
in the course of work on the amino acids in brain it 
"ontent of fresh brain tissue increases considerably o 
cellular proteinases generally function optimally at I 
ional references in the literature to proteinases act 
tBy2; ADAMS AND SMITH3). BELOFF AND PETERS 4 w e r  

broke down casein and other proteins at pH 7.0. 
lauscle" but they did not obtain it from brain tissu 
mt hitherto been reported in nervous tissues. KIE, 
olytic activity in calf brain at pH 7.5 and ASaRUP, ( 
tly found no increase in the non-protein nitrogen of b: 
In this paper evidence is presented of a system in 
~ble proteolytic activity at pH 7.4. The system is u 
ted only in fresh brain tissue examined a short time 

Rats were killed by  decapi tat ion and the brains immediatel]  
, minced sufficiently fine for pipett ing,  was  diluted wi th  cold " 
,ke a suspension containing 250 mg brain  t issue per  ml. The 

,I Dram ussue autotysea Ior4o n 
brain tissue that shows co 

unstable and can therefore ] 
after death. 

y removed and chilled on ice. T 
KREBS phospha te -Ringer  solutic 
suspension (i ml) was  t ransferr  

ml phospha te -Ringer  solution. The vessels were gassed wi th  nitrog 
Losphorus into the  centre cups, and incubated at  37 °. The incubati  
:h of the  animal.  

20 % solution) was  added to each vessel. The supe rna t an t  soluti 
~ted at  7 °0 for 75 min to conver t  glutamine to pyrollidone carboxy 
was  extracted twice wi th  an equal  volume of ether  to remove exc~ 
~riments showed t h a t  this extract ion did not  remove amino-nitrog¢ 
thod of MOORE AND STEIN s. TO o.125 ml of the solution was add 
~H 5.o) and I ml of the  n inhydr in -s tannous  chloride reagent.  Af~ 
lass s toppered tube  the contents  were diluted to io ml wi th  5 ° % 
)efficient at  57 ° m/~ determined wi th  a photoelectric absorp t iomet  
tandard  for comparison.  The results  were corrected for the cole 
~hich was  determined separately by  the  method  of C O N W A Y  9, E$ 
.milar m anne r  on acid-hydrolysates  prepared by  heat ing I ml br~ 
aloric acid for 24 hr  at  IOO ° in a sealed tube.  The hydrolysate  ,0 
u m  desiccator containing phosphorus  pentoxide and sodium hydr~ 

siderable 
detected 

Incubation o] tissue 

Ra  
t issue 
to make  
to W a r b u r g  vessels containing 2 
af ter  introducing o.I  g yellow phos  t 
s tar ted  25-3 ° rain after  the  dea th  

Amino-nitrogen determination 

Trichloroacetic acid (3 ml 
obta ined on centrifuging was  heated at  
acid and ammonia .  The solution was  
trichloroacetic acid. Control expe 
This was  determined by  the method 
0-375 ml 0.2 M citrate buffer (r 
heat ing for 20 min a t  IOO ° in a glass 
n-propanol  and the extinction coefficient 
Glutamic acid was used as a st~ 
due to the ammonia  content ,  which 
mat ions  were carried out  in a similar 
ext rac t  with I ml I I N-hydrochloric  
evapora ted  to dryness  in a vacuum  
ide, and then diluted to i ml. 

Re]erences p. 97. 

I T R A L  P R O T E I N A S E "  IN BI 

by 

A N S E L L  AND D. R I C H T E R  

~ch Centre, Whitchurch Hospital, Cardi~ 

was obser 
on brief in 
pH 3-5, b 
tive at n 

were able tc 
from rat 

tissue and a ' 
K I E S  AND SC 

CARLSTRO 

,f brain tissu 

METHODS 

ent  at  

SUE 

e amino- 

pH 7.4. 
Lye been 
H E D I N  1 ; 

enzyme 
ey, liver 
,teinase" 
!ound no 
3E e have 
for 4 8 hr. 

c o n -  

be 

The 
:ion 7 

ransferred 
e n  

tion 

i o n  

/lic 
x c e s s  

e n .  

dded 
After 

v /v  
bmeter. 

olour 
Esti-  
brain 

w a s  

rdrox- 



o aclctS, w n e n  rat oraan slices or a suspension ot ~resn 
robieally at 37 ° and p H  7.4 there was  a rapid libera 
,d within  I - I ~  hours after death (Fig. I).  The fro 
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Fig. l .  The  l iberat ion of amino-n i t rogen  from minced  rat 

~ciable change during the preparation oI the suspensk 

r a t  b r a i n  i n c u b a t e d  a t  37  ° . 

~enmon if the tissue was kept at 
~en released on incubating for I hour at 37 ° ranged fro 
L of 17.1 mg % in IO different rat  brain preparations. T] 
n liberation was approximately 35 mg % per hour, whic 
dry weight/hour. The system is also present in pigeon ar 
of the relative activities in the grey and white mat ter  
i t  the activity in white mat te r  is 75 % greater than th 

ff extracts prepared from rat  brain suspensions confirm¢ 
i increase in the free a-amino acids on incubation at 3', 
~erved in the concentrations of aspartic acid, glutamic aci 
ne, arginine, valine and a mixture giving a spot in tt 
~rs. A further chromatographic separation by the methc 

40 

appreciable 
The amount  of amino-nitrog, 
6.8-25.3 mg % with a mean 
initial rate of amino-nitrogen 
corresponds to 1.8/~g N/rag 
rabbit  brain. A comparison 
the rabbit  brain showed tha 
in the grey. 

A m i n o  acids liberated 

Paper  chromatograms of 
that  there was a generalised 
at p H  7.4. Increases were observe 
glycine, serine, alanine, lysine, 
position of the leucine isomers 
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mining the increase in amino-nitrogen after hydrolys 
)chloric acid for 24 hours at ioo °. A correction was 
ydrolysis of pyrollidone carboxylic acid to glutamic 
natography that there was no appreciable increase  
,ation: a correction of 7 mg % based on the observec 
nt was therefore made for this factor. Values were 
de-bond nitrogen in (a) rat brain obtained after ra F 
lspensions of rat brain kept at o ° and examined 25 
rain suspensions prepared similarly but incubated fol 
.nd pH 7.4- I t  can be seen from Table I that  the pe~ 
ant during the preparation of the brain suspension 
ugh the free amino-nitrogen increased. The liberat, 
fore be derived from peptides or polypeptides in the 
ey were broken down and replaced. 

T H E  E F F E C T  O F  I N C U B A T I O N  AT 37 ° A N D  pH 7.4 o ~  

N I T R O G E N  C O N T E N T  O F  R A T  B R A I N  S U S P  

Treatment of brain tissue 

Frozen i m m e d i a t e l y  in l iquid  oxygen  

t h e  D r a i n  t i s s u e  except i n  so  I 

T A B L E  I 

O N  T H E  P E P T I D E - B O N D  

S U S P E N S I O N S  

Mean amino--N Mean 
peptide-bond-5 

liberated (rag %) content (rag % 

0 

ced and suspended  2 
-Ringer  so lu t ion  

ced a nd  suspended  22 
-Ringer  so lu t ion  

proteolytic activity in brain tissue at pH 7.4 after i - i  
:o the accumulation of end-products. In order to test th 
:l from a rat brain suspension (375 mg tissue in 5 ml ph( 
" incubation for three hours at 37 ° was compared with t 
imilar suspension incubated in a cellophane dialysis tu 
~te-Ringer solution. I t  was found ' tha t  the removal of t 

No o/ 
experiments 

2 

5 Tissue a t  o ° minced  
in phosphate-Ring~ 

4 Tissue a t  o ° minced  a nd  
in p h o s p h a t e - R i n g e r  

Stability o/proteolytic system 
The rapid cessation of 

hours might be attributed to 
the amino-nitrogen liberated 
phate-Ringer solution) after 
amount liberated from a similar 
immersed in 50 ml phosphate-Rin 
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7.38 and 8.o 4 respectively were I I ,  5, 17 and 13 mg % 
~tion of amino-nitrogen thus occurred near the physioh 
aino-nitrogen was not affected by  the addition of a 
i ty of the system did not therefore depend on t t  
ators or denatured protein. The brain suspensions we: 
of blood, a plasma component of which is known to in 

:in 1~. Experiments  in which up to 1.7% of whole b 
:ytes were added to the incubated brain suspension 
Lot greatly affect the act ivi ty of the system. 
File act ivi ty of the rat  brain system was not appre~ 
ine, (b) o.oi M cyanide, (c) o . o 3 . I o - 3 M  ferrous sul 
6, or (d) o.18. lO -3 M aa'-dipyridyl and o.ool 4 M aso 
:tivate or inhibit other proteolytic enzymes. I t  was 
metate and 95 % by (f) 0.005 M copper sulphate. Con 
:oncentration Of copper did not interfere with the esti 
l 'he system showed no activity in extracts prepared b 
~cetone powders" of rat  brain tissue with 50% v/v 
i ty  of the extracts at p H  7-5 was tested by the m 
tured hemoglobin as substrate. At tempts  to extra, 
)genate with Ringer solution or with o.i M phosphate 
.~scribed by 1V[ORTON TM, were  also unsuccesstul. 

977o mnml tea  oy (e) o .o i .  
Control experiments showed th 
estimation of added amino acic 

by extracting fresh brain tiss 
glycerol-water mixture• TI 

method of ANSON 17 with ure 
extract  the enzyme from a bra 
)hate buffer pH 7.4 and n-butam 

: fresh brain tissue contains a system that  liberates ami: 
p H  7.4. The system is unstable and active for only abo 

he amino acids are not derived from a simple peptide 
n that  at least nine different amino acids are liberated und 
,eptide-bond nitrogen in the tissue did not decrease. I t  
~cids are liberated through the action of an intracellul 
• The system is not activated by cysteine or cyanide; it 
"etate and by copper ions. 
fitrogen liberated by the system in I hour was of the ord 
sue. I f  it is assumed that  this was derived from a prot¢ 
en and each protein molecule was completely broken do~ 
.kdown of an amount  of the order of IOO mg % protein 

this concentration 
The 

or "acetone 
activit~ 
denatured 
homo 
as described 

I t  has been shown tha t  
acids on brief incubation at  
I - I ~  hours after death. The 
polypeptide, for it was shown th; 
these conditions, and the peF 
concluded tha t  the amino acids 
proteinase active at  p H  7.4. 
strongly inhibited by iodoacetate 

The amount  of amino-nitr, 
of 17 mg % in ra t  brain tissue. 
containing 16 % total  nitrog 
this would represent a breakdowr 
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[ t h a t  t h e  b r a i n  p o l y p e p t i d a s e  was  also u n s t a b l e  und, 
~he s y s t e m  differs  f r o m  t h e  b r a in  c a t h e p s i n  in p H  opt i l  

7iour t o w a r d s  i n h i b i t o r s  a n d  d i s t r i b u t i o n  in t h e  g rey  a 

fers  f r o m  t h e  sk in  p r o t e i n a s e  of BELOFF AND PETER 

L i n h i b i t e d  by  b lood  p lasma•  I t  differs also f r o m  ca 

~ted by  fe r rous  ions, nor  is i t  i n h i b i t e d  b y  a C - d i p y r i d )  

~nimal  t i ssues  c o n t a i n  i n t r a c e l l u l a r  p ro te inases ,  acti~ 

t i ffering c o n s i d e r a b l y  in t h e i r  p r o p e r t i e s  f r o m  t h e  1 

ins. I t  is l i ke ly  t h a t  t h e y  are  c o n c e r n e d  in t h e  con t i nu  

t i s sue  p r o t e i n s  in  vivo. T h e  " n e u t r a l  p r o t e i n a s e "  ( 
:his ca t egory•  

:he a u t h o r s  t h a n k  t h e  Medica l  R e s e a r c h  Counci l  for  

t h a n k  Mr. R .  B. WILLIAMS for  c a r r y i n g  o u t  t he  in i t  

n v e s t i g a t i o n  a n d  Mr. D.  W.  DAVIES for  his  t e c h n i c a l  

• Fresh brain tissue contains an active proteinase that  lib( 
7-4. I t  is unstable and becomes inactive within about i - i  

:. I t  was shown by paper chromatography that  at least nine 
,~ system. They are not derived from peptides or polypeptide, 

a g r a n t  to  one  of us  (G.B.A.  

in i t i a l  e x p e r i m e n t s  wh ich  l ed  t 

ass is tance•  

liberates amino acids on incubati( 
½ hours after death. 
different amino acids are liberat( 

1 peptides present in the brain tissue. 
ivated by o,oi M cysteine or o.oi M KCN: it is almost complete 
and by o.oo 5 M copper sulphate. 

active in the white matter than in the grey matter of the rabl: 
rat brain corresponds to a liberation of 1.8/~g amino-N/mg d: 

enferme une prot6inase active qui lib~re des acides amin6s apr 
~inase est instable et s'inactive environ I heure ~k i heure 1~ apt 

papier r~v~le au moins neuf acides amin6s diff6rents lib6r6s par 
de peptides ou de polypeptides pr6sents darts le tissu c6r6bral. 
aactiv6e par la cyst6ine o.oi M ou le KCN o.oi M;  elle eat presq, 
~c6tate o.oi M e t  par le sulfate de cuivre o.0o 5 M• 
dans la mati~re blanche est sup6rieure de 75 ~/o a, l 'activit6 darts 
:hez le rat correspond 5, la lib6ration de 1.8 #g de N amin6/mg poi 

f h e  

t h e y  

th is  i nves t i  

I .  

at pH 
2. 

by the 
3. The proteinase is not activated 

inhibited by o,oi M iodoacetate 
4- The system is 75% more 

brain. The initial activity in the 
weight/hour. 

i, Le tissu c6r6bral frais renferme 
incubation 5, pH 7.4, Cette prot6inase 
la mort. 

2. La chromatographie sur 
syst~me. Ils ne proviennent pas de 

3. La prot6inase n'est pas inactiv6e 
compl~tement inhib6e par l'iodoac~tate 

4. Chez le lapin, l 'activit6 dans 
matiSre grise. L'activit6 initiale chez 
sec/heure. 
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