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The polyamines spermidine, spermine and putrescine, by 
themselves, at physiological concentrations, induce the transport 
of the precursor of orn i th ine carbamoyltransferase into isolated 
ra t  l i v e r  mitochondria. The presence o? polyamines in the 
transport medium resul ts  in the approach o f  both mitochondrial 
membranes, suggesting a possible role o~" these molecules in the 
transport oF the precursor of ornithine carbamoyltransi%rase into 
mi tochondr i a, by the i~ormat i on and/or s t a b i l i z a t i o n  oF 
mitochondrial structures involved in the transport s!jstem. ©1989 
Academlc Press, Inc. 

The majority o? the mitochondrial proteins are nuclear 

encoded, synthesized in the cytoplasm as precursor polypeptides 

usually containing an amino-terminal extension, and subsequently 

imported into the organelle (1). 

The biogenesis o f  ornithine 

mitochondrial matrix protein o? 

general model (2). 

carbamoyltransferase (OCT), a 

the urea cycle, shows th is  

Previous studies have reported that the transport of the 

precursor of OCT (pOCT) requires soluble cytosolic component(s> 

present in the rabbit reticulocyte lysate (3, 4> or in rat liver 

cytosol (manuscript i n  preparation>, and low molecular weight 

components such as magnesium and potassium ions (3, 4). Recently, 

we showed that polyamines spermidine and spermine, at 

physiological  concentrations, st imulate the " i n  v i t r o "  transport 

o? pOCT into rat  l i v e r  mitochondria, in the presence of rabbi t  

re t icu locy te  Igsate (5). 
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In this report we present data showing that the poluam ne~ 

spermidine, spermine or putrescine alone are able to drive the 

import oT pOCT into isolated rat liver mitochondria. In addit on, 

we present preliminary results that clearly indicate a closer 

appro.'.-' imation ol ~ the o u t e r  and inner  m i t o c h o n d r i a I  membranes when 

these po lyamines  are p r e s e n t  in the t r a n s p o r t  m,.:.dium. 

MATERIALS AND METHODS 

3 5 ,  ~ .  • 
[ -S]m_L.hJonine (1 ,000 Ci /mmol ,  15 mCi /ml )  was ~rom The 

Rad iochemfca l  Cen te r ,  Amersham. 

General  

130CT--mRNA o~ r a t  l i v e r  was t r a n s c r l b e d  and t r a n s l a t e d  in a 
n u c l e a s e - t r e a t e d  r a b b i t  r e t i c u l o c L 4 t e  I g s a t e  sgstem as d e s c r i b e d  
in ( 6 ) . " I n  v i t r o "  impor t  and p r o c e s s i n g  o~ pOCT bg i s o l a t e d  r a t  
l i v e r  mi tochondr ia.~ sodium dodecLjl su l~a te- -12  % po l~ jac rg lamide  
gel  e l e c t r o p h o r e s i s ,  ? l uo rog raphg  o-? d r i e d  ge ls  and o t h e r  methods 
r e l a t e d  to  t h i s  s tudg  were per?ormed as d e s c r i b e d  in ( 6 ) .  

A t i q u o t s  of" 300 #I o{" m i t o c h o n d r i a  incuba ted  in the presence 
or  absence ,:3.? port,  amines were £ i xed  in 600 .ul o f  O . I  M 
phosphate-bu~g'ered 3 % g t u t a r a l d e h g d e  at zt !_3C. A£ te r  { ' i x a t i o n ~  
the  m i t o c h o n d r i a l  suspens ion  was c e n t r i ? u g e d  at lO.,O00xg .For 5 
rain. Fi.'..-ed m i t o c h o n d r i a l  p e l l e t s  were washed o v e r n i g h t  in 
phosphate  bu.F?er, post{ ' i>,ed in 1 % phosphate-bu?. fe red  osmium 
t e t r o x i d e  at  4 9.0, ?or  2 hou rs ,  dehydra ted  in a graded s e r i e s  o? 
acetone s o l u t i o n s  and embedded in V e s t o p a l .  A~t.er polL4n' .er izat ion,  
u l t r a t h i n  s e c t i o n s  o¢ these  samples were examined in a P h i l l i p s  
EM 300 e l e c t r o n  m ic roscope .  

RESULTS AND DISCUSSION 

In a previous study we have shown that polyamines spermidine 

and spermine ,  p l us  r a b b i t  r e t i c u l o c L 4 t e  l y s a t e  (5)  o r  r a t  l i v e r  

c y t o s o l  ( m a n u s c r i p t  in p r e p a r a t i o n )  s t i m u l a t e  the  t r a n s p o r t  of, 

pOCT i n t o  i s o l a t e d  r a t  l i v e r  m i t o c h o n d r i a .  We t e s t e d  the  e~¢ect  

o~ po lgamines by themse lves  on the  t r a n s p o r t  o+" pOCT. The r e s u l t s  

o b t a i n e d  ( F i g .  1) i n d i c a t e d  t h a t  both the b i n d i n g  and the 

t r a n s p o r t  o~ pOCT were s t  i mul ated when the i ncubat  i on was 

perTormed in a t r a n s p o r t  medium c o n s i s t i n g  o.f 4mM s p e r m i d i n e  in 

the  presence or  absence oT r e t i c u l o c g t e  lu jsa te .  The s t i m u l a t i o n  

produced by spe rm id i ne  a lone was as e f ? i c i e n t  as in the  presence 
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FIGURE l .Spermid ine alone s t imu la tes  pOCT b ind ing and 
. . . . . . . . . . . . . . . . . . . . .  

2 ~I o? the ce i l - f r ee  translated mixture (containing pOCT) 
were incubated in a ?inal volume o£ 100 ~I with 400 ~g of 
mitochondrial protein, in a medium containing 5 mM Hepes buf£er 
pH 7.4, 0.25 M sucrose, 5 mM succinate, 75 DM ADP, 1.25 mM P, and 
additions as ~ollows, Lane I :  20 pl o~ rabbit  ret iculocgte 
Igsate (145 mg o£ protein/ml) and 4 mM spermidine. Lane 2; 4 mM 
spermid ine.  Lane 3: none. 

Mi tochondr ia  were analyzed bg SDS-polgacrglamide 12% gel 
electrophoresis and ~urther ?luorographg. 

o? r e t i c u l o c y t e  I g s a t e ,  i n d i c a t i n g  t h a t  s p e r m i d i n e  a l o n e  is  

su??icient for the transport o? this precursor. 

The a d d i t i o n a l  band t h a t  appears  between pOCT and t he  mature  

?orm, corresponds to a 37 Kd polypeptide that has also been 

described by other authors (7), however it is not known at 

present whether it is a product o? an unspeci?ic event (3) or 

represents an intermediate ?orm in the transport o? pOCT (8). In 

our transport conditions this intermediate ~orm appears to be 

unspeci?ic because it is detected only occasionally and it is not 

imported into mitochondria. 

To determine whether the mature ?orm had been translocated 

into the mitochondrial matrix, mitochondria were mildly treated 

with trypsin a?ter the transport experiments (Fig. 2). This 

trypsin treatment resulted in total degradation o? pOCT as well 

as o? the intermediate ?orm bound to mitochondria but mature OCT 

was resistant to the treatment, indicating that it had been 

transported into mitochondria. 

Further experiments were carried out using related 

polgamines , spermine and putrescine, in the same transport 

conditions. As can be observed in Fig. 3, spermine and putrescine 

are also able to d r ive  the import o? pOCT in to  r a t  l i v e r  

mitochondria. 

The s t imu la to rg  e??ect produced by these polgamines on the 

binding and transport o? pOCT was at physiological concentrations 
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FIGUF'E 2. pOCT is transported into mitochondria in a 
trgpsin-resistant-manner-Tn'TGhe-presence-[~-spermT~JTne-alone ~ .... 

pOCT) were incubated in a f'inal volume of 100 DI with 400 Dg of 
a l i t o c h o n d r i a l  p r o t e i n ,  in a medium c o n t a i n i n g . ,  ¢ mM Hepes bu?i~er 
pH 7.4, 0.25 M sucrose, 5 mM succinate, 75 ~M ADF', 1.25 mM F', and 
4 mM spermidine. Lane 2; as in lane i but at the end o~ the 
transport reaction, a trypsin treatment was peri~ormed ( 10 Dg o~ 
trgpsin/ml, 10 min at 0-4 oC). TrL]psin activitL] was arrested bg 
the addition o? soL]bean trL]psin inhibi tor (100 pg/ml). 

Mitochondria were analgzed bL] SDS-pol!~acrL]lamide 12 % gel 
electrophoresis and ~urther ~luorographg. 

FIGURE 3._Sper.n,i._ne_and..putresc!.ne_alone _a lso  s t ~ , j u l a t e  ..th~ 
b ind ing  and t r a n s p o r t  o¢ pGCT. 

2 ,ul o£ the cetl-~ree translated mixture (containing pOCT) 
were incubated in a £inal volume o~ 100 ~I, with 400 pg of 
mitochondrial protein, in a medium containing 5 mM Hepes bu£fer, 
0.25 M sucrose, 5 mM succinate, 75 DM ADP, 1.25 mM P, and 
additions as follows, Lane 1; I mM spermine. Lane 2~ I mM 
spermidine. Lane 3; I0 mM putrescine. 

Mitochondria were analLjzed by SDS-polL]acrylamide 12 % gel 
electrophoresis and i~urther ?luorography. 

0.1-4 mM spermidine, 0.I-I mR spermine and 10-30 mM putrescine. 

At higher than physiological concentrations both processes 

(binding and transport) were slightlg inhibited, particularlg 

with spermine (data not shown). 

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 effect of polgamines on the 

ultrastructure o£ mitochondria when mitochondria are incubated in 

a transport medium containing spermidine or spermine alone, at 

physiological concentrations, by thin section electron 

microscopy. Preliminarg results indicate that mitochondria 

incubated in the presence o£ polyamines (fig.4 upper) show an 

o r t h o d o x  c o n f i g u r a t i o n ,  w i t h  t h e  o u t e r  and i n n e r  m e m b r a n e s  in 

closer proximity than in mitochondria incubated in the absence of 

polgamines. In the latter condition, mitochondria showed a 

condensed conf igura t ion  and an evident separat ion between the two 

membranes (F ig.  4 lower) .  These observat ions extend prev ious lg  
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FIGURE 4. Ef?ect of polgamines on the wltrastructure o? 

isolated r a t  lT~F-~T~SE~SI~FT~2--.~,-~78TS~TE~T~SF~{F~E78i~-~ 
ET~E~FB~-B]~ ~FS_~FIy~;-8~-T;BT;{~-F;T,-TT~F~-~TtSEi48F~dFTa incubated 
?or 30 n, ln at 30 .o.c~ in ~ transport medium cont.ainlng 5 mM Hepes 
bu?-fer pH 7.4, 0.25 M sucrose, 5 mM succinate. 75 uM AOP, 1.25 mM 
R ~n the ab:~ence (lower) or presence (upper) o? 4 mM spenmidine. 
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reported results (9) showing that the presence of high 

concentrations of 60 mM spermine in the incubation medium, 

produced morphological changes in isolated rat liver 

mitochondria, which presented an obliterated outer mitochondrial 

compartment and the inner and outer membranes in apparent contact 

with one another. 

It is not known at present what the mechanism of action of 

polgamines on the "in vitro" transport of pOCT is. These 

polgamines, which occur in the millimolar range in eukargotic 

cells, plag an important role in the regulation of ion transport 

in mitochondria (10, 11) and in the stabilization of 

mitochondrial membranes (12) among mang other processes. 

Possiblg polgamines act at dif?erent levels in the pOCT 

transport, af£ecting the precursor polgpeptide and/or acting 

directlg on mitochondria. These molecules mag a?~ect some 

mitochondrial structures related to the binding and/or 

translocation of pOCT, because it is known that pol!jamines are 

able to interact with components o? mitochondrial membranes 

(proteins and phospholipids) (13). The ~act that the two 

mitochondrial membranes are indeed closer in the presence o? 

polgamines, suggests that the formation and/or stabilization o£ 

"contact sites" bg these molecules mag be responsible for their 

effect on the transport o? pOCT, because the "contact sites" have 

been proposed as transport routes ~or the mitochondrial protein 

precursors (14). Another possibilitg is that polgamines may 

?avour an optimal conformation o£ the precursor polgpeptide £or 

the transport, as has been reported ?or the NTPs (15). Also, the 

amphiphilic nature o~ these polyamines, similar to the signal 

peptide o~ mitochondrial precursors (16), mag be related to the 

translocation o? the precursor polgpeptides across mitochondrial 

membranes. 

These possible roles o? polyamines, not onlg in the transport 

of  pOCT but  o£ o t h e r  p r e c u r s o r s  w i t h  or  w i t h o u t  l e a d i n g  p e p t i d e ,  

remain  to be i n v e s t i g a t e d ,  p a r t i c u l a r l y  t h e i r  p h y s i o l o g i c a l  " i n  

v i v o "  s i g n i f i c a n c e .  
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