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Inhibition of kallikrein (HoUK) using histones as substrates 

Incubations Half times of Per cent 
hydrolysis* (min) Inhibition** 

HoUK 80 - 
HoUK SBTI 81 0 
HoUK 0.1 M 
benzamidine 155 48 
HoUK 0.05 M 
NaHSO 3 No hydrolysis 100 

* Hydrolysis of 50% of the histones in the conditions described in the 
text. ** The inhibition was compared by the half times of hydrolysis. 

which is a compet i t ive  inhibi tor  for bo th  enzymes  a, did 
inhibi t  the  h is tones  hydrolys is .  In the  tab le  the  effect ive-  
ness of inhibi t ion of H o U K  hydrolys is  of chicken e ry th ro-  
cy te  h is tones  by  b o t h  inhib i tors  is indicated.  The hydro-  
lysis of h is tones  by t r yps in  was inhibi ted  by b o t h  soy- 
bean- t ryps in - inh ib i to r  (SBTI) and  benzamid ine  as would 
be expected .  The table  shows t h a t  hyposul f i te  is a p o t e n t  
inhib i tor  of kal l ikrein;  this  inhibi t ion is s imilar  to  t h a t  
p r o m o t e d  by  th is  agent  t owards  pro teases  con t ami n a t i n g  
crude p repa ra t ions  of histones19. 

Calf t h y m u s  h is tones  were also c leaved by horse p lasma 
kall ikrein (HoPK) .  I t  is known t h a t  th is  p r epa ra t i on  of 
h i s tone  can be f rac t iona ted ,  a t  least,  into 5 f rac t ions  by  
e lect rophores is  in po lyac ry lamide  gel2~ those  f ract ions  
were  p repa red  and  all of t h e m  were hydro lyzed  b y  H o P K ,  
fo rming  ini t ial ly large f r agmen t s  s ta ined  wi th  amidoblack  
and  finally soluble pep t ide  chains.  
The proteolys is  of p ro te ins  o the r  t h a n  kininogen by  
kal l ikreins is unusual ,  because these  enzymes  have  a ve ry  
s t r i c t  specif ici ty;  arginine-r ich subs t ra tes ,  however,  were 
expec ted  to be c leaved unless the  suscept ible  b o n d s  were 
nor  accessible to t he  protease.  The p r i m a r y  s t ruc tu res  of 
some his tones  are known 21, and  th is  group of pro te ins  
m a y  be used as model  compounds  to s t u d y  the  specif ic i ty  
of kall ikreins in t he  same w a y  as the the  B-chain  of insulin 
is used for several  p ro teo ly t ic  enzymes.  

19 S. Panyim, R. H Jensen and R. Chalkley, Biochim. biophys. 
Acta 160, 252 (1968). 

20 S. Panyim and R. Chalkley, Arehs Biochem. Biophys. 730, 337 
(1969). 

21 Y. Ogawa, G. Quagliarotti, J. Jordan, C. W. Taylor, W. C. 
Starbuck and H. Busch, J. biol. Chem. 244, 4387 (1969). 
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Summary, At  concen t ra t ions  above 10 -5 M myel in  basic p ro te in  (MB1 ~) induced  a smal l  inhib i t ion  of the  up take  of 
H3-5HT and  Ha-NA into ra t  cor tex  slices. Release of 5HT, NA and  Gaba  was  no t  af fec ted  by  10 -5 M MBP.  

The f irs t  indicat ion t h a t  myel in  basic p ro te in  (MBP) 
could have: e lectrophysiological  ac t iv i ty  came f rom 
Jankov ic  e t  a13, who repor ted  t h a t  MBP,  in jec ted  in t ra -  
vent r icu lar ly  in to  the  rabbi t ,  caused major  bioelectr ic and  
behavioura!  changes.  In te r fe rence  of M B P  wi th  the  ac t ion  
of 5 - h y d r o x y t r y p t a m i n e  (5HT) in pa r t i cu la r  has  been 
sugges ted  by  Carnegie3,*;  he  proposed  t h a t  t he  ence- 
phal i togenic  region of M B P  has  a s t ruc ture  s imilar  to  t h a t  
of the  na tu ra l  5HT receptor ,  and  t h a t  in te rac t ion  of M B P  
wi th  5HT could be the  chemical  basis of its e lectro-  
physiological  act ion.  Honegger  et  al. 5 have  p rov ided  
evidence t h a t  M B P  has  an inh ib i to ry  effect  on the  bio- 
electric ac t iv i ty  of mouse  cerebel lum cul tures  and  of ra t  
spinal  cord in situ, bu t  the  b iochemical  correlate  of th is  
e!ectrophysiological  ac t iv i ty  is no t  ye t  known.  Direct  
ac t iva t ion  of L-noradrena l in  (NA), L -dopamine  (DA) or 
~ -aminobu ty ra t e  (Gaba) receptors  does no t  seem to be 
responsible  5. We  have  there fore  inves t iga ted  the  pre-  
synop t i c  mechanisms ,  by  tes t ing  the  act ion of M B P  on the  
up take  and  release of 3 H3-1abelled n e u r o t r a n s m i t t e r s  in 
r a t  cor tex  slices. Some of these  resul ts  have  been publ i shed  
as an abs t r ac t  6. 
Materials and methods. Myelin basic p ro te in  (MBP) was  
prepared:  f rom fresh bov ine  spinal  cord by  a sl ight  rnodifi~ 
cat ion of t he  s t a n d a r d  methods7 ,  s. The solut ions of 
purif ied M B P  were no t  older  t h a n  1]2 h when  uti l ized for 
t he  exper iments .  

T r a n s m i t t e r  up take  and  subcel lular  d i s t r ibu t ion .  Male 
adul t  SIV 50 ra t s  (150-270 g) were used. 100 mg cerebral  
co r t ex  slices were  p re - incuba ted  (5 rain/25 ~ in Krebs-  
Hense le i t  m e d i u m  under  oxycarbon .  H3-1abelled 5HT or 
NA (20 ~1, 10 -5 M) and  20-50 ~1 M B P  solut ion were added  
to  give final  concen t ra t ions  of 10 -7 M for 5HT and  NA, 
and 10 -4 to  10 -7 M for MBP,  in 2 ml  incuba t ion  volume.  
Af te r  10 min incuba t ion  a t  25 ~ the  reac t ion  was  s top-  
ped  by  chilling, and  the  slices rap id ly  washed  wi th  cold 
med ium.  0.9 ml  0.32 M sucrose was added  to 100 mg 
slices for homogeniza t ion .  The cell nuclei  were r emo v ed  by  

1 Acknowledgment. The authors wish to thank W. Bucher for the 
preparation of MBP. 
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Table 1. Tissue/medium ratios for the uptake of 1 • 10-TM H8-5 - 
hydroxy-tryptamine and H3-noradrenalin into rat  cortex slices in 
the presence of 1 • 10-VM to 1 • 10-4M bovine myelin basic protein 
(MBP) 

HS-5-Hydroxytryptamine H~-Noradrenalin 
Added N T/M ratio Per cent N T/M ratio Per cent 
MBP inhibition inhibition 

None 20 7.814-0.45 - 20 5.244-0.39 
1 • 10-4M 4 6.444-0.34 17.5~ * 
5 • 10 aM 4 6.944-0.42 11.1~ ** 4 4.154-0.39 20.8~ * 
1 • 10-SM 4 7.354-0.92 5.9O/o 4 4.594.0.40 12.4~ *** 
5 • 10 6M - 4 4.834-0.35 7.8~ 
1 • 10-6M 4 6.914-0.45 11.5~ ** 4 4.844-0.32 7.8~ 
5 • 10-7M 4 5.184.0.41 1.1~ 
I • 10-7M 4 7.264-0.30 7.00/0 *** 

c e n t r i f u g a t i o n ,  0.5 m l  of  t h e  n u c l e i - f r e e  h o m o g e n a t e  w a s  
l a y e r e d  on  a 12.2 m l  s u c r o s e  s t e p  g r a d i e n t  (see g for  
d e t a i l s ) .  A f t e r  c e n t r i f u g a t i o n  ( 6 0 , 0 0 0 •  90 m i n )  34 
f r a c t i o n s  w e r e  c o l l e c t e d  a n d  p r e p a r e d  for  l i q u i d  s c i n t i l l a -  
t i o n  c o u n t i n g .  T h e  r e s u l t s  of  t h e  f r a c t i o n a t i o n s  a r e  g i v e n  
a s  c p m  p e r  m g  o r i g i n a l  t i s s u e  w e i g h t ,  i n  e a c h  of t h e  4 
m a j o r  d e n s i t y  r e g i o n s :  m i t o c h o n d r i a ,  s y n a p t o s o m e s ,  
m y e l i n  a n d  s u p e r n a t a n t .  T r a n s m i t t e r  r e l e a s e :  100 m g  
r a t  c o r t e x  s l i ces  w e r e  p r e i n c u b a t e d  (10 m i n ,  25~ in  
10 m l  of t h e  h i g h - C a  ++, l o w - K  + m e d i u m  of R a i t e r i  e t  
al .  1~ T h e n  100 ~xl of 10 -s  M H a - 5 H T ,  -NA,  or  - G a b a  w e r e  
a d d e d  ( f ina l  c o n c e n t r a t i o n s  10 -7 M) a n d  i n c u b a t i o n  w a s  
c o n t i n u e d  fo r  10 m i n .  A f t e r  r a p i d  c h i l l i n g ,  t h e  s l i ces  w e r e  
w a s h e d  f ree  of r a d i o a c t i v i t y ,  a n d  4.9 m l  r e l e a s i n g  m e d i u m  
( h i g h - C a  ++, h i g h - N  + m e d i u m  of R a i t e r i  e t  al .  1~ w e r e  
a d d e d .  T h e n  50 tzl of 10 -3 M M B P  w e r e  r a p i d l y  a d d e d  

10-min-incubation at 25~ Means 4- S.D. 
*Difference to controls (no MBP) significant at p < 0.001. **Dif- 
ference to controls signilicant at p < 0.005. ***Difference to con- 
trols significant at p < 0.01. 

9 C.G. Honegger, L. M. Krepelka, V. Steinmann and H. P. yon 
Hahn, Eur. Neurol. 12, 236 (1974). 

10 M. Raiteri, R. Federico, A. Coletti and G. Levi, J. Neurochem. 
24, 1243 (1975). 

Table 2. Subcellular fractionation of rat  cortex slices after uptake of 1 • 10-7M H3-5-hydroxytryptamine (5HT) and H3-noradrenalin (NA} 
in the presence of I • 10-2M to 1 • 10-~M bovine n, yelin basic protein (MBP). The distribution of the label is given in cpm per mg tissue fresh 
weight. 

Total Mitochondria Synaptosomes Myelin Supernatant 
MBP N Fr. 1-33 Fr. 1-8 Fr. 9-25 Fr. 26-29 Fr. 30-33 

5HT None 20 1144 4- 87 30.8 4- 3.3 588 • 37 93.1 4- 9.9 432 4- 57 
1 • 10-4M 4 1026 4- 85 33.1 4- 2.4 *393 4- 30 80.0 4- 6.0 *520 4. 54 
5 • 10-SM 4 1047 q- 73 40.2 4- 10.1 *466 i 30 77.4 4- 9.4 463 4- 63 
1 • 10-SM 4 1075 4- 102 38.3 4- 5.9 541 • 70 93.0 4- 16.7 403 4- 22 
1 • 10 6M 4 967 4. 42 26.7 4- 4.0 5364- 22 8 3 . 9 1  8.9 3214.  18 
1 • 10 7M 4 1022 i 116 32.5 4- 3.3 532 4- 47 87.9 • 8.0 369 4- 60 

NA None 20 668 • 58 15.0 • 2.6 378 • 30 37.9 4- 6.0 237 + 27 
5 • 10-aM 4 *478 4- 47 15.9 4- 1.8 *237 4- 31 28.9 4- 5.1 "196 4- 23 
1 • 10-SM 4 *574 4- 27 14.3 4- 1.4 *308 4. 22 33.0 4- 3.6 *'219 4- 3 
5 • 10-6M 4 **570 4- 67 11.9 4- 2.9 **335 4- 25 30.9 4- 6.4 "193 4- 39 
1 • 10-~M 4 603 4- 46 12.7 4- 1.2 *'331 4- 19 31.8 4- 3.2 228 4- 28 
5 • 10-VM 4 646 4. 42 14.8 q- 1.0 358 4- 11 36.0 4- 0.1 237 4. 31 

* Difference to controls (no MBP added) significant at  p < 0.001. ** Difference to controls significant a t  p < 0.01. 

Table 3. Effect of 1 • 10-SM myelin basic protein (MBP) on the release of H3-1abelled 5-hydroxytryptamine, L-noradrenalin, and 7-aminobu- 
tyrate  from rat  cortex slices by the high-K +, high-Ca ++ medium of Raiteri et al. 1~ 

5-Hydroxytryptamine Noradrenalin ~-Aminobutyrate 

Tissue/medium ratio 
after uptake (5mM K +, 2.7mM Ca ++) 

Per cent release, spontaneous 
(5raM K +, 2.7 mM Ca ++) 

Per cent release, K-Ca-activated 
(56 mM K +, 2.7 mM Ca ++) 

Per cent release, K-Ca-activated, with MBP 
(56 mM K +, 2.7 mM Ca ++) 

6.58 • 0.42 7.33 i 0.63 44.3 4- 5.9 
(8) (12) (14) 

17.0~ 17.6~ 3.6~ 3.8~ 
(2) (2) 

57.40/0 4- 1.6 61.3% 4- 0.5 40.70/0 4- 1.9 
(4) (4) (6) 

58.7~ 4- 0.7 60.2B/0 4- 1.1 43.50/0 4- 0.7 
(4) (4) (4) 

Slices were incubated 10 min]25~ with 1 • 10-7M H3-neurotransmitters in uptake medium (5 mM K +, 2.7 mM Ca++). Percentage released 
label was determined after 10 min/25 ~ incubation in release medium (56 mM K +, 2.7 mM Ca++). Number of experiments in brackets. Means 
• S.D. 
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(final concen t ra t ion  10 -~ M), and the  react ion mix tu re  
was  incuba ted  for 10 min  at  25~ After  s topp ing  the  
reac t ion  b y  chilling, the  slices were collected, washed  and  
p repared  for scint i l la t ion count ing;  100 ~zl a l iquots  of the  
up take  medium,  and of the  release med ium af ter  the  
release incubat ion  were also counted.  F r o m  these  data ,  
t he  t i s sue /med ium rat ios  af ter  up take  and  the  pe rcen tage  
of label released in 10 min in to  the  m e d i u m  were calculated.  
Results and discussion. As the  t i s sue /med ium rat ios  
(table 1) show, there  is a small  b u t  s ignif icant  inhibi t ion 
of the  up take  of b o t h  5HT and NA into ra t  cor tex  slices 
b y  M B P  at  concen t ra t ions  above 10 .5 M. This inhibi t ion 
is abou t  twice as s t rong for NA as for 5HT. At  lower 
M B P  concent ra t ions ,  no s ignif icant  effect  on the  up take  
of e i ther  n e u r o t r a n s m i t t e r  was observed.  The a p p a r e n t l y  
s ignif icant  value of 11.5% inhibi t ion of 5HT up take  by  
10 -~ M B P  is p robab ly  an a r t e fac t  due to the  small  numb e r  
of exper iments .  W h e n  the  subcellular  d i s t r ibu t ions  of 
5HT and NA af ter  up take  in the  presence of M B P  are 
compared  (table 2) 2 di f ferent  pa t t e rn s  of inhib i t ion  are 
found.  For  5HT, 10 .4 M and 5 X 10 .5 M M B P  inhibi t  
t r a n s m i t t e r  up take  into the  synap tosomes  and  induce a 
cor responding  increase in the  supe rna tan t ,  which  con- 
ta ins  the  glial as well as the  neurona l  cy toplasmic  ma-  
terial.  In  the  to ta l  tissue, the  decrease in up take  is ve ry  
small.  Thus,  M B P  produces  a shif t  in the  up take  of 5HT 
f rom the  synap tosomes  to the  cy top lasmic  mater ia l .  This 
is par t i cu la r ly  ev iden t  when  the  c p m  are ca lcula ted  as 
percen tage  of the  to ta l  cpm recovered f rom the  gradient .  
W i t h  10 4 M B P  the  reduct ion  f rom 51.5% (controls) to 
38.3% in the  synap tosomes  can be compared  wi th  an 
increase f rom 37.7% (controls) to  50.6~ in the  super-  
na t an t .  
The p a t t e r n  for NA is clearly different .  5 • 10 -5 M and  
1 •  .5 M M B P  b o t h  induce a larger and  s ignif icant  
decrease in cpm per  mg in the  whole tissue. This  loss of 

accumula ted  labelled NA is found no t  only  in t he  synap-  
tosomes,  as for 5HT, b u t  also in the  supe rna tan t .  Since 
th is  r educ t ion  in up take  is larger in the  synap tosomes  
t h a n  in t he  supe rna tan t ,  the re  is an (apparent)  smal l  
increase in t he  percen tage  of labell ing in the  s u p e r n a t a n t  
Bu t  as w i th  5HT, M B P  concen t ra t ions  below 10 -5 M 
have  no effect  on NA uptake .  
Rais ing the  K+-concen t ra t ion  to  56 mM in the  presence  
of 2.7 mM Ca ++ induces  a rapid  and in tens ive  release of all 
3 n e u r o t r a n s m i t t e r s  t e s t ed  f rom ra t  co r t ex  slices (table 
3). Addi t ion  of 10 -5 M M B P  to the  release med i u m had  no 
effect  on the  release of any  of the  3 subs tances .  These 
results  lead to  the  conclusion t h a t  the  site of ac t ion 
corre la ted  wi th  the  bioelectr ic blocking ac t iv i ty  of 
M B P  4 is no t  p resynapt ic ,  i.e. t h a t  the re  is no in ter ference  
wi th  up take  or release of these  n e u r o t r a n s m i t t e r s  a t  
synapt ic  t e rmina ls  b y  the  e lect rophysiological ly  act ive  
concen t ra t ions  of MBP.  This  is ev iden t  f rom the  f inding 
t h a t  a concen t ra t ion  of 5 • 10 -6 M MBP,  which  to ta l ly  
abolished the  spon taneous  fir ing ra te  of mouse Purk in je  
cells in cul ture  5, was ineffect ive in our  exper iments ,  
where  in ter ference  wi th  p re - synap t i c  b iochemical  me-  
chanisms  was tes ted.  Only  h igh  M B P  concen t ra t ions  
showed s l ight  ac t iv i ty .  Other  mechan i sms  of ac t ion of 
M B P  m u s t  be considered.  For  instance,  it  is possible t h a t  
M B P  acts  on b iochemical  processes in the  mi tochondr ia ,  
or by  blocking the  N a / K  p u m p  5, ~1. Since the  expe r imen t s  
w i th  var ious  selective an tagonis t s  of NA, DA and  Gaba  
have  led to  the  conclusion t h a t  the  pos t synap t i c  recep tors  
for these  n e u r o t r a n s m i t t e r s  are no t  involved ill M B P  
act ion 5, and  if we exclude p re synap t i c  action, t h e n  the  
suggest ion of Carnegie a,4 t h a t  M B P  in terac ts  w i th  5HT 
at  its pos t synap t i c  r ecep to r  site is still a possible ex-  
p lanat ion .  

11 W. Bucher and C. G. Honegger, Experientia 32, 766 (1976). 
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Summary. Melanin p igmen t  in liver and  hea r t  t issue, ob ta ined  a t  au t o p s y  f rom pat ien ts ,  was isolated and quant i f ied .  
The  q u a n t i t y  of melanin  ex t r ac t ed  was  d i rec t ly  p ropor t iona l  to l ipofuscin granule counts .  In f ra red  and electron spin 
resonance  spec t rographs  of the  isolated p igmen t s  f rom liver and  h e a r t  showed absorp t ion  character is t ics  ident ical  to 
those  of known  melanins.  The p igmen t  was absen t  in fetal  and neona ta l  life, increased in b rown  a t r o p h y  of t he  h e a r t  
and  liver, and  d iminished  in livers w i th  f a t t y  metamorphos i s .  

Previous  spectroscopic  analyses  have  d e m o n s t r a t e d  a 
melan in  c o m p o n e n t  in cardiac l ipofuscin granules  in ad- 
d i t ion  to its larger lipid f rac t ion a-% In  th is  repor t ,  we 
describe the  isolation, ident i f ica t ion  and  quan t i f i ca t ion  
of melanin  in hea r t  and  liver t issues ob ta ined  a t  pos t  
m o r t e m  f rom pa t i en t s  of d i f ferent  ages, dy ing  of var ious  
causes. The a m o u n t  of p igmen t  ob ta ined  using th is  m e t h -  
od was compared  wi th  the  n u m b e r  of l ipofuscin granules 
de t e rmined  by  microscopic examina t ion .  
Materials and methods. H e a r t  and  l iver t issues were ob- 
t a ined  a t  au topsy  f rom pa t i en t s  ranging  in age f rom 
5 m o n t h s  (fetus) to  90 years.  5 g (wet weight)  of 
t issue was  cu t  in to  small  pieces;  30 ml  of concen t r a t ed  
hydrochlor ic  acid was added  and  lef t  a t  room t emp e ra -  
ture.  Af ter  1 week, the  mix tu re  was cent r i fuged a t  
1000 • g in an In t e rna t i ona l  centr i fuge for 6 h. The super-  

n a t a n t  was r emoved  and the  acid digest ion of t he  pel le t  
was repea ted .  25-30 ml boiling ch lo ro fo rmmethano l  
(v/v 1/2 ) mix tu re  was added  to the  pel le t  and incuba ted  
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