2, 117-120.

(14) Fhiltips. J.E. and Chaffee, R.R.J. (1982) Biocham. Biophus. Res. Commun,
108, 174-181.

(15} Toninello, A.. Di Lisa. F., Siliprandi, D. and Siliprandi, N. (1984} in
Advances in Foluyamines in Riomedical Science (Caldar=ra, C.M. and
Bachrach, V., ads.) pp. 31-36. Clueb Fress, Bologna, Italu.

(16) Colman, A. and Robinson, C. (1984) Cell 46. 321-322.

(17) Von Heijne, G, (1986) EMRO J. 5. 1335-1342.

(18) Henning, B., Koehler, H. and Neupart, W. (1983} Proc. Natl. Acad. Sci.
USA. 80.4963-4947.

(19) Tamm, L.K. (1986) Biochemistru 25, 7470-7476.

26



