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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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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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Step Volume 
(ml) 

Total protein 
(rag) 

Enzyme activity Purification Yield 
Total Specific (%) 

(units) (units/rag) 

Crude supernatant 
Ammonium sulphate fractionation 
Sephadex G-200 column 
DEAE-cellulose column 

519 
0.8 

16.4 
14.5 

761 24.3 0.03 1 100 
14.8 8.0 0.54 18 33 
5.1 7.3 1.43 48 30 
1.7 3.0 1.76 59 12 

The enzyme was purified and assayed as described under Methods. 

a t  4 ~ The dia lysate  was c h r o m a t o g r a p h e d  on a co lumn 
of DEAE-ce t lu lose  (16 X1.2 era) equi l ibra ted  wi th  the  
same buffer ;  the  eiut ion was pe r fo rmed  wi th  a g rad ien t  of 
NaC1 f rom 0 to 250 m M  in the  same buffer.  The pro tease  
was eluted be tween  65 and 135 m M  NaC1. The concen-  
t r a t i on  of NaC1 was de te rmined  by  f lame p h o t o m e t r y .  

The s t a n d a r d  react ion mix tu re  con ta ined  1% casein, 
40 m M  Tris-HC1 buffer  (pH 7.5) and  enzyme,  in a final 
vo lume  of 1 ml. Af te r  10 min  incuba t ion  at  30~ wi th  
shaking,  the  react ion was s topped  and the  casein remain-  
ing u n d i g e s t e d  was p rec ip i t a t ed  by  the  add i t ion  of 2.5 ml  
of a 3% tr ichloroacet ic  acid solution.  Af ter  cen t r i fuga t ion  
at  15,000 g for 10 min at  room tempera tu re ,  the  Azs0nra 
of the  s u p e r n a t a n t  was de t e rmined  in a Un icam SP 1800 
B spec t ropho tome te r .  Blanks,  to  which t r ichloroacet ic  
acid was added  before the  enzyme,  were substr&cted in 
all cases. One uni t  of p ro teo ly t ic  ac t iv i ty  is def ined as ttle 
a m o u n t  of enzyme  able to l iberate  in 1 min  a t  30~ pep-  
t ides  soluble in 2.14% tr ichloroacet ic  acid giving an 
A2a0nm of 1 absorbance  unit .  The reac t ion  was l inear wi th  
t ime  for a t  least  10 rain, wi th  amoun t s  of purif ied enzyme  
up to  0.1 mg. 

The pro te in  concen t ra t ions  of the  d i f ferent  f ract ions 
ob ta ined  in the  pur i f ica t ion m e t h o d  was de t e rmined  b y  
the  spec t ropho tome t r i c  me thod  of WA~BUR~ and  
CHRISTIAN 8. 

Results  and discussion. The p roduc t ion  of the  pro tease  
in N u t r i e n t  B r o t h  No. 1 required the  addi t ion  of CaC12 to  
the  cul ture  medium,  as has  been  shown for t he  Ps.  aeru- 
ginosa enzyme s. As in the  case of the  extracel lular  pro-  
teases  of Ps. maltophi l ia  4 and  the  mar ine  bac te r ium s t ra in  
SA 19, the  Ps. / luorescens enzyme  was produced  in the  
late  logar i thmic  and  early s t a t i o n a r y  phase  of growth.  

The  m e t h o d  out l ined in the  Table p roduced  59-fold 
puri f ied enzyme,  wi th  a yield of 12%. The purif ied pre-  
pa r a t i on  p resen ted  one ra the r  diffuse, s lowly migra t ing,  
p ro te in  band  when  sub jec ted  to  po lyacry lamide  gel 
electrophoresis~0; s imilar  behav iour  has been descr ibed 
for the  Ps .mal toph i l ia  enzyme ~, and migh t  be due to 
autoproteolys is .  The pro te in  band  was ident i f ied as the  
p ro tease  by  its ab i l i ty  to diges t  gelat ine w h e n  the  poly- 
ac ry lamide  gels were appl ied to  agar-gela t ine  plates  n.  

The purif ied enzyme  was able to digest  casein, hemo-  
globin and  gelatine.  W i t h  casein a s  the  subs t ra te ,  the  p H  
curve was broad  wi th  near ly  max ima l  ac t iv i ty  be tween  
pig  values  of 6.5 and  10. 

The molecular  weigh t  of the  enzyme  was es t imated  to  
be 37,000 4- 3,700 by  gel f i l t ra t ion ~2 on a Sephadex  
G-100 column (36•  cm). The elut ion volumes of 
Cytochrome c (mol.wt. 12,400), protease,  bovine serum 
a lbumin  (mol.wt.  68,000), c i t ra te  syn thase  (mol.wt.  
100,000) and:Blue  Dex t r an  2000 were 32; 23.6; 20.1; 19.2 
and  17.1 real, respect ively .  

The enzyme was not inh ib i ted  by  the  sulfhydri l  r eagen t  
p -ch lo romercur ibenzoa te  a t  concen t ra t ions  up to 1 m M .  
E D T A  did no t  inh ib i t  the  en zy me  ac t iv i ty  when added  to  
the  react ion mix tures  a t  concen t ra t ions  up to 2 m M ,  nor  
when  the  protease  was dialyzed against  20 m M  Tris-HC1 
buffer  (pH 7.6) conta in ing  i m M  E D T A  for 3 h a t  7 ~ 
However ,  when  the  enzyme was dialyzed against  t he  
same buffer,  conta in ing  5 m M  EDTA,  for r a the r  long 
periods of t ime (3-7 days),  even tua l ly  all enzyme ac t iv i ty  
was lost, and was no t  recovered af ter  dialysis aga ins t  
dist i l led water .  This inac t iva t ion  could be reversed by  the  
addi t ion  of d i f ferent  d iva len t  cat ions to  the  reac t ion  
mixture ,  showing t h a t  a s table  apoenzyme  had  been  
obta ined.  At  a concen t ra t ion  ot 1 m M  Cd "a+ and Mg 2+ 
were ineffect ive as reac t iva tors ;  Ca a+ and  Mn ~+ were 
l i t t le effective,  and Zn 2+ and  Co 2+ were able to res tore  a 
considerable  f rac t ion of the  original ac t iv i ty .  Figure :t 
shows t h a t  Co 2+ and Zn 2+ were similarly effective a t  con- 
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Fig. 1. Reconstitut. of protease activity by addition of divalent cation 
to the apoenzyme. 4 ml of purified enzyme preparation were dialyzed 
against 500 ml of 20 mM Tris-HC1 buffer (pH 7.6) containing 5 inM 
EDTA for 70 h at 7 ~ The enzyme activity was assayed as described 
under Methods, except for the buffer, which was 30 mM Tris- 
acetate (pH 6.6), and CaCI~ (O), ZnCI~ (A) or CoC1 z (O}, which were 
added to the assay mixtures at the concentrations stated on the 
abcissa. Since 0.25 mM EDTA was carried over with the enzyme 
solutiort (0.05 ml), the lowest cation concentration tested was 0.35 
raM. The enzyme activity is expressed as percent of the original 
activity before dialysis (0.24 units/ml). 

g O. WARBURG and W. CHRISTIAN, Biochem. Z. 310, 384 (1941). 
9 IVY. C. C. DAATSELAAR and ~r. HARDER, Arch. Microbiol. 107, 21 

(1974). 
10 B. J. DAvis, Ann. N. Y: Acad: Sci. t2t, 404 (1964). 
11 H. FoxssY, J. appl. Butt. 37, 133 (1974). 
1~ p. ANDREWS, Biochem. J. 96, 595 (1965). 
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cen t ra t ions  up to 0.5 mM,  giving near ly  100% react iva-  
t ion,  b u t  h igher  Zn 2+ concen t ra t ions  caused a consider-  
able inhibi t ion.  Ca s+ was cons iderably  less effective, and 
much  higher  concen t ra t ions  were required.  The small  
a m o u n t  of purif ied enzyme ob ta ined  did no t  allow the  
de t e rmina t i on  of the  meta l  con ten t s  of the  meta l loprote in .  

Since CaC1 s was required for the  p roduc t ion  of the  
protease,  i t  m i g h t  be supposed  t h a t  the  d iva len t  ca t ion 
p resen t  in the  me ta l loenzyme  was Ca s+. However ,  as 
shown in Figure  2, o-phenant ro l ine  a t  concen t ra t ions  up 
to  1 m M  inh ib i ted  the  enzyme even in the  presence of 
10 m M  CaCls, thus  indicat ing t h a t  the  d iva len t  ca t ion 

,,=, 

100~ 
% 

50 
o o 

' 0'.5 110 m/"/ 
Concentration of o-phenantro[ine 

Fig. 2. Inhibition of the extracellular protease from Ps. ]luorescens 
by o-phenantroline. 0.1 mI of purified enzyme preparation, previously 
exhaustively dialyzed against 20 mM Tris-tlC1 buffer (pH 7.6), was 
assayed as described under Methods except for the buffer, which 
was 30 mM Tris-acetate (pH 6.6), and o-phenantroline, which was 
directly added to the assay mixtures at the concentrations stated 
on the abcissa, in the absence (O) or in the presence (�9 of 10 mM 
CaCI~. h~ order to avoid interference by o-phenaatroIine, after 
centrifugation a 1 ml-aliquot of the supernatant of the assay mixture 
was added 2 ml of 1 M NaOH and 0.5 ml of Folin-Ciocalteau's 
phenol reagent, diluted 1/a15. After 30 min at room temperature, the 
absorbance of the solutio~ at 750 am was read and taken as an ex- 
pression of the enzyme activity. Blanks, to which trichloroacetie 
acid was added before the enzyme, were substracted. The enzyme 
activity is expressed as percent of the enzyme activity in the absence 
of the inhibitor (A A75o~,Imit~ = 0.11). 

ac t ing  as p ros the t i c  group is no t  Ca 2+, being p ro b ab ly  
one of the  cat ions  able to fo rm s t rong  complexes  w i th  
o-phenantrol ine ,  such as Co s+ or Zn s+. A similar  f inding 
has  been  repor ted  for the  alkaline p ro tease  of Ps. aeru- 
ginosa t3. 

CaCI2, which  is known  to stabil ize some extracel lu lar  
protease*,  did no t  p ro t ec t  the  Ps./luorescens enzyme,  
which  was a lmost  comple te ly  inac t iva ted  af ter  incuba t ion  
a t  50 ~ for 10 rain, e i ther  in t he  absence  or in the  presence  
of 5 m M  CaC1 s. 

The resul ts  p resen ted  in th is  communica t ion  show t h a t  
Ps. fluorescens produces  an extracel lu lar  pro tease  able to 
digest  casein wi th in  a p H  range wider  t h a n  t h a t  r epo r t ed  
for the  enzymes  purif ied f rom o ther  Pseudomonas 3,5. 
The molecular  weight  of the  enzyme  is similar to t h a t  re- 
po r t ed  for the  pro teases  f rom Ps.maltophilia 4 and Ps. 
]ragi ~, b u t  s ignif icant ly  lower  t h a n  t h a t  of the  alkaline 
pro tease  of Ps. aeruginosa 1~. The Ps./luorescens protease  
is a meta l loenzyme,  as the  enzymes  p roduced  by  o the r  
Pseudomonas 3, 4, 5, b u t  in our  case a s table  apoenzyme  
was ob ta ined  by  dialysis agains t  E D T A  for r a the r  long 
per iods  of t ime.  The lack of enzyme reac t iva t ion  by  di- 
alysis aga ins t  disti l led wa te r  suggests  t h a t  in the  case of 
the  Ps.fluorescens pro tease  the  meta l  p ros the t ic  group 
was ac tual ly  removed,  and no t  s imply  masked,  by  the  
chela t ing  agent .  The second possibi l i ty  is t h o u g h t  to  be 
t rue  for the  Ps. aeruginosa 14 enzyme.  The d iva lent  ca t ion  
bound  to the  apoenzyme  migh t  be Co s+ or Zn s+, as sug- 
ges ted by  the  grea ter  effect iveness  of these  cat ions for the  
r econs t i tu t ion  of the  ho loenzyme (Figure 1) and by  the  
inhib i t ion  b y  o-phenant ro l ine  in the  presence  of CaC1 s 
(Figure 2). 

Since only  one pro teo ly t ic  enzyme w a s  de tec ted  in the  
cul ture  s u p e r n a t a n t s  of Ps. [luorescens, and i t  was able to 
digest  casein a t  neu t ra l  pH,  the  pro tease  descr ibed here 
can be considered responsible  for the  gelat ine hydrolys is  
which  is one of the  pheno typ i c  charac te rs  of Ps.fluo- 
~ , . e s c e n s  g . 
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Summary. The presence  of two  phaeomelan ic  p igments ,  t r i chochrome B and  C, was d e m o n s t r a t e d  in the  urine of a 
p a t i e n t  w i t h  m a l i g n a n t  m e l a n o m a  metas tases .  

Tr ichochromes  3-5, fo rmer ly  n a m e d  tr ichosiderins,  are 
a unique  group of amino acidic p igments  possessing 
a A2,2 ' -b i - (2H-1,4-benzothiaz ine)chromophor  e (Figure), 
which accounts  for the i r  charac ter i s t ic  p H - d e p e n d e n t  vis- 
ible spectra .  They  are the  s imples t  group of phaeomelan ic  
p igments ,  and are fo rmed in melanocy tes  by  a dev ia t ion  
of the  eumelanin  p a t h w a y  involving as key s tep  the  1,6- 
addi t ion  of cys te ine  to dopaqu inone  to give 5-S- and  2- 
S-cys te inyldopa .  

Unlike eumelanin,  which  occurs in several  types  of pig- 
m e n t e d  tissues, t r i chochromes  have  so far been found  
only  in cer ta in  red hair  and  feathers ,  and it has  been  
sugges ted  t h a t  the i r  fo rma t ion  is somehow res t r ic ted  to  
these  kerat iu ized s t ructures .  The recen t  f inding of large 
amo u n t s  of 5 -S-cys te iny ldopa  in the  urine of me l an o ma  

pat ients~,  ~ led us to look for t r i chochromes  in the  urine 
of a p a t i en t  wi th  me l an o ma  metas t a ses  and mark ed ly  


