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P u r i f i c a t i o n  a n d  P r o p e r t i e s  o f  a n  A m i n e  O x i d a s e  

A m i n e  ox idase  in  c o n n e c t i v e  t i ssue  is supposed  to  
p a r t i c i p a t e  in  t h e  c ross - l ink ing  r eac t i on  of col lagen a n d  
e la s t in  L T h e  a m i n e  ox idase  in c o n n e c t i v e  t i ssue  is a s s u m e d  
to  be  p r o d u c e d  f rom f ibroblas t s .  I f  c o n n e c t i v e  t i ssue  a m i n e  
ox idase  is r e spons ib l e  for t h e  f o r m a t i o n  of b o t h  i n t r a -  
mo lecu la r  a n d  i n t e r m o l e c u l a r  c ross- l inks  of co l lagen ~, t h e  
e n z y m e  m a y  f u n c t i o n  b o t h  in t he  f i b r o b l a s t  a n d  in t he  
ex t r ace l lu l a r  g r o u n d  subs t ance .  P r o p e r t i e s  of a m i n e  
ox idase  in c o n n e c t i v e  t i s sue  such  as sk in  ~, bone  ~, a n d  
a o r t a  ~ h a v e  b e e n  r epor t ed .  Since d e n t a l  pu lp  is a pu re  
c o n n e c t i v e  t issue,  we h a v e  t r i ed  to  i so la te  a n d  cha rac t e r i ze  
a c o n n e c t i v e  t i s sue  a m i n e  ox idase  f r o m  b o v i n e  d e n t a l  
p u l p  ~. 

~ o v i n e  d e n t a l  p u l p  was  o b t a i n e d  f resh p a c k e d  in ice. 
T h e  t i ssue  could  be  s to red  a t  -20°C a t  l eas t  for  severa l  
m o n t h s  w i t h o u t  app rec i ab l e  loss in  t h e  e n z y m e  ac t iv i ty .  
A m i n e  ox idase  a c t i v i t y  was m e a s u r e d  s p e c t r o p h o t o -  
me t r i ca l Iy  b y  t h e  f o r m a t i o n  of b e n z a l d e h y d e  f rom benzyI-  
amineS,  L I n c u b a t i o n  m i x t u r e  (f inal  v o l u m e  1.5 ml)  
c o n t a i n e d  75 [zmoles of p h o s p h a t e  b u f f e r  ( pH  7.4), 1.2 
izmoles of b e n z y l a m i n e ,  a n d  enzyme.  I n c u b a t i o n  was  
ca r r ied  o u t  for 60 m i n  a t  37°C u n d e r  s h a k i n g  in air .  A 
u n i t  of e n z y m e  a c t i v i t y  was  def ined  as t he  a m o u n t  of 
e n z y m e  c a t a l y z i n g  a c h a n g e  in a b s o r b a n c e  of 0.001 p e r  
ra in  a t  242 n m  in  c u v e t t e s  of 5 m m  l igh t  p a t h .  17 u n i t s  in  
o u r  a s s a y  are  ca l cu la t ed  to  be  1 nmole  of b e n z a l d e h y d e  
f rom t h e  r e p o r t e d  m o l a r  abso rp t iv i ty* ,  ~. 

B o v i n e  d e n t a l  p u l p  Was h o m o g e n i z e d  in 0.25 M sucrose  
a n d  t h e  subce l lu la r  f r ac t ions  were s e p a r a t e d  b y  differ-  
en t i a l  cen t r i fuga t ion .  T h e  specif ic  a c t i v i t y  of d e n t a l  p u l p  
h o m o g e n a t e  was  a b o u t  0.02 n m o l e  of b e n z a l d e h y d e  
f o r m e d / m i n / m g  p r o t e i n  (37°C). T h e  i n t r ace l l u l a r  d i s t r i bu -  
t i o n  of a m i n e  ox idase  (% a c t i v i t y  of h o m o g e n a t e )  was :  
55% in t h e  soluble  s u p e r n a t a n t ,  25% in microsomes ,  a n d  
21% in m i t o c h o n d r i a ,  respec t ive ly .  P resence  of a b o u t  
50% of t he  t o t a l  a m i n e  ox idase  a c t i v i t y  in  t h e  super-  
n a t a n t  is cha r ac t e r i s t i c  for  d e n t a l  pu lp .  

A m i n e  ox idase  in  t h e  so luble  s u p e r n a t a n t  f rom 240 g 
of b o v i n e  d e n t a l  p u l p  was p a r t i a l l y  pur i f ied.  ]3enzy lamine  
was used  as s u b s t r a t e  t h r o u g h o u t  t he  pur i f i ca t ion .  T h e  
pu r i f i ca t i on  p rocedu re  i n v o l v e d  a m m o n i u m  su l fa te  Irac-  
t i o n a t i o n  (40-80%) ,  D E A E - ce l l u l o s e  c h r o m a t o g r a p h y  
a n d  S e p h a d e x  G-200 c h r o m a t o g r a p h y .  T h e  pu r i f i c a t i on  
was  a p p r o x i m a t e l y  100-fold I r o m  t h e  soluble  s u p e r n a t a n t  
w i t h  a y ie ld  of 300/0. T h e  m o s t  pur i f i ed  p r e p a r a t i o n  h a d  a 
specif ic  a c t i v i t y  of 2.2 n m o l e s  of b e n z a l d e h y d e  f o r m e d /  
m i n / m g  p ro t e in  (37°C). Disc  e lec t rophores i s  s of t h e  
pur i f ied  e n z y m e  showed  5 bands ,  on ly  one of w h i c h  (No. 2 
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b a n d  f rom t h e  origin) h a d  t he  e n z y m e  ac t iv i ty ,  The  
e n z y m e  pur i f i ed  b y  disc e lec t rophores i s  also d e a m i n a t e d  
k y n u r a m i n e  to  fo rm 4 -hyd roxyqu ino l ine ,  w h e n  t h e  
a c t i v i t y  was  m e a s u r e d  us ing  k y n u r a m i n e  as s u b s t r a t e  b y  
t h e  m e t h o d  of KRAML 9. O p t i m u m  p H  in  Tris-HC1 buf fe r  
was  a b o u t  8 to  9. A p p a r e n t  K m  va lue  t o w a r d  benzy l -  
a m i n e  was 7 × 10 -4 M.  The  molecu la r  we igh t  d e t e r m i n e d  
b y  S e p h a d e x  G-200 gel f i l t r a t ion  b y  t h e  m e t h o d  of 
WHITAKER ~° was a p p r o x i m a t e l y  170,000. 

Ef fec t s  of va r ious  a f fec tors  on  t he  pur i f ied  e n z y m e  are  
s h o w n  in  t h e  Table .  T h e  a c t i v i t y  was  i n h i b i t e d  b y  i sonia-  
zid, a n d  t h e  i n h i b i t i o n  r ecove red  w i t h  add i t i on  of pyr i -  
d o x a l  p h o s p h a t e .  Cupr izone ,  a coppe r -che l a t ing  agen t ,  a t  
3 × 10-4 M c o m p l e t e l y  i n h i b i t e d  t he  ac t iv i ty .  The  c o n t e n t s  
of p y r i d o x a l  p h o s p h a t e  a n d  copper  in  t he  S e p h a d e x  
e lua te  were  increased  a b o u t  10-fold f rom those  in t h e  
a m m o n i u m  su l fa te  f r ac t ion  d u r i n g  t h e  pur i f i ca t ion .  
These  resu l t s  sugges t  t h a t  t h e  e n z y m e  requ i res  p y r i d o x a I  
p h o s p h a t e  a n d  copper .  

p - C h l o r o m e r c u r i b e n z o a t e  i n h i b i t e d  t he  e n z y m e  ac t iv i ty ,  
sugges t ing  t h a t  su l fhyd ry l  group(s)  m a y  be  essen t ia l  for 
t he  ac t iv i ty ,  f l -Aminopropioni t r i l e ,  w h i c h  i nh ib i t s  t h e  
c ross - l ink ing  of col lagen ~, i n h i b i t e d  t he  e n z y m e  in  com- 
p e t i t i o n  to  b e n z y l a m i n e .  Ki  va lue  o f /~ -aminoprop ion i t r i l e  
was  o b t a i n e d  as  2.2 × 10 -4 l~d. The  poss ib i l i ty  t h a t  b o v i n e  
d e n t a l  pu lp  a m i n e  ox idase  c a n  d e a m i n a t e  p e p t i d e - b o u n d  
lys ine  was  sugges ted  f rom the  fac t  t h a t  lys ine-vaso-  
p ress in  i n h i b i t e d  t h e  e n z y m e  ac t iv i ty .  

These  p rope r t i e s  of d e n t a l  p u l p  a m i n e  ox idase  are  
s imi la r  to  those  of bone  a m i n e  ox idase  3 a n d  beef  p l a s m a  
a m i n e  ox idase  n ,  x~ A ques t ion  is w h e t h e r  t h e  d e n t a l  p u l p  
a m i n e  ox idase  is syn thes i zed  local ly  b y  f ib rob las t s ,  o r  
w h e t h e r  i t  is p roduced  in some o t h e r  t issues,  t r a n s p o r t e d  
b y  t h e  blood,  a n d  s to red  in t h e  d e n t a l  pulp .  E x p e r i m e n t s  
for  t h e  compar i son  b e t w e e n  d e n t a l  pu lp  a m i n e  ox idase  
a n d  p l a s m a  a m i n e  ox idase  are  in  progress  in  our  l abora -  
t o r y  x3 

Zusammen[assung. I n  de r  16slichen F r a k t i o n  de r  R i n d e r -  
z a h n p u l p a  w u r d e  die A m i n o x y d a s e  ge re in ig t  u n d  die 
E n z y m a k t i v i t ~ t  d u r c h  Isoniaz id ,  Cupr izon,  p-Chloro-  
m e r c u r i b e n z o a t ,  f l -Aminopropr ion i t r i l  u n d  Lys in -Vaso-  
p ress in  g e h e m m t .  Die  A m i n o x y d a s e  h a t  wahr sche in l i ch  
K u p f e r  u n d  P y r i d o x a l p h o s p h a t  s i s  p r o s t h e t i s c h e  G r u p p e n .  
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Affectors of purified bovine dental pulp amine oxidase 

Affector M Activity {%) 

--(Control) 100 • 
Cu ~+ 1 × 10 -~ 73 
Cuprizone 3 x 10 -4 0 
Pyridoxal phosphate i x 10 -5 107 
Isoniazid 4 x i0 -s 51 
Isoniazid 4 x 10 ~5 77 
plus pyridoxal phosphate 1 × 10 -a 
Isoniazid 2 × 10 ~4 19 
Isoniazld 2 x 10 -4 58 
plus pyridoxal phosphate 2 x 10 -3 
p-Chloromercuribenzoate 1 x 10 "-8 0 
/~-Aminopropionitrile 2 X 10 -4 65 
Lysine-vasopressin 6 x 10 -4 68 

• The enzyme had a specific activity of 2.2 nmoles of benzaldehyde 
formed/min/mg protein (37 °C). 

1 K. K. PIEz, Ann. Rev. Biochem. 37, 547 (1968). 
W. LOVENBER~, E. DIXON, H. R. I{EISER and A. SJO~RDS~tA, Bio- 
chem. Pharmac. 17, 1117 (1968). 

3 R. B. RUCKER, J. C. ROGLER and H. E. PARKER, Proc. Soc. exp. 
Biol. Med. 130, 1150 (1969). 

4 R. B. RUCK~R, B. L. O'DELL, Fedn. Proc. 29, 668 (1970). 
5 A part of the data has been presented at the 43rd Congress of Ja- 

panese Biochemical Society. Abstract: G. NAKASO and T. NAGATo 
SU, J. Jap. bioehem. Soe. 42, 569 (1970). 

6 C. M. McEwEN and J, D. Cmmsl, J. Lab. clin. Med. 62, 766 (1963). 
C. N. MCEWEN, J. biol. Chem. 240, 2003 (1965). 
B. J. DAws, Ann. N,Y. Acad. Sci. 121, 404 (1964). 
N. KRA~tL, Biochem. Pharmae. ld, 1683 (I965). 

lo j .  R. WmTAKER, Analyt. Chem. 35, 1950 (1963). 
n H. YA.~tADA and K. T. YxsuNoBu, J. biol. Chem. 237, 3077 (1962). 
lz H. YAMADA and K. T. YASUNOBU, J. biol. Chem. 238, 2669 (1963). 
~3 The authors are grateful to Miss YuKo NISmKAWA and Miss Yu- 

~II~O SHIBAnARA for their valuable technical assistance. 


