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SUIIRAKY: We have examined the effect of low molecular weight components of the 
transport mixture generally used for the import of rat liver pre-ornithine 
carbamoyltransferase by isolated rat liver witocbandria. These studies revealed 
that spermidine and spermine, at physiological concentrations, stimulate the 
transport of the precursor of ornithine carbamo!ltransferasc into eitochondria. 
This stimulatory effect of spermidine and spermlne is concentration-dependent 
and is completely inhibited at hiaher than phusiological concentrations !20 mi+l 
for spermidine and 4 mfl for srjermine). Magnesium ions? uhich also have a stimu- 
latoru effect, inhibit tk: 8~ stimulatory effect of spermidine. B 1987 Academic Press, 

Inc. 

Spermidine and spermine. which occur in the millimolar range in eukaryotic 

cells? affect a large number of cell functions. For e::ampler it is well esk.itr- 

lishad that these polyamines play an important role in the regulation of ion 

transport by mitochondria (l-3i. They also enhance the rates of WA, RNA and 

protein biosynthesis, which is the reason for the frequent inclusion of sperm- 

idine in systems used for the study of protein synthesis "in vitro" f4?5). 

It has been shoun that the transport of pOCTl into mitochondria requires 

energized mitochondria, soluble cytosolic component(s! present in reticulocyte 

lysate (6-8) or rat liver2, and low Ili,?lecular weight components from the 

mixture used for the "in vitro" synthesis of protein precursors. Since isolated 

precursor had not been available until recently, the translation mi:xturI' used 

for synthesisl which frequently included spermidine, was added to the incubation 

medium for the "in vitro" transport of mitochondrial protein precursors. 

Given the recent availability of purified rat liver pOCT (9!, we tested 

the effect of the components of the translation mixture on the import of the pre- 

cursor of OCT by isolated mitochondria. Ue found that spermidine, as well as 

1. pOCT: precursor of ornithine carbamoyltransferase. 

2. manuscript in preparation. 
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spermine, stimulates the transport of pOCT into ritochondria. This fact had not 

been recognized, possibly, because as indicated, uhen the components of the syn- 

thesis aixture were added to the transport test system some polyamines uere 

carried over. Docusentatian for the new stiaulatory role for spermidine and sper- 

mine is presented in this paper. 

I'tATERIALS AND llETHODS 

C35Slmethionine (>lOOO Ci/meol, 15 &i/ml) was from The Radiochemical 
Center. Amersham. 

Cell-free protein sunthesis -------z-- --------------e-r 

pOCT-rRHA of rat liver was transcribed and translated in a nuclease-treated 
rabbit reticulocyte lysate system as described elsewhere 110). The translation 
mixture (14.25 rrl, pH 7.6) contained 22 mPl Hepes, pH 7.6, 76 mtl KCl, 0.6 mfi 
magnesiua acetate, 0.7 RR ATF, 0.3 mfl GTP, 15 rfl creatine phosphate, 1.5 mg/rl 
creatine phosphokinase, 2.2 ~111 dithiothreitol, 0.5 mfl spermidinel about 20 uCi 
of C35Sl methionine, and a mixture of the remaining 19 aminoacids (27 ufl 
each), 5 rrl of nuclease-treated rabbit reticulocyte lysate and ca. 25 ng pOCT-mRNA 
(estimated from C32PlUTp incorporation during transcription). Incubation 

uas carried out at 300C for 60 min. At that time, cuclohexiride was added 
to the mixture to give a final concentration of 12 clg/al. 

"In vitro" import and processing of pOCT by isolated rat liver mitochon- 
dria, sodium dodecyl sulfate-12% polyacrylamide gel electrophoresis, fluorog- 
raphy of dried gels and other methods related to this study were performed 
as described elseuhere (10). Oxygen consumption uas measured polarographical- 
ly with a Clark type oxygen electrode using an aliquot of the mitochondrial 
suspension equivalent to 4 mg of protein in 7 ml of the incubation medium 111). 

RESULTS AND DISCUSSION 

As previously reported by lgiura et al. (7) the "in vitro" transport of pOl;T 

into witochondria requires factor(s) present in reticulocyte lysate as well as 

components of the translation mixture employed in the synthesis of pOCT. As shown 

in Fig. 1 the absence of the components of the translation mixture [lanes I-2) 

decreases the binding of pOCT to aitochondria. Their presence results in a higher 

binding of pOCT (lanes 5-6) but they are not enough to permit transport, which 

requires also the presence of reticulocyte lysate (lanes 3-4). The different 

mobilities of the bands in lanes 2,4 and 6, with respect to lanes 1,3 and 5, 

are due to the different amount of mitochondrial protein added. 

Analysis of the effect of the components of the translation mixture on the 

transport of pGGT into aitochondria revealed that 0.5 mf4 spernidinc, concentra- 

tion used in the "in vitro" synthesis of pOCT (see Rethods), had a stimulatory 
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FIGURE i.Effect_gf_$rlss!lf~g~-~~~~y~~-~g~eg~~~~~-~~~-~~-~~~~~~-~~~~~y!g~ 
cyte lysate on the transgart of eOCT into isolatpd ritochondria _ ---_ ______________-_- ------- ------------------------_ 

Rat liver pOCT u.as synthesized by translation of specific mRNA using 

rabbit reticulocyte lysate in the presence of C35Slnethionine, for 60 

min. at 3OoC . 2 01 of the translated Mixture (ca. 36,000 cpr of pOCT) 
were incubated in a final volume of 100 trl with 200 ug or 400 vg of mitochon- 
drial protein and additions as indicated. Lane 1: Rabbit reticulocyte lysate 
(2.9 ng of protein) and 200 #g of nitochondrial protein. Lane 2: As lane 1 but 
the mount of nitochondrial protein uas 400 ug. Lane 3: Rabbit reticulocyte 

lysate (2.9 wg of protein), components of the translation Mixture (except [3%1 
methionine, pOCT-nRNA and lysate) at the concentration indicated in flethods and 
200 Jtg of ritochondrial protein. Lane 4: As lane 3 but 400 up of aitochondrial 
protein. Lane 5: As in lane 3 minus rabbit reticulocyte lysate. Lane 6: bs lane 
5 but 400 ug of nitochondrial protein. Lane 7: pOCT synthesized "in vitro". 
The gel uas dried and treated for fluorography. 

FIGURE Z.Seerridine stimulates the import of @OCT into mitochondria ____________-____-_------- ------- ---------------------1 

2 ul of the cell-free translated nisture (cd. 50,000 cpr of pOCTJ uere 
incubated in a final volume of 100 1r1 uith 400 JJO of nitochondrial orotein. 
20 ~1 of rabbit reticulocyte lusate (145 ng/nl o? protein) and other additions 
as indicated. Lane 1: No additrons. Lane 2: 0.5 BH speraidine. Lane 3: 0.7 nfl 
ATY, 0.3 litI GTP, 15 mfl creatine phosphate and 1.5 ag/rl creatine phosphokinase. 
Lane 4: 2.2 nr\ dithiothreitol. Lane 5: 27 otl arinoacid Mixture. Lane 6: 0.6 rfi 
magnesium acetate and 76 #PI potassium chloride. Lane 7: The translation mixture 
components (as indicated in Fig. 1). The get uas dried and treated for 
fluorography. 

effect on this process (Fig. 2, lane 2). The other components, at the same 

concentrations as in the translation mixture, apparently have no effect on 

I GTP,creatine phosphate, creatine phosphokinase 

lane 4! and aminoacid mixture (lane 5); however, as 

(7) potassium plus magnesium ions are effective 

the transport of pOCT: ATY 

(lane 3); dithiothreitol ( 

indicated by fliura et al. 

(lane 61. 

Further experiments to 

rpermidine and spermineY a 

establish the effect of higher concentrations of 

related polyamine, on the stimulation of the trans- 

port of pOCT into mitochondria were carried out. As illustrated in Fig. 3, lanes 

5-7 and Fig. 4A, lanes 4-6, spereidine, at concentrations in the physiological 

range (41, had a stimulatory effect on the "in vitro" transport of pOCT into mite. 

chondria. Spermine (Fig. 3, lane 2 and Fig. 4A, lanes 9-10) was also active. 

Increasing concentrations of magnesium acetat e augmented the stimulatory effect 

on pOCT transport (Fig. 3, lanes 8-10) as indicated bp fliura et al. (71. However, 

spersidine and magnesium together had an antagonistic effect on pOCT transport 

(Fig. 3, lanes 3?4j. A similar effect has been described in aitochondrial respi- 

ration (12), and in phosphate and in calcium transport by mitochondria (1,3). 

ks shown in Fig. 48 the stimulation of these pol!amines on pOCT transport 

is concentration-dependent (maximum effect for spermine around 1 mfl and 4 mfl for 
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FIGURE 3.Effecl_gf_diffn~na~-~g~~~~~~~~~g~~-g~-~germidine and wagnqsjy$ 
acetate on the transport of gOCT into mitochondria;------------- -________________-__ __-____ -_____________________ 

Lane 1: pOCT synthesized “in vitro” and Cl4Cl-labeled OCT. Lanes 2-11: 
2 III of the cell-free translated Mixture (ca. 35,000 cpm of pOCT) uere incubated 
in a final volume of 100 ~1 uith 400 rrg of mitochondrial protein, 20 ~1 of rabbit 
reticulocyte lysate (145 mg/rl) and additions as follou. Lane 2: 1 ~11 spernine. 
Lane 3: 2 RR spernidine and 1.5 RH aagnesium acetate. Lane 4: 2 ~11 spermidine 
and 0.75 MA ltagnesium acetate. Lane 5: 4 mtl spernidine. Lane 6: 2 mll spernidine. 
Lane 7: 1 nfl sperridine. Lane 8: 3 ml! magnesium acetate. Lane 9: 1.5 rfl magnesium 
acetate. Lane 10: 0.75 ~fl magnesium acetate. Lane 11: The translation mixture 
components (as indicated in Fig. 1). The gel uas dried and treated for 
fluorography. 

PANEL A: 2 rl of the translated mixture (ca. 25,000 cpm of pOCT) were 
incubated in a final volume of 100 ul with 400 rg of mitochondrial protein, 20 JII 
of rabbit reticulocyte lysate (145 ma/ml) and other additions as indicated. 
Lane 1: The translation mixture conponents (as indicated in Fig. 1). Lane 2: No 
additions. Lanes 3-7: 0.2, 0.5 1. 4 and 20 mfl spernidine, respectively. Lanes 8-12: 
0.2. 0.5. 1. 4 and 20 mfl soermine. resoectivelu. The se1 uas dried and treated 
for’fluokography. 
PANEL G: The transport of pOCT into sitochondria, presented in Panel A, uas 
quantitated by measuring densitonetrically the radioactive band corresponding 
to mature OCT. Uhite bars correspond to spermine and black bars to spermidine, 
the value at 0 nfl correspond to both polyaaines. 

sperridine). Complete inhibition uas seen at higher concentrations of spermine 

and sperwidinc, 4 and 20 mfl, respectively. 

Our results show that spersidine and spermine? at physiological concen- 

trations. stimulate the transport of pOCT into isolated aitochondria. It. has 

been suggested that polyanli nes stabilize ait.ochondriat membranes (13) and 
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protect the oxidative phosphorplation (14.15). To clarify the observed effect 

of these po1yamine.s on the transport of pOCT into mitochondriar we have measured 

the ADPiO ratio of mitochondria in the presence of spermidine from 0 to 20 mfi! 

as described in methods ill): we have found no significant changes in the values 

of ADP/O ratio (data not shown). 

It has been reported that signal sequences of mitochondrial protein precur- 

sors are needed for their transport. and that the amphipatic nature of these 

leading peptides could be responsible of the recognition and/or the tr;lnsuor;t 

into mitochondria (16.17i. Also it is known that proteins and/or phospholipids 

of the mitocondrial membranes could be implicated in the different steps of the 

transport !18,1?). Since thr amphipatic nature of the palgamines has been 

related with the transport of cations through mitochondrial membranes (51, and 

has been reported that the? are able to interact with components of the mitochon- 

drial membranes (proteins and phospholipids) (4). it seems plausible that poly- 

amines could influence the transport of arotei~ precursors through mitochondrial 

membranes. As in other stimulatorg effects due to spermidine and spermine: the 

mechanism by which these palgamInes 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 either. k major 

question to be clarified is whether the protein transport stimulated by polq- 

3mines requires the previous uptake of these compounds bu mitochondria. oi' 

if the! occur concomitantly, as in t,he transoort of phosphate ion into mito- 

chondpia (1.2). 
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