
.{IES AND SCHWIMMER 1 reported the presence of a pov 
=tivity per mg protein was about twelve times greate 
ed optimally at p H  3.5 and it showed no activity at ] 

vivo function of an enzyme tha t  is optimally active 
• al p H  range; but FRUTON 2 
psins can also act at the neutral pH as catalysts of tl 
sts tha t  they may  be concerned with protein synthesi.. 
: normal conditions in vivo. 
~he object of this investigation was to determine the 
m and other brain tissue and find out more about tl 

brain cathepsin is concerned with protein synthesi: 
~d mainly in the nerve cell bodies or in the cell nucl, 

7he h u m a n  b ra ins  were t a k e n  a t  a u t o p s y  a b o u t  24 h r  af ter  
ges were r e m o v e d  a n d  t he  cor tex  careful ly  d issec ted  f rom the  
ca theps in  was  p repa red  f rom an  " ace t one  p o w d e r "  of  h u m  
~.2 M acet ic  acid, p rec ip i t a t ing  w i t h  80 % a m m o n i u m  sulph~ 
• ec ip i ta te  as descr ibed bv  KIES AND SCHWlMMER 1. I t  formec 

mmesls it woula De expectea to t 
nuclei, where protein synthesis 

af te r  d e a t h  f rom cardiac  failure.  Tt  
t h e  unde r ly ing  wh i t e  t issue.  Purifi¢ 

h u m a n  b ra in  cor tex  b y  e x t r a c t i n g  
~hate and  d ia lys ing  a suspens ion  

ed a clear  so lu t ion  wh ich  could 1 

ed f rom rabb i t  and  h u m a n  bra in  b y  t he  m e t h o d  of DOUNCE* u n d  
tTER AND HULLIN 5. I t  h a s  been  repor ted  t h a t  a p a r t  of  t he  nucle~ 
us ly  e x t r a c t e d  w i t h  lipid so lvents  are  su spended  in c i t ra te  solut ion 
ser ious  loss f rom b ra in  cell nuclei  s epa ra t ed  u n d e r  t he  conditioz 

1 t e s t i ng  for po lypep t idase  ac t i v i t y  was  p repa red  f rom a commerci~ 
Le" (Baird and  Tat lock) .  Th i s  was  purif ied b y  s a t u r a t i n g  t h e  soluti¢ 
ding t h e  prec ip i ta te  a n d  d ia lys ing  t h e  s u p e r n a t a n t  solut ion.  I t  ga~ 

a n d  a prec ip i ta te  wi th  t uugs t i c  a n d  t a n n i c  acids.  Nine  differel 
aaatographical ly  in t he  acid hydro lysa t e .  

m e a s u r e d  by  d e t e r m i n i n g  t he  a m o u n t  of  ty ros ine  and  t ryp toph~ 
ac t ion  of t he  e n z y m e  on a so lu t ion  of d e n a t u r e d  hemoglob in ,  
,in f resh ly  p repa red  f rom ox blood, was  d e n a t u r e d - b y  incubat iz  
m for 20 rain a t  37 ° w i t h  I m l  of  a so lu t ion  con t a in ing  o.o2 M an 
etic acid;  t h e  m i x t u r e  gave  a p H  of 3.8. T h e  t i s sue  suspens ion  
~d and  t h e  reac t ion  s topped  af te r  20 m i n  b y  add ing  1o ml  5 % ti  

believed to be particularly active 3. 

Materials 
Th, 

m e n i n  
b ra in  
w i th  o.2 M 
the  preci  t y 
kep t  for severa l  weeks  a t  4 ° . 

I so la ted  nucle i  were p repa red  
t h e  condi t ions  descr ibed b y  RICHTER 
pro te in  is lost  w h e n  nucle i  p rev ious ly  
b u t  t he re  is no evidence  of a n y  
descr ibed.  

T h e  pep tone  so lu t ion  used  in tes t in  
s amp le  of "bacter io logica l  p e p t o n e "  
w i th  a m m o n i u m  su lpha te ,  d i sca rd in  
a p ink  colour  in t he  b iu re t  t e s t  
a m i n o  acids  were ident i f ied chrom~ 

Measurement ol cathepsin activity 
The  ca theps in  ac t i v i t y  was  

l ibera ted  in 20 m i n u t e s  by  t he  
descr ibed b y  ANSON 7. H e m o g l o b i n  
4 ml  quan t i t i e s  of a 7.5 % so lu t ion  h 
m o n i u m  s u l p h a t e  and  1.35 M acet ic  
e n z y m e  solu t ion  (I ml) was  added  
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~s the call. liae activity in human Dram was about 
t basis in the grey matter  of the cerebral cortex that 

A C T I V I T Y  O F  B R A I N  C A T H E P S I N  I N  D I F F E R E N '  

A nimvl Tissue 

R a t  w h o l e  b r a i n  
C o w  c o r t e x  

R a b b i t  c o r t e x  
M a n  w h i t e  m a t t e r  
M a n  c o r t e x  

ity 
)eterminations of the cathepsin activity of rat and ra] 
was no decline in activity on keeping at 4 ° for periods 
rere identical with those found in brain suspensions i 
death. The brain suspensions were prepared by homo~ 

and o.I ml capryl alcohol in a Waring blender. Tll 
ace of toluene. Measurements of cathepsin activity , 
ty  in periods up to 7 days. There was no evidenc~ 
vation of the enzyme and it therefore appeared s~ 

and rabbit brain tissue showed tha 
periods up to 27 hours: the activ 

incubated within IO minut~ 
)ared by homogenising 6 g tissue with 3 ° n 

They were kept at 4 ° in th 
showed no significant loss ( 

;rice of any rapid post mortei 
suitable for study in autops 

~repared from a brain "acetone powder" by precipitatin 
sulphate followed by dialysis, showed some falling off i 

as incubated at 37 °. The loss of activity, which amounte 
7 °, was not prevented by the addition of 0.09 M cystein 
)n showed no loss of activity on keeping at 4 ° for seven 

he pH-activity curve, 5 ml quantities of 7.5 °/o denature 
monium sulphate and 0.35 M acetic acid solution we~ 
y the cautious addition of N hydrochloric acid or N sodim 

measured with a glass electrode. After suitable dilutie 
g denatured hemoglobin were incubated for 20 minutq 

Detc 
there 
ties were 
after death. The 
water 
presence 
activit, 
inactivation 
material. 

The purified cathepsin pre t 
the extract with ammonium 
activity when the solution was 
to 25-3o% in two hours at 3 ~ 
The purified cathepsin solution 
months. 

Conditions o[ optimal activity 
In order to determine the 

hemoglobin in 0.005 M ammonium 
brought to the required pH by 
hydroxide while the pH was 
5 ml volumes containing 0.3 
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n t h e  s o l u t i o n  w a s  f i l t e r e d  a n d  t h e  t y ro  
a 5 m l  q u a n t i t y  b y  a d d i n g  i o  m l  o.~ 
F o l i n  a n d  C i o c a l t e u  r e a g e n t .  T h e  co lo  

o r d  t r i - c o l o u r  r e d  f i l t e r  N o .  2o4 ,  a n d  a s 
was c o n s t r u c t e d .  A n  u n i n c u b a t e d  m i x t  
m e d  w i t h  s t a n d a r d  t y r o s i n e  s o l u t i o n s  t t  

t h e  c o n d i t i o n s  u s e d .  T h e  A ~ ' s o x  u n i t  is 
a t u r e d  h e m o g l o b i n  u n d e r  s t a n d a r d  col  
n t e n s i t y  w i t h  F o l i n  r e a g e n t  as  i mi l l i e  

R E S U L T S  

athepsin is present in the brain tiss 
huma brain about five tim( 

than in the 

T A B L E  I 

D I F F E R E N T  A N I M A L S  
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6 31 
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. . . . . . . . . . . . . . . . . . . . . . . . .  1- . . . . . . . . . . .  d ,  
mt and hence gave very high blanks. This difficulty 
formaldehyde after each incubation to remove th~ 

ction was made for the effect of this addition on the 
[n two series of experiments with (A) the cathepsiv 
Led brain cathepsin preparation, it was found that  1 
) up to 0.002 M cysteine, (b) up  to o.ool 7 M reduced I 
and (d) up to 0.003 M iodoacetate. In  agreement w 

activity of the cathepsin of human brain cortex was n 
led water  overnight. I t  appeared that,  unlike some ca 
~.psin is not appreciably affected by  SH-compounds 

~psin activity in cell nuclei 

Sathepsin estimations on isolated nuclei prepared 
ibed by  RICHTER AND HULLIN 5 gave an activity of 
at. There may  be some loss of soluble substances fro 
separation and it appeared possible that  activators or, 
:ol experiments showed however that  the cathepsin 
ased by adding a concentrated extract  of boiled who 
Figures for the cathepsin activity of the cortex and 

from rabbi t  brain cortex 
19- lO -4 cathepsin units/g dl 

from the nuclei in the course 
or coenzymes might be remove 

activi ty of the nuclei was n 
whole brain tissue. 

isolated nuclei of six hums 

OF HUMAN BRAIN CORTEX AND ISOLATED cELL NUCLEI 

Cathepsin units/g Cathepsin units/g 
dry weight 

cortex × io  ~ nuclei × xo -4 

activity of the nuclear suspension was of the same ord 
1 tissue on a dry weight basis. Figures calculated for tt 
a-nuclear part  (mainly cytoplasm) of the tissue as describe 
Lye a mean value of I . I  for the ratio of activities of nucle 

weight. 
their s~ 
Control 
increased 

FJ 
brains are given in Table II .  

CATHEPTIC ACTIVITY 

Subject Sex 

D . E .  M 
C.N.  M 
D . R .  M 
E . W .  M 
F.S.  M 
F . T .  M 

I t  can be seen that  the 
as tha t  of the whole cortical 
cathepsin act ivi ty of the extra-nu~ 
by  R I C H T E R  A N D  H U L L I N  5 gave 
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tion: the "colour value" (correcte 
The activities, expressed as "col  

8 3.0 3.4 3.8 4.2 
18 0.73 0-79 0.80 0.70 

ese values indicated a pH optim~ 

to be act ivated by SH-derivati~ 
-groups. Compounds such as cystq 
n of cathepsin activity, since the 

was overt 
the excess q 

"colour ' 
)sin of hum~ 

the activ: 
glutathio 

with these 
not affecte 

cathepsins, 
or other d 

from 

TABLE II  

A ge dry weight frontal 

59 79 69 
63 63 47 
58 7 ° lOO 
64 66 78 
71 97 i o o  
5 ° 56 7 ° 
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d by incubating anaerobically at 37 ° two suspension.' 
rain suspension and (b) 250 mg brain suspension with 
me a-amino-nitrogen, in KREBS phosphate-Ringer 
~tion of a-amino acids, amounting in 60 minutes to 
containing peptone, above that  in the control.The a-at 
Le method of MOORE AND STEIN 9. The activity ceased 
rently to the instability of the polypeptidase under t 
['he presence in brain tissue of a dipeptidase was con 
rich 250 mg rat  brain tissue was found to cause the 
gen from an equivalent amount  of glycylglycine in 
eptidase was previously reported by POPE AND ANFI 
['AKASAKA 11 reported the presence in brain tissue of 
o-acids from gelatine at p H  7.0. At tempts  to cont 
~ciable act ivi ty towards samples of purified gelatin, 
;nsions at p H  7.4 under the conditions of these exp 
also unable to confirm the existence of this enzyme: 

i'he cathepsins catalyse the breakdown of proteins ir 
[enerally liberate free amino acids: these are liberat~ 

confirm this failed to show ai 
elatine with rat  and human bra 

)eriments. EDLBACHER et al 

in brain tissue. 

into polypeptides, but  they q 
liberated only if polypeptidases m 

:t. The brain cathepsin resembles in its properties a "C 

3ERGMANN'S classification of proteolytic enzymes TM, since 
nds with SH-groups; but  it differs from the proteinases 
?t imum is at pH 3.5 for proteolysis instead of in the regi 
irified enzyme is not protected from inactivation at 37 ° l 

pically labelled amino acids has shown tha t  the proteins 
r ium with the free amino acids in the tissues. I t  is believ 
s, besides being responsible for the continual breakdown 
in their resynthesis. The properties of.the brain cathep., 

ncentration in the grey mat te r  of the brain, as well as 
consistent with the view tha t  this enzymes functions in  w 

• atalyses the breakdown and resynthesis of proteins in t 

--L" r . . . . . . . .  

suspensions 
were 

The 
not generally 
dipeptidases are also present. 
thepsin I "  on FRUTON AND BERGMA 
is not act ivated by  compounds 
this group in that  the p H  o F 
pH 5.4, and the partially purified 
cysteine. 

Recent work with isoto 
animal tissues are in equilibrium 
tha t  the proteolytic enzymes, 
proteins,  are also concerned 
and its presence in high concentra 
activity in the cell nuclei are 
as a transpeptidase which catal, 
brain. 
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3. T h e  c a t h e p s i n  is s t ab le  to lceepmg. I t  ac t s  op t ima l ly  a t  12 
~d b y  0.oo2 M cys te ine ,  g lu ta th ione ,  cyan ide  or  iodoaceta te .  
b The  p resence  of a po lypep t idase  and  a d ipep t idase  in b ra in  
rand of t h e  "ge l a t i na se "  repor ted  b y  TAICASAKA. 

E. Le  ce rveau  de l ' h o m m e ,  du  ra t ,  du  l ap in  et  du  bceuf, renfe  
:. L a  ca theps ine  es t  p lus  ac t ive  d a n s  la mat i~re  grise que  da l  
des  cellules du  cor tex  c~rGbral prGsentent  une  act iv i t6  cathe] 
3- L a  ca theps ine  es t  s tab le  A la conse rva t ion .  Son p H  op t  
vi i6 n ' e s t  pa s  affectGe p a r  la cystGine, le g lu ta th ion ,  les cyam 
ns  0.002 M.  
~. L a  prGsence d ' u n e  po lypep t idase  e t  d ' u n e  d ipep t idase  dm 
u t eu r s  n ' o n t  t rouv6  a u c u n e  p r euve  de l ' ex i s tence  de la "gG: 

~. E in  ak t i ve s  K a t h e p s i n  is t  i m  R a t t en - ,  Kan i nchen - ,  Rinc 

~. Das  K a t h e p s i n  is t  in de r  g r auen  G e h i r n s u b s t a n z  ak t i ve r  
ie isol ier ten K e r n e  y o n  Zellen der  Grossh i rnr inde .  
3. K a t h e p s i n  is t  s t ab i l  be im A u f b e w a h r e n .  SPin p H - O p t i m u m  
Mcht  yon  o.oo2 M Cyste in ,  G lu t a th ion ,  Cyan id  oder  Jodace t  
¢. Die A n w e s e n h e i t  e iner  P o l y p e p t i d a s e  u n d  e iner  Dipept id  
tigt. E s  k o n n t e  ke in  Anze i chen  ffir die yon  TAKASAKA bericht~ 

R inde r -  u n d  im  mensch l i chen  Gehi 

als  in der  weissen.  Es  ist  wirkse 

p H - O p t i m u m  liegt bei p H  3.5-3.8.  Die Akt iv i t  
odace t a t  beeinf lusst .  

) t idase in den Gehi rngeweben  wur 
von  TAKASAKA ber ich te te  " G e l a t i n a s e "  ge funden  werd¢ 
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