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peak  on day  3 of SD and resembl ing  s o m e w h a t  the  ex- 
cre t ion changes  of 5 -HIAA dur ing  SD 3. The increase 
pers is ts  in the  2nd control  period.  

E leva t ion  of free T P  levels is assumed to be re la ted  to  
a change  in the  b inding  capac i ty  to a lbumin  inf luenced by  
exogenous  subs tances ,  e.g. d i f fe rent  drugs  6,7,9,~~ and  
endogenous  subs t ra tes .  Thus, for example ,  the  TP-  
a lbumin  b inding  is known  to in terfere  wi th  the  b inding  
of free f a t t y  acids (FFA) to th is  carr ier  ~1. The F F A  level 
increases under  stress, including SD 1~. Therefore  th is  
fac tor  m a y  be involved in the  changes  in T P  blood level 
and  5-HT metabo l i sm observed b o t h  in th is  and  in pre-  
vious invest igat ions .  Our observa t ions  indica te  t h a t  
e levated  excre t ion  of 5 -HIAA dur ing  SD m a y  be in ter  

alia induced  by  enhanced  synthes is  of 5-HT, p r o b a b l y  
caused b y  the  increased free T P  level. Changes in 5-HT 
me tabo l i sm are assumed to  be a t  p lay  in the  the rapeu t i ca l  
effect  of SD in endogenous  depression.  
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S o m e  Propert ies  of External  N A D H  Oxidat ion by  H u m a n  Placental  Mitochondria  1 
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Summary. Iso la ted  h u m a n  t e r m  p lacen ta  mi tochondr i a  ca ta lyse  ox ida t ion  of ex te rna l  N A D H  in the  presence of cyto-  
chrome c. This  reac t ion  is insensi t ive  t o  t he  resp i ra to ry  chain  inhib i tors  such  as ro tenone  and  an t imyc in  A, and  is n o t  
coupled to phosphory la t ion .  Compar ison of t he  effect  of Mg++ ion on N A D H  plus cy toch rome  c oxida t ion  by  h u m a n  
t e r m  placental ,  h u m a n  skeletal  muscle and r a t  skeletal  mi tochondr ia  showed t h a t  Mg++ ion exer ts  an inh ib i to ry  effect  
in the  case of h u m a n  mi tochondr i a  and  a s t imu la to ry  effect  in the  case of ra t  skeletal  muscle  mi tochondr ia .  

I t  has  been shown t h a t  cy toch rome  c grea t ly  s t imula tes  
t he  exogenous  N A D H  oxida t ion  by  r a t  l iver mi tochon-  
dr ia  2. This  reac t ion  is insensi t ive  to the  resp i ra to ry  
chain  inhibi tors  such as rotenone,  a m y t a l  and  ant i -  
myc in  A, and  is no t  coupled to phosphory l a t i on  2. HED- 
MAN et  al. 3 r epor ted  t h a t  also r a t  and  h u m a n  skeletal  
muscle mi tochondr i a  oxidize ex te rna l  N A D H  wi th  a h igh 
ra te  in the  presence  of cy toch rome  c. However ,  in con t ras t  
to l iver mi tochondr ia ,  the  ox ida t ion  by  ra t  skeletal  
muscle  mi tochondr i a  was shown to be inh ib i t ed  by  
resp i ra to ry  chain inhibi tors  a. Recen t ly  we observed  t h a t  
some s teroids  exer t  an inh ib i to ry  effect  on the  cyto-  
ch rome  c induced  N A D H  oxidat ion ,  th is  inh ib i t ion  
being par t i a l  in the  case of h u m a n  muscle  and  a lmost  
comple te  in the  case of ra t  muscle mi tochondr i a  4. This 
indica tes  the  exis tence of differences be tween  mi to-  
ehondr ia  isolated f rom various t issues as far as some pro-  
per t ies  of N A D H  oxida t ion  in the  presence  of cyto-  
ch rome  c are concerned.  In  t he  p resen t  work, some pro-  
per t ies  of N A D H  oxida t ion  by  h u m a n  p lacen ta l  mi to-  
chondr ia  are presented .  

Materials and methods. N A D H ,  N A D P H ,  ADP,  hepar in ,  
ro tenone  and  an t imyc in  A were ob ta ined  f rom Sigma 
Chemical  Co.; cy tochrome  c was f rom Koch-L igh t ;  
CCCP (carbonyl  cyanide  m-ch lorophenyl  hydrazone)  f rom 
Calbiochem; Manni to l  f rom UCB (Belgium), sucrose f rom 
I~DH; all o ther  compounds  were of the  h ighes t  pu r i t y  
avai lable  commerc ia l ly  f rom POCh Gliwice (Poland).  
0.25 M sucrose solut ion (used while p repar ing  h u m a n  
p lacen ta l  mi tochondr ia)  and the  solut ion of 0.21 M 
m a n n i t o l  + 0.07 3/ /sucrose  (used while p repar ing  h u m a n  
and  r a t  skeletal  muscle mi tochondr ia)  were deionized 
b y  pass ing t h rough  a mixed-bed  ion exchange  resin 
(Amber l i t -MB-/BDH).  

H u m a n  t e r m  placentas  were ob ta ined  fresh f rom the  
m a t e r n i t y  uni t  of a local hospi tal .  H u m a n  muscle was 
ob ta ined  f rom pa t i en t  undergoing  or thopaed ic  surgery.  
The  p a t i e n t  hav ing  no known  h i s to ry  of metabol ic  diseases 

were anes the t ized  wi th  b rev inarcorn  and N~O + 0 2 (6 : 3). 
R a t  skeletal  muscle was ob ta ined  f rom the  h ind  legs of 
mal  Wis t a r  ra t s  immed ia t e ly  af ter  decapi ta t ion .  
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Fig. 1. The dependence of NADH oxidation by human placental 
nfitochondria on eytochrome c concentration. NADH oxidation was 
measured by following the decrease of absorbancy at 340 nm using 
Unieam SP-800 recording spectrophotometer in the medium de- 
scribed under materials and methods. The medium contained ad- 
ditionaly 0.2 mM NADH and eytochrome c at concentrations in- 
dicated on the Figure, Reaction was started by addition of 0,5 mg 
mitochondrial protein suspended in 0.1 ml of 0.25 M sucrose + 
10 mM tris-HC1 (pH 7.4). 
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2 G. L. SOTTOCASA, B. KUYLENSTIERNA, L. ERNSTER and A. 
BI~RGSTRAND, J. Cell Biol. 32, 415 {1967). 

S R. HEDMAN, E. M. SURNAYI, R. LUFT and L. ERNSTER, Biochem. 
biophys. Res. Commun. 8, 314 (1962). 

4 j .  SWIERCZYI~SKI, Z. ALEKSANDROWICZ and M. ZYDOWO, Int. J. 
Bioehem. 5, 757 (1975). 



15.9. 1976 Specialia 

Mitochondria 
Mitochondria _ Mitochondria Cytochrome c Gytochrome c I . . . . .  H / 

I NADH ~ r NADH 1 '~aV ~ / NADH 
' I Cytochrome c I ~ ~ ' + i 1 

X ADP or C C C P ~ - ' - - - - - ~  
\ ADP or CCCP \ /  ~ -  

"1 fi X / X Rotenone X 

~- ~, \ Rotenone \ . . . \ 
~1 I'~ X / X ~firnycin X 

gl I+ \ Antimyoin \ \ 

Time =- ~ 

lmin 

1119 

Fig. 2. Polarographic recordings of oxygen up- 
take by human placental mitoehondria. The 
experiments were carried out using a Clark elec- 
trode. Human placental mitochondria (3 mg mit- 
ochondrial protein suspended in 0.1 ml of 0.25 M 
sucrose + I0 mM tris-HC1 pH 7.4) were added 
to 2.4 ml medium described under materials 
and methods. Further additions were: NADH or 
NADPH (0.5 ~moles), cytochrome c (37.5 nmoles), 
ADP (2.5 ~zmoles), rotenone (2 p.g), antimycin A 
(4 ~xg) XCN (1.25 ~moles), mitochondria. 

H u m a n  p lacen ta l  5 and  h u m a n  and r a t  skeletal  muscle  4 
mi toehondr ia  were p repa red  as descr ibed previously.  The 
pro te in  con ten t  of t he  mi tochondr i a  was de te rmined  by  
u l t raviole t  absorp t ion  as descr ibed previously% N A D t t  
oxidat ion  was measured  by  polarographic  t echnique  
using a Clark electrode or by  following the  decrease of 
abso rbancy  at  340 n m  using Un icam SP-800 recording 
spec t ropho tomete r .  In  bo th  cases, the  reac t ion  was car- 
r ied ou t  in the  m ed ium conta in ing  40 m M  XC1, 20 m M  
tris-HC1 (pH 7.4) and 6 m M  po ta s s ium phospha t e  buffer  
(pH 7.4). Other  addi t ions  were as indica ted  in the  corre- 
sponding  figures. F inal  volume of the  react ion mix tu re  
was 2.5 ml. Assay t e m p e r a t u r e  was25~ 

Results and discussion. Figure 1 presen ts  the  effect  of 
add ing  increasing concen t ra t ions  of cy tochrome  c on 
N A D H  oxida t ion  b y  h u m a n  p lacenta l  mi tochondr ia .  I t  
m a y  be seen t h a t  the  s t imula t ion  by  cy tochrome  c of 
N A D H  oxida t ion  depended  on cy tochrome  c concent ra-  
t ion : 15-20 ~xM concen t ra t ion  of cy tochrome  c was needed 
to achieve max imal  s t imula t ion .  

The polarographic  t races  in Figure 2 indicate  t h a t  
exogenous N A D H  was oxidized only s l ight ly by  h u m a n  
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Fig. 3. Effect of MgSO 4 oi1 NADH plus cytochrome e oxidation by 
human placental (e), human skeletal muscle (O) and rat skeletal 
muscle (A) mitoehondria. Experimental conditions as described in 
the section on methods and in Figure 1. Cytochrome c concentra- 
tion was 15 ~zM; MgSO~ was added to the incubation medium before 
mitoehondria. The figures on the ordinate represent relative rates. 
The control rates were: 100 nmoles NADH oxidized per min per mg 
protein for both human skeletal muscle rnitochondria and human 
placental mitochondria, and 350 for rat skeletal muscle mitoehon- 
dria. 

p lacenta l  mi tochondr ia .  Addi t ion  of cy toch rome  c great ly  
s t imula ted  oxygen  uptake ,  b u t  ne i ther  r e sp i ra to ry  con- 
t rol  by  A D P  or s t imula t ion  by  CCCP, nor  the  sens i t iv i ty  
to  ro tenone  and an t imyc in  A could have  been  shown. 
KCN in these  condi t ions  comple te ly  inhib i ted  the  reaction.  
In  th is  respect  mi tochondr i a  f rom h u m a n  p lacen ta  re- 
semble  mi tochondr i a  ob ta ined  f rom ra t  l iver S. N A D P H  
in the  condi t ions  descr ibed in Figure  2 was no t  oxidized 
by  h u m a n  p lacen ta l  mi tochondr ia ,  e i ther  in the  presence 
or in the  absence of added  cy toch rome  c. Microsomes f rom 
h u m a n  p lacen ta  possess ve ry  low abi l i ty  to  oxidize N A D H  
plus cy tochrome  c (not shown);  therefore  in terference in 
oxygen up take  by  co n t ami n a t i n g  microsomes m a y  be 
excluded.  

Ex t e rna l l y  added  N A D H  is no t  readi ly  oxidized by  
m a m m a l i a n  mi tochondr i aL  This is due to the  imper-  
meabi l i ty  of inner  mi tochondr ia l  m e m b r a n e  to NADH.  
In  m a m m a l i a n  mi tochondr ia ,  N A D H  is oxidized at  high 
ra te  only  when  e i ther  the  mi tochondr ia l  m e m b r a n e  is 
damaged  or cy tochrome  c is added  v. As indica ted  above, 
h u m a n  p lacenta l  mi tochondr i a  possess similar proper-  
ties. In  the  presence  of cy tochrome  c, the  oxidat ion of 
N A D H  occurs t h ro u g h  a non-phosphory la t ing  external  
p a t h w a y ,  and  is med ia ted  by ro tenone- insens i t ive  N A D H -  
cy toch rome  c reduc tase  s. For  the  N A D H - c y t o c h r o m e  c 
reduc tase  ac t iv i ty  in outer  mi tochondr ia l  membrane ,  
b o t h  N A D H - c y t o c h r o m e  b 5 reductase  and cy tochrome  
b 5 are responsible s. Dur ing  ox ida t ion  of N A D H  by in tac t  
mi tochondr i a  in t he  presence  of cy toch rome  c, cyto-  
chrome c media tes  the  electron flow from cy tochrome  b5 
to cy tochrome  oxidase of inner  mi tochondr ia l  mem-  
brane  s, Thus  the  ac t iv i ty  of N A D H - c y t o c h r o m e  b 5 re- 
duc tase  migh t  be de t e rmined  by  measur ing  oxygen  up- 
take  by  in tac t  mi tochondr i a  oxidizing ex te rna l  N A D H  in 
the  presence of cy toch rome  c. SOTTOCASA ~ showed t h a t  
d iva len t  cat ion s t imula te  N A D H  oxida t ion  by  outer  
mi tochondr ia l  m e m b r a n e  p repa ra t ion  f rom ra t  liver. In  
the  fn t e rmemb ran e  space,  there  is a re la t ively  h igh  con- 
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cen t ra t ion  of Mg ++ ion~~ which  migh t  influence the  
enzyme sys tems  localized in outer  mi tochondr ia l  mem-  
brane.  Therefore  we have  examined  the  effect  of Mg++ 
ion on the  ex te rna l  N A D H  oxida t ion  in t he  presence  of 
cy toch rome  c by  h u m a n  placerital,  h u m a n  and  ra t  skeletal  
muscle mi tochondr ia .  

Figure  3 presen ts  the  effect  o! increasing concen t ra t ions  
of MgSO 4 on the  ox ida t ion  of N A D H  in the  presence  of 
added  cy toch rome  c in h u m a n  and  ra t  skeletal  muscle  
and h u m a n  p lacenta l  mi tochondr ia .  The results  are ex- 
pressed as a pe rcen t  of the  control  ox ida t ion  ra te  in the  
absence of MgSO4. I t  m a y  be seen t h a t  MgSO 4 inhib i ted  
N A D H  oxida t ion  in the  presence  of cy tochrome  c in the  
case of b o t h  h u m a n  skeletal  muscle and  p lacenta l  mito-  
chondria .  The inhib i t ion  depended  on MgSO 4 concent ra -  
t ion reaching abou t  50% and 75% at  9 m M  and 16 m M  
MgSO 4 respec t ive ly  in the  case of h u m a n  skeletal  muscle  
mi tochondr ia ;  the  same degree of inhibibi t ion in the  
mi tochondr i a  f rom h u m a n  p lacen ta  was observed at  
5 m M  and 13 m M  MgSO 4, respect ively.  In  the  case of ra t  
skeletal  muscle mi tochondr ia ,  iV[gSO 4 exer ted  a s t imula-  
t o ry  effect  on cy toch rome  c induced  N A D H  oxidat ion.  
Maximal  s t imula t ion  was ob ta ined  at  the  concen t ra t ion  
range 2-5 m M  MgSO 4. MgSO 4 concen t ra t ion  higher  t h a n  
8 m M  s t imula ted  only  s l ight ly N A D H  oxida t ion  in the  
presence  of cy toch rome  c. At  16 m M  no s t imula to ry  ef- 
fect  was observed.  MgC12 exer ted  similar effect  as MgSO 4 
(not shown),  indica t ing  t h a t  Mg ++ ion is responsible  for the  
inhibi t ion in the  case of h u m a n  skeletal  muscle mi tochon-  
dria  and p lacen ta l  mi tochondr ia ,  and for t he  s t imula t ion  
in the  case of ra t  skeletal  muscle mi tochondr ia .  In  h u m a n  
p lacenta l  and skeletal  muscle mi tochondr ia ,  MgSO 4 in- 

h ib i ted  N A D H  oxida t ion  to t he  same e x t e n t  b o t h  in the  
presence and a b s e n c e  o f  ro tenone.  In  the  case of ra t  
skeletal  muscle, ml tochondr i a  N A D H  plus cy toch rome  c 
oxida t ion  was s tudied  in the  &bsence of ro tenone  only  
because th is  inhib i tor  exe r t ed  inh ib i to ry  effect  on N A D H  
plus cy tochromec  ox ida t ion  3. Da ta  p resen ted  in Figure 3 
indicate  t h a t  w i th  regard to  the  act ion of Mg++ ion on 
N A D H  oxida t ion  in the  presence  of cy tochrome  c, r a t  
skeletal  muscle  mi tochondr i a  resemble  ra t  l iver mi to-  
chondr ia  9, whereas  in h u m a n  mi tochondr i a  Mg ++ ion 
exer ted  an inh ib i to ry  effect  on th is  process. 

The ques t ion  arises w h e t h e r  the  inh ib i to ry  effect  of 
MgSO4 is caused by  o ther  co n t ami n a t i n g  ions. We check- 
ed the  MgSO~ solut ion in a tomic  absorp t ion  spect ro-  
p h o t o m e t e r  and  showed t h a t  Zn ++ ion is present ,  a l though 
at  a concen t ra t ion  which was w i t h o u t  effect  on N A D H  
oxidat ion.  At  p re sen t  it  is difficult  to say w h a t  is the  
mechan i sm of Mg ++ act ion on N A D H  oxida t ion  in the  
presence of cy toch rome  c. I t  seems t h a t  two possibili tes 
m a y  be t aken  in to  c o n s i d e r a t i o n : a )  t h a t  Mg++ is e i ther  
inhib i t ing  or s t imula t ing  N A D H - c y t o c h r o m e  b a reductase  
localized in t he  outer  mi tochondr ia l  membrane ,  b) t h a t  
Mg ++ is l imi t t ing  the  permeabi ! i ty  of outer  m e m b r a n e  to 
cy toch rome  c, inhibi t ing in th is  m a n n e r  e lectron flow 
f rom cy toch rom b5 to cy toch rome  oxidase of the  inner  
mi tochondr ia l  membra!~e. I t  is no t  excluded t h a t  b o t h  
mechan i sms  a r e  responsible  for the  observed Mg ++ ion 
effect  on N A D H  plus cy toch rome  c oxidat ion.  

10 I~. BOGUCKA and L. WOJTCZAK, Biochem. biophys. Res. Commun. 
4d, 1330 (1971). 
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Ro- 

Summary. An extracel lular  p ro tease  has been  purif ied f rom cultures of Pseudomonas/luorescens. I t  is a meta l loenzyme 
wi th  a molecular  weigh t  of 37,000 ~ 3,700, able to  diges t  casein, hemoglobin  and  gelatine.  

The extracel lutar  prote01ytic enzymes  p roduced  by  
some Pseudomonas s t ra ins  are i m p o r t a n t  in the  process of 
mea t  spoilage a t  low t e m p e r a t u r e s  2. Ext race l lu la r  pro-  
teases  have  been  isolated f rom the  psychrophi le  Ps. iragi a, 
a n d  f rom t)s. maltophilia 4 and Ps. aeruginosa 5. We repor t  
,.in th is  comm un ica t i on  the  pur i f icat ion and  some pro-  
per t ies  of the  extracel lu lar  pro tease  p roduced  by  Ps .  
/luorescens a f luorescent  facul ta t ive ly  psychrophi l ic  
Pseudomonas, which  differs f rom Ps.aeruginosa by  its 
abi l i ty  to grow at  4 ~ and f rom Ps. putida by  its abi l i ty  
to hydrol ize  gelat ine 6 

Methods. Ps.fluorescens, s t ra in  R-12, was isolated f rom 
water  of the  P a r ang  River  a t  Rosario 7 and  grown a t  
25~ in Nu t r i en t  B r o t h  No 1 (Oxoid), 13 g/l, with  the  
addi t ion  of CaC!2 (0.3 g/l), in a New Brunswick  wa te r  
b a t h  g i ro tory  shaker .  W h e n  the  cul tures  reached  the  
s t a t iona ry  phase  (A680nm o~[ 1.4), t he  ceils were sepa ra ted  
by  cen t r i fuga t ion  a t  15,000 g for 20 min at  4~ To the  
clear coloured s u p e r n a t a t l t  was added  solid a m m o n i u m  
sulfate to  50% saturatior~ at  0~ The prec ip i ta te  was 
separa ted  by  cent r i fugat ion  a t  37,000 g for 20 rain a t  4~ 
and discarded.  The s u p e r n a t a n t  was b r o u g h t  to 60% 
sa tu ra t ion  wi th  solid a m m o n i u m  sulfate. The prec ip i ta te  

was dissolved in 1 ml  of 20 m M  Tris-HC1 buffer  (pH 7.6) 
conta in ing  2 m M  CaC12 and f i l tered th rough  a Sephadex  
G-200 column (52 • 1.2 cm) equi l ibra ted  wi th  the same 
buffer.  The act ive fract ions were pooled and  dialyzed 
agains t  20 m M  glyc ine-NaOH buffer  (pH 9.7) for 21 h 
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institution. 
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