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ABBREVIATIONS.

Throughout t h i s  th e s i s  th e  nom enclature and s ty le  of 

p re s e n ta t io n  suggested  by the  E d i to r ia l  Board o f th e  B iochem ical 

Jo u rn a l has been u se d . A b b rev ia tio n s  acc e p tab le  to  th e  above 

Board have been used  and are  l i s t e d  below.

i
ADP Adenosine 5 -pyrophosphate

PAD F la v in -ad e n in e  d in u c le o tid e

FMN F la v in  m ononucleotide

NAD+ N ico tinam ide-aden ine  d in u c le o tid e  (o x id ized )
NADH N ico tinam ide-aden ine  d in u c le o tid e  (reduced )

T ris t r i s  (hydroxym ethyl) amino methane

T r ic in e N - t r i s  (hydroxym ethyl)m ethylg lycine

The a b b re v ia tio n  GDH has been  used to  in d ic a te  th e  enzyme g lu tam a te  

dehydrogenase in  some ta b le s  of methods, where the  la c k  o f space 

p rev en ted  the  use o f the f u l l  name.
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SUMMARY

Methods a re  d e sc rib e d  in  which th e  l i b e r a t i o n  o f  ammonia from

amino a c id  s u b s tr a te s  by th e  D- and L-amino a c id  o x id ases  i s

coupled to  th e  NADH dependent re d u c tiv e  am in a tio n  of 2 -o x o g lu ta ra te ,

the  r e a c t io n  be in g  c a ta ly s e d  by exogenous g lu tam ate  dehydrogenase

(L -g lu tam a te : NAD(p ) o x id o red u c tase  (d eam in a tin g ), EC 1 .4 .1 .3 . )
The in h ib i t i o n  o f  D-amino ac id  o x idase  (D-amino a c id : oxygen

o x id o red u c tase  (deam in atin g ), EC 1 .4 o 3 .3 .)  by th e  ADP needed to

a c t iv a te  and s t a b i l i s e  g lu tam ate  dehydrogenase was r e l ie v e d  by PAD.
—1The M ich ae lis  c o n s ta n t (Km) fo r  th e  enzyme was 3*3 mmol 1 w ith

D -a lan ine  as th e  s u b s t r a te  which, when used in  th e  a ssay  a t  a

c o n c e n tra tio n  of. 17 mmol 1 , p e rm itte d  8 4 $ 'of th e  maximum v e lo c i ty .

N e ith e r FAD nor FMN were re q u ire d  in  the  L-amino ac id  o x id ase  (L-amino

a c id : oxygen o x id o red u c tase  (deam inating ) EC 1 .4 .3 .2 . )  a ssa y  which

u t i l i z e d  L -leu c in e  as s u b s tr a te  (Km 0 .6  mmol 1 ) a t  a c o n c e n tra tio n

o f  3o3 mmol 1 . T h is c o n c e n tra tio n  o f  s u b s t r a te  was low enough to

avoid any s ig n i f ic a n t  e f f e c t  o f s u b s tr a te  in h ib i t i o n  and y e t  p e rm itte d

85$ o f  th e  maximum v e lo c i ty  0

The o x id a tio n  o f NADH was m onitored  b o th  as a f a l l  in  absorbance
-1.

a t  340 nm and by the  in c re a s e  in  f lu o re sc e n c e  due to  NAD’ in  a lk a l in e  

s o lu t io n  ( e x c i ta t io n  maximum 365 nm, em issio n  maximum 455 nm). The 

form er p rov ided  the  b a s is  f o r  a k in e t ic  sp ec tro p h o to m etr ie  a ssay  

which was s e n s i t iv e  and p re c is e  and l e n t  i t s e l f  to  v a l id  k in e t i c

s tu d ie s  o f  th e  enzymes. The f lu o re sc e n c e  due to  NAD+ in  a s o lu t io n
- 1  - 1o f 6 mol 1 NaOH was s t a b i l i s e d  by th e  p resence o f  10 mmol 1

im idazo le  and formed the b a s is  of a s e n s i t iv e ,  f ix e d  time a s s a y .

A s tu d y  o f human t i s s u e s  dem onstrated  the  p resence  o f 

s ig n i f i c a n t  c o n c e n tra tio n s  o f  D-amino ac id  ox idase  in  k idney  and 

l iv e r  w ith  lower c o n c e n tra tio n s  in  sam ples o f  b ra in  t i s s u e » L-amino 

ac id  ox id ase  could only  be d e te c te d  in  k idney  and l i v e r  and no o th e r  

t i s s u e s  in v e s t ig a te d  showed any amino ac id  ox idase  a c t i v i t y .

The s p e c i f i c i t i e s  o f human,' hog and snake venom amino a c id  

o x id ases  were shown to  be s ig n i f i c a n t ly  d i f f e r e n t .



STATEMENT OP THE OBJECTIVES

The p h y s io lo g ic a l ro le  of th e  amino ac id  ox idases in  mammals 

has been a m a tte r  o f d eb a te  s in ce  the  s u b je c t was f i r s t  r a i s e d  by 

Krebs, (1933) and one o f th e  m ajor d i f f i c u l t i e s  in  the  s tu d y  o f 

th e se  enzymes has been th e  la c k  o f a s u i ta b le  method of a s s a y .

T his i s  borne ou t by th e  la rg e  number of d i f f e r e n t  assay  methods 

which have been  p u b lish ed  over th e  l a s t  f o r ty  f iv e  y e a rs , many of 

which were e i th e r  te c h n ic a l ly  la b o r io u s  o r r e s t r i c t e d  to  th e  use 

o f a l im ite d  number o f p o te n t ia l  s u b s t r a te s .

Among th e  long  term  o b je c t iv e s  in  th e  p re s e n t developm ent of 

an a ssay  method fo r  th e  amino a c id  o x id ases  was th e  p o s s i b i l i t y  

t h a t  i t  m ight p ro v id e  a means o f a s s e s s in g  o r m o n ito rin g  d is e a se d  

t i s s u e  and a lso  t h a t  v a r ia t io n s  in  serum le v e ls  o f th e  enzyme m ight 

be used  to  m onito r t i s s u e  d e s t r u c t io n .  The repu ted  p resence  o f  

th e se  enzymes in  kidney t i s s u e ,  fo r  in s ta n c e , might o f f e r  a method o f 

a s s e s s in g  th e  c o n d itio n  o f  damaged o r t r a n s p la n te d  k id n e y s . There 

was a lso  th e  p o s s i b i l i t y  t h a t  in  th e  w ide s p e c i f i c i t y  a p p a re n tly  

shown by th e  amino ac id  o x id a se s  th e re  m ight be some v a r i a t io n  

betw een enzymes from d i f f e r e n t  t i s s u e s  and thus p ro v id e  an enzyme 

or s u b s tr a te  fo r  th a t  enzyme which would p erm it the  s tu d y  o f  a 

s p e c i f ic  t i s s u e .  C e r ta in ly  th e  a v a i l a b i l i t y  and use o f a f l e x ib l e  

and s e n s i t iv e  a ssay  method f o r  th e  s tu d y  o f  amino a c id  o x id ases  in  

t i s s u e  and body f lu id s  would h e lp  in  th e  e lu c id a t io n  o f a 

p h y s io lo g ic a l r o le  fo r  th e  amino ac id  o x id ase s  in  man.

In  sea rc h in g  f o r  a s u i ta b le  method o f a ssay , an im p o rtan t 

c r i t e r io n ,  second only  to  s p e c i f i c i t y ,  i s  th e  degree o f s e n s i t i v i t y  

shown by th e  m ethod. A h igh  deg ree  of s e n s i t i v i t y  i s  n e c e ssa ry  n o t ' 

on ly  to  d e te c t  sm all q u a n t i t ie s  o f enzyme in  a g iven  sam ple b u t 

a lso  to  p rov ide  a to o l  to  enab le  th e  exam ination  o f  sam ples which 

by t h e i r  'very  n a tu re  co n ta in  on ly  sm all amounts o f  the  enzyme. In  

th e  p re p a ra t io n  o f  t i s s u e  hom ogenates, d i l u t i o n  i s  alw ays a d i f f i c u l t y  

and some w orkers have overcome t h i s  to  some e x te n t by th e  use o f  

la rg e  sam ples of t i s s u e .  However th e  a v a i l a b i l i t y  o f  a method w ith  

the c h a r a c te r i s t i c s  d e fin ed  above would p e rm it the a ssay  o f  homogenates 

p repared  from the  sm all samples which would be a v a ila b le  in  any



c r i t i c a l  s tudy  o f  th e  d i s t r i b u t io n  o f  th e se  enzymes in  d i f f e r e n t  

t i s s u e s  or s u b - c e l lu la r  f r a c t i o n s .

The s e le c te d  method, in  a d d it io n  to  be in g  a v a l id  method o f 

q u a n t i ta t io n ,  must be s u i ta b le  fo r  th e  s tudy  o f  th e  k in e t ic  p ro p e r t ie s  

o f th e  enzymes concerned and, to  t h i s  end, must p e rm it the  use o f any 

p o te n t ia l  s u b s t r a t e .  Methods which in v o lv e  th e  measurement o f  i n i t i a l  

r a t e s  o f  r e a c t io n  a re  the most a cc e p tab le  fo r  th e  s tu d y  o f th e  k in e t ic  

p ro p e r t ie s  o f an enzyme and t h i s  in fo rm a tio n  i s  o b ta in ed  most 

s a t i s f a c t o r i l y  by the  use o f  con tinuous m o n ito rin g  te ch n iq u es , a 

f e a tu re  which len d s  i t s e l f  to  th e  subsequen t au tom ation  of th e  assay  

m ethod.

Summary o f  o b je c t iv e s

1. Assay Method.

a ) s p e c i f ic ;

b ) s e n s i t iv e ;

c ) k in e t i c ;

d ) continuous m o n ito rin g .

2 . Enzyme S tu d ie s .

a )  d i s t r i b u t i o n  in  t i s s u e s ;

b ) k in e t ic  c h a r a c t e r i s t i c s ;

c) v a r ia t io n s  due to  d is e a se  or damage.



INTRODUCTION

A review  o f th e  l i t e r a t u r e  a v a ila b le  on the  amino ac id  o x id ase s  

f e l l  n a tu r a l ly  in to  two main a re a s  because o f th e  d u a l o b je c t iv e s  

o f  th e  p re se n t work. The m eth o d o lo g ica l req u irem en ts  n e c e s s i ta te d  

an a p p ra is a l  o f th e  methods c u r re n tly  a v a i la b le  f o r  th e  assay  o f  

b o th  D- and L-amino a c id  o x idase  0 In fo rm a tio n  was a ls o  re q u ire d  on 

th e  c u rre n t u n d e rs tan d in g  o f  th e  b io lo g ic a l  ro le  o f th e  enzymes i f  

the  re lev an ce  o f  such _ d a ta  to  th e  e f f e c t iv e  fu n c tio n in g  o f  

t i s s u e s  o r organs was to  be in v e s t ig a te d .

Review o f  the  amino ac id  o x id ases

The f a c t  th a t  th e  deam ination  o f amino a c id s  w ith  i t s  

concom itant re le a s e  o f ammonia was an o x id a tiv e  p ro cess  in v o lv in g  

the  a lp h a  carbon was e lu c id a te d  by Knoop & O e s te r l in  (1925)« The 

eq u a tio n  fo r  th e  o v e r a l l  r e a c t io n  was proposed to  be

RCHlNHgJCOOH + ^ 2^2 R C O C O O H  + NH g  . . . . . .  Equation 1

Undoubtedly the  fo rem ost worker in  t h i s  a rea  was Krebs (1935) 

who dem onstrated  th a t  f r e s h  s l i c e s  o f mammalian l i v e r  and k idney , 

p a r t i c u l a r ly  th e  l a t t e r ,  were ab le  to  deam inate amino a c id s  and th a t  

th e  co n cu rren t uptake o f  oxygen could be m onitored and used a s  an  

in d ic a to r  of th e  r e a c t io n .  He p ro p o se d ,th a t  th e  r e a c t io n  p roceeded  

v ia  th e  fo rm atio n  o f an imino a c id  in te rm e d ia te  and th a t  in  t i s s u e  

s l i c e s  the  oxoacids which were foimed were very  q u ic k ly  removed in  

an, as then, unknown m anner.

R C HCOOH RCCOOH -> R C O C O O H  + NHc
NH2 NH

T his lo s s  o f oxoacids was su b seq u en tly  shown to  be due to  

e i t h e r  enzymic tra n sam in a tio n  o r  non-enzymic o x id a tio n  by th e  

hydrogen perox ide  which was a ls o  formed d u rin g  the  r e a c t io n .



K rebs a lso  re p o r te d  th a t  th e re  were two enzyme system s invo lved  

in  the  p ro c e ss  which v a r ie d  m ainly in  t h e i r  s t e r e o s p e c i f i c i t y  and 

he named th e se  enzymes "d-amino a c id  deam inase" and "l-am ino  ac id  

deaminase" in d ic a t in g  t h e i r  s t e r e o s p e c i f i c i t y .  He a lso  dem onstrated  

th a t  the  two enzyme system s showed d i f f e r e n t  k in e t ic  and p h y s ic a l 

c h a r a c t e r i s t i c s ,  (Table 1 . below ).

TABLE 1

Summary o f  d if f e r e n c e s  betw een enzymes re sp o n s ib le  fo r  th e  o x id a tio n  

o f amino a c id s .  K rebs, H.A. (1935)

Treatm ent d-amino ac id  deam inase l-am ino ac id  deam inase

D rying th e  t i s s u e no t d e stro y ed d es tro y ed

E x tra c t io n  in  w ater

from f r e s h  t i s s u e e x tr a c ta b le no t e x t r a c ta b le

E f fe c t  o f cyanide no t in h ib i te d in h ib i te d

E f fe c t  of o c ty l  a lco h o l n o t in h ib i te d in h ib i te d

E f fe c t  of p y ru v a te n o t in h ib i te d in h ib i te d

E f fe c t  of in o rg a n ic  s a l t s in h ib i te d not in h ib i te d
Optimum pH 8 .8 7 .4

Bernheim & Bernheim (1932) s tu d ie d  the o x id a tio n  o f p ro l in e  

by r a t  l i v e r  and m onitored the  r e a c t io n  by the  re d u c tio n  o f m ethylene 

b lu e  and th e  uptake o f oxygen. In  a f u r th e r  paper p u b lish ed  in  1934 

th ey  noted th a t  the  o x id a tio n  o f p ro l in e  d id no t r e s u l t  in  ammonia 

fo rm atio n . They a lso  compared the  r a t e  o f o x id a tio n  o f p r o l in e  and



a la n in e  by v a r io u s  t i s s u e  homogenates and concluded th a t  the  

o x id a tio n  o f  each  o f th e se  amino a c id s  was c a ta ly se d  by a d i f f e r e n t  

enzyme. However th ey  d id  no t d is t in g u is h  between th e  two 

s te r e o s p e c i f ic  forms of th e  enzymes nor were they  aware o f th e  e f f e c t  

o f hydrogen p e ro x id e  and th e  v a ry in g  c a ta la s e  co n ten t o f  th e  t i s s u e  
on th e  o v e ra l l  re a c tio n ..

K rebs (1935) d isc u sse d  th e  deam ination  o f  amino a c id s  and he 

dem onstrated  q u a n t i t a t iv e ly  th e  e x is te n c e  o f the  two s te r e o s p e c i f ic  

enzymes by the  in h ib i t i o n  and e x t r a c t io n  s tu d ie s  in d ic a te d  e a r l i e r  

(Table 1 .p  8 )•  He a ls o  re p o rte d  th a t  the  two enzymes v a r ie d  in  t h e i r  

a c t i v i t y  tow ards d i f f e r e n t  amino a c id s  o f th e  same c o n f ig u ra t io n .

W hilst in v e s t ig a t in g  th e  r a t i o  o f ammonia formed to  oxygen 

u t i l i z e d ,  K rebs n o tic e d  th a t  a lth o u g h  th e  expected  s to ic h io m e tr ic  

r a t i o  o f 2:1 (E quation  1 .p  l )  was t ru e  in  most t i s s u e  p re p a ra t io n s  

th e re  were s e v e ra l  sam ples where the r a t i o  was n e a r ly  1 :1 , n o ta b ly  

in  t r o u t  and f ro g  k id n ey . He concluded a t  t h i s  s tag e  th a t  th e  

ap p a ren t in c re a s e  in  oxygen u t i l i z a t i o n  was due to  th e  p re sen ce  o f 

a  s u i ta b le  b u t unknown s u b s t r a te  o r th e  p resence  o f an unknown 

c a t a l y s t .  T h is was in  f a c t  the  f i r s t  o b se rv a tio n  r e la te d  to  th e  

fo rm atio n  o f  hydrogen p ero x id e  in  th e  r e a c t io n .

In  th e  same p aper Krebs a lso  in v e s t ig a te d  e x te n s iv e ly  the 

s p e c i f i c i t y  of "d-amino ac id  deam inase" b u t d id  no t s tu d y  th e  " l-am ino  

ac id  deaminase" as f u l l y ,  (Table 2 .p  1 0 ). He noted th a t  the  "d-amino 

ac id  deaminase" was p re s e n t in  th e  k idney and l iv e r  o f  a l l  the  

v e r te b r a te s  th a t  he in v e s t ig a te d  (e lev en ) and th a t  t i s s u e  from the  

k idney con tained  app rox im ate ly  fo u r tim es as  much as  t h a t  from th e  

l i v e r .  However he could no t dem onstrate  th e  enzyme in  any o th e r  
t i s s u e s ,  "l-am ino a c id  deam inase" was found in  the  r e n a l  c o rte x  

b u t on ly  sm all amounts were p re s e n t  in  th e  l i v e r  and i n t e s t i n a l  w a l l .

The fo llo w in g  y e a r , K e il in  & H a rtre e  (1936) confirm ed th e  

f in d in g s  o f  Krebs a lth o u g h  they  deb a ted  some o f h is  co n c lu s io n s , 

p a r t i c u la r ly  th e  su g g e s tio n  th a t  th e  enzynes fu n c tio n ed  d i f f e r e n t l y  

in  t i s s u e  s l i c e s  from th e  way in  which they  fu n c tio n e d  in  t i s s u e  

e x t r a c t s .  These w orkers a lso  in tro d u ce d  the  term  "amino a c id  ox idase" 

in s te a d  o f th e  term  deaminase used by K rebs. A m ajor c o n c lu s io n  from 

t h e i r  work was th a t  hydrogen p e ro x id e  was formed in  the  r e a c t io n .



TABLE 2

S p e c i f ic i ty  o f  the amino ac id  o x id ases  -  K rebs,H .A .

Date of paper 1935 1951
S te re o s p e c if ic  

n a tu re  o f  enzyme
D L D L

pH o f  assay 8 .3 7 .4 8 .8 7 .2

Amino ac id Enzyme a c t i v i t y  exp ressed as a p e rcen tag e
A lanine 100 38 100
A rg in ine 33
A sp a r t ic  a c id 12 26 3
C ystine 47 3 15
G lutam ic ac id 4 144 0
G lycine 0

H is t id in e 10 9 9
Is o - le u c in e 129 31 71
Leucine 37 100 22 100
L ysine 2
M ethionine 193 125 81
Ho r - le u c in e 86

H o r-v a lin e 35
P h en y la lan in e 121 41 45
P ro lin e 231 77
S erine 60 66
Tryptophan 12 58 40
T yrosine 37 296 20
V aline 82 47 55 _ 28 _ !

The d a ta  above was c o lle c te d  from two p ap ers  p u b lish e d  by K rebs, in  

1935 and 1951 and a lth o u g h  th e  r e s u l t s  were re p o rte d  as  oxygen u p tak e , 

th ey  have been r e c a lc u la te d  as  p e rc en ta g e s  o f th e  oxygen up take in  

the  p resence  o f  th e  two re fe re n c e  s u b s t r a te s  namely D -a lan ine  and 
L - le u c in e .



Working i n i t i a l l y  w ith  u r ic a s e  they  dem onstrated  th a t  th e  oxygen to  

ammonia r a t io  o f  2:1 could be reduced to  1:1 by co u p lin g  the  r e a c t io n  

to  th e  o x id a tio n  o f  p-phenylenediam ine by means o f th e  enzyme 

p e ro x id a se .-  The om ission o f  p e ro x id ase  re s u l te d  in  a slow or p a r t i a l
j

o x id a tio n  o f th e  p-phenylenediam ine and subsequent oxygen to  ammonia 

r a t i o s  betw een 2:1 and 1:1 . A r a t i o  o f 1:1 was produced by th e  use 

of e th y l  a lc o h o l alone which i s  more r e a d i ly  o x id ise d  th an  

p -pheny lened iam ine . K e i l in  and H artree  found i t  more d i f f i c u l t  to  

dem onstrate  th e  fo rm atio n  o f  hydrogen p e ro x id e  in  th e  amino ac id  

ox idase  system s due to  the  in h ib i to r y  n a tu re  of p-phenylenediam irie 

tow ards those enzymes.

The s u b je c t  was f u r th e r  developed in  a paper by Bernheim e t  a l .  

(1936) in  which th ey  d e sc rib e d  the  conversion  o f  haem oglobin to  

methaemoglobin as a  t e s t  fo r  th e  p resence  o f hydrogen p e ro x id e .

The main f in d in g  in  t h i s  paper was th e  d e te c t io n  o f th e  oxoacid  

formed d u rin g  the  r e a c t io n .  Krebs (1935) had u t i l i z e d  th e  fo rm atio n  

o f  th e  d in itro p h en y lh y d razo n es  to  dem onstra te  th e  p ro d u c tio n  o f 

oxoacids by D-amino a c id  ox idase in  t i s s u e  po isoned  by a r s e n ic .  

Bernheim e t  a l . ,  however, a ttem p ted  to  q u a n t i ta te  the  o xoacids so 

formed by b o th  a g ra v im e tr ic  method in v o lv in g  th e  phenylhydrazones 

and a t i t r i m e t r i c  method in v o lv in g  th e  back  t i t r a t i o n  o f  excess  

sodium b is u lp h i te  w ith  po tassium  perm anganate. They could  n o t 

however c o n s is te n t ly  dem onstrate  th e  com plete fo rm atio n  o f  th e  

s to ic h io m e tr ic  amounts o f  the ox o ac id  fo r  a l l  th e  te n  amino a c id s  

s tu d ie d , t h e i r  r e s u l t s  v a ry in g  from 55f° to  100^o They d id  c la im  to  

dem onstrate  th a t  L -p ro lin e  was o x id ise d  by t h e i r  p re p a ra t io n  of 

D-amino a c id  o x id ase .

The con jugated  p ro te in  n a tu re  o f  D-amino ac id  ox idase  was 

dem onstrated  by Warburg & C h r is t ia n  (1938) who i d e n t i f i e d  PAD as the  

p r o s th e t ic  group o f th e  enzyme, an o b s e rv a tio n  confirm ed by 

N egele in  & Bromel (1939)- Most of t h i s  e a r l i e r  work co n ce n tra te d  
on th e  D-amino a c id  o x id ase , due no doubt to  i t s  read y  a v a i l a b i l i t y  

compared w ith  the  L-amino a c id  o x id a se . The d isco v e ry  by Z e l le r  & 

M aritz  (1944) th a t  snake venom co n ta in ed  L-amino a c id  ox idase  n o t 

on ly  provided a more a c c e s s ib le  source o f  th i s  enzyme b u t a ls o  

com plicated  subsequent s tu d ie s  in  th a t  the  enzymes of snake venom



were l a t e r  dem onstra ted  to  be d i f f e r e n t  from the  L-amino ac id  

o x id ase  of mammalian t i s s u e .  S inger & Kearney (1950) dem onstrated  

th a t  snake venom L-amino a c id  oxidase was a f la v o p ro te in  w ith  PAD 

as th e  p r o s th e t ic  group w h ils t  B lanchard e t  a l .  (1945) id e n t i f i e d  

PMN as th e  p r o s th e t ic  group o f  th e  L-amino a c id  ox idase  from r a t  

k id n e y »

B lanchard  e t  a l .  (1944) s tu d ie d  the  L-amino ac id  o x id ase  o f 
r a t  t i s s u e  and c l a r i f i e d  the o v e r a l l  n a tu re  o f th e  r e a c t io n  w ith  

reg a rd  to  th e  fo rm atio n  o f hydrogen p e ro x id e . They dem onstra ted  

th a t  the  hydrogen p e ro x id e  was u t i l i z e d  in  e i t h e r  th e  re g e n e ra t io n  

o f oxygen in  th e  p re sen ce  o f c a ta la s e  or th e  o x id a tio n  o f o th e r  

compounds, p a r t i c u la r ly  th e  o x o a c id s . Those oxoacids which were 

formed from m eth ion ine , try p to p h an  and ty ro s in e  were more s u s c e p tib le  

to  such an o x id a tiv e  r e a c t io n  th an  o th e r  o x o a c id s . In  a s im i la r  

manner, e th y l  a lco h o l was o x id ised  by the  hydrogen p e ro x id e a These 

re a c t io n s  can be summarised th u s :

R C H N H 2C O O H  + O2 RCOCOOH + H2O2 + N H 3  ...........  Equation 2

h 2o 2 h 2 o -i- V2o2

R C H N H 2 COOH + V2° 2  RCOCOOH + N H3

In  th e  same paper, th e se  w orkers dem onstrated  an  optimum pH 

o f  10 .0  fo r  L-amino ac id  ox idase  compared to  th e  p re s e n t  v a lu e  

o f pH 7»5* T h e ir s tu d ie s  on th e  s u b s t r a te  s p e c i f i c i t y  o f th e  enzyme 

excluded g ly c in e , the  L -isom ers of th re o n in e  and s e r in e ,  the 

d ic a rb o x y lic  amino a c id s  and th e  d ib a s ic  amino a c id s , ly s in e , 

o rn i th in e  and a rg in in e .

K rebs (1 9 5 0  review ed the  n a tu re  and c h a r a c t e r i s t i c s  o f  th e  

amino a c id  o x idases in  an ex trem ely  com prehensive p a p e r . He 

c l a s s i f i e d  th e  v a r io u s  ox id ases  in  th e  fo llo w in g  way.



G eneral D-amino ac id  o x idases

1 . Mammalian D-amino a c id  ox idases

2 . D-amino ac id  ox id ases  of moulds

3 . B a c te r ia l  D-amino ac id  ox idases

G eneral L-amino a c id  ox idases

1 o Mammalian L-amino a c id  ox id ases
2 . Ophio L-amino a c id  ox idases

3 . L-amino a c id  o x idases o f moulds

4o B a c te r ia l  L-amino a c id  o x idases

S p e c if ic  amino a c id  o x id ases

1. S p e c if ic  D-amino a c id  ox idases

a s p a r t i c  ac id

2 . S p e c if ic  L-amino ac id  o x id ases

g lu tam ic  ac id  

c y s te in e

p ro lin e  and hy d ro x y p ro lin e  

p h en y la lan in e  and ty ro s in e  

h i s t id in e

3. S p e c if ic  q - amino a c id  ox id ases

g ly c in e

o rn i th in e

ly s in e

He ag a in  review ed the  s p e c i f i c i t y  o f  th e  enzymes, th e  r e le v e n t  

in fo rm a tio n  be in g  in c o rp o ra te d  in to  Table 2 .p  10. He no ted  th a t  

th e  D-amino ac id  o x id ases  were p re s e n t in  th e  l i v e r  and kidney o f 

a l l  v e r te b r a te s  in v e s t ig a te d  and th a t  th e  h ig h e s t  c o n c e n tra tio n s  of 

the  enzymes were found in  ca rn iv o ro u s  an im als and th e  lo w est in  th e  

h e rb iv o ro u s  an im a ls . The on ly  o th e r  mammalian source o f th e  enzyme 

was p o s s ib ly  b ra in  t i s s u e  a lth o u g h  the  l e v e l s  dem onstrated  were 

very  low . Krebs d isco u n ted  b o th  o f h is  p rev io u s  su g g e s tio n s , 

namely th a t  mammalian D-amino a c id  oxidase was a fragm ent o f th e  

L-amino ac id  oxidase  and th a t  th e  r e s o lu t io n  o f racem ic m ix tu res  o f 

amino a c id s  was a p o s s ib le  ro le  o f the  enzyme b u t he could  o f f e r  no 

s a t i s f a c to r y  a l t e r n a t iv e  su g g es tio n  fo r  i t s  p h y s io lo g ic a l  r o le .

The s tu d y  of the  amino ac id  o x id ase s  then  moved in to  a n o th e r  

s tag e  in  which the  e lu c id a t io n  o f  th e  r e a c t io n  mechanism and th e



developm ent o f a s e n s i t iv e  method o f  assay  became m ajor o b je c t iv e s ,  

M eis te r e t  a l .  ( i9 6 0 ) . These a u th o rs  d iscu ssed  a t  some le n g th  th e  

p o s s ib le  p h y s io lo g ic a l r o le s  of th e  enzymes and suggested  th a t  

L-amino a c id  ox idase  m ight p rov ide  a ro u te  fo r  th e  fo rm atio n  o f  

o x o ac id s . In  e f f e c t  t h i s  would be an a l t e r n a t iv e  to  th e  tra n sa m in a tio n  

re a c t io n  and i t  was env isaged  th a t  th e  L-amino a c id  oxidase would a c t  

in  a s im ila r  manner to  t h a t  o f g lu tam ate  dehydrogenase

T ransam ination

a )  a lan in e  amino t r a n s f e r a s e

2 -o x o g lu ta ra te  + amino a c id  -e> L -g lu tam ate  + oxoacid

b ) g lu tam ate  dehydrogenase

L -g lu tam ate  4- NAD -> 2 -o x o g lu ta ra te  + NEL̂  + NADH

c) L-amino ac id  ox idase

L-amino ac id  + oxygen oxoacid  + NEÊ

They a lso  suggested  th a t  th e  p o ss ib le  m etabolism  o f  amino a c id s  

such as ly s in e ,  th e  tra n sa m in a tio n  o f  which had n o t been  dem o n stra ted , 

could be f a c i l i t a t e d  by an L-amino ac id  o x idase  system .

The same au th o rs  d isc u sse d  s e v e ra l  p o ss ib le  r o le s  fo r  th e  D-amino 

a c id  oxidase o f  mammalian t i s s u e s  b u t considered  th e  most l i k e l y  to  be 

th e  e l im in a tio n  o r u t i l i s a t i o n  o f D-amino a c id s .  These amino a c id s  
may have been  in g e s ted  or formed in  th e  i n t e s t i n a l  t r a c t  by b a c t e r i a l  

a c t io n  and subseq u en tly  absorbed  by th e  an im al. The p o s s i b i l i t y  o f  

a n a tu ra l  s u b s t r a te  fo r  D-amino ac id  ox idase  no t y e t  d isco v e red  was 

a ls o  su g g es ted . They could  no t dem onstra te  any a c t i v i t y  o f th e  

enzyme p re p a ra t io n  w ith  d ic a rb o x y lic  amino a c id s , nor w ith  d ib a s ic  

amino a c id s  (excep t ly s in e  which showed only s l i g h t  a c t i v i t y ) . They 

d id  f in d  some a c t i v i t y  w ith  g ly c in e  and claim ed th a t  maximal a c t i v i t y  

was dem onstrated w ith  p r o l in e .  ,
I t  i s  ev id en t th a t  w h ils t  th e re  was broad agreem ent on the



c o n d itio n s  n ecessa ry  fo r  maximal enzyme a c t i v i t y  th e re  were some 

d is c re p a n c ie s  on th e  q u e s tio n  o f  enzyme s p e c i f i c i t y . ’ T h is s u b je c t 

i s  d iscu ssed  l a t e r  in  t h i s  t h e s i s  in  r e l a t i o n  to  th e  d a ta  p re se n te d  

in  the  s tudy  of the  amino ac id  o x id a se s .

Review o f amino a c id  ox idase  methodology

The changing approach  to  th e  a ssay  of th e  amino ac id  o x id a se s  

which r e f l e c t s  among o th e r  th in g s , th e  advances made in  a n a ly t i c a l  

tech n iq u es  over the  y e a rs  p a r t i c u l a r ly  du rin g  th e -p e r io d  1960 to  

1970 i s  ap p a ren t from th e  fo llo w in g  summary.

Date Technique

1934 Warburg manometry

1944 K je ld a h l d i s t i l l a t i o n
1960 U . V 0 spe ctropho tome t ry
1960 C olo rim etry

1964 Oxygen po larog raphy

1964 Enzyme in h ib i t i o n

1966 F lu o rim e try

1967 Coupled f lu o r im e try

1971 V ib ra tin g  e le c tro d e  po la ro g rap h y

In  a tte m p tin g  to  rev iew  the la rg e  number of methods t h a t  have 

been d e sc rib ed  fo r  th e  a ssa y  of the amino ac id  o x id a se s , some 

d i f f i c u l t y  was ex p erienced  in  d e c id in g  upon a s u i ta b le  c l a s s i f i c a t i o n  

system . The methods could be grouped acco rd in g  to  th e  tech n iq u e  used 
to  m onito r th e  r e a c t io n  as in d ic a te d  above but, in  a d d itio r^  some 

c o n s id e ra tio n  had to  be g iv en  to  the  k in e t ic  b a s is  o f the  method 

employed, a t  l e a s t  in  th e  s im p le s t te rm s o f b e in g  e i t h e r  a k in e t i c  

o r f ix e d  tim e a s sa y . The f l e x i b i l i t y  o f th e  method in  term s o f  td e  

range o f amino a c id s  th a t  could  be u sed  as s u b s t r a te s  and a ls o  th e  

s e n s i t i v i t y  o f  th e  method were a sp e c ts  t h a t  a lso  had to  be c o n s id e re d .

An exam ination  o f the  r e a c t io n  c a ta ly s e d  by the amino ac id  

o x id ases  in d ic a te d  s e v e ra l  p o s s ib le  pa ram ete rs  th a t  cou ld  be m onitored  

in  q u a n t i ta t iv e  a ssa y :



.AMINO ACID + OXTGEN — » OXOACID + HYDROGEN PEROXIDE + AMMONIA

s u b s tr a te s
4

*

p ro d u c ts

Hence fo r  the  purpose o f t h i s  t h e s i s ,  th e  methods have been  

c la s s i f i e d  on the  b a s is  o f th e  component o f th e  chem ical r e a c t io n  

which i s  q u a n t i t a t iv e ly  m onito red .

1 . V ariab le  s u b s tr a te amino a c id

2 . O b lig a to ry  s u b s t r a te oxygen

3 . V a ria b le  p ro d u c t oxoacid

4o O b lig a to ry  p roduct hydrogen p ero x id e

5 . O b lig a to ry  p ro d u c t ammonia

1. V a riab le  s u b s t r a te  -  amino ac id  o r  d e r iv a t iv e .

Amino a c id s  in  g e n e ra l do n o t show any physicochem ical 

c h a r a c te r i s t i c  th a t  would lend i t s e l f  to  a s p e c i f ic  m o n ito rin g  

te ch n iq u e . Many o f  th e  methods w hich have been  d e sc rib e d  have 

u t i l i z e d  an amino a c id  analogue which showed a p a r t i c u la r  s p e c t r a l  

c h a r a c te r i s t i c  which was s u i ta b le  f o r  use in  a q u a n t i ta t iv e  m ethod. 

Such methods obv iously  d id  not len d  them selves to  a c r i t i c a l  s tu d y  

o f  the c a t a ly t i c  n a tu re  o f th e  enzymes b u t were s u i ta b le  a s  a 

convenien t method o f d e te c t io n  and q u a n t i t a t io n .  They a ls o  had th e  

d isadvan tage  of b e in g  s u i ta b le  fo r  on ly  one o f  th e  enzymes and hence 

two d i f f e r e n t  assay  methods would have been re q u ire d  fo r  th e  p re s e n t  

s tudy  o

W eissbach e t  a l .  (1960) d e sc r ib e d  a method fo r  th e  a ssa y  o f  

L-amino ac id  ox idase  which u t i l i z e d  th e  co n v ersio n  o f L -kynuren ine ( I



(absorbance maximum 360 mm) to  kynuren ic  a c id  ( I I  ) (absorbance 

maximum 331 mm).

CH

C00H
H

I II

They proposed th a t  th e  enzyme r e a c t io n  could  be fo llow ed by m o n ito rin g

the  Wease in  absorbance a t  331 nm and th ey  quoted the  Km f o r  L-amino
, -4  -1

ac id  o x id ase  as  2 .0  x 10 mol 1 b u t, due to  s u b s tr a te  in h ib i t io n ,
-4 -1they  used a s u b s tr a te  c o n c e n tra tio n  o f 5*0 x 10 mol 1 . An

a d d i t io n a l  problem  la y  in  the  h ig h  absorbance a t  531 nm due to  th e  
p resence  o f  s u b s tr a te  which in  th e  r e l a t i v e l y  h igh  c o n c e n tra t io n  used  

r e s u l te d  in  a h igh  b lan k  re a d in g .

C o rrigan  e t  a l .  (1963) d e sc rib e d  a method f o r  th e  d e te rm in a tio n  

o f  D-amino a c id  ox idase  u t i l i s i n g  D -a llo h y d ro x y p ro lin e  ( I I I  ) 

which was o x id ise d  to  A’ p y rro lin e -4 -h y d ro x y -2 -c a rb o x y lic  a c id  ( IV ) 

by th e  enzyme. This was su b seq u en tly  converted  to  p y rro le  ( VI ) 

v ia  the  in te rm e d ia te  p y r r o le -2 -c a rb o x y lic  ac id  ( V ) under a c id  

c o n d itio n s , and the  p y rro le  so formed condensed w ith  p -d im ethy lam ino- 

benzaldehyde (PAB) g iv in g  a red  co lou red  complex which had an 

absorbance maximum a t  550 nm.

HO- HO-

> y  y^COOH 
‘hr

COOH y^COOH
N V . /
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The method as d e sc rib ed  was f a i r l y  len g th y  in v o lv in g  t h i r t y  

m inutes in c u b a tio n  f o r  the  c a ta ly se d  r e a c t io n ,  h e a tin g  a t  70°C in  

ac id  fo r  r e a c t io n s  IV to  VI fo llow ed  by te n  m inutes f o r  th e  r e a c t io n  

w ith  PAB to  reach  a maximum. A lthough most of t h e i r  work was w ith  

th e  D-amino a c id  o x idase  o f  in s e c t  t i s s u e  th ey  d id  dem onstra te  th e  

p resence  o f enzyme in  th e  l i v e r  and kidney o f  guinea p ig .

The co n v ersio n  o f  D -phenylg lycine to  benzoy lfo rm ic  a c id  

(absorbance maximum 253 nm) was proposed as an assay  method fo r  

D-amino a c id  oxidase  by Ponda & A nderson (1967). U sing a 

pyrophosphate b u f f e r  pH 8 .5  c o n ta in in g  D -phenylg lycine th e  in c re a se  

in  absorbance a t  253 nm was m onitored  a f t e r  i n i t i a t i n g  th e  r e a c t io n  

by the  a d d i t io n  o f  th e  enzyme. A f te r  a la g  p e rio d  o f in c re a s in g  

r e a c t io n  v e lo c i ty  a c o n s ta n t maximum v e lo c i ty  was a t ta in e d  a f t e r  

about s ix  m in u tes . The main d i f f i c u l t y ,  a p a r t  from th e  use  o f a 

s u b s tr a te  analogue, was the  c o s t  o f  an in stru m en t t h a t  fu n c tio n e d  

e f f e c t iv e ly  a t  253 nm.

2 . O b lig a to ry  s u b s tr a te  -  oxygen.

I t  i s  no t a b so lu te ly  c o r r e c t  to  r e f e r  to  oxygen as an o b l ig a to ry  

s u b s t r a te  s in ce  i t  has been dem onstrated  th a t  some o th e r  hydrogen 

a c c e p to rs  can be u sed . Dixon & Kleppe (1965b) dem onstrated  th a t  

w h ils t  th e  amino a c id  o x id a se s  a re  v e ry  s p e c i f ic  f o r  oxygen, m ethylene 

b lu e  and d ich lo ro p h en o lin d o p h en o l show s l i g h t  a c t i v i t y  as a l t e r n a t iv e  

a c c e p to rs  and in  f a c t  m ethylene b lue  re d u c tio n  had been  used i n  an 

a ssay  method by Bernheirn & Bernheim (1 9 3 2 ). L-amino a c id  o x id ase  can 

u t i l i z e ,  in  a d d i t io n  to  th e se  compounds, fe r r ic y a n id e  as an e le c t r o n  

a c c e p to r , Marcus & F ee ley  (1962)0

The m a jo r ity  o f  th e  o r ig in a l  work on th e  amino a c id  o x id ase s  

u t i l i z e d  th e  b a s ic  g asom etric  c h a r a c t e r i s t i c s  o f  the r e a c t io n  by 

employing Warburg m anometric te c h n iq u e s . The work o f  K rebs w ith  t h i s  

method was p a r t i c u la r ly  im p re ss iv e . -A d i f f i c u l t y  in  th e  c o r r e la t io n  

o f r e s u l t s  from d i f f e r e n t  w orkers, in  a d d i t io n  to  the  v a r i a t io n s  in  

pH and tem pera tu re  which were u sed , was th e  v a ry in g  e x te n t  to  which 

c a ta la s e  was p re se n t in  the  r e a c t io n  system ; t h i s  r e s u l te d  in



co n s id e ra b le  v a r ia t io n s  in  oxygen u p tak e . Warburg manometry 

ob v io u sly  p re sen ted  te c h n ic a l  problem s and a lth o u g h  th e  use o f  the  

G ilson  d i f f e r e n t i a l  re sp iro m e te r  u t i l i s i n g  v o lu m e tric  m easurem ents 
c o n sid e ra b ly  s im p lif ie d  the  tech n iq u e  and even in tro d u ced  the  

p o s s i b i l i t y  o f  a c h a r t  re c o rd in g  system , i t  could no t improve the  

in h e re n t low s e n s i t i v i t y  o f  gaso m etric  m easurem ents.

A paper by C lark  (1956) d e sc r ib in g  an oxygen e le c tro d e  le d  to  

s e v e ra l  w orkers ad ap tin g  th e  e le c tro d e  f o r  use in  m o n ito rin g  amino 

a c id  ox idase  r e a c t io n s .  Dixon & K leppe (1965a) d e sc rib e d  a c lo sed  

system  u s in g  a membrane e le c tro d e  and re a g e n ts  s a tu ra te d  w ith  a i r .  

C a ta la se  was excluded from the  system  and they  dem onstrated  t h a t  

hydrogen p e ro x id e  had no e f f e c t  on th e  oxoacid formed under th e  

c o n d itio n s  o f th e  assayo They a lso  dem onstrated  t h a t  the  e f f e c t  of 

pH on th e  decom position  o f hydrogen p erox ide  was no t s ig n i f i c a n t  

below pH 11. Luppa & A urich  (1971) d e sc rib e d  a v ib r a t in g  p la tin u m  

e le c tro d e  system  in  an open v e s s e l  which they  claim ed was more 

s e n s i t iv e  and showed a q u ic k e r response th an  th e  o r ig in a l  e le c t r o d e .

3 . V ariab le  p ro d u c t -  oxoacid .

Bernheim e t  a l  (1936) had t r i e d  to  m easure the  amount o f 

oxoacid formed in  th e  r e a c t io n  by g ra v im e tr ic  and t i t r i m e t r i c  

methods w ith o u t a g re a t d e a l o f su c c e ss . However Knox & P i t t  (1957) 

w h ils t  s tu d y in g  a complex ( V II I  ) which was foimed betw een b o ra te  

and oxoacids and which showed a h igh  absorbance in  th e  u l t r a v i o l e t ,  

dem onstrated  th a t  th e  r e a c t io n  invo lved  th e  en o l tau to m er of th e  

oxoacid ( V II ) and th a t  the  norm al k e to -e n o l e q u ilib r iu m  could be 

d isp la c e d  to  the  eno l by the  p re sen ce  o f  e i t h e r  an enzyme which 

they  c a l le d  a tau tom erase  o r  a rs e n a te  i o n s .

RCH = C -  c = 0  

OH 0 ,0
2 R C H = C C 0 0 H  + H 3 BO3  NBn + H+ + 3 H 20

0  0

R C H = C - C = 0

VII VII I



T his in fo rm a tio n  was u t i l i z e d  by W ellner & L ich ten b e rg  (1 9 7 0  

who used p h e n y la lan in e  as the  s u b s t r a te  and, a f t e r  a f ix e d  tim e of 

in c u b a tio n , complexed th e  pheny lpyruvate  which was formed w ith  

b o ra te  in  th e  p resence  o f a rs e n a te  io n s .  C a ta la se  was in c o rp o ra te d  

in  the  o r ig i n a l  m ix ture  to  p r o te c t  th e  oxoacid from the  hydrogen 

p erox ide  which was a ls o  formed d u rin g  th e  r e a c t io n .  The 

c o n c e n tra tio n  o f  th e  complex was su b seq u en tly  m onitored a t  300 nm 

b u t u n fo r tu n a te ly  th e  a u th o rs  quoted the  enzyme a c t i v i t y  in  a r b i t r a r y  

u n i t s  r a th e r  th a n  in  in te r n a t io n a l  u n i t s .

V e r ity  e t  a l . (1967) u t i l i z e d  a co n d en sa tio n  r e a c t io n  betw een 

p y ru v ic  ac id  and o-phenylenediam ine in  a c id  s o lu t io n  to  produce

2-h y d ro x y -3 -m e th y lq u in o x a lin e ( IX ) w hich f lu o re s c e s  s tro n g ly  
( e x c i ta t io n  maximum 375 nm, em issio n  maximum 480 nm) when h ea ted  

a t  60°C in  th e  p resence  o f co n cen tra ted  su lp h u ric  a c id .

IX

Soda (1967) p u b lish ed  a s im i la r  method which in v o lv ed  th e  

complexing o f  the oxoacid  formed a f t e r  45 m inutes in c u b a tio n , w ith

3 -m eth y l-2 -b en zo th iazo lo n e  hydrazone h y d ro ch lo rid e  by h e a t in g  a t  

50°C and pH 5*0. The a c tu a l  w avelength  used to  q u a n t i ta te  th e  

complex v a r ie d  depending upon th e  a c tu a l  oxoacid  invo lved  b u t was 

u su a lly  betw een 316 nm and 325 nm.

The methods in v o lv in g  th e  assay  o f  th e  oxoacids were o b v io u s ly  

v e ry  complex and a lso  show a m ajor d isad v an tag e  in  b e in g  f ix e d  tim e 

a ssa y s  and were e i th e r  r e s t r i c t e d  to  a s p e c i f ic  s u b s tr a te  o r  showed 

v a r ia b le  a b so rp tio n  c h a r a c te r i s t i c s  depending upon the  a c tu a l  

s u b s tr a te  u s e d .



4 . O b lig a to ry  p roduct -  hydrogen pero x id e .

D esp ite  the f a c t  th a t  i n i t i a l l y  hydrogen p eroz ide  was th e  most 
obscure o f  th e  p ro d u c ts , i t s  chem ical r e a c t i v i t y  led  to  th e  

developm ent o f  s e v e ra l  very  novel assay  m ethods. M argo liash  & 

Novogrodsky (1958) found th a t  c a ta la s e  was i r r e v e r s ib ly  in h ib i te d  

by hydrogen p e ro z id e  in  the  p resen ce  o f 3-am ino-1 ,2 , 4 - t r i a z o le  and 

t h i s  f a c t  was u t i l i z e d  by Scannone e t  a l  (1964) in  a method which 

r e la te d  th e  degree o f  in h ib i t i o n  o f c a ta la s e  to  the  amount o f 

hydrogen pero z id e  and hence to  th e  a c t i v i t y  o f th e  amino a c id  o z id a s e . 

A b u ffe re d  re a c t io n  m ixture  c o n ta in in g  c a ta la s e ,  3-am ino- 1 ,2 ,4 -  

t r i a z o l e ,  amino a c id  oxidase and an amino a c id  s u b s tr a te  was in c u b a ted  

fo r  s ix ty  m inutes and the  a c t i v i t y  o f  th e  rem ain ing  c a ta la s e  was 

a sse sse d  by i t s  a b i l i t y  to  h y d ro ly se  p e rb o ra te , the r e s id u a l  p e rb o ra te  

b e in g  back  t i t r a t e d  w ith  po tass iu m  perm anganate»

The method was claim ed to  be v e ry  s e n s i t iv e  b u t th e re  were 

obv iously  many f a c to r s  t h a t  had to  be c a r e fu l ly  c o n t r o l le d „ The 

a u th o rs  a lso  exp ressed  concern  over th e  r e l a t i v e l y  slow r a t e s  o f th e  

in h ib i t io n  r e a c t io n  and th e  d is c re p a n c ie s  th a t  m ight occur due to  

th e  ra p id  fo rm atio n  o f  hydrogen p e ro x id e .

G u ilb a u lt & Heiserman (1968) d e sc rib e d  a coupled f lu o r im e tr ic  

assay  which u t i l i z e d  the  o x id a tio n  o f h o m o v an illic  a c id  ( X ) by 

hydrogen p e ro z id e  and p e ro x id ase  to  th e  h ig h ly  f lu o r e s c e n t  

2 , 2 ' -d ihyd roxy-3 , 3 '-d im ethoxyb ipheny l-5 , 5 f- d ia c e t i c  a c id  ( XI ) 

( e x c i ta t io n  maximum 31 5 urn, em issio n  maximum 425 nrn) 0

c h 2 c o o h  c h 2 c o o h

C H o C O O H

X XI



A lthough th e  method was claim ed to  be v e ry  s e n s i t iv e ,  no 

e x p la n a tio n  was g iv e n  fo r  th e  co n s id e ra b le  d if fe re n c e  in  

s e n s i t i v i t y  fo r  D-amino ac id  ox idase (1 .2 i . u . l  ) and th e  L-amino 

ac id  ox idase (0 .03  i . u . l  )„
A s im ila r  f lu o r im e tr ic  method was d e sc rib e d  by L ich te n b e rg  & 

W ellner (1968) in  which th e  o x id a tio n  o f  th e  f lu o re s c e n t  compound 

s c o p o le tin  by hydrogen perox ide  r e s u l t e d  in  th e  fo rm atio n  o f  a 

n o n -f lu o re sc e n t p ro d u c t0 The method invo lved  r a i s in g  th e  pH of the. 

r e a c t io n  m ix tu re  to  10 in  o rd e r  to  measure the  f lu o re sc en c e  

(e x c i ta t io n  maximum 395 mn, em issio n  maximum 470 ran) and so r e s u l te d  

in  a f ix e d  tim e assay  r a th e r  th a n  a k in e t ic  a s sa y .

A ll o f th e se  methods in v o lv in g  hydrogen perox ide  have the  
advantage o f  u t i l i z i n g  a l l  amino a c id s  a s  p o te n t ia l  s u b s t r a te s  and 

were claim ed to  be very  s e n s i t iv e ,  b u t th e  f a c t  t h a t  most were f ix e d  

tim e assay s  was a  d isad v an tag e  and th e re  was some doubt as to  th e  

p re c is io n  o b ta in a b le  by th e se  m ethods.

5o O b lig a to ry  p ro d u c t -  ammonia.

The fundam ental p h y s ic a l  c h a r a c t e r i s t i c s  of ammonia, namely 

i t s  s t a b i l i t y  and s o lu b i l i ty ,  and th e  f a c t  t h a t  i t  i s  a p ro d u c t 

common to  th e  o x id a tio n  o f a l l  amino a c id s  made i t  v e ry  s u i ta b le  as 

th e  b a s is  o f many a ssa y  methods, a lth o u g h  imino a c id s  such as  p ro l in e  

do not r e a c t  in  t h i s  m anner. B lanchard  e t  a l  (1944-) used a m ic ro - 

K je ld ah l tech n iq u e  to  m onitor th e  r a t e  o f ammonia fo rm a tio n  b u t t h i s  

was o b v io u sly  a la b o r io u s  method and r e l a t i v e l y  in s e n s i t iv e o  

N agatsu & Yagi (1966) d e sc rib e d  a c o lo r im e tr ic  method u t i l i z i n g  th e  

fo rm atio n  o f  indophenol (absorbance maximum 610 nm ) a r e a c t io n  

d e sc rib ed  i n i t i a l l y  by Lubochinsky & Z a lta  (1954). The enzyme and 

s u b s tr a te  r e a c t io n  m ix ture  was in cu b a ted  f o r  s ix ty  m inu tes and 

a lth o u g h  th e  method was r e l a t i v e l y  s e n s i t iv e  th e  p resence  o f some 

components o f th e  r e a c t io n  m ix tu re  r e s u l te d  in  i n h ib i t i o n  o f  th e  

co lour developmento

The v a lu e  o f the fo rm atio n  o f ammonia became much more 

s ig n i f ic a n t  in  th e  sea rch  fo r  a s u i ta b le  assay  method fo r  th e  amino 

a c id  ox id ases  when the p o te n t i a l  o f th e  g lu tam ate  dehydrogenase system



was r e a l iz e d .  In  the  method developed in  t h i s  t h e s i s ,  the  ammonia 

formed during  th e  o x id a tio n  o f th e  amino ac id  i s  coupled by th e  

enzyme g lu tam ate  dehydrogenase to  the  o x id a tio n  o f  th e  coensyme 

NADH to  NAD+ . The s p e c t r a l  p ro p e r t ie s  o f th ese  coenzymes a re  such 

th a t  the f a l l  in  c o n c e n tra tio n  o f NADH can be m onitored  by th e  f a l l  

in  absorbance a t  340; nm. w ith  no in te r f e r e n c e  from th e  NAD+ which 

i s  s im u ltan eo u sly  form ed. The method d esc rib ed  i s  a k in e t ic  method 

which p e rm its  th e  use o f any p o te n t i a l  s u b s tr a te  o f  th e  amino a c id  

o x idases p rov ided  th a t  one o f th e  p ro d u c ts  i s  ammonia, and u t i l i z e s  

a re c o rd in g  spectrophotom eter- w ith  a th e rm o s ta t ic a l ly  c o n tro l le d ' 

c e l l  h o ld e r . Absorbance changes a t  340 nm a re  m onitored  and th e  r a te  

o f change o f NADH c o n c e n tra tio n  c a lc u la te d  from th e  r a t e  o f change 

o f  absorbance u s in g  : ' th e  m olar absorbance c o e f f ic ie n t
o f NADH.

Amino ac id  o x idase  r e a c t io n :

R CHNH2 COOH +■ 0 2 RCOCOOH + H20 2 + NHg

Glutam ate dehydrogenase re a c t io n :

NH3 + HOOCCH2 CH2 COCOOH + NADH -> HOOCCH2CH2 CH NH2COOH + NAD+

The f lu o r im e tr ic  method a lso  d e sc rib e d  in  t h i s  th e s i s  i s  a

m o d if ic a tio n  of th e  k in e t ic  method in  which th e  e x te n t o f o x id a tio n  

o f NADH i s  measured f lu o r im e t r ic a l ly  a f t e r  the i n i t i a l  r e a c t io n  has 

proceeded f o r  one h o u r. Excess NADH i s  d estro y ed  by th e  a d d i t io n  

o f ac id  and th e  rem ain ing  NAD+ i s  converted  to  a f lu o re s c e n t  

d e r iv a tiv e  ( e x c i ta t io n  maximum 365 nm, em ission  maximum 455 nm) by 

h e a tin g  in  an a lk a l in e  so lu tion ,;- th e  f lu o re s c e n t  d e r iv a t iv e  b e in g  

s ta b i l iz e d  by the  p resence  o f im id a z o le .

Some o f th e  methods review ed a re  l i s t e d  in  T able 3»I 24 which 

a lso  in d ic a te s  the  m ajor f e a tu re s  o f each  m ethod. The k in e t ic  method 

d e sc rib e d  in  t h i s  th e s i s  i s  an ex trem ely  r e l i a b l e ,  p re c is e  and 

te c h n ic a l ly  sim ple method which shows a s e n s i t i v i t y  which i s  b e t t e r  

th a n  m ost. The f lu o r im e tr ic  method which was designed  as a back  up 

method shows an in c re a se  in  s e n s i t i v i t y  ov er th e  k in e t ic  method.



TABLE 3

Comparison o f some methods a v a i la b le  fo r  th e  assay  o f  th e  

amino a c id  o x id a se s .

Author S p e c i f ic i ty Technique S e n s i t iv i ty  
(low est 
m easurable 
a c t i v i t y  in  
i . u .  1“ 1 )

Time
o f
a ssa y
(min)

S u b s tra te
range

B lanchard
( 1944)

D-, L - Manometric 90 V G eneral

C orrigan D- C o lo rim e tric 0 .17 60 R e s tr ic te d
(1963)

Scannone D-. L - T i t r im e t r ic 0 .03 60 G eneral
(1964)

Luppa L- P o la ro g ra p h ic 0 .6 K G eneral
( 1971)

V e rity
( 1967)

L ich ten b e rg
(1968) 

G u ilb a u lt

D- F lu o r im e tr ic 1 .3 - 15 R e s tr ic te d

D-, L - F lu o r im e tr ic 0 .3 15 G eneral

D- L- F lu o r im e tr ic 0 .05 K G eneral
( 1968)

W eissbach
(1960)

L- S p e c tro p h o to -
m e tric

0 .5 K R e s tr ic te d

Dunn
(1963)

D- S p ec tro p h o to 
me t r i e

0 .1 7 30 R e s tr ic te d

Fonda
(1967)

D- S p ec tro p h o to 
me t r i e

138 K R e s tr ic te d

Soda
(1968)

D- S p ec tro p h o to - 
m e tric

5 10 G eneral

W ellner
( 1971)

D-, L- S p ec tro p h o to -
m e tric

30 15 R e s tr ic te d

P re se n t D- L - S p ec tro p h o to - 
m e tric

1 .0 K G eneral

P re se n t D-, L - F lu o r im e tr ic 0 .05 60 G eneral

By u G eneral " i t  i s  im p lied  th a t  th e  method can he used w ith  a l l  
amino a c id s  as s u b s t r a te s  and by M R e s tr ic te d  " i t  i s  im p lied  th a t  
th e  method can only  be used w ith  one o r two amino a c id s  o r amino 
ac id  an a lo g u es .

A v a r ia b le  tim e o f a ssay  i s  in d ic a te d  by y  and k in e t ic  a ssa y s  a re  
in d ic a te d  by K o therw ise  the  tim e o f a ssa y  i s  in d ic a te d .



CHAPTER 1

DEVELOPMENT OF THE ASSAY METHODS

In tro d u c tio n .

The s p e c t r a l  p r o p e r t ie s  o f th e  NAD(p ) coenzymes were f i r s t  

suggested  by Warburg & C h r is t ia n  (1938) as a s u i ta b le  means of 

m onito ring  enzyme re a c t io n s  which involved  th e se  coenzymes. From 

th i s  suggestion . N egele in  & H aas(1935) d e sc rib e d  a method f o r  th e  
d e te rm in a tio n  o f g lu co se -6 -p h o sp h a te  based on th e  in c re a se  in  

absorbance iin  the n e a r u l t r a v i o l e t  due to  the  fo rm ation  of NADH 

d uring  th e  r e a c t io n .  S ubsequently  many coupled assays have beer- 

d e sc rib e d  in  which th e  r e a c t io n  under in v e s t ig a t io n  i s  l in k e d  to  

the  o x id a tio n  o r re d u c tio n  o f  one o f th e se  coenzymes in  an 

in d ic a to r  r e a c t io n .

The enzyme g lu tam ate  dehydrogenase was used by K ir s te n  e t  a l  

(1963) f o r  the  d e te rm in a tio n  o f ammonia by m onito ring  th e  f a l l  in  

absorbance a t  340 nm due to  th e  o x id a tio n  o f  NADH. P rev io u s  

ex p erien ce  in  a p p ly in g  th i s  tech n iq u e  to  o th e r  a ssay s  p ro v id ed  th e  

b a s is  fo r  the developm ent o f th e  p re s e n t a ssay  method f o r  th e  amino 

ac id  o x id ase s , E l l i s  & Goldberg (1970).

In  a tte m p tin g  to  e s ta b l i s h  a coupled a ssay  method f o r  the  

amino ac id  ox id ases  i t  was n ecessa ry  to  e lu c id a te  the o p tim a l 

c o n d itio n s  fo r  each of th e  th re e  enzymes in v o lv ed  and to  a s s e s s  to  

what e x te n t th e  d e fin e d  co n d itio n s  were com patib le  fo r  each o f  th e  

coupled re a c tio n s - . I t  was a lso  n e ce ssa ry  to  e s t a b l i s h  what a c t i v i t y  

o f  g lu tam ate  dehydrogenase was re q u ire d  in  o rd e r  th a t  t h i s  in d ic a to r  

r e a c t io n  would not be r a t e  l im i t in g  under any p o s s ib le  a ssa y  

c o n d it io n s .
Subsequent to  th e  developm ent o f th e  k in e t ic  a ssa y  method i t  

was f e l t  d e s ir a b le  to  develop a more s e n s i t iv e  method fo r  th e  a ssa y  

o f enzyme a c t i v i t i e s  which were near th e  s e n s i t i v i t y  l im i t  o f  th e  

k in e t ic  assay , in  o rd e r to  dem onstrate  th e  p resence o f  very  low 

enzyme a c t i v i t i e s  in  samples which m ight o therw ise  be re p o rte d  as



n e g a tiv e . The f lu o re s c e n t  p ro p e r t ie s  o f  th e  py rim id ine  coenzymes 

had p re v io u s ly  been  used in  q u a n t i ta t iv e  d e te rm in a tio n s  by T h e o re ll  

e t  a l  ( 1954) and th ey  had a ls o  been e x te n s iv e ly  in v e s t ig a te d  by 

Lowry & Passoneau (1972) who had c l a r i f i e d  the  e f f e c t s  o f s o lv e n ts ,

pH and l ig h t  on th e  s t a b i l i t y  o f  the f lu o re s c e n c e . I t  was on th e

b a s is  o f th i s  in fo rm a tio n  th a t  th e  p re s e n t  f lu o r im e tr ic  method was 

developed .

E xperim ental d e t a i l s .
In d ic a to r  enzyme

1. G lutam ate dehydrogenase (EC 1 .4 .1 °3 )»  p 27 • '

T e s t enzymes

2 . D-amino a c id  ox idase  (EC 1o4o3»3)° p 39

3. L-amino a c id  ox idase  (EC 1 .4 .3 » 2 ) .  p 46

Assay methods

4° S pec tro p h o to m etric  method p 50

F lu o r im e tr ic  method p 51

1. G lutam ate dehydrogenase.

T .1 . S t a b i l i t y  o f  the  enzyme.

The enzyme g lu tam ate  dehydrogenase was the  key to  th e  coupled 

assay  and i t  was e s s e n t i a l  f o r  th e  in d ic a to r  r e a c t io n  to  be as 

e f f i c i e n t  as p o s s ib le  in  o rd e r f o r  v a l id  k in e t ic  s tu d ie s  to  be 

u n d e rtak en  on th e  amino ac id  o x id a se s . Di P r is c o  & S tre c k e r  (1966), 

had re p o r te d  th a t  g lu tam ate  dehydrogenase showed i n s t a b i l i t y  a t  

pH 8 .0  in  aqueous s o lu t io n  and th a t  t h i s  evidenced  i t s e l f  as a lo s s  

o f c a t a ly t i c  a c t i v i t y .  As a r e s u l t  o f t h e i r  in v e s t ig a t io n s  th ey  

concluded th a t  the  io n ic  sp e c ie s  p re s e n t in  s o lu t io n  and th e  pH o f  

the  s o lu t io n  a l t e r e d  the p r o te in  s t ru c tu re  o f g lu tam ate  dehydrogenas 

in  such a way as to  have a marked e f f e c t  on th e  c a t a ly t i c  a c t i v i t y  

o f  the  enzyme. In  s tu d y in g  s o lu tio n s  of th e  enzyme a t  pH 7»0, 'E l l i s  

& Goldberg (1970), no ted  th a t  th e re  was a slow p r e c ip i t a t i o n  o f th e  

p ro te in ,  which they  m onitored a t  340 nm. T h e ir in v e s t ig a t io n s  

re v e a le d  th a t  th e  r a t e  o f p r e c ip i t a t io n  in c re a se d  a t  h ig h e r  pH
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v a lu es  and a lso  in  th e  p resence  of NADH and 2 -o x o g lu ta ra te .  They 

a lso  n o tic e d  th a t  NADH i t s e l f  was u n s ta b le  in  ac id  s o lu t io n s  and 

th a t  even a t  pH 7 .5  the  r a t e  of a u to -o x id a tio n  was sm a ll b u t 

s ig n i f ic a n t  „

In  d e v is in g  a method o f a ssay  f o r  the  amino a c id  o x id a se s , i t  

was decided to  study i n i t i a l l y ,  th e  s t a b i l i t y  o f  g lu tam ate  

dehydrogenase in  the  p re sen ce  o f  s u b s tr a te s  which would have to  be 

p re s e n t in  th e  f i n a l  a ssa y  and to  a s s e s s  the i n s t a b i l i t y  o f  th e  

enzyme in  term s of th e  e x te n t o f  p r e c ip i t a t io n ,  c o r r e la t in g  t h i s  

w ith  any sim ultaneous lo s s  o f a c t iv i ty , ,  I t  was a p p re c ia te d  th a t  

tu rb id im e tr ic  methods were more s e n s i t iv e  when r a d ia t io n  from th e  

b lue  re g io n  o f th e  v i s ib l e  spectum was used due to  th e  f a c t  th a t  

s h o r te r  w avelengths show a g re a te r  degree o f s c a t t e r in g  th a n  do the  

lo n g er w avelen g th s . However because a w avelength o f  340 nm would 

show any v a r i a t io n  due to  th e  i n s t a b i l i t y  o f NADH, i t  was decided  

to  m onitor th e  e x te n t o f  p r e c ip i t a t io n  a t  400 nm,where n e i th e r  NAD+ 

no r NADH showed any s ig n i f i c a n t  ab so rb an ce„

Using b a rb ito n e  b u f f e r  a t  pH 8 .0  and in c o rp o ra tin g  NADH and 

2 -o x o g lu ta ra te , the  tu r b id i ty  o f  the  s o lu t io n  was m onito red  a t

400 nm a f t e r  th e  a d d it io n  o f  g lu tam ate  dehydrogenase. An a l iq u o t
3 -

o f 3o0 cm was removed a t  0, 15 and 30 m inutes and th e  c a t a ly t i c

a c t i v i t y  a sse ssed  by the r a t e  of f a l l  in  absorbance a t  340 n m ,a f te r
3

i n i t i a t i n g  the  r e a c t io n  by th e  a d d it io n  o f 0.1 cm o f a s o lu t io n  

c o n ta in in g  10 mmol 1 o f ammonia. The r e s u l t s  showed th a t  th e re  was 

a p a r a l l e l  betw een the  e x te n t o f  p r e c ip i t a t i o n  and th e  lo s s  of 

c a t a ly t i c  a c t i v i t y  and under th e  c o n d itio n s  o f  th e  t e s t  ap p ro x im ate ly  

80$ .of th e  enzymic a c t i v i t y  was lo s t  a f t e r  30 m in u te s ,c o r r e la t in g  

w ith  an in c re a se  in  absorbance o f  0 .34  a t  400 nm. The d a ta  r e p o r te d  

was a mean o f  two o b se rv a tio n s  (Table 4, p 2 9 ).

F ollow ing the conclu sio n s  o f Di P r is c o  & S tre c k e r  (1966) 

reg a rd in g  th e  e f f e c t  o f i o n i c ,s p e c ie s  on the  s t a b i l i t y  o f  g lu tam ate  

dehydrogenase, i t  was decided  to  s tu d y  the e f fe c t iv e n e s s  o f v a rio u s  

b u f fe rs  in  m a in ta in in g  th e  enzyme in  a s ta b le  form . Four b u f f e r s  

were s e le c te d  on the  b a s is  of p re v io u s  work by E l l i s  & G oldberg (1972a) 

b u t b e a r in g  in  mind th a t  pH c o n d itio n s  would p robab ly  be d i f f e r e n t  

in  the f i n a l  assay  from those used by th e se  a u th o rs .  The b u f f e r s



T ab le  4

The effect of p rec ip ita t ion  on the
ac tiv ity  of glutamate dehydrogenase

TIME ABSORBANCE 
400 nm

REACTION RATE 
AE340 nm min"

ACTIVITY
$

0 0 0.43 100

15 0 .1 3 0.26 60

30 0 .34 0 .09 21

PROTOCOL

Reagent C o n cen tra tio n
3

Volume (cm )

B arb itone  b u f f e r  pH8.0

2-o x o g lu ta ra te

NADH

GDH

-1
0.1 mol 1

-1
0 .2  mol 1

-1
2 .0  mmol 1

25.0

2 .0

2 .0

0.2

3
M onitor absorbance a t  400 am. Remove a l iq u o ts  of 3«0 cm 

a t  th e  re q u ire d  tim es and i n i t i a t e  th e  enzymic r e a c t io n  

by th e  a d d itio n  o f

Ammonia
-1

10 mmol 1 0.1

M onitor absorbance a t  340 nm.



se le c te d  were b a rb ito n e  (5, 5 ' - d ie th y l  b a r b i tu r i c  a c id , pKa 7 .9 8 ) , 

tris(hydroxym ethyl)am inom ethane, pKa 8 . 3), T r ic in e  ( N - t r i s (hydroxy-  

m ethy l)m ethy lg lyc ine , pKa 8 .1 5), and g ly c y lg ly c in e  (pKa 8 . 4 ) .
The s t a b i l i t y  o f th e  enzyme was s tu d ie d  in  th e se  b u f fe r s  over 

th e  pH range 7 .0  -  9 .0  u s in g  th e  e x te n t  o f p r e c ip i t a t io n  in  a 30 

m inute p e rio d  as an assessm en t o f i n s t a b i l i t y ,  and ag a in  

in c o rp o ra tin g  b o th  NADH and 2 -o x o g lu ta ra te  in  the  system . I t  was 

dem onstrated  th a t  the  enzyme showed th e  g r e a te s t  i n s t a b i l i t y  a t  

around pH 8 .0  b u t th a t  t h i s  i n s t a b i l i t y  was l e a s t  in  th e  

g ly c y lg ly c in e  and T ric in e  b u f f e r s  (F igu re  1, p 31)•

Di F r is c o  & S tre c k e r  (1966) had a lso  no ted  th a t  th e  enzyme i s  

s ta b i l i z e d  by the  a d d i t io n  of some in o rg a n ic  io n ic  compounds and 

they  found th a t  po tassium  phosphate (10 mmol l ” ) and ammonium 

su lp h a te  (5 .0  mmol 1 ) showed an a p p re c ia b le  e f f e c t .  However th e
__-j

most e f f e c t iv e  s t a b i l i z i n g  ag en t was th e  n u c le o tid e  ADP (0 .5  mmol 1 ) .

E l l i s  & Goldberg ( 1972b) s im i la r ly  confirm ed the  s t a b i l i z i n g  e f f e c t  of

ADP and s ta te d  th a t  th e  c o n c e n tra tio n  o f  th e  s t a b i l i z i n g  agen t

re q u ire d  depended upon the  c o n c e n tra tio n  o f  g lu tam ate  dehydrogenase
-1

in v o lv e d . They dem onstrated  th a t  c o n c e n tra tio n s  of 0 .3  mmol 1 ADP
-1 3and 1 .0  mol 1 NaCl were re q u ire d  to  s t a b i l i z e  0.01 cm o f  th e

B oehringer p re p a ra t io n  o f g lu tam ate  dehydrogenase.
I t  was r e a l i s e d  th a t  th e  n u c le o tid e  FAD m ight be re q u ire d  to

o p tim ise  th e  co n d itio n s  fo r  the  amino ac id  o x id ases  and i t  was decided

to  in v e s t ig a te  th e  p o s s ib le  e f f e c t s  o f th e  f l a v in  n u c le o tid e s  on

g lu tam ate  dehydrogenase and a t  th e  same time a tte m p t to  confirm  th e

f in d in g s  o f E l l i s  and G oldberge The use o f ammonium  s a l t s  in

s t a b i l i z i n g  th e  enzyme, as  suggested  by Di P r is c o  and S tre c k e r , was

obv iously  in a p p ro p r ia te  due to  the  f a c t  th a t  ammonia was the l in k in g

s u b s tr a te  betw een the two coupled r e a c t io n s .

The r e s u l t s  o f th e  in v e s t ig a t io n  confirm ed th a t  the  in c o rp o ra t io n
— 1 —1 /of 0 .3  mmol 1 ADP and 1 .0  mol 1 NaCl in to  a l l  th e  fo u r b u f f e r s

s tu d ie d  showed s t a b i l i z a t i o n  o f th e  g lu tam ate  dehydrogenase by th e

tu rb id o m e tr ic  m ethod. No such s t a b i l i z i n g  e f f e c t s  were shown by th e

f la v in  n u c le o tid e s  a t  th e se  c o n c e n tra t io n s .

1 .2 . Optimum pH o f  th e  enzyme.
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The tu r b i d i ty  due to  th e  p r e c ip i t a t io n  o f th e  enzyme was 
measured a s  the in c re a se  in  absorbance a t  400 nm in  each 
of the  fo u r  b u f fe r s  u s in g - th e  method in d ic a te d  below .

■.------a b a rb ito n e  .
•-— •© T ric in e

a.......a t r i s
□-----a  g ly c y lg ly c in e

P ro to co l

Reagent C o n cen tra tio n  Volume (cm-5)

B uffer
2 -o x o g lu ta ra te
NADH
GDH

0.1 mol l"*1 2 .6  
0 .2  mol 1“ 1 0 .2  
2 .0  mmol 1“̂  0 .2

0.02

Measure absorbance a t 400 nm a f t e r  30 m in u tes .



Although th e  optimum pH fo r  g lu tam ate  dehydrogenase has been  

g e n e ra lly  re p o r te d  to  be pH 8 .0 , Barman . (1969), some w orkers have 

re p o r te d  v a lu e s  o f pH 8 .5 - 8 .6, S tre c k e r , (1955), and pH 7o4, E l l i s  

& G o ld b e rg ,(1972b). The f a c t  th a t  th e re  a re  s e v e ra l  sou rces  o f t h i s  

enzyme e .g .  corn , bovine l i v e r ,  f ro g  l i v e r ,  and human serum, 

to g e th e r  w ith  the  f a c t  t h a t  d i f f e r e n t  b u f fe rs  were used by th e se  

w orkers, may have caused th e  ap p aren t d is c re p a n c ie s .  In  th e  l i g h t  

o f  th e se  s ta tem e n ts  i t  was decided  to  c l a r i f y  th e  optimum pH in  th e  

two most s u i ta b le  b u f f e r s .

A s e r i e s  o f s o lu t io n s  c o n ta in in g  0.1 mol 1 of th e  s e le c te d  

b u f f e r s ,  g ly c y lg ly c in e  and T r ic in e . were p rep a red  and th e  pH v a lu es  
a d ju s te d  by the a d d i t io n  o f 1 .0  mol 1 NaOH to  give a range of 

v a lu es  from pH 7*0 to  pH 9»0. The a c t i v i t y  o f  0.01 cm of g lu tam ate  

dehydrogenase was measured in  each  b u f fe r  by m o n ito rin g  th e  

o x id a tio n  o f  NADH a f t e r  i n i t i a t i n g  th e  r e a c t io n  by th e  a d d i t io n  

o f ammonia as in d ic a te d  e a r l i e r  (p 2 8 . ) .  The r e s u l t s  confirm ed an 

optimum pH o f  8 .0  and dem onstrated  g re a te r  a c t i v i t y  in  th e  

g ly c y lg ly c in e  b u f f e r  th an  in  th e  T r ic in e  b u f f e r .  (F igure  2., p33)o

1 . 3 . A c tiv a t io n  o f th e  enzyme.

There was co n sid e ra b le  ev idence th a t '  ADF, as w e ll as hav ing  a 

s t a b i l i s i n g  e f f e c t  o f g lu tam ate  dehydrogenase, a lso  had an 

a c t iv a t in g  e f f e c t ,  E l l i s  & Goldberg (1970). These a u th o rs  a lso  

re p o r te d  an a c t iv a t in g  e f f e c t  o f adenosine and AMP, a lth o u g h  th e  

e f fe c t iv e n e s s  o f th e se  compounds was c o n s id e ra b ly  l e s s  th a n  th a t  o f 

ADP. The same a u th o rs  (1972b) dem onstrated  th a t  L - le u c in e  a lso  had 

an a c t iv a t in g  e f f e c t  a lthough  in  the  p re s e n t  study th e  use of t h i s  

compound was o b v iously  in a p p ro p r ia te .  Evidence th a t  th e  a c t i v a t in g  

e f f e c t  o f n u c le o tid e s  on some enzymes could be c o m p e titiv e ly  

in h ib i te d  by o th e r  n u c le o tid e s , (Fonda & A nderson, 1 968). su g gested  

th a t  th e  e f f e c t  o f ADP should a ls o  be a sse sse d  in  the  p resence  o f th e  

f l a v in  n u c le o t id e s .

The experim en ta l r e s u l t s  (Table 5« P 54•) confirm ed the  

a c t iv a t in g  e f f e c t  o f ADP and dem onstrated  th a t ,  in  th e  absence of ADP, 

th e  n u c le o tid e  FMN was in h ib i to r y  to  g lu tam ate  dehydrogenase 

e s p e c ia l ly  in  g ly c y lg ly c in e  and T r ic in e .  However in  the  p re sen ce
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The a c t i v i t y  o f g lu tam ate  dehydrogenase was m easured as  the 
r a t e  of f a l l  in  absorbance a t  340 nm in .tw o  b u f f e r  s o lu tio n s  
u s in g  the  method in d ic a te d  below .

□..........□ T r ic in e  o--------•  g ly c y lg ly c in e

PROTOCOL

Reagent C o n cen tra tio n
z

Volume (cm )

B u ffe r 0.1 mol l " 1 
0 .2  mol 1 
2 .0  mmol 1 “

2 o5
2 -o x o g lu ta ra te 0 .2
NADH 0.2
GDH 0o01

M onitor absorbance 
by the  a d d itio n  of

a t  340 nm and i n i t i a t e th e  r e a c t io n

Ammonia 10 mmol 1 ^ 0 .2



Table 5

Effect of various co-enzymes on

the activ ity  of glutamate dehydrogenase

R ate o f r e a c t io n  ( AE 340 nm min“ 1)
B uffer pH 8c0 Co enzyme.

Hone ADP FMM PAD ADP4FAD ADP^FMN-

B arb itone 0.10 0.44 0.14 0.20 0 .37 0.38
T r is 0.10 0.42 0.06 0.06 0.35 0 .40

T ric in e 0.34 0.68 0 .20 0.38 0.43 0.66

G lycy lg lyc ine 0.26 0.66 0.08 0.24 0.43 0.66

PROTOCOL

R eagent C o n cen tra tio n Volume(cm )

B uffer
-1

0.1 mol 1 , 
0 .2  mol 1 , 
2 .0  mmol 1

2 .4
2 -o x o g lu ta ra te 0 .2
HADH 0 .2
GDH

1 0 .0  mmol I""'
0.01

Coenzyme 0.1

M onitor the  absorbanc 
by th e  a d d it io n  o f

e a t  340 nm and i n i t i a t e  th e  r e a c t io n

Ammonia
-1

10.0 mmol 1 0.1



-1
o f 0 .5  mmol 1 ADP i t  showed no in h ib i to r y  e f f e c t  on th e  

a c t i v i t y  o f  the  enzyme. The o th e r  f l a v in  n u c le o tid e  s tu d ie d , PAD, 

showed no in h ib i to r y  e f f e c t  b u t i t  d id  reduce th e  a c t iv a t in g  

in f lu e n c e  o f ADP to  some e x te n t .  I t  was shown th a t  the  a c t i v a t in g  

e f f e c t  o f ADP was p ro g re s s iv e  as th e  c o n c e n tra tio n  o f ADP was
- 1r a is e d  g iv in g  a maximum e f f e c t  a t  a c o n c e n tra tio n  o f  about 0 .5  mmol 1 

(Table 6, p 56 ).

1 .4 .  E f f e c t  o f NADH c o n c e n tra t io n o

As in d ic a te d  e a r l i e r ,  E l l i s  & G oldberg, (19T0) had n o tic e d  

th a t  the  p resence  o f  NADH in c re a se d  the  i n s t a b i l i t y  o f  g lu tam ate  

dehydrogenase, w h ils t  Y ie ld in g  e t  a l . (1964) s ta te d  t h a t  NADH showed 

s u b s t r a te  in h ib i t i o n  a t  c o n c e n tra tio n s  above 0 .4  mmol 1 . In

c o n s id e rin g  t h i s  r e p o r t  i t  was c a lc u la te d  th a t  the s ta t e d  c o n c e n tra tio n  

o f  NADH would g ive an  absorbance a t  540 nm o f  app ro x im ate ly  2 .4  and 

i t  was f e l t  th a t  a t  t h i s  h igh  v a lu e , th e  B eer-Lam bert r e la t io n s h ip  

m ight n o t ho ld  t r u e .

A s e r ie s  o f d i lu t io n s  o f  NADH were p rep ared  c o n ta in in g  from
- 1  - 1  0 .0 5  mmol 1 to  0 .75  mmol 1 and th e  absorbance o f  each s o lu t io n

a t  540 nm was m easured. A p lo t  o f  th e  d a ta  (F igure 5« p 3 7 .)

re v e a le d  th a t  the  l in e a r  r e la t io n s h ip  betw een c o n c e n tra tio n  and

absorbance a t  540 nm was o n ly  e x p e r im en ta lly  v a l id  up to  an

absorbance v a lu e  o f 1 .5 o r a  c o n c e n tra tio n  o f  NADH o f  ap p ro x im a te ly
0.2.4 mmol 1  ̂ .

A s tu d y  o f  the  e f f e c t  of NADH c o n c e n tra tio n  on th e  r a t e  o f 

change o f  absorbance a t  540 nm r e s u l t in g  from th e  p re sen ce  o f a 

f ix e d  amount o f g lu tam ate  dehydrogenase dem onstrated  an  a p p a ren t
•j

i n h ib i t i o n  above a c o n c e n tra tio n  o f NADH o f  0.1 5 mmol 1 (F igure  4 ,p58)»

In  o rd e r to  compensate fo r  th e  i n v a l id i t y  o f th e  Beer-Lam bert

r e la t io n s h ip  a t  h igh  c o n c e n tra tio n s  o f  NADH, the  change in  NADH

c o n c e n tra tio n  d u rin g  th e  f i r s t  m inute o f  the  r e a c t io n  was c a lc u la te d
- 1  - 1and expressed  in  mmol 1 min and used as a m easure o f r e a c t io n  

r a t e .  This was done by c o n v e rtin g  th e  zero  tim e and one m inute 

absorbance v a lu e s  in to  term s of NADH c o n c e n tra tio n  u s in g  th e  NADH 

c a l ib r a t io n  curve and c a lc u la t in g  th e  d if fe re n c e  betw een th e  two v a lu e s .



Table 6

Effect of ADP on the activity of

glutamate dehydrogenase

P in a l  C o n cen tra tio n  

ADP ( mmo1 1 ^ )

R ate o f r e a c t io n  

( a E 340 nm min' 1)

0 0.04
0.001 0 .05
0.005 0o03
0.01 0.04
0.05 0 .07
0 .1 0 0o09
0 .2 5 0 .10

0 .50 0.11

0.75 0.12

1 .00 0.12
5.00 0.12

PROTOCOL

R eagent C o n cen tra tio n Volume (cm^)

G lycy lg lyc ine  D uffer 0.1 mol 1~| 
0 o 2 mo 1 1 
2 .0  mmol 1”

2o4
2 -o x o g lu ta ra te 0 .2
NADH 0.2
GDH 0o01
Coenzyme 0,1

M onitor absorbance a t  
by the  a d d i t io n  o f

340 nm and i n i t i a t e th e  r e a c t io n

.Ammonia
-1

10 o 0 mmol 1 0.1
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C o n c e n t r a t i o n  of NADH ( m m o l  I ' l )

C o n cen tra tio n  o f NADH 
( mmol 1 )

Absorbance 
340 nm

0„05 0.26
0 .10 0 .4 8
0.20 1 .02
0.30 1 .52
0 .40 1 .93
0 .50 2.25
0.75 2.47
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An ap p aren t in h ib i to r y  e f f e c t  o f  h ig h  c o n c e n tra tio n s  o f  
NADH was dem onstrated  when th e  observed  r a t e  o f  r e a c t io n
was u se d . ( A E ^ q ^  min”  ̂ • .............® ). This e f f e c t  was
no t dem onstrated  when th e  r a t e  o f r e a c t io n  was 
c a lc u la te d .  ( A NADH mmol min” ^E-----

PROTOCOL

Reagent C o n cen tra tio n Volume (crn^)

G lycy lg ly c in e  pH 8 .3
-1

0o1 mol 1 
0 .2  mol l " 1 
15*0 mmol 1

2 .4
2 -o x o g lu ta ra te 0 .2
ADP 0.1
NADH 0.2
GDH 0.01

M onitor absorbance a t  
by th e  a d d it io n  o f

340 nm and i n i t i a t e th e  r e a c t io n

Ammonia 10.0 mmol 1 0o1



These d a ta  were used in s te a d  o f th e  r a t e  of change in  absorbance and 

th e  r e s u l t in g  graph (F igure  4 . p 3 8 .) showed no in h ib i t i o n  e f f e c t  

b u t th e  re a c t io n  showed maximum v e lo c i ty  a t  c o n c e n tra tio n s  o f NADH
_ A

above 0 .13  mmol 1 ' .
The r e s u l t s  of ‘th e  in v e s t ig a t io n s  d e sc rib e d  above a re  summarised 

below .

GLUTAMATE DEHYDROGENASE.

A summary o f op tim al a ssay  c o n d itio n s  and in h ib i to r s .

C h a r a c te r is t ic Reagent C o n ce n tra tio n

Optimum pH 

Optimum b u ffe r  

S ta b i l i z e r

A c tiv a to r

I n h ib i to r

8 .0

g ly c y lg ly c in e

ADP

Sodium c h lo rid e

ADP

FMN

0..1 mol 1
-1

0 .3  mmol 1

1 .0 mol 1  ̂
-1

0 .5  mmol 1
-1

0 .3  mmol, 1

2 . D-amino ac id  oxidase.

2 .1 .  Optimum pH o f  the enzyme.

The main commercial source of the enzyme D-amino a c id  ox idase  

i s  from hog kidney and t h i s  has been f a i r l y  e x te n s iv e ly  s tu d ie d  u s in g  

a v a r i e ty  o f  methods which a re  d e sc rib e d  in  th e  In tro d u c tio n  to  t h i s  

t h e s i s .

B urton (l9 5 5 )> in  rev iew ing  th e  p ro p e r t ie s  of the  enzyme, 
d e sc rib ed  th e  manometric method of a ssay  and quoted the optimum pH 

as 8 .8 , w h ils t  Brumby e t  a l .  (1967) a f t e r  q u o tin g  the  optimum pH as

8 .5  made the  comment th a t  the  a c tu a l  va lue  v a r ie d  w ith  th e  io n ic  

com position o f the  b u f f e r  and w ith  th e  amino a c id  used as th e  

s u b s t r a te .  Both of th e se  au th o rs  used  D -alan ine as the  a ssay  

s u b s tra te  and Dixon & Kleppe (1965b) s ta te d  th a t  the  enzyme showed



g r e a te s t  a c t i v i t y  w ith  D -alan ine  as  th e  s u b s t r a te  and th a t

D-m ethionine was a lso  o x id ise d  very  r a p id ly .

I t  was decided  th e re fo re  to  use D -a lan in e  in  th e  i n i t i a l

s tu d ie s  o f D-amino ac id  ox idase  and in  o rd e r  to  c l a r i f y  the e f f e c t

of pH on hog k idney  D-amino a c id  ox id ase , th e  a c t i v i t y  o f th e  enzyme

was s tu d ie d  in  g ly c y lg ly c in e  and T r ic in e  b u f f e r s  u s in g  the

gaso m etric  method (Method 1 . p117 ) .  The pH v a lu es  o f a s e r ie s  o f
-1

s o lu t io n s  o f th e  b u f f e r s  each c o n ta in in g  0.1 mol 1 were a d ju s te d ,

by th e  a d d it io n  o f 0.1 mol 1 sodium hydroxide, to  g iv e s  v a lu e s  over

th e  range pH 7 .0  to  10.0 and the  r a te  o f  oxygen up take by a f ix e d
-1

amount o f the  enzyme in  th e  p resence  o f  3 .3  g 1 D L-alanine was 

m onito red  over a t h i r t y ‘m inute pe rio d  u s in g  a G ilson  D i f f e r e n t i a l  

R esp iro m ete r. The enzyme showed an optimum pH in  b o th  b u f fe rs  

pH 8 .3 ,  w ith  th e  a c t i v i t y  in  th e  g ly c y lg ly c in e  b u f f e r  b e in g  s l i g h t l y  

g r e a te r  than  in  th e  T r ic in e  b u f f e r .  (F igu re  5 P 41)• Using th e  same 

method, the  a c t i v i t y  o f th e  enzyme a t  pH 8„3 was s tu d ie d  in  a l l  th e  

fo u r b u f fe r s  r e f e r r e d  to  on page 30. The a c t i v i t y  in  

g ly c y lg ly c in e  was ag a in  dem onstrated  to  be m a rg in a lly  g re a te r  th a n  

in  T r ic in e  b u t the . enzyme a c t i v i t y  in  b o th  b u f f e rs  was s u b s ta n t i a l ly  

g r e a te r  than  th a t  in  e i th e r  b a rb ito n e  or T r is  b u f f e r s  (Table 7 . p 4 2 ).

2 .2 .  E f fe c t  of coenzymes.

As in d ic a te d  e a r l i e r ,  th e  fu n c tio n  o f  FAD as a p r o s th e t ic  group

had been e lu c id a te d  as e a r ly  as 1938 and Dixon & Kleppe (1965a)

dem onstrated  th a t  th e re  was spontaneous d is s o c ia t io n  o f the  D-amino

a c id  oxidase holoenzyme in to  the  apoenzyme and FAD, the  r a t e  o f  th e

d is s o c ia t io n  b e in g  in c re a se d  as the  degree o f d i l u t i o n  in c re a s e d .

Fonda & Anderson (1968) s tu d ie d  the  b in d in g  o f FAD by th e  apoenzyme

o f D-amino a c id  oxidase and no ted  th a t  v a r io u s  adenosine n u c le o t id e s ,

n o tab ly  ADP and AMP co m p e titiv e ly  in h ib i te d  the enzyme w ith  r e s p e c t

to  FAD. They re p o rte d  th a t  in h ib i t io n  by PMN on ly  occured as a

r e s u l t  o f p h o to a c t iv a tio n  o f  the  f l a v in  d e r iv a t iv e  and was p re v e n ted

by the  p resence  o f FAD.

The d is s o c ia t io n  o f  th e  FAD and th e  apoenzyme was confirm ed by
_1

d ia ly z in g  a s o lu t io n  o f the  enzyme in  0.1 mol 1 phosphate  b u f f e r ,

(pH 7-0 ) a g a in s t  th e  b u ffe r  fo r  24 hours a f t e r  which th e  a c t i v i t y  o f
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Optimum pH of D-amino acid oxidase
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The a c t i v i t y  o f  D-amino a c id  ox idase  in  two b u f f e r  s o lu tio n s  
was measured as  th e  r a t e  o f oxygen up take  in  p.1 min”*1 u s in g  
th e  method in d ic a te d  below .

T ” T T ric in e  ® * g ly c y lg l” c in e. v ---------- v o ........... O 5 J "

PROTOCOL

Compartment Reagent C o n cen tra tio n Volume (cm )

Main v e s s e l B u ffe r
C a ta la se  p rep n .

0.1 mol 1“ 1 2 .3
0 .3

Enzyme sample -1 0 .2
Side arm D L-alanine 50 g 1 

100 g l " 1
0 .2

W ell Sodium hydroxide 0 .2

M onitor oxygen up take fo r  30 m in u tes .



Activity of D-amino acid oxidase 

in various buffers

B u ffe r 
pH 8 .5

Rate of oxygen uptake 
( p i  min” ^ )

B arb itone 0.11

T ris 0.11

T ric in e 0 .1 5

G lycy lg lyc ine . 0 .16

PROTOCOL

Compartment Reagent C o n cen tra tio n  Volume (cm^)

Main v e s s e l  B u ffe r pH 8 .3  0.1 mol 1"^ 2 .3
C a ta la se  p repn . 0 .3
Enzyme sample 0 .2

Side arm D L-alanine 50 g 1“  ̂ 0 .2
Well Sodium hydroxide 100 g 1""”* 0 .2

M onitor oxygen up take fo r  30 m in u te s .



the  p re p a ra t io n  was on ly  app rox im ate ly  AO/o o f  the u n d ia ly zed  sam ple.
- 1A d d itio n  of 0„3 mmol 1 FAD in c re a se d  th e  a c t i v i t y  o f t h i s  d ia ly s i s

re s id u e  to  more th a n  tw ice th a t  o f  th e  o r ig in a l  p re p a ra t io n .

(Table 8 . p 4 4 ). T his d ia ly se d  p re p a ra t io n  was su b seq u en tly  used to

a sse s s  th e  e x te n t o f  a c t iv a t io n  by FAD and th e  e f f e c t  o f  ADP and FMN

on the  a c t i v i t y  o f  th e  enzyme»

A s e r i e s  o f experim ents were s e t  up as f o r  g lu tam ate

dehydrogenase in  which v a rio u s  n u c le o tid e s  were in c o rp o ra te d  in  the
_ ■ ]

assay  in  c o n c e n tra tio n s  o f 0 .3  mmol 1 . (Table 8 . p 4 4 ). The

r e s u l t s  confirm ed the a c t iv a t io n  o f  th e  enzyme by FAD b u t fa iled*  to

dem onstrate  any s ig n i f ic a n t  v a r i a t io n  in  .the  r e a c t io n  r a t e  in  the
_1

presence  o f  F ffl. The p resence  of 0 .3  mmol 1 ADP caused a s ig n i f ic a n t  

degree o f in h ib i t i o n  which was com pletely  re v e rse d  by the p resen ce  o f 
a s im ila r  c o n c e n tra tio n  o f  FAD.

In  o rd e r  to  a s s e s s  th e  o p tim a l c o n c e n tra tio n  o f  FAD fo r  th e  

d e fin e d  a ssay  method, a  s e r i e s  o f d i lu t io n s  o f th e  coenzyme were 

p rep a red  and in tro d u ce d  in to  th e  g aso m etric  enzyme a s s a y . These 

experim ents were a lso  re p e a te d  u sijig  th e  same c o n c e n tra tio n s  o f FAD 

b u t in c o rp o ra tin g  0 .5  mmol 1 ADP in to  th e  assay  as w e l l .

(Table 9* P 45)- The enzyme showed maximal a c t i v i t y  in  a
- 3  _1

c o n c e n tra tio n  o f  FAD o f  about 3«0 x 10 mmol 1 and a lth o u g h  th e

p resen ce  of ADP reduced th e  a c t i v a t in g  in f lu e n c e  of FAD a t  the  low er

c o n c e n tra tio n s , no re d u c tio n  in  a c t i v i t y  was dem onstrated  a t
-3  -1c o n c e n tra tio n s  of FAD above 6 .0  x 10 mmol 1 . A f i n a l  a ssay

_2 -1c o n c e n tra tio n  o f 1 .0  x 10 mmol 1 FAD was s e le c te d , t h i s

c o n c e n tra tio n  e f f e c t iv e ly  e lim in a te d  the  in h ib i to r y  e f f e c t s  of 
- 1

0 .5  mmol 1 ADP on D-amino a c id  ox idase and y e t was s t i l l  v e ry  much 

le s s  th an  th a t  c o n c e n tra tio n  o f  FAD re q u ire d  to  cause any p o s s ib le  

i n h ib i t i o n  o f  g lu tam ate  dehydrogenase.

The r e s u l t s  o f th e  in v e s t ig a t io n s  d e sc rib e d  above a re  

summarised on page 46.



Table 8

Effect of various coenzymes on the 

activity of D-amino acid oxidase

Coenzyme
None PAD FMN ADP FAD/ADP FMN/ADP

u n -
d ia ly s e d

sample

Rate o f 

oxygen uptake 

Til mm

0.11 O06O 0 .18  0 .02  0.61 OdO 0 .2 9

PROTOCOL

Compartment Reagent C o n cen tra tio n Volume (cm^)

Main v e s s e l G ly cy lg ly c in e  pH 8 .3  
C a ta la se  p re p .

0.1 mol 1 ^ 2o 1
0 .3

Enzyme sample -1
10 mmol. 1 
50 g l " 1

0.2
Coenzyme 0.2

S ide  arm D L-alanine 0 .2
Well Sodium hydroxide 100 g 1~1 0.2

M onitor oxygen uptake fo r  30 m inutes



Effect of FAD and ADP on the 

activ ity  of D-amino acid oxidase

C o n cen tra tio n o f PAD ( mmol 1~1 )

-4x10 * x10 5 x10~2

0 3 .0  6 .0 3 .0  6 .0 3 .0  6 .0

R ate o f oxygen uptake 

( p i  min“ ^) 0 .10 0 .16  0.36 0o50 0 .4 8 0 .52  0 .52

Rate o f  oxygen up take 

in  the  p resen ce  o f 

0 .5  mmol I - "* ADP 

( jil min )

0 .03 0o08 0 .30 0o49 0 .4 9 0 .52  0»51

PROTOCOL
Compartment Reagent C o n cen tra tio n  Volume (cm^)

Main v e s s e l  G ly cy lg ly c in e  pH 8»3 0.1 mol 1 2.1
C ata la se  p re p . 0 .3
Enzyme sample 0 o2
Coenzyme _1 0 .2

Side arm D L-alanine 50 g 1 0 .2
Well Sodium hydroxide 100 g 1 0 .2

M onitor oxygen up take  fo r  30 m in u te s0



D-AMINO ACID OXIDASE.

A summary o f  op tim al a ssay  c o n d itio n s  and in h i b i t o r s .

C h a r a c te r is t ic Reagent C o n cen tra tio n s

Optimum pH 

Optimum b u f fe r
8 .3
g ly c y lg ly c in e 0.1 mol 1~1 

-1Oo01mmol 1
-1

0o3 mmol 1

A c tiv a to r FAD

I n h ib i to r ADP

3« L-amino ac id  o x id a se .

3»1. Optimum pH o f  the  enzyme.

I t  has a lre a d y  been m entioned in  the  c o n tex t o f a p p a re n tly  

c o n f l ic t in g  review s (p 12 .) th a t  th e re  a re  two main so u rces  of 

L-amino a c id  ox idase , namely snake venom and r a t  l iv e r  o r k idney , and 

th a t  even th e  enzymes is o la te d  from the  venom o f  d i f f e r e n t  snakes 

show some c a ta ly t i c  d i f f e r e n c e s .  V alues quoted fo r  th e  optimum pH 

v a r ie d  from pH 7 .0  to  pH 10.0 a lth o u g h  ag a in  t h i s  was f u r th e r  

com plicated  by the  use o f  d i f f e r e n t  b u f fe r  system s. L - le u c in e  has 

been c o n s is te n t ly  used as  the  s u b s t r a te ,  R a tn er (1955a), and a lth o u g h  

a degree o f  su b s tra te -  in h ib i t io n  has been re p o r te d , i t  was decided  

i n i t i a l l y  to  use L - le u c in e  as th e  s d b s tr a te  fo r  the p re s e n t  s tudy  

of L-amino ac id  o x id a se .

Using th e  v o lu m etric  measurement o f oxygen up take  (Method 1 p ^ 7 ) ,  

th e  e f f e c t  o f pH on the  a c t i v i t y  o f  com m ercially a v a ila b le  L-amino 

a c id  oxidase from snake venom was s tu d ie d  in  g ly c y lg ly c in e  and T r ic in e  

b u f f e r s ,  i n i t i a l l y  over th e  pH range 6 .0  -  9 .0  and su b seq u en tly  over 

the  range 7°0 -  8 .0  (F igure  6. p 4 7 ). The enzyme p re p a ra t io n  showed 

maximal a c t i v i t y  a t  pH 7 .5  and as w ith  th e  D-amino ac id  o x id ase  the  

a c t i v i t y  in  g ly c y lg ly c in e  b u f f e r  was m a rg in a lly  s u p e r io r  to  t h a t  in  

T r ic in e .  Comparison of th e  e f f e c t iv e n e s s  of a l l  fo u r  b u f f e r s  a t  pH

7 .5  dem onstrated  ag a in  th e  m arg inal s u p e r io r i ty  o f  g ly c y lg ly c in e  

a lth o u g h  the  enzyme a c t i v i t y  in  a l l  fo u r  b u ffe rs  was v e ry  s im i la r  

(Table 10. p 4 8 ).
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The a c t i v i t y  o f L—amino a c id  o x idase  in  two b u f f e r  s o lu t io n s  
was m easured as th e  r a t e  of oxygen uptake in  u l  min” 1 u s in g  
the  method in d ic a te d  below .

 v  T r ic in e  g ly c y lg ly c in e

PROTOCOL

Compartment Reagent C o n cen tra tio n  Volume (cnZ)

Main v e s s e l  B uffer 0.1 mol I -1 2 .3
C a ta la se  p re p . 0 .3
Enzyme sample 0 .2

S ide arm L -leu c in e  20 g 1~ 0 .2
Well Sodium hydroxide 100 g 1”  ̂ 0 .2

M onitor oxygen uptake fo r  30 m in u te s .



Table 10

A ctiv i ty  of L- amino acid 

oxidase in various buffers

B u ffe r 
pH 7 .5

Rate o f oxygen uptake 
( p i  m in” ^)

B arb itone 0.23

T ris 0 .24

T ric in e 0.24

G lycy lg ly c in e 0.26

PROTOCOL

Compartment Reagent C o n cen tra tio n Volume (cm3)

Main v e s s e l B u ffe r pH 7«5- 0.1 mol 1“ 1 
C a ta la se  p rep n .
Enzyme sample
L -leu c in e  20 g 1“̂

2 .3
0 .3
0 .2

Side arm 0 .2
W ell Sodium hydroxide 100 g 0o2

M onitor oxygen up take  fo r  30 m in u tes .



3 .2 .  E f fe c t of coenzymes.

No au th o r has su g g ested  th a t  any coenzyme showed an in h ib i to r y  

e f f e c t  on th e  L-amino a c id  o x idases b u t i t  has been re p o r te d  by 

R atner ( 1955a), th a t  th e  p ro s th e t ic  group fo r  th e  snake venom enzyme 

was PAD w h ils t  th a t  fo r  the  r a t  t i s s u e s  enzyme was FMN. W ellner 

(1971)>had re p o r te d  th a t  the  PAD p r o s th e t ic  group fo r  snake venom 

L-amino a c id  ox idase was ve ry  t i g h t l y  bound to  the  apoenzyme and 

suggested  th a t  in  any a ssa y  method th e re  was no need fo r  a d d i t io n a l  

coenzyme to  be in c lu d e d .

For the  p re s e n t  s tudy  i t  was n e ce ssa ry  to  a s s e s s  th e  req u irem en ts  

o f the' enzyme fo r  a d d i t io n a l  coenzymes and a lso  to  confirm  the  

re p o r te d  la ck  o f in h ib i t io n  by o th e r n u c le o t id e s .  To t h i s  end a 

sample o f the enzyme was d is so lv e d  in  0.1 mol 1 phosphate  b u f f e r  

pH 7 .0  and d ia ly se d  a g a in s t  the  b u f f e r  f o r  48 h o u rs . A lthough th e  

a c t i v i t y  o f th e  p re p a ra t io n  f e l l  d u rin g  d ia ly s i s  by ap p rox im ate ly  

40$, p o s s ib ly  due to  d e n a tu ra t io n  o f th e  enzyme, no in c re a s e  in  

a c t i v i t y  could be su b seq u en tly  dem onstrated  by the  a d d i t io n  o f e i t h e r  

PAD o r FMN, nor d id  the  p re sen ce  of ADP reduce th e  a c t i v i t y  o f  th e  

enzyme p re p a ra tio n ,,

The r e s u l t s  o f th e  in v e s t ig a t io n s  d e sc r ib e d  above a re  

summarised below .

L-AMINO ACID OXIDASE 

A summary o f op tim al assay  c o n d itio n s  and in h i b i t o r s .

C h a r a c te r is t ic Reagent C o n ce n tra tio n

Optimum pH 

Optimum b u f fe r  

A c tiv a to r  

I n h ib i to r

7 .5
g ly c y lg ly c in e

none

L -leu  cine

0.1 mol l “ 1 

-1
3 .0  mmol 1



4 . S pec tro p h o to m etric  a s s a y .

4.1 . C o n cen tra tio n  o f 2 -o x o g lu ta ra te .

I t  was n ecessa ry , hav ing  e lu c id a te d  th e  optim al c o n d itio n s  f o r

each o f the enzymes, to  decide on the  c o n d itio n s  fo r  th e  coupled

a ssa y . The n ecessa ry  s u b s t r a te s  fo r  each o f th e  two a ssay  methods

were e v id e n t from an exam ination  o f th e  b a s ic  eq u a tio n s  f o r  the

re a c t io n s  (E quation  1 & 2, p 7 & 12). Both assay  methods re q u ire d

2 -o x o g lu ta ra te  and NADH as s u b s t r a te s  f o r  th e  in d ic a to r  r e a c t io n '

th e  oxygen re q u ire d  fo r  the t e s t  r e a c t io n  was a v a ila b le  as d is so lv e d

oxygen in  the  s o lu t io n s .

The re p o r te d  Km v a lu e  fo r  2 -o x o g lu ta ra te  was 0 .7  mmol 1
—1Barman (l969)^and  f i n a l  c o n c e n tra tio n s  of 13-3 mmol 1 had been  

used p re v io u s ly , E l l i s  & Goldberg (1970). The c o n c e n tra tio n  o f  NADH 

used would depend upon th e  maximum absorbance which was capab le  of 

b e in g  a c c u ra te ly  measured (p 35) .

4 .2 .  E f fe c t o f coenzymes.

I t  was ev id en t from th e  s tu d ie s  on the  a c t iv a t io n  and

in h ib i t io n  o f  the  th r e e  enzymes th a t  th e re  would be some in h ib i t i o n

e f f e c t  in  th e  coupled assay , namely ADP a c t iv a t in g  g lu tam ate

hydrogenase b u t in h ib i t i n g  D-amino ac id  oxidase. However th e  ev idence
- 1  •was th a t  a t  the  c o n c e n tra tio n  s e le c te d ,  namely 0 .5  mmol 1 , and in

the  p resence  o f PAD th e  in h ib i to r y  e f f e c t  would be n e g l ig ib le  

(Table 9° p 45)•

4 .3 .  Assay pH.

There was some d i f f i c u l t y  over the  s e le c t io n  o f th e  pH a t  which 

the  a ssay s  would be perform ed. In  o rd e r  to  g a in  maximum s e n s i t i v i t y ,  

i t  was d e s ira b le  to  s e le c t  th e  optimum pH o f  the  a p p ro p r ia te  amino 

ac id  ox idase  as the working pH b u t ,a s  n e i th e r  o f th e se  v a lu e s  were 

the most a p p ro p ria te  f o r  the  g lu tam ate  dehydrogenase, the  e f f e c t

would be to  suppress the a c t i v i t y  o f  th a t  enzyme. Prom th e  s tu d ie s  on

the e f f e c t  of pH on g lu tam ate  dehydrogenase, d e sc rib e d  e a r l i e r



(F igure  2 . p 33°), i t  was c a lc u la te d  th a t  a t  pH 7 .5 ,g lu tam ate  

dehydrogenase showed app rox im ate ly  91$  o f maximal a c t i v i t y ,  w h ils t  

a t  pH 8 .3  i t  showed approx im ate ly  85$ o f  maximal a c t i v i t y .

4 .4 .  Amount o f g lu tam ate  dehydrogenase.

In  o rd e r  th a t  th e  in d ic a to r  r e a c t io n  should no t be r a te  

l im i t in g ,  i t  was decided th a t  th e  amount o f  g lu tam ate  dehydrogenase 

th a t  would p erm it a 100 fo ld  in c re a s e  in  r e a c t io n  r a t e  over th a t  

a c tu a l ly  expected , should be u se d . On th e  b a s is  o f p re v io u s  

ex p erien ce  w ith  k in e t ic  a ssay s  u t i l i z i n g  th e  o x id a tio n  o f  NADH, i t  

was f e l t  th a t  a r a t e  o f r e a c t io n  comparable w ith  a f a l l  in  absorbance 

o f  0.1 p e r  m inute could be reg ard ed  as  an a b so lu te  maximum, E l l i s  &

Goldberg (1970) o This r e a c t io n  r a te  would equate w ith  th e  fo rm atio n
-1 3o f  0 .5  x 10 micromole of ammonia in  one m inute in  th e  3*0 cm o f

th e  a ssay  and on t h i s  b a s is  th e  coupled a ssa y  would r e q u ire  a

minimum o f  5 u n i t s  o f  g lu tam ate  dehydrogenase p e r  3 .0  cm o f r e a c t io n

m ix tu re . The volume o f  g lu tam ate  dehydrogenase su b seq u en tly  used  in
3

the  a ssa y  was 0 .05  cm which, acco rd in g  to  th e  s p e c i f ic a t io n s  o f th e  

p re p a ra t io n  c o n ta in ed  60 u n i t s  o f a c t i v i t y ,  was more th a n  enough 

even a llo w in g  fo r  th e  e f f e c t  o f pH on th e  a c t i v i t y  o f  th e  enzyme.

4«5« Amino ac id  s u b s t r a te s .

In  s ta n d a rd iz in g  th e  a ssay  methods, i t  was e s s e n t i a l  to  know th e

c o n c e n tra tio n  o f the  amino a c id  s u b s tr a te  n ecessa ry  to  g ive ze ro  o rd e r

k in e t ic s  and in  o rd e r  to  a s s e s s  th i s  v a l u e , i t  was n ecessa ry  to

determ ine th e  M ich ae lis  c o n s ta n t (Km) fo r  each enzyme u s in g  th e

s u b s tr a te  in d ic a te d .  A s e r i e s  o f d i lu t io n s  o f D -a lan in e  and L -le u c in e
-1

c o n ta in in g  .5 -  200 mmol 1 were p rep a red  from s to c k  s o lu tio n s  o f

each  amino a c id  which, when in co rp o ra ted  in to  th e  a ssa y , gave f i n a l
—1 —  1c o n c e n tra tio n s  from 0.16 mmol 1 to  6.66 mmol 1 . U sing Method 2

(p 119), the  r a t e  o f r e a c t io n  produced by a f ix e d  amount o f the  
a p p ro p ria te  enzyme in  th e  presence  o f these  c o n c e n tra tio n s  o f  s u b s t r a te ,  

was measured in  term s o f absorbance change a t  340 nm (F igure  7 P 5 2 ).

U sing the s t a t i s t i c a l  method in d ic a te d  (Method 3* p 1 2 l) , the Km 

value fo r  D-amino a c id  oxidase  was c a lc u la te d  to  be 3*3 mmol 1
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Effect of substrate concentration on the
activ ity of the  amino acid oxidases.
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Table 11

Effect of substrate concentration on 

the activity of the amino acid oxidases

F in a l  C o n cen tra tio n  

o f  s u b s tr a te  

( mmol l - ^ )

Rate o f  r e a c t io n  ( A E nin)

• D-amino ac id  

ox idase  

( D -a lan ine  )

L-amino a c id  

o x idase  

( L - le u c in e  )

0 .16 0.004 . 0 o017

0 .33 O0OO8 0o030

O066 0.014 0.045
1 .00 0.020 0.052

1 .66 0.030 0.056

2 .50 0.039 0.057

3o33 0.046 O0O56

6.66 0o058 0.041

M e t h o d M i c h a e l i s  C o n s t a n t  (mmol  I"*)

Graph ica l

S t a t i s t i c a l

3 -3

3 * 3 - 042 .

0 - 7

o . 6 ±o - ik



(Table 11. p 53)* B urton  (1955)? and R atner (1 955b), quoted va lu es
- 1between 2 - 9  mmol 1 .

For the  L-amino a c id  ox idase , however, th e  r e s u l t s  in d ic a te d

a s ig n i f ic a n t  degree o f s u b s tr a te  in h ib i t i o n  a t  c o n c e n tra tio n s  of
- 1L -leu c in e  above 3*0 mmol 1 , th e  in h ib i t i o n  becoming p ro g re s s iv ly

g r e a te r  as th e  c o n c e n tra tio n  in c re a s e d . (F igure 7 . p 52). These

r e s u l t s  were n o t com pletely  unexpected as  R atner (1955a), had s ta te d

t h a t  c o n c e n tra tio n s  o f L - le u c in e  above 10 mmol 1 were in h ib i to r y .

She a lso  no ted  th a t  ammonium ions in h ib i te d  a t  th e  same c o n c e n tra tio n .

The n o n - in h ib ite d  p o r t io n  o f  th e  Linew eaver -  Burke p lo t  wa's

used to  c a lc u la te  th e  M ichaelis  c o n sta n t and i t  gave a v a lu e  o f  0 .6  
—  1

mmol 1 (Table 11. p 53)- R atn er (1955a), had quoted a va lu e  o f  

about 1 .0  mmol 1 w h ils t  Rakano & Danowski (1971) gave a v a lu e  o f  

1 .3 mmol 1 .
- 1A c o n c e n tra tio n  o f  D -alan ine o f  0 .5  mol 1 was chosen fo r  the  

working s u b s t r a te  fo r  th e  D-amino a c id  ox idase  a ssay  which, when 

used  as d e sc rib e d  in  (Method 2 . p119), gave a f i n a l  a ssay  c o n c e n tra tio n  

o f  17 mmol 1 . This c o n c e n tra tio n  was app rox im ate ly  f iv e  tim es

g re a te r  th a n  th e  Km v a lu e  fo r  th e  s u b s t r a te  and p e rm itte d  84$ o f  th e  

t h e o r e t i c a l  maximum v e lo c i ty .  In  s e le c t in g  a s u i ta b le  c o n c e n tra tio n  

o f  L -leu c in e  fo r  the  L-amino ac id  o x id ase  a ssay , n o t on ly  was th e  

in h ib i to r y  n a tu re  o f  L - le u c in e  to  be considered  b u t a lso  th e  f a c t
- 1  •

th a t  i t  showed only  a l im ite d  s o l u b i l i t y  o f  app rox im ate ly  0 .2  mol 1 ,

Weast (1967)» As in h ib i t i o n  on ly  became e v id en t a t  c o n c e n tra tio n s  in
- 1

excess o f 3-0 mmol 1 i t  was decided  to  use a working s o lu t io n
- 1

c o n ta in in g  0.1 mol 1 which, as w e ll as b e in g  w ith in  th e  s o l u b i l i t y  

range o f  L - le u c in e , a ls o  provided  as a ssay  c o n c e n tra tio n  o f  3*3 mmol 1 

and th e o r e t i c a l ly  p e rm itte d  85$ maximum v e lo c i ty .

4 . 6 . Assay p ro ced u re .

A ty p ic a l  t ra c e  o f  an a ssay  o f e i th e r  D-amino a c id  o x id ase  or 

L-amino a c id  oxidase by th e  method d esc rib ed  i s  shown in  F ig u re  8 

(p 55)« On a d d itio n  o f  th e  sample to  the  r e a c t io n  m ix tu re  from which 

the  s u b s tr a te  had been  om itted , th e re  w as.a  ra p id  f a l l  in  absorbance 

a t  340 nm due to  th e  o x id a tio n  o f  RADH by ammonia p re s e n t  in  th e  sam ple 

The absorbance e i th e r  s ta b i l i z e d  o r  con tinued  to  f a l l  a t  a c o n s ta n t
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SP1800 sp ec tro p h o to m ete r. The arrow s in d ic a te  th e  tim e o f  
a d d it io n  o f sample and s u b s t r a te .



r a t e  depending upon th e  e x te n t  o f endogenous ammonia fo rm atio n  by 

th e  sam ple. T h is  re p re se n te d  the b la n k  re a c t io n  which was measured 

and su b seq u en tly  su b tra c te d  from th e  t e s t  r e a c t io n  r a t e .  The 

a p p ro p r ia te  s u b s t r a te  was th en  added to  i n i t i a t e  th e  r e a c t io n  and 

a f t e r  a la g  p e r io d ,d u r in g  which the  r e a c t io n  r a t e  in c re a se d  to  a 

maximum, th e  r a t e  o f r e a c t io n  he ld  c o n s ta n t u n t i l  th e  c o n c e n tra tio n  

o f NADH f e l l  to  a le v e l  a t  which i t  became r a te  l im i t in g .  The 

r e a c t io n  r a t e  d u rin g  t h i s  l in e a r  p a r t  o f the  r e a c t io n  was m easured 

a t  340 nm in  term s o f absorbance change p e r m inute and the  enzyme 

a c t i v i t y  o f  th e  sample was c a lc u la te d  in  I n te r n a t io n a l  U n its  p e r  

l i t r e  o f sam ple. (Hethod 4 . p122).

T his c a lc u la t io n  assumed th a t  th e  o n ly  r a t e  l im i t in g  f a c to r

in  th e  assay  was th e  a c t i v i t y  o f th e  t e s t  enzyme b u t i t  was

a p p re c ia te d  th a t  th e re  were o th e r  f a c to r s  which could become r a t e

l im i t in g  under c e r t a in  c o n d it io n s . A lthough s te p s  had been  tak en

to  m a in ta in  h igh  c o n c e n tra tio n s  o f s u b s t r a te s  and in d ic a to r  enzyme

in  o rd e r  to  e lim in a te  or m inim ise th e se  e f f e c t s ,  n e v e r th e le s s  the

c o n c e n tra tio n  o f  NADH p a r t i c u la r ly  had to  be he ld  r e l a t i v e l y  low

because o f i t s  h ig h  absorbtion a t  340 nm. I t  was f e l t  n ece ssa ry

th e re fo re  to  t e s t  th e  v a l id i t y  o f  the  e q u a tio n  over a wide range

o f  enzyme a c t i v i t i e s  and in  o rd e r  to  do t h i s , a  s e r ie s  o f  d i lu t io n s

o f sam ples w ith  h ig h  c o n c e n tra tio n s  o f  each amino ac id  ox idase

were assayed  in  th e  normal way and the  m easured r a te  o f  r e a c t io n

p lo t te d  a g a in s t  th e  pe rcen tag e  c o n c e n tra tio n  o f  th e  enzyme in  th e

sample (F igure 9o p 5 7 ). The r e s u l t s  in d ic a te d  th a t  th e  l in e a r

r e la t io n s h ip  betw een the  r a t e  of r e a c t io n  and enzyme c o n c e n tra tio n

h e ld  t ru e  f o r  b o th  assays only  up to  an enzyme a c t i v i t y  o f about

150 i . u .  1 ( a n  absorbance change a t  340 nm o f 0 .06 u n i t s  p e r

m in u te ) . Enzyme a c t i v i t i e s  beyond t h i s  l e v e l  r e s u l te d  in  an

in c re a s in g  d e v ia t io n  from th e  l in e a r  r e la t io n s h ip ,  p a r t i c u l a r ly  f o r

the  L-amino ac id  ox id ase  a s sa y . Using t h i s  method i t  was p o s s ib le

to  d e te c t  a c t i v i t i e s  as low as 2 .4  u n i t s  1 w ithou t d i f f i c u l t y ;

t h i s  b e in g  e q u iv a le n t to  an absorbance change o f 0.001 u n i t s  p e r

m inute, and w ith  c a re  i t  was p o s s ib le  to  d e te c t  a c t i v i t i e s  as low as 
- 1

1 . 0  i o U o  1

The p r e c is io n  o f  each  method was a sse ssed  by perfo rm ing  te n  

r e p l ic a te  a ssay s  on sam ples w ith  mean a c t i v i t i e s  of app rox im ate ly
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Analytical range of the coupled assay
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Enzyme  ac t i v i t y  ( I.U. I i t r e ' 1)

R e la tio n sh ip  o f enzyme c o n c e n tra tio n  fo r  D-amino ac id
oxidase ( o  o ) and L-amino a c id  ox idase  ( v v )
w ith  the  r a t e  of r e a c t io n  and showing l i n e a r i t y  up to  
an enzyme a c t i v i t y  o f approx im ate ly  150 i . u .  1“ 1 .



-120,100, and 250 i . u .  1 . The r e s u l t s  in d ic a te d  th a t  th e  o v e r a l l

p re c is io n  was very  good p a r t i c u l a r ly  f o r  a c t i v i t i e s  o f about 100 

i . u .  1 g iv in g  c o e f f ic ie n t s  of v a r i a t io n  betw een 1 ,2% and 0 .2 ^  

(Table 12. p 59 ). P r e c is io n  was le s s  a t  the  two extrem es o f th e  

a c t i v i t y  range bu t was s t i l l  very  s a t i s f a c to r y .

4 •7 ° S u b s tra te  s p e c i f i c i t y  o f th e  enzymes.

I t  was n e ce ssa ry  to  in v e s t ig a te  th e  s p e c i f i c i t y  o f the  two 

amino ac id  o x id ases  in  o rd e r  to  confirm  th e  s e le c t io n  o f  D -a lan ine  

and L -leu c in e  as  th e  a ssay  s u b s t r a te s ,  and a lso  to  compare the  

r e s u l t s  o b ta in ed  u s in g  th e  p re se n t a ssa y  method w ith  p re v io u s ly  

p u b lish ed  d a ta .  S o lu tio n s  of ch ro m ato g rap h ica lly  pure D- and 

L -s te re o iso m ers  of some amino a c id s  w ere p repared  a t  th e  same

c o n c e n tra tio n s  as those used  in  th e  a ssa y s  in v o lv in g  D -alan ine  and
- 1  - 1L -le u c in e , namely 0 .5  mol 1 and 0.1 mol 1 r e s p e c t iv e ly .

However when th e  s o l u b i l i t y  o f  an amino a c id  would n o t pe rm it th e se  

c o n c e n tra tio n s , a s o lu t io n  o f lower c o n c e n tra tio n  was p repared  and 

an a p p ro p r ia te  volume, c a lc u la te d  to  g ive  the f i n a l  c o n c e n tra tio n  

o f  amino a c id  req u ired ,w as  used in  th e  a ssa y .

Both amino a c id  o x idases were te s te d  w ith  a l l  th e  chosen amino 

a c id s  o f  bo th  c o n f ig u ra tio n s  and th e  a c t i v i t y  o f  the  enzyme shown 

w ith  each  amino a c id  was ex p ressed  as a p e rcen tag e  o f  t h a t  g iven  

w ith  th e  normal s u b s t r a te  fo r  th e  enzyme (T able 15» P 6 0 ) . A fo u r 

c e l l  au tochanger system  was used in  the  sp ec tro p h o to m ete r and the  

f i r s t  c e l l  always con ta ined  the  normal s u b s t r a te  fo r  the  enzyme. 

A lthough u l t im a te ly  n e i th e r  amino ac id  o x idase  showed any r e a c t io n  

w ith  amino a c id s  o f th e  o p p o site  c o n f ig u ra tio n  to  th a t  s p e c i f ie d  

fo r  th e  enzym e,there was i n i t i a l l y  one ap p a ren t ex ce p tio n  in  th a t  

bo th  enzymes showed an a p p re c ia b le  a c t i v i t y  w ith  both  th e  D- and 

L - isom ers o f a s p a r t i c  a c id .  T his was su b seq u en tly  proved to  be an 

a r t i f a c t  and was tra c e d  to  co n tam ination  o f  each sample of a s p a r t i c  

a c id  w ith  ammonia. T his co n tam in atio n  could be dem onstrated  most 

e a s i ly  by the a d d i t io n  of the  s u b s tr a te  to  th e  assay  re a g e n t in  th e  

absence o f  the amino ac id  o x id a se .



Table 12

Precision of assay methods

A c tiv i ty  ( I .U . I " 1)

Mean SD CV

S pec tro p h o to m etric  method

28 1 .0 3»6

93 0 .2 0 .2

234 0 .8 0o3

343 4.1 1 .2

F lu o r im e tr ic  method

1 .1 0.1 16.3'
12.8 1 .3 10.4

These r e s u l t s  a re  based  on te n  r e p l ic a te  a ssa y s  a t  each  
a c t i v i t y  under th e  c o n d itio n s  o f th e  s tan d a rd  a s s a y . The 
d a ta  i s  ex p ressed  as I n te r n a t io n a l  U n its  p e r l i t r e .



T a b le  13

Specificity of the amino acid 

oxidases

Amino ac id L-amino ac id D-amino a c id  oxidase

oxidase 

snake venom hog k idney

Human

L iv e r Kidney

A lanine 0 100 100 100

A rginine 1 1 0 0

A sp a rtic  ac id 0 30 30- 34

C ystine 40 0 0 0

Glutamic a c id 0 0 0 0

G lycine 0 0 0 0

H is tid in e 10 0 24 24
Is o - le u c in e 30 80 46 49
Leucine 100 60 22 19
L ysine 0 0 0 0

M ethionine 110 100 40 41

P h en y la lan in e 60 70 38 39

S erin e 0 1 27 28

Threonine 0 0 0 0

Tryptophan 80 0 0 0

Tyro sine 65 80 73 76
V aline 0 50 34 33

Data fo r  s p e c if ic  D- and L- isom ers o f th e  amino a c id s  above 
a re  the mean o f th re e  o b se rv a tio n s  and a re  g iv en  as a p e rc e n t
age of the  a c t i v i t y  o f  th e  enzyme w ith  e i th e r  D -alanine o r 
L -leu c in e  and in  the  same f in a l  c o n c e n tra tio n .



5. F lu o r im e tr ie  method.

5.1 . F lu o re sc e n t p r o p e r t ie s  o f MAD.

I t  was decided  to  use th e  f lu o re s c e n t  p ro p e r t ie s  o f  the

n ico tin am id e  coenzymes as the  b a s is  o f a back-up a ssay  method fo r

two main re a so n s . A method had been d e sc r ib e d  by Lowry & Passonneau,

(1972), fo r  th e  q u a n t i ta t io n  o f  NAD+ based on i t s  f lu o r e s c e n t

p r o p e r t ie s  in  a lk a l in e  s o lu t io n  and i t  was f e l t  th a t  t h i s  method

could be m odified  to  p rov ide  an assay  method fo r  th e  amino a c id  ‘

o x id a se s . A nother reaso n  was th a t  a f lu o r im e tr ic  a ssay  method,

a lth o u g h  u n s u ita b le  fo r  k in e t ic  s tu d ie s  o f amino a c id  ox idase  a c t i v i t y ,

re p u te d ly  o f fe re d  g re a te r  s e n s i t i v i t y  th a n  a b so rp tio m e tr ic  m ethods.

A s tu d y  of the  f lu o re s c e n t  p ro p e r t ie s  o f NAD+ in  a lk a l in e

s o lu t io n  u s in g  a re c o rd in g  s p e c tro f lu o r im e te r  confirm ed an  e x c i t a t io n

maximum a t  565 nm and an em ission  maximum a t  455 nm (F igure  10. p 6 2 ).

The pH c o n d itio n s  n e ce ssa ry  fo r  the  d e s t r u c t io n  o f  NADH and th e

developm ent o f  maximum flu o re sc e n c e  from NAD+ were re p u te d ly  c r i t i c a l .

Lowry & Passonneau s ta te d  th a t  99$ o f  NADH was d e s tro y ed  in  j u s t  over

1 m inute a t  pH2 a t  25°C, and th a t  fo r  maximum flu o re sc e n c e  from NAD+,

a pH o f  10.5 had to  be ach ie v e d . They suggested  a f i n a l  c o n c e n tra tio n

o f  6 mol 1 sodium hydroxide as  b e in g  th e  most s u i ta b le  means o f

a ch ie v in g  the  l a t t e r .

In  th e  developm ent o f a method fo r  maximum s e n s i t i v i t y ,  i t  was

obv iously  d e s ira b le  to  minimise any d i lu t io n  f a c to r s  and th e re fo re

any re a g e n ts  used to  modify pH c o n d itio n s  had to  be as  c o n ce n tra te d

as p o s s ib le .  Using th e  same a ssa y  b u f f e r  system , namely 0.1 mol 1

g ly c y lg ly c in e  pH 8 . 5, i t  was d isco v e red  th a t  th e  a d d i t io n  o f  a  te n th

o f  i t s  volume o f  2 .0  mol 1 HC1 reduced th e  pH to  1 .4 and
- 1

su b seq u en tly  the  a d d i t io n  o f  two volumes o f 10 mol 1 sodium

hydroxide, as w ell as  g iv in g  a f i n a l  c o n c e n tra tio n  o f  app ro x im ate ly  
- 1

6 .5  mol 1 , r e s u l te d  in  a s o lu t io n  o f  pH 11 . 5 .

5»2. S t a b i l i t y  o f NAD+ f lu o re s c e n c e .

One o f the  d i f f i c u l t i e s  w ith  the  flu o re sc en c e  o f  NAD in  a lk a l in e  

s o lu t io n  was th a t  th e  in te n s i ty  o f  f lu o re sc e n c e  d im in ished  on
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exposure to  n a tu ra l  l i g h t  and s p e c i f i c a l ly  to  u l t r a v i o l e t  r a d ia t io n ,

a f a c t  no ted  by Lowry and Passoneau  in  t h e i r  o r ig in a l  work. However,

Lowry & C a r te r  (l 974-)$ s ta te d  th a t  t h i s  f lu o re sc en c e  was s t a b i l i z e d
- 1

by the  p re sen ce  o f  10 mmol 1 im idazo le  in  th e  sodium hydroxide 

s o lu t io n .
This s ta tem e n t was in v e s t ig a te d  by p re p a rin g  th re e  s o lu t io n s ,  

each  in  d u p l ic a te ,  o f NAD+ o f v a ry in g  c o n c e n tra tio n  and p roducing  

th e  f lu o re s c e n t  d e r iv a tiv e  in  (a) sodium hydroxide s o lu t io n  o n ly ,
_-j

and (b) in  sodium hydroxide s o lu t io n  c o n ta in in g  10 mmol 1 im id a z o le . 

A fte r  h e a tin g  a t  56° C f o r  15 m inutes an  a l iq u o t o f  each  sample was 

exposed to  b r ig h t  su n lig h t w h ils t  th e  rem ainder was kep t in  th e  d a rk .

The in te n s i ty  o f f lu o re sc en c e  o f each a l iq u o t  was measured i n i t i a l l y ,  

and a f t e r  30 m in u te s ,a g a in s t  a re fe re n c e  s o lu t io n  which was a ls o  kep t 

in  th e  d a rk . The in te n s i ty  o f  f lu o re sc e n c e  o f th o se  sam ples in  

sodium hydroxide alone f e l l  on average by 3 over  th e  30 m inute 

p e r io d  w h ils t  no o th e r  sample showed any s ig n i f ic a n t  v a r ia t io n  

(Table 14. P 64) .

+
5 .3 . E f fe c t o f NAD c o n c e n tra tio n .

The f lu o r im e tr ic  method u t i l i z e d  th e  same r e a c t io n  m ix tu re  as

th e  k in e t ic  method and th e re fo re  th e  maximum c o n c e n tra tio n  o f  NAD+
- 1

g en era ted  would be 0.1 5 mmol 1 , due to  the  o x id a tio n  o f  a l l  th e
NADH in c o rp o ra te d  in  th e  a ssay  r e a g e n t .  The r e la t io n s h ip  betw een

+
th e  in te n s i ty  o f  f lu o re sc en c e  and th e  c o n c e n tra tio n  o f NAD up to

t h i s  maximum c o n c e n tra tio n  was s tu d ie d  by p re p a r in g  a range of
— 1 +d i lu t io n s  o f  a s to ck  s o lu t io n  o f  0.1 5 mmol 1 NAD . The
3

flu o re sc en c e  was developed by h e a tin g  1 .0  cm o f th e se  s o lu t io n s
3 - 1  -1w ith  2 .0  cm 10 mol 1 sodium hydrox ide c o n ta in in g  10 mmol 1

im idazole a t  56°C fo r  15 m inutes and th e  in t e n s i t y  o f  f lu o re sc e n c e

was measured as  a p e rcen tag e  o f th a t  produced by th e  h ig h e s t

c o n c e n tra tio n  o f  NAD+ . The r e s u l t s  in d ic a te d  th a t  over t h i s

c o n c e n tra tio n  range th e re  was a l i n e a r  r e la t io n s h ip  betw een

c o n c e n tra tio n  o f  NAD+ and the  p e rcen tag e  flu o re sc en c e  (F igu re  11. p 65) .
At the  same tim e a d u p lic a te  s e t  o f s o lu t io n s  was s e t  up to  which 

3 -10.1 cm 0 .15  mmol 1 NADH had been  added. P r io r  to  th e  a d d i t io n
3 -1o f  the sodium hydroxide, 0.1 cm 2 .0  mol 1 HC1 was added and the



Table 14

Photosensitivity of NAD+ fluorescence

NAD+ 
C o n cen tra tio n  
, ( mmol 1” "* )

I n te n s i ty  o f f lu o re sc e n c e  ( % )

W ithout im idazole  

S u n lig h t Dark

With

S u n lig h t

im idazole

Dark

0.015 64 100 99 99

0.010 42 65 66 66

0.005-~ 19 31 32 33

Each sample was p rep ared  in  d u p lic a te  by h e a tin g  
1 .0  cnr o f th e  NAD+ s o lu t io n  a t  56°C fo r  15 m inu tes 
w ith  e i t h e r  2 .0  cm  ̂ NaOH s o lu tio n  ( 10 mol 1” ^) 
o r 2 .0  cnr NaOH s o lu t io n  c o n ta in in g  10 mmol 1 
im id azo le . The r e s u l t i n g  flu o re sc en c e  was m easured 
a f t e r  a llo w in g  the m ix tu res  to  s tan d  f o r  50 m inutes 
in  e i th e r  the  dark  or b r ig h t  s u n l ig h t .
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Fluorescence of NAD+ solutions
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m ix tu re  allow ed to  s tan d  fo r  15 m in u tes . The r e s u l t s  showed no 

d if f e r e n c e  from th e  unm odified s o lu tio n s  and in d ic a te d  th a t  th e  

NADH was e f f e c t iv e ly  d e stro y ed  under the  s p e c if ie d  c o n d itio n s .

5 . 4 . R ate of NAD+ fo rm atio n .

I t  was e v id e n t from an exam ination  o f  the  p lo t  o f  th e  k in e t i c

method of assay  (F igure  8 . p 5 5 -)» th a t th e  o x id a tio n  o f  NADH showed

a l in e a r  r e la t io n s h ip  w ith  re s p e c t  to  tim e, from about the th i r d

m inute onwards and con tinued  fo r  a v a r ia b le  p e rio d  of tim e depending

upon th e  a v a i l a b i l i t y  o f  NADH, and th e  c o n c e n tra tio n  o f the  enzyme

in  th e  sam ple. In  o rd e r to  a s s e s s  the e f f e c t iv e  range o f  th e  f ix e d

tim e assay  i t  was n ecessa ry  to  d e fin e  more c le a r ly  th e  p e rio d  o f

tim e f o r  which the  l in e a r  r e la t io n s h ip  h e ld  t r u e .  To t h i s  end th re e

sam ples o f D-amino ac id  o x id ase  were p rep a red , th e  a c t i v i t y  o f each

was measured by th e  k in e t ic  method and c a lc u la te d  to  be 15*0, 8 . 0  
-1

and 4 .8  i . u .  1 . An a ssay  was s e t  up fo r  each enzyme p re p a ra t io n

as  in d ic a te d  in  (Method 2 p 119) b u t u s in g  volumes 10 tim es g r e a te r
3

th a n  s p e c if ie d ,a n d  d u p lic a te  1 .0  cm a l iq u o ts  were tak en  a f t e r  5 
m inu tes and su b seq u en tly  a t  5 m inute i n t e r v a l s  up to  65 m in u te s .

The f lu o re sc en c e  produced by the  NAD+ in  each o f th e se  a l iq u o ts  was 

m easured u s in g  th e  d e sc rib e d  tech n iq u e , (Method & p l° b

o f the  in te n s i ty  o f  f lu o re sc en c e  a g a in s t  r e a c t io n  tim e (F igure 12. p67) 

in d ic a te d  th a t  fo r  e n z y m e 'a c t iv i t ie s  of 8 o0 i . u .  1 and le s s ,  th e  

r a t e  o f  fo rm atio n  o f  NAD+ was l in e a r  f o r  in  excess o f 60 m inu tes, 

w h ils t  fo r  enzyme a c t i v i t i e s  o f 15 i . u ,  1 the  r e a c t io n  d e v ia te d  

from l i n e a r i t y  a f t e r  about 40 m in u tes .

The i n i t i a l  d e c is io n  to  ta k e  samples a t  5 and 65 m inu tes  was 

based  upon th e  o b s e rv a tio n  th a t  th e  r e a c t io n  r a t e  was n o t l in e a r  

u n t i l  about the  th i r d  m inu te . W hils t t h i s  was c e r ta in ly  t ru e  f o r  

h igh  c o n c e n tra tio n s  o f enzyme i t  was f e l t  t h a t  a t  low a c t i v i t i e s  t h i s  

might be le s s  of a problem . To c l a r i f y  t h i s  s i tu a t io n  th e  r a t e  of 

fo rm ation  o f  NAD+ over th e  f i r s t  te n  m inutes o f th e  r e a c t io n  was

m onitored in  the same way, u s in g  two enzyme p re p a ra t io n s  w ith
- 1  - 1a c t i v i t i e s  of 15 i . u .  1 and 1 .8  i . u .  1 . A lthough th e  c o n c e n tra tio n

+
o f NAD produced was v e ry  low, i t  was p o s s ib le  to  dem o n stra te  t h a t  f o r  

low a c t i v i t i e s  o f enzyme th e re  was no n o tic e a b le  d e v ia t io n  from
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The ra te  o f fo rm atio n  o f  NAD+ in  th e  coupled a ssa y  was 
m easured u s in g  th e  f lu o r im e tr ic  method and th re e  d i f f e r e n t  
a c t i v i t i e s  o f D-amino a c id ^ o x id a se . 1 .0  cm  ̂ a l iq u o ts  were
h ea ted  a t  56°C w ith  2 .0  cnP volumes o f 10 mol 1”  ̂ NaOH 
which co n ta in ed  10 mmol 1“  ̂ im id azo le . The f lu o re sc en c e  
o f each sample was measured a t  455 nm ( e x c i t a t io n  365 nm) 
a f t e r  h e a tin g  fo r  15 m in u te s .



l i n e a r i t y  du rin g  th e  f i r s t  few m inu tes, w h ils t  fo r  th e  h ig h e r 

a c t i v i t y  th e  d e v ia t io n  was only  s l i g h t  (F igure  13* P 69)« I t  was on 

t h i s  ev idence  th a t  th e  sam pling tim es were s e t  a t  0 and 60’ m inutes 

as in d ic a te d  in  Method 5 (pl23) .

5.5* . Assay p ro ced u re .

In  o rd e r  to  a sse ss  th e  e f f e c t iv e  range o f th e  method, a s e r ie s

o f d i lu t io n s  of p re p a ra t io n s  of b o th  D-amino a c id  ox idase  and L-amino
- 1a c id  o x idase  o f app rox im ate ly  18 i . u .  1 were p rep ared  and assayed  

by both  the  k in e t ic  and f lu o r im e tr ic  methods (Methods 2 & 5, p119&123)* 

The r e s u l t s  in d ic a te d  th a t  th e  e f f e c t iv e  range fo r  the  f lu o r im e tr ic  

method was up to  an a c t i v i t y  o f  app rox im ate ly  10 i . u .  1 and the

r e s u l t s  by b o th  methods f o r  enzyme a c t i v i t i e s  up to  t h i s  v a lu e  were

very  comparable (F igure  14. p 7 0 ).

S tu d ie s  on th e  p re c is io n  o f  the  method over th e  range of enzyme

a c t i v i t y  ind ica ted ,sh o w ed  th a t  te n  r e p l i c a t e  sam ples w ith  a mean
- 1  - 1a c t i v i t y  o f  12.8 i . u .  1 gave a s tan d a rd  d e v ia t io n  o f  1 .34  i . u .  1

and a c o e f f ic ie n t  o f v a r i a t io n  o f 10.4^, w h ils t  sam ples w ith  a mean
- 1  - 1a c t i v i t y  o f  1.1 i o U „  1 gave a s tan d a rd  d e v ia t io n  o f 0 .18  i . u .  1

and a c o e f f ic ie n t  o f v a r i a t io n  o f 16 .3^ . (Table 12. p 5 9 ). The lo w est 

a c t i v i t y  th a t  could  be d e te c te d  was 0 .05  i . u .  1 w hich can be
-1

compared w ith  th e  k in e t ic  method which could d e te c t  to  1 .0  i- .u . 1

6• D iscu ssio n .

The s e n s i t i v i t y  o f  an a ssay  method i s  o n ly  o f s ig n if ic a n c e  

when compared to  th a t  o f  o th e r  a ssay  methods and i s  b a s ic a l ly  

determ ined by the  physicochem ical c h a r a c t e r i s t i c s  o f the  compound 

be ing  m easured. The im e r e n t  s e n s i t i v i t y  o f  a method can, however, 

be reduced  i f  care  i s  n o t e x e rc ise d  in  the  cho ice  of a ssay  

co n d itio n s  and in s tru m e n ta tio n .

The degree o f s e n s i t i v i t y  re q u ire d  in  an a n a ly t i c a l  method i s  

r e la te d  to  th e  a n a ly t ic a l  use o f the method, th e  p r io r  knowledge o f 

th e  expected  enzyme a c t i v i t i e s  in  th e  t e s t  sam ples, and what o rd e r  o f 

v a r ia t io n  c o n s t i tu te s  a s ig n i f ic a n t  change. In  th e  p re se n t s tu d y  v e ry
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The r a te  o f  NAD+ fo rm ation  d u rin g  the  f i r s t  te n  m in u tes  
o f th e  coupled a ssay  was measured u s in g  th e  f lu o r im e tr ic  
method and two d i f f e r e n t  a c t i v i t i e s  o f D-amino a c id  
o x id a se .
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R e la tio n sh ip  o f enzyme c o n c e n tra tio n  w ith  th e  r a t e  o f  \ 
r e a c t io n  u s in g  th e  f lu o r im e tr ic  method and j
th e  sp ec tro p h o to m etric  method ( E----------a) w ith  a
maximum enzyme a c t i v i t y  o f 18 i . u .  .



l i t t l e  in fo rm a tio n  was a v a i la b le  on th e se  l a t t e r  p o in ts  and so th e  

use o f  a very  s e n s i t iv e  method in  a tte m p tin g  to  d e f in e  th ese  l im i t s  
was e s s e n t i a l .

A part from th e  c l a r i f i c a t i o n  o f  optimum pH, a c t iv a to r s  and 

in h ib i to r s ,  the  cho ice  of a p a r t i c u l a r  amino ac id  s u b s t r a te  would 

seem to  be o f s ig n if ic a n c e  in  amino a c id  ox id ase  a s s a y s . A 

com parison o f th e  a c t i v i t i e s  o f  th e  enzymes w ith  d i f f e r e n t  amino a c id s  

(Table P 6 0 .), confirm ed the  v a l id i t y  o f  th e  i n i t i a l  s e le c t io n  o f  

D -alan ine  and L -leu c in e  as b e in g  th e  most s u i ta b le  s u b s t r a te s  f o r  th e  

D-amino a c id  o x idase  and th e  L-amino ac id  ox idase  a ssay  methods 

re s p e c t iv e ly .  The use  of L -m eth ionine in s te a d  of L - le u c in e  would 

have g iv en  an in c re a s e  o f approx im ate ly  10$ in  the  r a t e  o f  r e a c t io n  

w ith  th e  L-amino a c id  o x id a se . A part from th e  s e le c t io n  o f  a t o t a l l y  

u n s u ita b le  s u b s tr a te  the  use o f  any o th e r  amino ac id  th a n  L - leu c in e  

would have only  r e s u l te d  in  a re d u c tio n  in  th e  r e a c t io n  r a t e  o f  

approx im ate ly  50$. The s e n s i t i v i t y  could v a ry  th e re fo re  by a f a c to r  

o f  2 depending upon th e  s e le c t io n  o f the amino ac id  s u b s t r a t e .

In  c o n s id e rin g  th e  e f f e c t s  o f in s tru m e n ta tio n  on th e  s e n s i t i v i t y  

o f  a  method, some though t had to  be g iv en  to  the  choice o f 

sp ec tro p h o to m ete r. The use o f an in s tru m en t w ith  a v a l id  s c a le  

expansion  f a c i l i t y  m ight g ive up to  a f iv e  fo ld  improvement in  

s e n s i t i v i t y .  Some in s tru m e n ts , a lth o u g h  having  expansion  f a c i l i t i e s ,  

a lso  show in c re a se d  n o ise  le v e ls  o r  encourage th e  q u ite  e rro n eo u s  

use o f absorbance v a lu es  above 2 .0 .  Care must ob v io u sly  be e x e rc is e d  

in  the  s e le c t io n  o f  a v a l id  in s tru m e n ta l system o f  a n a ly s is .

The in h e re n t s e n s i t i v i t y  o f  the  p re s e n t  sp ec tro p h o to m etr ic  method

i s  due to  th e  m olar ab so rp tio n  o f  NADH. I t  i s  c£ the. o r d e r  
c a -  4 - 1Or 10 mol 1 and can be m od ified  depending upon th e  a n a ly t i c a l  

co n d itio n s  by a f a c to r  o f about 10 and a lth o u g h  t h i s  f ig u re  i s  n o t 

la rg e  i t  i s  n e v e r th e le s s  s ig n i f i c a n t .

T h e o re t ic a l ly , th e  f lu o re s c e n t  p ro p e r t ie s  o f NAD+ and NADH are  

about 1x10 tim es g r e a te r  th an  t h e i r  a b so rp tiv e  p ro p e r t ie s ,  and th i s  

im p lies  th a t  f lu o r im e tr ic  methods should show a comparable in c re a s e  

in  s e n s i t i v i t y .  However th e  d a ta  g iv en  fp r  the  s e n s i t i v i t i e s  o f  th e  

p re se n t f lu o r im e tr ic  and sp ec tro p h o to m etric  methods only  show a 20 

fo ld  in c re a se  in  s e n s i t i v i t y ,  and w ith  the  subsequen t use o f  t i s s u e  

homogenates a s  samples even th i s  in c re a s e  was n o t m a in ta in ed .



The in h e re n t advantage o f f lu o r im e tr ic  methods l i e s  in  th e  

b a s ic  f a c t  t h a t  in  such methods an in c re a s e  i n 's i g n a l  over a zero  

background i s  m easu red ,w h ils t in  sp ec tro p h o to m etric  methods, the  

d e c rea se  in  a la rg e  s tan d in g  c u rre n t i s  m easured. T his a s s e t  i s  

l a r g e ly  l o s t  when a b lan k  which a lso  shows f lu o re s c e n t  p ro p e r tie s ?  

i s  used in  th e  a ssa y  m ethod. The use o f p a r t i a l l y  p u r i f ie d  enzymes 

m inim ized th i s  e f f e c t  o f th e  b lan k  b u t t i s s u e  homogenates c o n ta in in g , 

n o t only  the  added n u c le o tid e s  b u t a ls o  endogenous m a te r ia l ,  r e s u l te d  

in  a  r e l a t i v e l y  h ig h  b la n k  f lu o re s e n c e .

An exam ination  o f  the  s e n s i t i v i t i e s  o f th e  methods review ed

e a r l i e r  (Table 3. P 2 4 .)  in d ic a te d  th a t  th e  s e n s i t i v i t y  o f  the

p re s e n t sp ec tro p h o to m etr ic  method, capable o f  d e tec tin g , as l i t t l e

as 1 .0  i . u .  o f  enzyme p e r l i t r e  sample, compared fa v o u rab ly  .with a l l

the  o th e r  re p o rte d  k in e t ic  m ethods,excep t th e  f lu o r im e tr ic  method o f

G u ilb a u lt & H ieserm an (1968). There must be some doubt as to  the

v a l id i t y  o f th i s  l a t t e r  ex trem ely  s e n s i t iv e  method because o f  the

s ig n i f i c a n t  d if f e re n c e  in  s e n s i t i v i t y  betw een th e  D-amino a c id

ox idase  a ssay  (1 .2  i . u a 1 ) and th e  L-amino a c id  o x id ase  a ssay
—1(0.03 i . u .  1 ) .  A lthough the  in d ic a to r  system  was e x a c tly  the  same

fo r  bo th  a ssa y s  the  L-amino ac id  ox idase  a ssay  unaccoun tab ly  showed 

a 50 fo ld  in c re a se  in  s e n s i t i v i t y  over the  D-amino ac id  ox id ase  a s s a y . 

In  f a c t ,  th e  s e n s i t i v i t y  claim ed by G u ilb a u lt & Heiserman f o r  t h i s  

l a t t e r  f lu o r im e tr ic  method i s  the  same as th e  s e n s i t i v i t y  o f th e  

p re se n t sp ec tro p h o to m etr ic  m ethod.

The p re s e n t  sp ec tro p h o to m etric  method i s  a sim ple  method to

perform  and shows a c o n sid e ra b le  degree  o f p re c is io n ,  p a r t i c u l a r l y
- 1fo r  enzyme a c t i v i t i e s  in  ex cess  o f  20 i . u .  1 . Due to  th e  _

-■ a b so rp tio n  c h a r a c te r i s t i c s  o f b o th  NAD+ and NADH th e  need 

fo r  s ta n d a rd iz a t io n  does n o t a r is e  and th e  method could  be v e ry  e a s i ly  

adap ted  fo r  use  w ith  autom ated enzyme r a t e  a n a ly s e r s ,th u s  e n a b lin g  

la rg e  numbers of assays to  be done r e l a t i v e l y  e a s i l y .  This l a t t e r  

fe a tu re  i s  o f  p a r t i c u la r  im portance in  view o f th e  d ram atic  in c re a s e  

in  bo th  q u a n ti ty  and s o p h is t i c a t io n  o f autom ated a n a ly s is  system s in  

use in  ro u tin e  b io ch em istry  l a b o r a to r ie s .  The method could a ls o  be

m odified  to  measure th e  f a l l  in  c o n c e n tra tio n  o f NADH by m o n ito r in g

th e  f a l l  in  flu o rescen ce  a t  the  a ssay  pH. This m ight give some

in c re a se  in  s e n s i t i v i t y  w ith o u t d isp e n s in g  w ith  th e  k in e t ic  n a tu re



o f  th e  assay  b u t the  in h e re n t  b lan k  problem  in d ic a te d  above would 

rem ain .

The s e n s i t i v i t y  o f the  f lu o r im e tr ic  a ssay  could p ro b ab ly  be 

improved by u t i l i z i n g  a low er c o n c e n tra tio n  o f  s tan d a rd  and p o s s ib ly  

by in c re a s in g  th e  degree o f  d i lu tio n ,w h ic h  should a f f e c t  th e  b lan k  

re a d in g  to  a g r e a te r  e x te n t th an  th e  t e s t .  An in c re a se  in  r e a c t io n  

tim e would a lso  in c re a s e  th e  s e n s i t i v i t y  b u t th i s  m ight r e s u l t  in  

a method which is too te d io u s .  There i s  c e r ta in ly  room fo r  

improvement in  th e  f lu o r im e tr ic  method and i t  i s  p o s s ib le  th a t  a 

g r e a te r  degree o f  s e n s i t i v i t y  could  be ach ieved  by c a r e f u l  d esig n  

o f  the  method b u t th e  problem o f  a b lan k  s ig n a l  would alw ays a c t  to  

reduce th e  s e n s i t i v i t y .

The. p o te n t i a l  danger of co n tam in atio n  o f  th e  s o lu t io n s  w ith  

ammonia was h ig h lig h te d  in  the  i n i t i a l  s tu d ie s  on enzyme s p e c i f i c i t y .  

The ap p aren t r e a c t io n  o f  th e  enzymes w ith  bo th  s te re o iso m e rs  o f 

a s p a r t ic  a c id  dem onstrated  th a t ,w ith o u t  adequate  c o n t r o ls , th e  

p resence  o f ammonia in  th e  l a s t  re a g e n t to be added to  th e  r e a c t io n  

m ix tu re , u s u a lly  the  s u b s t r a te ,  could r e s u l t  in  an u n d e tec te d  

in c o r r e c t  r e s u l t .  G ra p h ic a lly  th e  r e a c t io n  was d i f f e r e n t  in  th a t  the  

u su a l la g  p e rio d  d id  n o t occur and th e  i n i t i a l  v e lo c i ty  was th e  
maximum v e lo c ity - as is- th e  case in  most non-coupled  r e a c t io n s .  Thus

i t  i s  e s s e n t i a l  when u s in g  any new s u b s tr a te  s o lu t io n s  to  check fo r  

th e  p resence  o f  ammonia. The s im p le s t way to  do t h i s , i s  to  add the 

s u b s tr a te  to  the  r e a c t io n  m ixture in  th e  absence o f any amino a c id  

ox idase  and any subsequent f a l l  in  absorbance i s  most l i k e l y  to  be 

due to  th e  p resence  o f ammonia.



CHAPTER 2

TISSUE HOMOGENATES.

In tro d u c tio n

The second of th e  two m ajor o b je c t iv e s  in  th e  p re s e n t  work, was 

th e  s tu d y  o f  the  d i s t r i b u t io n  and n a tu re  o f . th e  amino a c id  o x id a se s  

in  human t i s s u e s .  Due to  th e  obvious d i f f i c u l t i e s  o f o b ta in in g  more 

th a n  a minimal supply  o f human t i s s u e ,  i t  was decided  to  use ra t .  

t i s s u e  i n i t i a l l y ,  in  o rd e r  to  c l a r i f y  some of th e  b a s ic  problem s in  

th e  p re p a ra t io n  of t i s s u e  hom ogenates.

There a re  a v a r ie ty  o f ways o f s tu d y in g  enzyme a c t i v i t y  in  

c e l l s  and t i s s u e s  b u t n o t a l l  a re  a p p ro p r ia te  fo r  a l l  s i t u a t i o n s .

The use o f t i s s u e  s l i c e s  i s  s u i ta b le  f o r  such tech n iq u es  as  Warburg 

manometry b u t i s  o b v io u sly  u n s u ita b le  fo r  sp e c tro p h o to m e tr ic  

te ch n iq u es , w h ils t  th e  hom ogenisation  o f t i s s u e  has drawbacks due to  

th e  l a b i l e  n a tu re  o f enzymes.

I t  was dec id ed  in  the  p re s e n t s tu d y  to  u t i l i z e  t is s u e  

homogenates in  which th e  c e l l s  were m ech an ica lly  d is ru p te d  and to  

c l a r i f y  the  so lu b le  f r a c t io n  which r e s u l te d ,b y  c e n t r i f u g a t io n .  I t  

was f e l t  n e ce ssa ry  to  adopt t h i s  tech n iq u e  fo r  two main re a so n s . 

W ith in  the  c e l l s ,  th e  a c t i v i t y  o f an enzyme i s  m od ified  by o th e r  

f a c to r s  which in flu en c e  th e  t r a n s p o r t  o f e i th e r  s u b s t r a te  o r p ro d u c ts  

a c ro s s  the c e l l  membrane, and so in  o rd e r  to  produce maximum enzyme 

a c t i v i t y  in  any p re p a ra t io n  i t  would be n ecessa ry  to  remove t h i s  

b a r r i e r .  In  doing  t h i s  however, the  c o n d itio n s  n e ce ssa ry  fo r  c e l l  

d is ru p t io n  may r e s u l t  in  th e  d e n a tu ra tio n  o f some p r o te in .  The 

second rea so n  f o r  the  use of t i s s u e  homogenates was th a t  th e  

c e n tr i f u g a t io n  o f  th e  homogenate would r e s u l t  in  a c le a r  s u p e rn a ta n t 

s u i ta b le  fo r  sp ec tro p h o to m etr ic  s tu d ie s .  W hilst t h i s  was no t 

n ecessa ry  fo r  th e  gasom etric  s tu d ie s  i t  was f e l t  d e s ir a b le  to  use  a 

s tan d a rd  method th roughout the  in v e s t ig a t io n .  A d i f f i c u l t y  w ith  

such a method la y  in  th e  f a c t  th a t  membrane bound enzymes would 

se p a ra te  w ith  th e  c e l l u la r  d e b r is  on c e n tr i fu g a t io n ,a n d  hence n o t be 

a v a i la b le  in  th e  su p e rn a ta n t fo r  subsequen t a s sa y . I t  was d e s i r a b le  

th e re fo re  to  u t i l i z e  some ag en t which would enab le  the  r e le a s e  o f



p r o te in  from c e l l  membranes.

Due m ainly to  th e  a v a i l a b i l i t y  o f  s u i ta b le  in s tru m e n ta tio n ,

i t  was decided  to  use a com bination o f two main d is ru p t iv e  te c h n iq u e s .

A fte r  p re lim in a ry  d i s in te g r a t io n  o f the  t i s s u e  in to  a f in e  b r e i  in  
- 1

1 .0 mol 1 KC1 s o lu t io n ,  i t  was su b jec ted  to  two tre a tm e n ts , each 

o f  30 second d u ra tio n , w ith  a b la d e  hom ogeniser a t  h igh  speed 

(14 000 rpm) and su b seq u en tly  to  two 30 second p e rio d s  o f  u l t r a s o n ic  

d is ru p t io n .  The homogenate was th en  c e n tr ifu g e d  a t  50 000 rpm 

(150 000 x g) fo r  30 m inutes in  a r e f r i g e r a te d  c e n tr ifu g e  and the  

su p e rn a ta n t passed  th rough a sm all Sephadex G25 column, p r im a ri ly  

to  remove amino a c id s  and ammonia.

A lthough i t  was d e s ir a b le  to  r e le a s e  as much p ro te in  as  p o s s ib le  

d u rin g  the  hom ogenisation  p r o c e s s . i t  was no t e s s e n t i a l  th a t  a l l  th e  

p ro te in  should  be made a v a i la b le  in  th e  su p e rn a ta n t p rov ided  th a t  a 

s tan d a rd  .technique was adhered  to  and th e  e f fe c t iv e n e s s  of d is r u p t io n  

a sse sse d  in  some way. T his was done by m easuring th e  p r o te in  co n ten t 

o f the su p e rn a ta n t and ex p re ss in g  th e  enzyme a c t i v i t y  o f  th e  

p re p a ra t io n  in  term s o f  u n i t s  o f a c t i v i t y  per gram o f s o lu b le  p r o te in .

1 . P re p a ra t io n  of homogenates.

1
1 o1. P r o te in  r e le a s in g  a g e n ts .

The f a c t  th a t  a s ig n i f ic a n t  p ro p o r tio n  o f  c e l l u l a r  p r o te in  i s  

bound to  membranes, meant th a t  some techn ique to  re le a s e  as  much 

p ro te in  as p o ss ib le  had to  be employed. The e f f ic ie n c y  o f two 

p o te n t ia l  r e le a s in g  ag en ts , deoxycho la te  and T r i to n  X100 was 

in v e s t ig a te d  by in c o rp o ra tin g  v a r io u s  c o n c e n tra tio n s  o f th e  two ag en ts  

in  a l iq u o ts  o f  a su sp en sio n  o f r a t  kidney t i s s u e ,  and s u b je c t in g  

each a l iq u o t ,  in c lu d in g  a c o n tro l, to  the  d e fin ed  hom ogenisation  

procedure (Method 6.p125)» The D-amino a c id  ox idase  and L-amino 

ac id  ox id ase  co n ten t o f  each su p e rn a ta n t sample was m easured u s in g  

th e  k in e t ic  assay  method and the  p r o te in  c o n ten t was m easured u sin g  

the  b iu r e t  method. (Method 7 a .p i 26).

T r ito n  X100 in  c o n c e n tra tio n s  ra n g in g  from 0 .0 5$  to  0 .5 ^  ( v /v ) .  

r e s u l te d  in  the  r e le a s e  o f  approx im ate ly  tw ice the  amount o f  p r o te in



th a n  in  the c o n tro l  and c o n s is te n t ly  more than  th a t  ach ieved  w ith  

d eo x y ch o la te . (Table 15* P 7 8 ). The enzyme a c t i v i t y  o f  the  

homogenates however, was g e n e ra l ly  le s s  in  T r ito n  X1 00 th an  in  th e  

deoxycholate  hom ogenates. The d if fe re n c e  was most n o tic e a b le  in  the  

v a lu e s  fo r  th e  s p e c i f ic  a c t i v i t y ,  th e  v a lu e s  fo r  T r i to n  X100 b e in g  

low er no t on ly  th a n  th e  deoxychola te  homogenates b u t a lso  low er th a n  

th e  c o n tro l hom ogenate. F u r th e r  s tu d ie s  on th e  e f f e c t iv e n e s s  o f 

deoxycho la te  re v e a le d  th a t  maximum r e le a s e  o f b o th  D- and L-amino a c id  

o x id ase s  in  term s of s p e c i f ic  a c t i v i t y  o f th e  homogenates occured in  

a c o n c e n tra tio n  o f 1 mmol 1 o f the  d e te r g e n t . (Table 15* P 78).-

1 .2 .  S torage c o n d itio n s  fo r  t i s s u e  and hom ogenates.

I t  was a p p re c ia te d  th a t  i t  would be n ecessa ry  on o ccas io n s  to

s to re  b o th  t i s s u e  and homogenates p r io r  to  exam ination  and th e re fo re

i t  was e s s e n t ia l  to  determ ine th e  most s a t i s f a c to r y  s to ra g e

c o n d it io n s . A sample o f  r a t  k idney  homogenate was p rep a red  in

1 .0  mol 1 KC1 and d iv id ed  in to  th re e  a l iq u o ts .  To one a liq u o t,b o v in e
- 1  •

serum album in was added to  g ive  a f i n a l  c o n c e n tra tio n  o f  10 g 1 ,

w h ils t  an equal volume o f g ly c e r o l  was added to  th e  second a l i q u o t .

The th i r d  a l iq u o t  was no t m od ified  in  any way. A sample o f each 

a l iq u o t  was s to re d  a t  each o f  t h r e e . tem p era tu res , room te m p era tu re ,

4°C, and -20°C, and th e  a c t i v i t y  o f  D- and L - amino a c id  o x id ases  

assay ed  a t  in t e r v a l s  over th e  fo llo w in g  tw elve weeks and re p o r te d  

as a p e rcen tage  o f  th e  a c t i v i t y  on day 1, (Table 16. p 7 9 ).

The r e s u l t s  showed c o n c lu s iv e ly  th a t  s to ra g e  in  50$ (v /v )  

g ly c e ro l a t  -20°C was th e  most e f f e c t iv e  in  m a in ta in in g  enzymic 

a c t i v i t y .  Only 10$ o f  the  o r ig in a l  a c t i v i t y  was lo s t  in  th e  f i r s t  

14 days and in  the case o f D-amino a c id  o x idase  app rox im ate ly  7 o f 

the  i n i t i a l  a c t i v i t y  rem ained a f t e r  tw elve w eeks. L-amino a c id  

ox idase  s im i la r ly  showed g r e a te s t  s t a b i l i t y  under th e se  c o n d itio n s  

b u t appeared  to  be le s s  s ta b le  th an  the  D-amino a c id  o x id a se .

However due to  the  low i n i t i a l  L-amino ac id  o x id ase  a c t i v i t y ,  

measurements o f reduced  a c t i v i t y  were more d i f f i c u l t  th a n  fo r  the  

D-amino a c id  o x id ase .

A study o f th e  e f f e c t  o f s to ra g e  c o n d itio n s  on f r e s h  t i s s u e  

was d i f f i c u l t  due to  the  l im ite d  amount o f  t is s u e  a v a i la b le  a t  one
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Table 15

Study of protein releasing agents in 

tissue homogenisation.

KIDNEY TISSUE -  SAMPLE A

D-amino ac id  
oxidase

L-amino ac id  
ox idase

P r o te in  

(g X-1

A c tiv i ty  S p e c if ic  
a c t iv i ty .l>er q 'procfc*A

( in l " 1) (in  g_1)

A c tiv i ty  S p e c if ic  
a c t i v i t y

(IU I " 1 ) (ITT g 1 )

No d e te rg e n t 4°0 48 12 .0 6 .0 1 .5

Deoxycholate
•

1 0 mmol 1“ 1 4 .8 66 13.8 9o5 2 .0
5 5 .7 85 15.0 14 .0 2 .5
1 6 .0 97 16.2 18.6 5.1

T r ito n  X 100
0.5?° (v /v ) 80O 41 5.1 6 .0 0 .7
0.2576 8 .2 64 7 .8 9 .0 1 .1
0.0576 7 .8 72 9 .2 11 .0 1 .4

KIDNEY TISSIJE -  SAMPLE B

No d e te rg e n t 3 .5 70 20 6 .0 1 .7

D eoxycholate ^
'

5 mmol 1 4 .5 110 24 8 .0 1 .8
1 4 .8 1 50 51 10.2 2 .0
0 .5 4 .2 95 22 6 .8 1 .6
0.1 4 .0 80 20 6 .0 1 .5

V arying c o n c e n tra tio n s  of p ro te in  r e le a s in g  ag en ts  were in c o rp o r
a ted  in to  a l iq u o ts  of a su sp en sio n  of r a t  k idney and a f t e r  homo
g e n is a t io n  hy th e  methods s p e c i f ie d , th e  p ro te in  c o n te n t and th e  
enzyme a c t i v i t y  o f the  sam ples were determ ined  in  d u p l ic a te  a s s a y s .
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Table 16

Effect of storage conditions on 

tissue homogenates

Day

Enzyme a c t i v i t y  o f the s to re d  sample exp ressed  
a s  a p e rcen tag e  o f the  o r ig in a l  a c t i v i t y

D-amino ac id  ox idase L-amino a c id  oxidase

KC1 Bovine G lycero l
1 .0* Serum
mol Albumin 50 %

1“ 1 10 g I -1 (v /v )

KC1 Bovine G lycero l 
1 .0  Serum 
mol Albumin 50fo 

l - 1 (v /v )

ROOM TEMPERATUEE

1 100 100 100 100 100 100
2 26 25 93 17 22 65
3 0 0 90 0 0 35
4 88 0
5

»
85

7 75
14 35
28 0

4° CENTIGRADE

1 100 100 100 100 100 100
2 75 79 98 55 95 90
3 45 61 97 18 95 85
4 20 56 98 0 •80 90
5 12 44 96 60 75
7 8 28 96 42 50

14 0 0 90 0 20
28 82 0
56 62
84 35

-20° CENTIGRADE

1 100 100 100 100 100 100
7 95 95 98 75 95 98

14 72 80 90 70 65 90
28 39 57 86 0 35 90
56 12 34 80 0 60
84 0 20 76 50

Tissue homogenates were 
and th e  enzyme co n ten t 
on th e  days in d ic a te d .

s to re d  under the  c o n d itio n s  
o f each sample was determ ined

in d ic a te d  
in  d u p lic a te



tim e and a lso  due to  normal v a r ia t io n s  in  enzyme c o n te n t o f t i s s u e s  

from d i f f e r e n t  r a t s .  The k idneys from fo u r  r a t s  were chopped up, 

and th e  t i s s u e  mixed, and th e n  d iv id ed  in to  fo u r p o r t io n s , th re e  of 

which were im m ediately  f ro z e n  a t  -20°C and the  f o u r th  im m ediately  

homogenised and assayed  th e  same day. Subsequently  th e  th re e  

rem ain ing  sam ples o f t i s s u e  were homogenised and assayed  a t  f o r tn ig h t ly  

in te r v a l s  o
!

The . r e s u l t s ,  a lth o u g h  showing v a r ia t io n  in  enzyme a c t i v i t y  

between the  fo u r hom ogenates, d id  g ive com parable r e s u l t s  f o r  the  

s p e c i f ic  a c t i v i t i e s ,  a lth o u g h  a g a in  th e  r e s u l t s  fo r  the  L-amino a'cid 

ox idase  were le s s  s a t i s f a c to r y  th a n  fo r  th e  D-amino a c id  o x id a se .

(Table 17. p 8 1 ). I t  was concluded th a t  i t  would be a c c e p ta b le  to  

s to re  t i s s u e  a t  -2 0 °C fo r  sh o r t  p e rio d s  i f  i t  was not co n v en ien t to  

p rep are  the  homogenates im m ediately  the  t i s s u e  was a v a i l a b le .

1.3* P r o te in  d e te rm in a tio n .

I t  was n o tic e d , when d e te rm in in g  th e  p ro te in  c o n te n t o f  sam ples 

by the  b iu r e t  method, th a t  v e ry  h igh  b la n k  read in g s  w ere o b ta in ed  

when g ly c e ro l  was in v o lv e d . A study  o f  the  a b so rp tio n  

c h a r a c te r i s t i c s  o f  the  c o p p e r-g ly c e ro l complex re v e a le d  an a b s o rp tio n  

maximum a t  520 nm. This was v e ry  c lo se  to  th e  a b so rp tio n  maximum o f  

the  c o p p e r-p ro te in  complex a t  540 nm and b o th  maxima showed 

co n s id e rab le  o v e r la p . (F igure  15• P 8 2 ) . An in v e s t ig a t io n  in to  th e  
e f f e c t  o f the c o n c e n tra tio n  of g ly c e ro l on th e  absorbance of b i u r e t  

re a g en t measured a t  540 nm,showed th a t  maximum co lou r was developed 

w ith  g ly c e ro l  s o lu t io n s  exceed ing  10$ (v /v )  (Table 18. p83)» Due to  

th e  f a c t  th a t  i t  was d i f f i c u l t  to  p rep are  a 50$  g ly c e ro l  s o lu t io n  

w ith  a h ig h  degree o f  p re c is io n , i t  was f e l t  n ecessa ry  to  in v e s t ig a te  

the  e f f e c t  of such v a r ia t io n  in  g ly c e ro l c o n c e n tra tio n ,o n  th e  p r e c i s io n  

o f th e  p ro te in  d e te rm in a tio n . This was done by in c o rp o ra tin g  30$ and 

50$  g ly c e ro l in  a p rep ared  s e r ie s  o f d i lu t io n s  o f 20 g 1 album in and 

m easuring the  absorbance a t  540 nm a f t e r  th e  a d d it io n  o f  th e  a p p ro p r ia te  

volume o f b iu r e t  re a g e n t.

The r e s u l t s  in d ic a te d  th a t  th e  e f f e c t s  on th e  accuracy  o f  p ro te in  

d e te rm in a tio n s  was m inim al, b u t due to  the  s lope  o f the  s ta n d a rd  g raph  

be ing  s ig n i f i c a n t ly  reduced , th e  s e n s i t i v i t y  o f  th e  method would be



T a b le  17

Effect of storage at -20 °C on 

fresh tissue

D-amino ac id  
ox idase

L-amino a c id  
ox idase

Day P r o te in A c tiv i ty S p e c if ic
A c tiv i ty

A c tiv i ty S p e c if ic
A c tiv i ty

( g I " 1 )

TrHft ( in  g_1) ( iu  i " 1) (IU g“ 1)

1 5 .0 112 22 10.5 2.1
14 4 .0 74 18 7 .0 1 .7
28 5.1 102 20 8 .0 1 .5
42 3.6 60 16 4 .5 1 <>2

Data in d ic a te s  the  enzyme c o n ten t of homogenates p re p a red  from 
th e  same sample o f  t i s s u e  a f t e r  s to r in g  a t  -20°C fo r  v a ry in g  
p e rio d s  of t im e . A ll assay s  were done in  d u p l ic a te .



Figure 15

Absorption spectrum of the 

glycerol-biuret complex

520 540

W a v e l e n g t h  ( n m )

A bsorp tion  spectrum  o f th e  p r o te in - b iu r e t  complex
( 9 —  - f l ) shows an a b so rp tio n  maximum a t  540 nm
w h ils t  th e  g ly c e r o l - b iu r e t  complex ( □ ■ '■■■■□ )
shows an a b so rp tio n  maximum a t  520 nm. The two 
s p e c tra  show c o n sid e rab le  o v e r la p „



Table 18

Reaction between glycerol and 

Biuret reagent

G lycero l C o n cen tra tio n  
( % v /v  )

Absorbance 
540 nm

0 0
10 . 0 .090
20 0.110
30 0.120
40 0.125
50 0.125

PROTOCOL

Reagent Volume (cm^)

G lycero l 0 .5
B iu re t  re a g e n t 4o5

Mix and a llow  to stand  a t  room tem p era tu re
f o r  50 m in u tes . Measure absorbance a t  540 nm.



im p a ired . (Table 19, p 85)0

In v e s t ig a t io n s  re v e a le d  th a t  g ly c e ro l had no e f f e c t  on th e  

ty ro s in e  method o f  p ro te in  de term in a tio n ,L o w ry  e t  a l  ( 1951) w h ic h ,in  

any case,w as more s e n s i t iv e  th a n  th e  b iu r e t  method. For th ese  
reaso n s  i t  was d ecided  to  use th e  ty ro s in e  method fo r  the  

d e te rm in a tio n  o f  p ro te in  in  t i s s u e  homogenates (Method 7b. p126).

2 . Assay o f  t i s s u e  hom ogenates.

2 .1 .  B lank re a c t io n  a t  pH 7 .5

During th e  p re lim in a ry  work on r a t  t i s s u e  homogenates, th e  a ssay

o f  L - amino a c id  ox idase  a c t i v i t y  was alw ays com plicated  by th e

p resen ce  o f a v e ry  high  b la n k  r e a c t io n .  The b lan k  r e a c t io n  was

m inim al in  th e  a ssay  o f  com m ercially p rep ared  enzymes and f o r  th e

D-amino ac id  ox id ase  a ssay  a t  pH 8 .5  t i s s u e  homogenates gave b la n k
- 1  ■r e a c t io n  r a t e s  in  th e  re g io n  o f  A E ^ q 0 .0050 min , whereas f o r

th e  assay  o f  L-amino ac id  ox idase  a c t i v i t y  a t  pH 7 .5  th e  b lan k
- 1r e a c t io n  r a t e s  were as h ig h  as A E ^ q 0 .0200 min . This m eant th a t

th e re  was no s ig n i f ic a n t  in c re a s e  in  th e  r a t e  o f  r e a c t io n  on th e

a d d i t io n  o f  th e  s u b s tr a te ,  in  the  a ssa y  o f sam ples w ith  low enzyme

a c t i v i t i e s .  T his was ob v io u sly  v e ry  u n s a t i s f a c to r y  and i t  was f e l t

n e ce ssa ry  to  id e n t i f y  th e  rea so n  and to  determ ine s u i ta b le  c o n d itio n s

f o r  th e  assay  o f  the  enzyme.

In  o rd e r to  be ab le  to  c o n s id e r  a l t e r n a t iv e  assay  methods i t

was n ece ssa ry  i n i t i a l l y  to  id e n t i f y  the components o f th e  p re s e n t

assay  system  which re s u l te d  in  t h i s  b lan k  r e a c t io n .  To t h i s  end a

s e r ie s  o f t e s t s  were p repared  in  g ly c y lg ly c in e  b u f fe r  a t  pH 7 .5  in

which one component o f  th e  a ssay  system  was om itted  from each  t e s t

except th e  c o n tro l .  The f a l l  i n  absorbance a t  540 nm due to  the

b lan k  r e a c t io n  was m onitored f o r  th re e  h o u rs .

The r e s u l t s  showed th a t  the  b la n k  r e a c t io n  in  the  c o n tro l  which

showed a f a l l  in  absorbance of 0 .55  hour , was no t produced i f  any

component o f  the  assay  system  was o m itted  (Table 20. p 8 6 ) . In  o rd e r

to  check the  e f f e c t  of o m ittin g  ADP from the  a s s a y ,th e  g lu tam a te
- 1

dehydrogenase was s ta b i l i z e d  by th e  in c o rp o ra tio n  o f  1 .0  mol 1 NaCl
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Table 19

Effect of glycerol on protein 

determinations using the 

Biuret reaction

P r o te in  Content 
( g 1 )

30 fo 
G ly cero l

Absorbance 
540 nm

50$
G lycero l

0 .2 0.035- 0.035
0 .4 0.080 0.080
0 .6 0 .120 0.120
0 .8 0 .160 0.160
1 .0 0 .195 0.195
1,2 0.250 0.230
1 °4 0 .280 0.280
1 .6 0 .510 0.310
1 .8 0 .340 0.340
2 .0 0 .380 0.380

The absorbance of sam ples c o n ta in in g  
the in d ic a te d  g ly c e ro l  c o n c e n tra tio n  was 
measured a g a in s t  a re a g e n t b lan k  which 
in c o rp o ra te d  an aqueous s o lu t io n  o f  g ly c e ro l 
(50io v /v  ) .



Table 20

Blank reaction - e ffect of 

assay components

Component o m itted  
from the  a ssay  
m ix ture

Rate o f r e a c t io n  

AE340nm kour~1

None 0 .53

Homogenate sample 0.01
Glutam ate dehydrogenase 0.06
2 -o x o g lu ta ra te 0.08
ADP 0.05

Glutam ate dehydrogenase )
2 -o x o g lu ta ra te ) 0 .08
ADP )

The b lan k  re a c t io n  was m onitored as 
in d ic a te d  in  Method 2 when u s in g  an 
assay  pH o f  7»5 and t i s s u e  homogenate 
as th e  source  o f enzyme.
In  the  absence o f ADP the  s t a b i l i t y  o f 
th e  g lu tam ate  dehydrogenase was m ain
ta in e d  by the  in c o rp o ra tio n  o f 1 .0  mol 
1 NaCl s o lu t io n .



which had been  dem onstrated  to  be e f f e c t iv e  in  p rev io u s  s tu d ie s  (p 30). 

The a d d it io n  o f e x tra  NADH to  the  c o n tro l when a l l  the  i n i t i a l  

coenzyme had been  o x id iz e d ,r e s u l te d  in  a r e a c t io n  r a t e  which was 

g r e a te r  th a n  th e  i n i t i a l  r a t e  and t h i s  suggested  th a t  th e re  was a 

p o s s ib le  b u i ld  up s i t u a t io n  which was n o t dependent upon th e  presence  

o f NADH.

The only component n o t checked by t h i s  s e r ie s  o f  experim ents

was th e  g ly c y lg ly c in e  b u f fe r ,  and subsequent in v e s t ig a t io n  su ggested

th a t  t h i s  compound was p r im a r i ly  re s p o n s ib le , in  th e  p resence  o f  the

homogenate, fo r  t h i s  b lan k  re a c tio n ,, A s e r i e s  o f t e s t s  were made in

which th e  g ly c y lg ly c in e  b u f f e r  was re p la c e d  w ith  0.1 mol 1 phosphate

b u f f e r  pH 7 .5  and in  which g ly c y lg ly c in e  was in c o rp o ra te d  in

c o n c e n tra tio n s  v a ry in g  from 0 -  0.024 mol 1 . The f a l l  in

absorbance was m onitored  a f t e r  the  a d d i t io n  o f  hom ogenate. Compared
. -1

w ith  a r a t e  o f  0.019 min in  th e  u su a l g ly c y lg ly c in e  b u f f e r ,  th e  r a t e  

in  th e  phosphate b u f f e r  was on ly  0.0050 min . The a d d i t io n  o f

g ly c y lg ly c in e  to  th e  phosphate b u f f e r  caused the r e a c t io n  r a t e  to
- 1  - 1in c re a s e  from a v a lu e  o f 0 .0050 min to  a va lue  o f  0 .018 min

“ 1(a t  a  g ly c y lg ly c in e  c o n c e n tra tio n  o f 0 .024 mol 1 ) .  T his was
_ 1

com parable w ith  th e  maximum r a t e  o f  0.019 min ach ieved  in  th e  

g ly c y lg ly c in e  b u f f e r .  (Table 21 . p 8 8 ) .

The f a c t  th a t  th e  r a t e  o f  th e  b lan k  r e a c t io n  a t  pH 8 .3  was 

a cc e p tab le , suggested  th a t  pH might be an im p o rtan t f a c to r ,  and a 

s tudy  o f  th e  pH p r o f i l e  o f  the  b la n k  r e a c t io n  in  g ly c y lg ly c in e  

b u f f e r  over the  pH range 7 .0  -  8 .5  in d ic a te d  a maximum r a t e  a t  

about pH 7«5 (F igure  16. p 8 9 ). G-asometric s tu d ie s  o f th e  r e a c t io n  

u s in g  s e v e ra l  samples o f homogenates ev id en c in g  th e  h ig h  b la n k  

r e a c t io n  f a i l e d  to  dem onstrate  any uptake of oxygen d u rin g  th e  

re a c t io n ,  and thus excluded  any p ro c e ss  in v o lv in g  the  o x id a tio n  

o f  r e s id u a l  L-amino a c id s .  The use o f d ia ly s e d  homogenates showed 

no s ig n i f ic a n t  d im in u tio n  o f the  b la n k  r e a c t io n  whereas b o i l in g  th e  

homogenate d id  e f f e c t iv e ly  e lim in a te  th e  r e a c t io n .  These r e s u l t s  

su ggested , th a t  w h ils t  th e  r e a c t io n  was no t due to the amino a c id  

o x id a s e s , i t  was n e v e r th e le s s  enzymic in  n a tu re .
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Table 21

Blank reaction -  role of 

g lycy lg lyc ine

P in a l  C o n cen tra tio n  
o f  g ly c y lg ly c in e  

( mol I ” 1)

Rate o f  R eac tion  

AE340nm min" 1

0 0.005
0.006 0.008
0.012 0.012
0.018 0 .015
0.024 0 .018

PROTOCOL

Reagent C o n cen tra tio n Volume (cm )

Phosphate  b u f f e r  
pH 7 .5

0.1 mol 1“1 2.15

G lycy lg lyc ine
0 .2  mol 1“ 1 
2.25  mmol 1” ^

0 .10
2 -o x o g lu ta ra te 0 .20
NADH 0.20
ADP 15*0 mmol 0 .10
GDH 0.05
Sample • 0 .20

M onitor absorbance a t  340 nm.



Ra
te

 
of

 
re

ac
ti

on
 

(^
3

4
0

89

Figure 16

Blank reaction - effect of pH

8-57-5 8-07-0

The r a te  o f th e  r e a c t io n  ( A E340 ^  min” 1) b e fo re  
th e  a d d it io n  o f the  s u b s tr a te  "( the  b la n k  r e a c t io n )  
was measured in  b u f f e r  s o lu t io n s  o f v a ry in g  pH v a lu e s .

PROTOCOL

Reagent C o n cen tra tio n Volume (cm^]

G ly cy lg lyc ine  b u f fe r 0.1 mol 1“ 1 2 .05
2-o x o g lu ta ra te 0 .2  mol 1-1 0.2
NADH 2.25  mmol 1~4 0.2
ADP 1 5• 0 mmol 1~1 0.1
GDH 0.05
Homogenate sample 0.2

M onitor absorbance a t  340 nm.



2 . 2 .  U t i l i s a t i o n  o f  NADH.

The main o b se rv ab le  fe a tu re  o f the  b la n k  r e a c t io n  was the  f a l l  

in  absorbance a t  340 nm and i t .  was assumed th a t  th i s  was due to  the 

o x id a tio n  o f  NADH to  NAD . I t  was f e l t  n e ce ssa ry  to c l a r i f y  the  f a t e  

o f th e  NADH, th e re  b e in g  th e  p o s s i b i l i t y  th a t  th e  NADH was be in g  

removed by some r e a c t io n  o th e r  th a n  th e  o x id a tio n  to  NAD+ . This 

problem was approached in  two ways, namely, th e  s p e c t r a l  changes 

o ccu rin g  d u rin g  th e  o x id a tio n  o f  MADE and a lso  the  f lu o r im e tr ic  

q u a n t i ta t io n  o f NAD+ fo rm a tio n .

Normally i t  would be expected  th a t  the  o x id a tio n  o f  NADH 

(a b so rp tio n  maximum 340 nm) to  NAD+ (a b so rp tio n  maximum 260 nm) 

would be accompanied by a f a l l  in  absorbance a t  340 nm and an 

in c re a s e  in  absorbance a t  260 nm. I f ,  however, th e  o b serv ab le  f a l l  

in  absorbance a t  340 nm was r e la te d  to  the  d e s t r u c t io n  o f NADH 

r a th e r  th an  i t s  o x id a tio n , th e n  some a l te r n a t iv e  s p e c t r a l  changes 

m ight o ccu r . S tu d ies  o f a b so rp tio n  s p e c tr a  were com plicated  by the  

p resence  o f ADP (a b so rp tio n  maximum 260 nm)and to  overcome t h i s

d i f f i c u l t y  th e  experim ents were perform ed in  the p resence  o f
-1  *1 oO mol 1 NaCl to  s t a b i l i z e  the g lu tam ate  dehydrogenase. In

c o n tro l experim en ts u t i l i z i n g  com m ercial L-amino a c id  o x id a s e , i t  was 

p o s s ib le  to  dem onstrate  t h a t  the  f a l l  in  absorbance a t  340 nm was 

p a r a l le le d  by an in c re a se  in  absorbance a t  260 nm (F igure  17* P 9 0 *  
However, in  experim ents u s in g  .t is s u e  homogenates, due to  th e  h ig h  

absorbance produced by th e  n a tu re  o f  th e  s a m p le ,i t  was n o t p o s s ib le  

to  dem onstrate  th a t  the absorbance a t  260 nm ro se  s i g n i f i c a n t l y .

The fo rm atio n  o f  NAD+ d u rin g  th e  r e a c t io n  was however c o n c lu s iv e ly  

dem onstrated  by th e  use o f th e  f lu o r im e tr ic  method. The NAD c o n te n t 

o f  a l iq u o ts  tak en  from th e  r e a c t io n  m ix tu re  were compared w ith  th e  

f a l l  in  absorbance a t  340 nm o f  th e  r e a c t io n  m ix tu re . The r a t e  o f  f a l l  

in  absorbance a t  340 nm exp ressed  as a p e rcen tag e  o f th e  t o t a l  f a l l , 

showed a mean v a lu e  o f  3«0$,which compared fav o u rab ly  w ith  th e  mean 

value  f o r  the  p e rcen tag e  r a t e  o f in c re a se  in  flu o re sc en c e  o f 2 .8 $ . 

(Table 22. p 9 2 ).
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Figure 17

Blank reac t ion -u t i I isa t ion  of NADH
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S uccessive  a b so rp tio n  s p e c tra  o f th e  r e a c t io n  m ix tu re  in d ic a te d  
below were recorded  a t  the  tim es in d ic a te d  and show th e  
a b so rp tio n  peaks a t  260 nm and 340 nm.

PROTOCOL

Reagent C o n cen tra tio n Volume (cm3)

G lycy lg lyc ine  b u f f e r 0.1 mol 1-1 2 oO
2 -o x o g lu ta ra te 0 .2  mol 1-1 0 .2
NADH 2.25 mmol 1~1 0.2
NaCl 15.0 mol 1-1 0 .2
GDH 0.05
Homogenate sample 0 .2

Scan absorbance over th e  w avelength  range 240 -  360 nm
a t  s p e c if ie d  time in te r v a l s .
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Table 22

Blank reaction - utilisation of NADH

Time o f Absorbance F luorescence
sample a t  340 nm %

0 0 .88 8
5 0 .7 2 30

15 0 .4 8 45
25 0 .22 63
35 0 88

Rate of 0 .026 min- ^ 2 .3  min“ 1re a c t io n

Rate as a
percen tage 3-0 2 .8
of t o t a l  change

The absorbance a t  340 nm o f a r e a c t io n  m ixture 
p rep a red  as in d ic a te d  below, was m onito red  fo r  
35 m inutes and the  NAD+ co n ten t o f sam ples 
removed from the  r e a c t io n  m ix tu re , determ ined  
u s in g  the  f lu o r im e tr ic  method (Method 5 ) .

PROTOCOL

Reagent C o n cen tra tio n Volume (cm^)

G lycy lg lyc ine  b u f f e r 0.1 mol 1~1 
0 .2  mol I " 1 
2 .25  mmol 1“ 1

2.05
2 -o x o g lu ta ra te 0 .2
NADH 0 .2
ADP 15*0 mmol 1“ 1 0.1
GDH 0.05
Homogenate sample 0 .2

M onitor absorbance a t  340 nm and remove sam ples 
fo r  f lu o r im e tr ic  assay  (Method 5 ) .



2 . 3 .  G e n e ra t io n  o f  am m onia.

The f a c t  t h a t  bo th  g lu tam ate  dehydrogenase and o x o g lu ta ra te

were re q u ire d  f o r  th e  b lan k  r e a c t io n  su g gested  th a t, ammonia was b e in g

formed and su b seq u en tly  u t i l i z e d  by the  in d ic a to r  enzyme system .

I t  was decided th e re fo re  to  m onito r th e  ammonia l e v e l s  in  a r e a c t io n

m ix tu re  which co n ta in ed  a l l  th e  n ecessa ry  components b u t lacked  th e

in d ic a to r  enzyme g lu tam ate  dehydrogenase. The h y p o c h lo rite  -

n i t r o p ru s s id e  method was used  f o r  the  d e te rm in a tio n  o f  ammonia

(Method 8* p128) Lubochinsky & Z a lta  0 9 5 4 )> b u t i t  was very  soon

r e a l iz e d  th a t  g ly c y lg ly c in e  a lso  re a c te d  in  a somewhat s im ila r  manner

to  ammonia a n d ,a t  th e  h ig h  c o n c e n tra tio n  used in  th e  b u ffe r ,c o m p le te ly

masked any c o lo u r developm ent due to  th e  p resence  o f  ammonia.

P r o te in  a lso  a c te d  in  a s im i la r  manner and a t  a c o n c e n tra tio n  o f 
- 1

5 .0  g 1 masked any co lou r developm ent which may have been due to  

low c o n c e n tra tio n s  o f  ammonia.

B earin g  in  mind th e  r e s t r i c t i o n s  d iscu ssed  above, a s e r i e s  o f 

experim ents were u n d ertak en  in  which minimal amounts o f homogenate 

and g ly c y lg ly c in e  were used in  a r e a c t io n  m ix tu re  based on 0»1 mol 1 

phosphate b u f f e r  pH 7 .5 , the  amount o f  ammonia formed b e in g
o -

m onitored over^l hour p e r io d . Using the  in fo rm a tio n  ga ined  in  the

p rev ious s tu d ie s  on th e  e f f e c t  o f g ly c y lg ly c in e  c o n c e n tra tio n s  on th e

r a te  o f  the  b lan k  r e a c t io n ,  a f i n a l  c o n c e n tra tio n  o f 0 .005 mol 1

was s e le c te d .  R eac tio n  m ix tu res were p rep ared  which c o n ta in ed  a l l

th e  n e ce ssa ry  components and to  th e  t e s t ,  b o th  homogenate and

.g ly cy lg ly c in e  were added, w h ils t  th e  c o n tro ls  con tained  e i t h e r

homogenate o r g ly c y lg ly c in e . • 1 1

Only th e  t e s t  m ix ture  showed a con tinuous f a l l  i n  absorbance  a t

340 nm which, due to  th e  sm all q u a n ti ty  o f  sample used , amounted to
-1

a r a t e  o f 0 .008 min . Samples were tak en  from a l l  th re e  m ix tu re s  a t  

0, 30 and 60 m inutes fo r  ammonia d e te rm in a tio n s  and th e  i n t e n s i t y  o f 

th e  r e s u l t in g  co lo u r was m easured in  term s o f absorbance a t  560 nm. 

Both c o n tro ls  showed e le v a te d  b u t r e l a t i v e l y  c o n s ta n t co lour 

developm ent over the one hour p e r io d ,w h ils t  the  t e s t  m ix ture  showed 

a g rad u a l in c re a s e  in  absorbance due to  g e n e ra tio n  o f ammonia 

(Table 23. p 9 4 ). A lthough th e  a c tu a l  amount o f  ammonia g e n e ra te d  

could  not be a c c u ra te ly  c a lc u la te d , due to  the  in te r f e r e n c e  e f f e c t  of



Blank reaction -  am m on ia  

generation

Reagent Volume (cm^)

T est C ontro l Blank

Phosphate b u f f e r ' 6 .0 6 .4 6 .0
pH 7 .5

G ly cy lg ly c in e  
O d mol I ”*1

0 .4 - 0 .4

Homogenate 0.1 0.1 -

2 -o x o g lu ta ra te 0 .4 0 .4 0 .4
ADP 0.2 0.2 0 .2
NADH 0 .4 0 .4 . 0 .4

P a l l  in  absorbance 
AE340nm min_1

0.008 n i l . n i l

Ammonia co n ten t
^560nm

zero  tim e 0.17 0.04 0.18
30 mins 0 .20 0.05 0 .18
60 mins 0 .26 0o05 0 .20

Ammonia was measured u s in g  Method 8 and 
re p o rte d  as absorbance a t  560 nm



p ro te in  and g ly c y lg ly c in e , th e  t o t a l  change in  absorbance suggested  

th e  p resence o f  approx im ate ly  0.08 jimole ammonia.

2 .4 . Choice o f a ssay  pH.

Prom th e  e a r l i e r  s tu d y  on th e  e f f e c t  o f pH on th e  a c t i v i t y  o f 

L-amino ac id  ox idase  (F igure 6 . p 47) i t  was no ted  th a t  th e  pH 

p r o f i l e  showed a f a i r l y  broad peak  and i t  was decided to  in v e s t ig a te  

the  p o s s i b i l i t y  o f  u s in g  some pH o th e r  th an  7-5  fo r  th e  a ssa y  of 

L-amino a c id  o x id a se . A com parative experim ent was s e t  up 

(Table 24 . p 9 6 .)  in  which th e  a c t i v i t y  o f  th e  L-amino a c id  ox idase  

in  a t i s s u e  homogenate was a ssay ed  in  d i f f e r e n t  b u f fe r s  a t  pH 7 .5 , 

and a lso  in  g ly c y lg ly c in e  a t  pH 8 .3°  The r e s u l t s  in d ic a te d  th a t  

g ly c y lg ly c in e  a t  pH 8 .3  was s u p e r io r  to  any o f  the  o th e r  b u f fe r s  

used, namely T r ic in e , phosphate o r b o ra te  a t  pH 7° 5- The a c t i v i t y  

o f  t i s s u e  L-amino a c id  ox idase  a t  pH 8 .3  in  th e  p resen ce  o f  v a r io u s  

a l t e r n a t iv e  amino a c id  s u b s tr a te s  was a lso  in v e s t ig a te d  (T able 25 . p 97) 

The amino a c id s , m eth ion ine , ty ro s in e ,  p h en y la lan in e  and try p to p h an  

were s e le c te d  on th e  b a s is  o f  e a r l i e r  s tu d ie s  on th e  s p e c i f i c i t y  o f  

snake venom L-amino ac id  o x idase , b u t L - le u c in e  s t i l l  proved to  be 

the most s u i ta b le .

I t  was decided  th e r e f o r e ,  th a t  th e  assay  o f  L-amino a c id  ox idase  

in  t i s s u e  homogenates should  be done in  g ly c y lg ly c in e  b u f f e r  a t  pH 8 .3  

in s te a d  o f th e  rep u ted  optimum pH o f 7°5«

3* Human t i s s u e s .

3«1. Assay c o n d itio n s .

Homogenates were p rep a red  from samples o f human t i s s u e s  u s in g  

th e  method d e ta i le d  on page 125 and were used  to  re-exam ine some 

o f  the b a s ic  problems in v e s t ig a te d  d u rin g  the  developm ent o f  th e  a ssay  

m ethods.

The use o f  g ly c y lg ly c in e  b u f fe r  a t  pH 7 .5  s t i l l  r e s u l te d  in  a 

v e ry  h igh  b lan k  r e a c t io n  r a t e ,  compared to  th a t  o b ta in e d  a t  pH 8.3«

An exam ination  o f  the  b la n k  r e a c t io n  g iv en  by th re e  sam ples of



Table 24

The activ ity of rat kidney L-am ino 

acid oxidase in various buffers

B u ffe r R eac tio n  Rate 
a e 340 nm min_1

B lank T est D iffe ren ce

G lycy lg lyc ine  pH 7 .5 0.022 0o029 0.007

T r ic in e  pH 7 .5 0o018 0.024 0.006

Pho sp h a te  pH 7•5 0 .005 0.007 0.002

B o ra te  pH 7°5 0.001 0.002 0.001

G lycy lg ly c in e  pH 8 .3 0 .0 0 5 0.017 0.012

The method used was as d e sc r ib e d  fo r  th e  sp ec tro p h o to m etr ic  
a ssay  o f L-amino ac id  o x id ase  (Method 2 ) and th e  r e s u l t s  
a re  th e  mean o f  d u p lic a te  a s s a y s .



T ab le  25

Activity of rat kidney L-amino acid 

oxidase w ith  various substrates

Am ino.acid 
S u b s tra te

R eac tio n  Rate 
AE 340 nm min" 1

Blank T est D iffe ren ce

L -leu c in e 0.008 0.019 0.011

L-m ethionine 0.009 0.019 0.010

L -try p to p h an 0.009 0.017 0.008

L -p h en y la lan in e 0.008 0.015 0.007

L - ty ro s in e 0.007 0.014 0.007

The L-ajnino a c id -o x id a se  co n ten t o f  r a t  kidney 
homogenates were assayed  u s in g  th e  s p e c if ie d  
method (Method 2) u s in g  a b u f fe r  pH o f 8*3



homogenates from l i v e r  and kidney showed th a t  in  g ly c y lg ly c in e  

b u f f e r  a t  pH 8 .3  th e  b lan k  r e a c t io n  was on average on ly  20-25^ 

o f  the  r a te  produced in  g ly c y lg ly c in e  b u f f e r  a t  pH 7 .5  

(Table 26. 99)* I t  was a ls o  confirm ed th a t  human D-amino a c id  

o x idase  re q u ire d  the  p resence  o f PAD in  o rd e r f o r  maximum a c t i v i t y  

o f  th e  enzyme to  be d em onstra ted . In  th e  same th re e  hom ogenates, 

th e  ommission o f  PAD from th e  a ssay  re a g e n t r e s u l te d  in  a  lo s s  o f 

n e a r ly  8C$ o f th e  a c t i v i t y  w h ils t  th e  in c o rp o ra tio n  o f  PM  d id  no t 

improve on t h i s  f ig u re  (T able 27. p 100).

3 .2 . K in e tic  c h a r a c te r i s t i c s  of human amino ac id  o x id a se s .

The k in e t ic  c h a r a c te r i s t i c s  o f  th e  D-amino a c id  ox idase  from

human t i s s u e s  were s tu d ie d  fo r  com parison w ith  th e  com m ercial

p re p a ra t io n s  o f th e  enzyme from hog k idney , used in  th e  i n i t i a l  s ta g e s

o f th e  p r o je c t .  The low a c t i v i t y  o f  L-amino a c id  ox idase  in  th e

homogenates examined, however,made i t  im possib le  to  o b ta in  v a l id

d a ta  fo r  a s im ila r  com parison w ith  snake venom L-amino a c id  o x id a se .

The e f f e c t  o f s u b s tr a te  c o n c e n tra tio n s  on the  D-amino ac id

o x id ase  p re se n t in  homogenates o f l i v e r  and kidney was determ ined

u s in g  a s e r ie s  o f s o lu t io n s  o f D -alan ine  ra n g in g  from 1 .3  mmol 1 
— 1

to  6 .6  mmol 1 . (Table 28. p 101). The v a lu e s  o f th e  M ich ae lis

c o n s ta n ts  fo r  the  two enzyme p re p a ra t io n s  were c a lc u la te d  from th e s e

d a ta  u s in g  th e  s t a t i s t i c a l  method in d ic a te d  (Method 3° p 1 2 l) .  The

Km v a lu e  fo r  th e  enzyme from l i v e r  was 7«2 mmol 1 w h i l s t  th a t  f o r
- 1

th e  enzyme from kidney was 5*9 mmol 1 . G rap h ica l p lo t s  o f th e

d a ta  (F igu re  18o p 102.) gave v a lu es  which were even c lo s e r  to  one
- 1  - 1a n o th e r , being  6 .7  mmol 1 and 6 .0  mmol 1 r e s p e c t iv e ly .

S p e c i f ic i ty  s tu d ie s  on human D-amino ac id  ox idase  were 

u n d e rta k en ,u s in g  th e  same approach as d e sc rib ed  fo r  s im i la r  s tu d ie s  

w ith  th e  commercial enzyme p re p a ra t io n s  (p 58). A d d itio n a l problem s 

la y  in  the  volume o f sam ples a v a i la b le  and th e  r e l a t i v e ly  low 

a c t i v i t y  of enzyme in  th e  .homogenates even when u s in g  the  normal 

s u b s t r a te .  Where adequate  t i s s u e  was av a ilab le ,h o m o g en a tes  were
3

prepared  in  la rg e r  volumes o f approx im ate ly  6 cm but even so i t  was 

n ecessa ry  to  use d iffe re n t'h o m o g e n a te s  and c ro ss  check the  a c t i v i t y  
o f each homogenate a g a in s t  the same amino a c id s .
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Table 26

Blank reaction - human tissue

homogenates

pH Rate o f r e a c t io n

 ̂ A E340nm min"^)

L iv er Kidney

7 .5 0.021 ( 100$) 0.028 ( 100$)

8 .3 0 .004 ( 19$) 0.005 ( 18$)

The r a te  o f r e a c t io n  g iven  by th e  hom ogenates of 
th re e  samples o f human l i v e r  and kidney in  the  
absence o f s u b s t r a te ,  was measured in  b u f f e r  
s o lu t io n s  a t  th e  two pH v a lu e s  in d ic a te d .
The d a ta  p re se n te d  ace. the  mean of th re e  
o b s e rv a tio n s .

PROTOCOL

R eagent C o n cen tra tio n Volume(cm3)

G lycy lg lyc ine  b u f f e r 0 .1  mol 1“ 1 2 .0 5
2 -o x o g lu ta ra te 0 .2  mol 1-1 0 .2
NALH 2.25 mmol 1~1 0 .2
ALP 15.0 mmol 1“1 0.1
PAL 0 .3  mmol 1-1 0.1
GLH 0 .0 5
Homogenate 0 .2

M onitor th e  absorbance a t  340 nm



Human D-amino acid oxidase 

coenzyme requirements

Coenzyme 
added

Rate o f  r e a c t io n  ( A E^Onm m̂ n ^ )

Kidney L iv e r

FAD 0.0170 ( 100fo ) 0.0150 ( 100fo )

Fffl 0.0040 ( 23?o ) 0 .0030 ( 20fo )

none 0.0035 ( 21 fo ) 0 .0020 ( 1 jfo )

The a c t i v i t y  o f  th e  D-amino ac id  ox idase  from th re e  
sam ples o f human l i v e r  and kidney was m easured in  th e  
p re sen ce  o f FAD and FMN. The d a ta  p re se n te d  i s  the  
mean o f  the  th re e  o b se rv a tio n s  „

PROTOCOL

Reagent C o n cen tra tio n Volume (cm3)

G ly cy lg ly c in e  b u f f e r  
pH 8 .3

Ool mol 1 ^

0 .2  mol 1"^ , 
2 .25  mmol 1

2 .05

2 -o x o g lu ta ra te 0o2
HADH 0.2
ADP 15»0 mmol 1-1 0.1
Coenzyme 0 .3  mmol 1-1 0.1
GDH 0.05
Homogenate 0.2

M onitor absorbance a t 340 run and add:

D -alanine 0o5 mol 1” 1 0.1



Table 28 .

Human D-amino acid oxidase - 

determination of Michaelis constant

P in a l C o n cen tra tio n  

o f s u b s tr a te  

( mmol 1~̂  )

R ate o f  re a c i io n  (A E 340m  m in"1)

L iv e r Kidney

1.33 0.0210 0.0160
2.00 0.0280 0.0200
2.66 0.0365 0.0280
3.33 0o0420 0.0520
4 .00 0.0470 0.0335
4.66 0.0530 0.0400
5.33 0.0586 0.0405-
6 .00 0.0610 0.0440
6.66 0.0625 0.0455

Method M ich ae lis  Cons ta n t  ( mmol 1“ ^)

G rap h ica l 6 .7 6 .0

S t a t i s t i c a l 7 .2  ±0.7' 5 .9  ±0.56



Figure 18

Human D -am ino  acid oxidase 

-e f fe c t  of substrate concentration
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R e c i p r o c a l  of s u b s t r a t e  c o n c e n t r a t i o n  ( m m o l  l ' )



The problem  o f ammonia co n tam in a tio n  o f amino a c id s  was a g a in  

encoun tered  (p 5 8 .) and was d e te c te d  m ain ly  because o f the  d i f f e r e n t  

shape o f th e  r e a c t io n  t r a c e  in  r e s p e c t  of the  la g  r e a c t io n .  

S ubsequently  a l l  amino ac id  s o lu tio n s  were checked f o r  the  p re sen ce  

o f am m onia,using the  same r e a c t io n  m ix tu re  b u t la c k in g  the  aminp ac id  

o x id a se . Those amino a c id s  which co n ta in ed  only sm all amounts o f  

ammonia when so t e s t e d }were allow ed to  r e a c t  u n t i l  a s ta b le  

absorbance was ach ieved  and i f  th e re  was s t i l l  an adequate  amount o f 

NADHjas in d ic a te d  by the  absorbance v a lu e , th e  a ssa y  r e a c t io n  was 

i n i t i a t e d  by th e  a d d it io n  o f  th e  t e s t  enzyme. A sp a r t ic  a c id ,d u e  to 

th e  r e l a t i v e l y  la rg e  amount o f  ammonia p re s e n t, was t r e a te d  in  b u lk  

w ith  g lu tam ate  dehydrogenase, o x o g lu ta ra te  and MDH b e fo re  check ing
" lA

ag a in ^ th e  manner in d ic a te d .

The s p e c if ic it ie s  o f  D-amino a c id  o x idase  from bo th  l i v e r  and 

kidney were examined in  th i s  way and proved to  be ve ry  s im i la r  

and th e  r e s u l t s  a re  l i s t e d  in  Table 13. (p 60) to g e th e r  w ith  th e  d a ta

from the  commercial enzyme p re p a ra t io n .

3*3. Amino a c id  ox idase  co n ten t o f  human t i s s u e s .

One o f  th e  i n i t i a l  o b je c t iv e s  o f t h i s  re se a rc h  was to

in v e s t ig a te  th e  d i s t r i b u t io n  o f  th e  amino a c id  o x id ases  in  human

t i s s u e s ,  w ith  a view to  c la r i f y in g  any p o te n t i a l  r e la t io n s h ip  

betw een enzyme d i s t r i b u t io n  and t i s s u e  d y s fu n c tio n . However 

o rg a n is a t io n a l  d i f f i c u l t i e s  in  th e  l a t e r  s ta g e s  of th e  work made i t  

d i f f i c u l t  to  o b ta in  th e  wide range of s u i ta b le  specim ens i n i t i a l l y  

en v isag ed . As a r e s u l t , t h e  ex p e rim en ta tio n  had to  be r e s t r i c t e d  to  

an exam ination  o f th e  d i s t r i b u t io n  o f  the  am ino*acid o x id ases  in  a 

l im ite d  number o f t i s s u e s .

The t i s s u e s  examined were b ra in ,  h e a r t ,  k idney , l i v e r ,  lung , 

and sp leen  and were random specimens ob ta ined  from p o st mortems a t  

a la rg e  g e n e ra l h o s p i ta l ,w i th  no p r io r  knowledge of th e  p re c is e  

d ise a se  p ro c e sse s  in v o lv e d . The t i s s u e s  were ta k en  w ith in  12 hours 

o f d eath  and im m ediately fro zen  a t  -20°C. A ll th e  t i s s u e s  s e le c te d  

were s u p e r f i c i a l l y  norm al in  appearance and were from donors in  the  

55 -  65 y e a rs  o f age range, d ea th  b e in g  as a r e s u l t  o f e i t h e r ,  

v a sc u la r  d is e a s e  or secondary  m a lig n a n c ie s . In  a l l  te n  s e t s  o f



t i s s u e s  were examined.

Homogenates were p rep a red  in  th e  manner d e sc rib e d  (Method 6 . p12 

and assayed  im m ediately  f o r  th e  presence  o f D- and L-amino ac id  

o x id a se s  u s in g  b o th  the  k in e t i c  and f lu o r im e tr ic  a ssa y  m ethods. 

Subsequen tly  th e  p ro te in  c o n te n t o f  the  homogenates was determ ined  

u s in g  th e  ty ro s in e  method ( p 0126)and th e  enzyme c o n te n t o f each 

t i s s u e  expressed  as  th e  number of I n te r n a t io n a l  U n its  o f a c t i v i t y  

p e r  gram o f so lu b le  p ro te in  (Table 29 . p 105).

The r e s u l t s  showed th a t  o f th e  s ix  t i s s u e s  examined , in  each 

case, on ly  th re e  c o n s is te n t ly  showed any amino ac id  ox id ase  a c t i v i t y .  

Kidney g e n e ra lly  had th e  h ig h e s t  c o n ten t o f D-amino a c id  ox idase  w ith  

l iv e r  c o n ta in in g  s im ila r ,  a lthough  u s u a lly  low er a c t i v i t i e s .  The 

samples o f b ra in  examined showed an a c t i v i t y  o f  D-amino a c id  ox idase  

which was approx im ate ly  one te n th  th a t  o f k id n ey . Only k idney and 

l iv e r  co n ta in ed  any L-amino a c id  ox id ase , th e  a c t i v i t y  o f  which was 

r e l a t i v e ly  low.

F ive  sam ples of f r e s h ly  sep a ra te d  serum from norm al a d u l ts  

f a i l e d  to  dem onstrate  any D- or L-amino ac id  ox idase  a c t i v i t y .

4 . D iscussiono

A m ajor problem  encountered  d u rin g  th e  assay  o f  t i s s u e  

homogenates was th e  ra p id  u t i l i z a t i o n  o f  NADH in  th e  p resen ce  o f 

th e  homogenate a t  pH 7 .5 - The subsequent d e c is io n  to  m easure th e  

a c t i v i t y  o f  L-amino ac id  ox idase  a t  pH o f  7«5 only  circum vented  th e  

problem  w ithou t id e n t i fy in g  th e  cau se . The s e le c t io n  o f pH 8 .3  as 

the  a ssay  pH fo r  th e  enzyme reduced  th e  observed  r a t e  o f r e a c t io n  by 

app rox im ate ly  25$ (F igure  6. p 47) which a lth o u g h  u n d e s ira b le , d id  

n o t have a se r io u s  e f f e c t  on fundam ental s e n s i t i v i t y  o f th e  m ethod. 

C e r ta in ly  compared w ith  the  use o f  pH 7 .5  th e  s e le c t io n  o f  pH 8 .3  

s ig n i f i c a n t ly  improved the  s e n s i t i v i t y  (Table 2 4 . p 96) and a lso  

co n s id e ra b ly  s im p lif ie d  th e  a ssay  procedure  in  th a t  o n ly  one b u f f e r  
was re q u ire d  fo r  b o th  a s s a y s .

The p resen ce  o f g ly c y lg ly c in e  was obv iously  e s s e n t i a l  f o r  th i s  

enzymic g e n e ra tio n  o f ammonia a lth o u g h  i t s  e x ac t ro le  was n o t c l e a r .  

The most l i k e ly  fu n c tio n  was th a t  o f  s u b s tr a te ,a l th o u g h  i t  a ls o  could



Table 29

Amino acid oxidase content of various 

human tissues

T issue Enzyme Enzyme co n ten t ( I .U . g ^ p ro te in )

D-AAO 0 .4 0 0o3 0.1 0 0 .4 0 .8 0.2 0 .3 0 .2
B ra in L-MO 0 0 0 0 0 0 0 0 0 0

D-AAO 0 0 0 0 0 0 0 0 0 0
H eart L-AAO 0 0 0 0 0 . 0 0 0 0 • 0

D-AAO 6.6 1 . 3 6 .5 4 .2 1 .3 5 .3 3.1 2.1 5.1 4 .0
Kidney L-AAO 0.2 0 0o4 0.2 0.2 0 .4 0 .3 0.2 0 .4 0 .5

• D-AAO 5-2 2 . 7 4 .7 0 .5 4 .5 2.6 2 .4 1 .8 3 06 2 .9
L iv e r L-AAO 0.1 0 . 1 0 .3 0 .2 0 .4 0 .6 0.6 • 0 0 o 5 0 o6

D-AAO 0 0 0 0 0 0 0 0 0 0
Lung L-AAO 0 0 0 0 0 0 0 0 0 0

D-AAO 0 0 0 0 0 0 0 0 0 0
Spleen L-AAO 0 0 0 0 0 0 0 0 0 0

D-AAO 0 0 0 0 0
Serum L-AAO 0 0 0 0 0

The above d a ta  were o b ta in ed  by the  sp ec tro p h o to m e tr ic  method 
and each f ig u re  i s  the mean o f . two a s s a y s . Ho enzymic a c t i v i t y  
in  any 'sam ple re p o rte d  n eg a tiv e  could be d e te c te d  by the  u se  
o f  the  f lu o r im e tr ic  method.



have ac ted  as an a c t iv a to r  o f  some o th e r  system . I t  was ob v io u sly  

n o t a s u b s t r a te  fo r  the  L-amino a c id  oxidase as ev idenced  by i t s  

n o n -re a c tio n  w ith  th e  snake venom enzyme.

The i d e n t i f i c a t i o n  of th e  p re c is e  n a tu re  o f t h i s  r e a c t io n  

would be d e s ir a b le  and, i f  known, might su g g est an a l t e r n a t iv e  

s o lu t io n  to  th e  problem . F u r th e r  in v e s t ig a t io n  could  a ls o  be 

u n d e rtak en  to  f in d  a s u i ta b le  b u f f e r  system  o th e r  th an  

g ly c y lg ly c in e  which would n o t be s u s c e p tib le  to  t h i s  r e a c t io n , ' 

p o s s ib ly  a compound o th e r  th a n  an am ine.

The exam ination  o f  th e  amino a c id  ox idase co n ten t o f  human 

t i s s u e  re v e a le d  th a t  on ly  two t i s s u e s  con tained  the enzymes in  any 

a p p re c ia b le  amounts, namely kidney and l i v e r .  The predom inant 

enzyme was th e  D-amino a c id  ox idase  and a lth o u g h  th e  p re sen ce  o f 

L-amino a c id  oxidase was dem onstra ted , i t s  a c t i v i t y  in  th e  

p re p a ra t io n s  was no t s u f f i c i e n t  to  enab le  c r i t i c a l  k in e t ic  s tu d ie s  

to be s a t i s f a c t o r i l y  u n d e rtak en . In  o rd e r to  a ttem p t such s tu d ie s  

u s in g  th e  p re s e n t m ethods, some p re lim in a ry  p u r i f i c a t io n  and 

c o n c e n tra tio n  o f  the  enzyme would be n e c e ssa ry .

S tu d ies  o f th e  D-amino a c id  ox idase from l i v e r  and kidney 

re v e a le d  alm ost id e n t ic a l  s p e c i f i c i t i e s  (Table P 6 0 .)  and th e  

Km v a lu es  c a lc u la te d  fo r  each  o f  the  enzyme p re p a ra t io n s  were v e ry  

s im i la r  su g g es tin g  th a t  th e  two enzymes were id e n t i c a l  in  n a tu r e .

T his co n clu sio n  could be c l a r i f i e d  i f  s tu d ie s  o f th e  p h y s ic a l 

c h a r a c te r i s t i c s  o f th e se  enzymes were u n d e rtak en .

A s tu d y  of the  s p e c i f i c i t i e s  o f human and hog D-amino ac id  

o x idases re v e a le d  b o th  co n s id e ra b le  d if f e r e n c e s  and s i m i l a r i t i e s .

The enzymes from b o th  sources f a i l e d  to  e x h ib i t  any a c t i v i t y  w ith  

c y s tin e , g lu tam ic  a c id , g ly c in e , ly s in e ,  th re o n in e , and try p to p h a n . 

The enzyme from hog kidney  on ly  showed v e ry  s l i g h t  a c t i v i t y  w ith  

a rg in in e  b u t bo th  enzymes showed s im ila r  le v e l s  o f a c t i v i t y  w ith  

a s p a r t ic  a c id , ty ro s in e  and p o s s ib ly  v a l in e .

The two enzymes d i f f e r e d  more s ig n i f i c a n t ly  in  t h e i r  r e a c t i v i t y  

tow ards le u c in e , is o - le u c in e ,  and p h e n y la lan in e , w ith  which th e  hog 

kidney  D-amino ac id  ox id ase  dem onstrated  an a c t i v i t y  o f  ap p ro x im ate ly  

tw ice  th a t  o f  th e  human enzyme. A c o n s id e ra b le  v a r i a t io n  a ls o  

occured in  the  a c t i v i t y  o f  th e  enzymes tow ards h i s t id in e  and s e r in e ,  

n e i th e r  of which showed any s ig n i f ic a n t  r e a c t io n  w ith  the  hog D-amino
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a c id  ox idase  b u t d id  show an a p p re c ia b le  r a t e  o f o x id a tio n  w ith  th e

human enzyme. The two enzymes a lso  showed a d if fe re n c e  in  th e

v a lu e s  c a lc u la te d  fo r  th e  M ichaelis  c o n s ta n ts .  The Km va lu e  o f

human D-amino a c id  ox idase  showed a mean value o f 6 .5  mmol 1

w h ils t  the  hog kidney D-amino ac id  ox idase  gave a va lue  o f 5=3 
- 1

mmol 1 . I t  seems f a i r l y  c e r ta in  t h a t  th e re  a re  c o n s id e ra b le

d if f e r e n c e s  betw een th e se  two enzymes and as  su g g es ted  e a r l i e r ,  

a  s tu d y  o f  t h e i r  p h y s ic a l  c h a r a c t e r i s t i c s  would h e lp  to  confirm  t h i s  

b e l i e f .

The survey  o f  th e  l i t e r a t u r e  which was re p o rte d  in  th e  

In tro d u c tio n , in d ic a te d  th a t  th e re  was g e n e ra l agreem ent on th e  

m a tte r  o f the  d i s t r i b u t io n  of th e  enzymes in  t i s s u e s .  Kidney and 

l i v e r  were s ta te d  to  be the  r i c h e s t  so u rces  o f bo th  D- and L-amino 

ac id  ox id ase  in  mammals. K rebs (1935), suggested  th a t  th e re  was 

approx im ate ly  fo u r tim es as much D-amino a c id  ox idase in  k idney th an  

th e re  was in  l i v e r .  However th e  r e s u l t s  p re se n te d  in  t h i s  th e s i s  

show th e  r e l a t iv e  amounts in  b o th  t i s s u e s  to  be much c lo s e r  b u t w ith  

kidney showing c o n s is te n t ly  h ig h e r  le v e ls  o f a c t i v i t y .

Krebs (1 9 5 0 , su ggested  th a t  D-amino a c id  o x idase  was a lso  

p re se n t in  b r a in  t i s s u e ,  a p o in t a ls o  made by Dunn & P e rk o f f  (1 963), 

who d e te c te d  th e  enzyme in  b ra in  stem as w e ll as in  l i v e r  and k idney . 

They d id  not. however, d e te c t  th e  enzyme in  any o th e r  t i s s u e  nor in  

samples of serum.

These r e s u l t s  agree w ith  th e  p resen t^  f in d in g s  in  which th e  

p resen ce  o f D-amino ac id  o x id ase  in  b r a in  t i s s u e  was c o n s is te n t ly  

dem onstrated  in  a c o n c e n tra tio n  app rox im ate ly  one te n th  o f  t h a t  in  

k idney  t i s s u e .

L-amino ac id  o x id ase  was on ly  dem onstrated  in  l i v e r  and k idney , 

th e  le v e l s  in  bo th  t i s s u e s  b e in g  approx im ate ly  th e  same, a l b e i t  v e ry  

low. L-amino ac id  o x id ase  however could no t be d e te c te d  i n  b r a in  

t i s s u e  n o r in  serum sam ples. Mecher & M asszi (1969), dem onstra ted  

the p resence  o f  an L-amino ac id  o x id ase  in  th e  serum from p a t ie n t s  

s u f fe r in g  from pemphigus and h erp es  z o s te r  w h ich ,th ey  su g g es ted , was 

of v i r a l  o r ig in .  They noted th a t  the  s p e c i f i c i t y  o f t h i s  L-amino 

ac id  o x id ase  d if f e r e d  c o n sid e rab ly  from o th e r  amino ac id  o x id a se s . 

This s ta tem en t i s  a ls o  tru e  w ith  re s p e c t  to  the  p re s e n t s tu d ie s  on 

enzyme s p e c i f i c i ty ,  and the  m ajor d if f e r e n c e s  betw een th e  two a re



in d ic a te d  in  Table 30. (p 109).

S tu d ies  on the  s p e c i f i c i t i e s  o f  th e  amino a c id  o x id ase s  by 

d i f f e r e n t  w orkers have, as in d ic a te d  in  th e  In tro d u c tio n , o f te n  

v a r ie d  c o n s id e ra b ly . An exam ination  o f Table 2 . (p 10) shows the  

v a r ia t io n  th a t  Krebs found in  s tu d ie s  conducted in  1935 and 1951•

A v a l id  com parison o f the  d a ta  from v a r io u s  so u rces  was d i f f i c u l t  

due to  the  d i f f e r e n t  ways in  which th e  data" ware re p o r te d  b u t 

n e v e r th e le s s , s e v e ra l  a p p a ren t a re a s  o f d isag reem ent became e v id e n t .  

These a re a s  a re  summarized in  Table 31• (p 110)e

The v a r ia t io n s  w ith  L-amino a c id  ox idase  would seem to  be due 

alm ost e n t i r e ly  to  th e  d i f f e r e n t  so u rces o f enzymes u sed  in  the  

s tu d ie s , w h ils t  th e  s tu d ie s  w ith  D-amino a c id  oxidase show v a r ia t io n s  

which a re  p robab ly  more s i g n i f i c a n t .  M eis te r & W ellner (1963), 

re p o rte d  some a c t i v i t y  o f  mammalian D-amino a c id  ox idase  w ith  

g ly c in e  and Dixon & Kleppe (1965b) , in d ic a te d  an a c t i v i t y  o f  

approx im ate ly  10$ o f th a t  w ith  D -a la n in e . These r e s u l t s  c o n f l i c t  

w ith  th e  p re s e n t work which f a i l e d  to  dem onstra te  any a c t i v i t y  o f  

e i th e r  hog o r human D-amino a c id  ox idase  w ith  th a t  amino a c id .  I t  

has been suggested  th a t  the enzyme e x h ib i ts  an  optimum pH o f  about 

10 fo r  g ly c in e  and th a t  t h i s  accoun ts  fo r  such d is c re p a n c ie s , Heims 

& H ellerm an (1970). However th e  l a t t e r  a u th o rs  m easured the  enzyme 

a c t i v i t y  a t  pH 8 .5  w h ils t  M e is te r & W ellner (1963) d id  n o t sp e c ify  

the a ssa y  pH. B erger e t  a l .  (1975), u t i l i z e d  a D-amino a c id  o x id ase  

p re p a ra t io n  fo r  th e  q u a n t i ta t iv e  d e te im in a tio n  o f  g ly c in e  a t  pH 9 .7  

by means o f an enzymic cy c lin g  sy s te m ^ a fte r  a llow ing  th e  D-amino a c id  

ox idase  to  r e a c t  w ith  the  g ly c in e  fo r  up to  24 h o u rs . I t  would ap p ea r, 

th e re fo re  th a t  th e  a c t i v i t y  o f D-amino a c id  ox idase  w ith  g ly c in e  as  

a s u b s t r a te  a t  about pH 10, a lth o u g h  m easurab le , i s  v e ry  low.

The co n s id e rab le  d eb a te  on th e  s u b je c t  o f s p e c i f i c i t y  o f  th e se  

enzymes on ly  se rv es  to  dem onstrate  th e  com plexity  o f  the enzymes 

concerned, and th e  co n s id e ra b le  e f f e c t  of e x te r n a l  f a c to r s  on th e  

a c t i v i t y  o f  an enzyme w ith  any p o te n t i a l  s u b s t r a te .  However th e  main 

value  in  th e  s p e c i f i c i t y  s tu d ie s  in  th e  p re s e n t work, a p a r t  from th e  

s e le c t io n  of the  assay  s u b s t r a te ,  was to  dem onstrate  i d e n t i t y  betw een 

th e  two D-amino ac id  o x id a se s  of human t i s s u e  and the  d if f e r e n c e  

betw een th e se  enzymes and th a t  from hog k idney .



T a b le  30

S p e c i f ic i ty  o f  L-amino ac id  o x id ase  in  pemphigus serum.

Amino Acid Snake venom 

L-AAO

Pemphigus

L-AAO

le u c in e 100 100

a la n in e 0 500

a s p a r t ic  a c id 0 650

c y s tin e 40 150

m eth ion ine 110 100

try p to p h an 80 ■ 0

D ata on the  L-amino ac id  o x idase  c o n ten t o f pemphigus 

serum were c a lc u la te d  from oxygen uptake measurements 

by M echer,T ., M asszi, J .  (1969)

A c tiv i ty  o f  enzyme p re p a ra t io n  i s  re p o r te d  as a 

p e rcen tag e  o f  th a t  r e s u l t in g  in  the  p resen ce  of 

L - le u c in e .
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T a b le  31

Summary o f v a r ia t io n s  in  re p o rte d  s p e c i f i c i t i e s  of the 

amino a c id  o x id a se s .

L-amino ac id  o x id ase .

Source Snake venom Snake venom Rat t i s s u e

Author P re se n t work L ich ten b e rg O  968) Krebs (1935)

Amino ac id A c tiv i ty  as a pe rcen tag e  o f  t h a t  

w ith  L -leu c in e

A lanine 0 3 38

A sp a rtic  ac id 0 0.1 26

Glutamic ac id 0 0 .5 144

V aline 0 8 47

D-amino a c id  oxidase

Source Human Hog R at She ep

A uthor P re se n t work P re se n t
work

Dixon
( 1 9 6 5 )

Krebs
C T 935) ( 1 9 5 1  )

Amino a c id A c tiv i ty  as a p e rcen tage  o f  

w ith  D -alan ine

th a t

A rg in ine 0 1 0 33 -

A sp a r tic  ac id 32 30 0 12 3

C ystine 0 0 0 47 3

G lycine 0 0 10 0 -

H is tid in e 24 0 25 10 9

Lysine 0 0 0 - 2

M ethionine 40 100 70 193 125

S erine 27 1 60 60 66

Tryptophan 73 80 40 12 58



CHAPTER 3

CONCLUSIONS

A m ajor o b je c t iv e  o f  t h i s  p re se n t work was the  developm ent o f  

a v a l id  assay  method fo r  th e  amino ac id  o x id a se s . High on th e  l i s t  

o f p r i o r i t i e s  was th e  a b i l i t y  to  be' a b le  to  s tudy  th e  c a ta ly t i c  

p r o p e r t ie s  o f th e se  enzymes in  a k in e t i c a l l y  a cc e p tab le  m anner.

The methods review ed in  th e  in tro d u c to ry  p a r t  o f  t h i s  th e s i s  f a i l e d  

to  p ro v id e  th e  combined f l e x i b i l i t y  and s e n s i t i v i t y  r e q u ir e d .  P r io r  

to  .th e  developm ent o f  the  p re s e n t  method, no g lu tam ate  dehydrogenase 

coupled assay  f o r  th e  amino a c id  o x id ases  had been d e sc rib e d  and 

the  m a jo r ity  o f  th e  methods d id  no t lend  them selves to  con tinuous 

m o n ito rin g  te ch n iq u es  w ith  th e  r e s u l t in g  p o te n t ia l  f o r  subsequen t 

au tom ation .

The u l t r a v i o l e t  sp ec tro p h o to m e tr ie  method d esc rib ed  in  t h i s  

th e s i s  m eets th e  req u irem en ts  fo r  an a ssay  o u t l in e d  in  th e  S tatem ent 

o f O b je c tiv e s  (p 5 ) .  I t  i s  ex trem ely  r e l i a b l e  and sim ple to  perform  

and, p ro v id ed  th a t  r e l i a b l e  in s tru m e n ta tio n  i s  a v a i la b le ,  o f f e r s  a 

v a l id  a ssay  method, u s e f u l  over a wide range o f  enzyme a c t i v i t i e s .  

Being a k in e t i c  method, i t  i s  i d e a l  fo r  th e  s tu d y  o f th e  k in e t i c  

c h a r a c t e r i s t i c s  o f th e  enzymes and, due m ainly to  the  s p e c t r a l  

p ro p e r t ie s  o f  NADH, o f f e r s  a h igh  degree of s e n s i t i v i t y  n o t 

a v a ila b le  in  o th e r  a ssay  m ethods. I t  i s  n o t an expensive a ssa y  to  

perform , a f a c t  which makes i t  v e ry  s u i ta b le  f o r  an autom ated assay  

where c o s t  becomes a s ig n i f ic a n t  f a c to r .  The enzyme g lu tam ate  

dehydrogenase i s  the  most expensive component o f  the  a ssa y  b u t, due 

to  the h igh  s p e c i f ic  a c t i v i t y  o f  th e  commercial p re p a ra t io n  a v a i la b le ,  

i t  would be f e a s ib le  to  use up to  a  te n th  o f  th e  volume s p e c if ie d  in  

t h i s  p re s e n t  m ethod. The c u rre n t t o t a l  c o s t i s  app rox im ate ly  12 pence 

p e r assay  (1978), o f which 7 .5  pence i s  due to  th e  co s t o f th e  

g lu tam ate  dehydrogenase .
The f lu o r im e tr ic  method d e sc rib e d  in  th i s  th e s i s  i s  a v e ry  

s e n s i t iv e  method fo r  the a ssa y  o f  the  amino ac id  o x id ase s  and5a lth o u g h  

b e in g  a f ix e d  tim e assay , s t i l l  has many o f the  advan tages o f th e  

k in e t ic  m ethod.' As in d ic a te d  in  C hapter 1 (p 73), i t  should be 

p o s s ib le  to  improve even f u r th e r  the  h ig h  degree o f s e n s i t i v i t y  shown



by t h i s  method, a fe a tu re  which becomes more s ig n i f i c a n t  w ith  th e  

developm ent o f  h ig h  q u a l i ty  re c o rd in g  s p e c tro f lu o r im e te rs  of 

reaso n ab le  c o s t .

I t  i s  no r e f l e c t i o n  on the  v a lu e  o f th e  f lu o r im e tr ic  method 

th a t ,  in  th e  s tudy  o f t i s s u e  Homogenates as d e sc rib ed  in  C hapter 2, 

no in fo rm a tio n  on th e  amino a c id  ox idase  c o n ten t, o f t i s s u e  

homogenates was g a in ed  by th e  use o f  th e  f lu o r im e tr ic  method th a t  

was no t g a in ed  by the  use o f th e  sp ec tro p h o to m etr ie  m ethod. No 

enzyme a c t i v i t y  was dem onstrated  by the  f lu o r im e tr ic  method in  sam ples 

which gave n eg a tiv e  r e s u l t s  u s in g  th e  k in e t ic  m ethod.

The d a ta  p re sen te d  on th e  amino a c id  ox idase  co n ten t o f human 

t i s s u e s ,  show a h igh  degree o f  c o n s is te n c y  and th e  v a r ia t io n  th a t  was 

shown may have been due, a t  l e a s t  in  p a r t ,  to  th e  o r g a n is a t io n a l  

d i f f i c u l t i e s  experienced  in  o b ta in in g  th e  specim ens. L iv e r and kidney 

a re  the  m ajor sou rces o f  th e  amino a c id  o x id a s e s 'in  human t i s s u e s  

and a lth o u g h  th e  ro le  o f th e se  enzymes i s  no t c le a r ,  th e  su g g e s tio n s  

made e a r l i e r  (p 1 4 .) do n o t seem u n re a so n a b le . However, th e  p re sen ce  

o f  D-amino a c id  ox idase  in  b r a in  t i s s u e  i s  no t s a t i s f a c t o r i l y  

e x p la in ed  by any o f th e se  su g g es tio n s  and f u r th e r  work on th e  

c a ta ly s i s  o f s u b s tr a te s  o th e r  than  amino a c id s  m ight be in fo rm a t iv e .

I t  would be v e ry  d e s ira b le  to  s tudy  th e  d i s t r i b u t io n  o f  th e  

enzymes in  t i s s u e s  and serum from p a t ie n ts  s u f fe r in g  from known 

d is e a s e s  and to  a s s e s s  w hether th e re  i s  a r e la t io n s h ip  betw een th e  

d i s t r i b u t io n  and le v e l s  of the  amino ac id  ox id ases  and a s p e c i f ic  

d is e a s e .  S im ila r ly  a c r i t i c a l  s tudy  o f the  d i s t r i b u t io n  o f th e  

enzymes in  s p e c i f ic  t i s s u e s  and s u b - c e l lu la r  f r a c t io n s  from 

a p p ro p r ia te  o rgans, could be v e ry  e n lig h te n in g . C e r ta in ly , th e  

methods which have been d e sc rib e d  would be v e ry  s u i ta b le  fo r  such 

s tu d i e s .

On th e  q u e s tio n  o f th e  s p e c i f i c i t y  o f  the  amino ac id  o x id a se s , 

a com prehensive study  o f  th e  e f f e c t  of pH on th e  o x id a tio n  o f  each  

amino ac id  -would be d e s i r a b le .  For such a su rvey , the  g a so m e tric  

method would have’ to  be used, b u t d e sp ite  th e  l im i ta t io n s  o f  such a 

method, th e  use o f  the  G ilso n  D i f f e r e n t ia l  R esp irom eter, in  

experienced  hands, o f f e r s  a r e l i a b le  method o f a ssay  which would be 

enhanced by the  use o f th e  con tinuous re c o rd in g  f a c i l i t y .
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MATERIALS

Enzymes

G lutam ate dehydrogenase (E .C «1.4 .1 .3 . )

Source -  bovine l i v e r  

A c tiv i ty  1200 U. cm ^

(127 710 B oehringer Mannheim, London).

D-amino ac id  ox idase  (e .C .1 .4 .3 * 3 .)

Source -  hog kidney
- 1

A c tiv i ty  0 .02  U. mg

(A9128, Sigma Chemical Co, London).

L-amino a c id  oxidase (E.C.1 . 4 .3 * 2 .)

Source -  Bothrops A trox Venon
-1

A c tiv i ty  0 .65  G. mg

(A4257, Sigma Chemical Co. London).

C hem icals. (Sigma Chem ical Co. London ) .

D -alan ine (A7377)

L -leu c in e  (L8000)

D-amino a c id s  (DAA-16)

L-amino a c id s  (LAA-21)
5 y5 '- d ie th y lb a r b i tu r i c  a c id  (B0375)

T r is  (tris(hydroxym ethy l)am inom ethane ) T1378 

T r ic in e  (N -tris (h y d ro x y m eth y l)m e th y lg ly c in e ) T0377 
G ly cy lg lyc ine  (G1002)

NAD+ (N7004)

NADH (N8129)

ADP (A0127)

PAD (P6625)
PMM (P6750)

2 -o x o g lu ta ra te , sodium s a l t  (K1875)- 

Im idazole (10250)
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Sodium deoxychola te  (D6750)

T r ito n  X100

F o lin  and C io ca lteu  phenol re a g e n t j/4-100

(F isons S c ie n t i f i c  A pparatus, Loughborough)

Equipment

Unicam SP1800 U.V. sp ec tro p h o to m ete r 

(Pye Unicam L td , Cam bridge.)

G ilson  D i f f e r e n t ia l  R esp irom eter, Model G14.

(G ilson  M edical E le c tro n ic s , V i l l i e r s - l e - B e l ,  F ra n c e ) .

Am'inco-Bowman S p e c tro f lu o r im e te r .

(American In stru m en t Co. In c . S ilv e r  S p rings, M aryland, U .S .A .)

M .S.E. Superspeed 65, P re p a ra t iv e  U ltra c e n tr i fu g e .

(M easuring and S c ie n t i f i c  In s tru m e n ts , London).

M0S .E 0 U ltra so n ic  D is in te g ra to r ,  100 w a tt.

(M easuring and S c ie n t i f i c  In s tru m e n ts , London).

P o ly tro n  T issue  D is in te g ra to r .

(K inem atica GMBH, Luzern, S w itz e r la n d ) .

Sephadex G25 Columns PD.10.

(Pharm acia Fine Chem icals, U ppsala, Sweden).



METHOD 1

G asom etric a ssay  o f D- and L-amino ac id  ox idases u s in g  a G ilso n  

D i f f e r e n t ia l  R esp iro m ete r.

R eagents

1. G ly cy lg lyc ine  b u f fe r

0.1 mol 1 a d ju s te d  to  pH 8 .3  fo r  th e  D-amino ac id  ox idase  

assay  o r pH7*5 fo r  th e  L-amino a c id  ox idase  a s s a y .

2 . Coenzyme 

FAD. 0 .3  mmol 1

3 . Sodium hydroxide s o lu t io n  1 00 g 1

4 . S u b s tra te s
- 1

D -alan ine  0 .5  mol 1
- 1

L -leu c in e  0.1 mol 1

5. C a ta la se  p re p a ra t io n

1$ (v /v ) d i lu t io n  o f f r e s h  red  b lood  c e l l s  in  w a te r . 
P ro to c o l

Compartment Reagent Volume (cm )

D-AAO

Assay

L-AAO

Assay

Main V essel B u ffe r s o lu t io n 1 .2 1 .3

D -a lan ine 0.1 -

L -leu c in e - 0.1

FAD 0.1 -

Side Arm Sample 0.1 0.1

Well Sodium hydroxide 0.1 0.1
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M ethod.

1. The f la s k s  were s e t  up acco rd in g  to  th e  p ro to c o l above 

and a f t e r  s e a l in g  the  j o i n t s ,  th e  f la s k s  were e q u i l ib r a te d  a t  37° C 

fo r  15 m inu tes w ith  th e  system open to  the a i r .

2 . The system  was c lo sed  to  the  a i r  and th e  volume re a d in g s  

m onito red  fo r  a fu r th e r  15 m in u te s .

3- The r e a c t io n  was i n i t i a t e d  by c a r e f u l ly  mixing th e  c o n ten ts  

of the  main v e s s e l  and the  s id e  arm and th e  change in  volume o f the  

gas m onitored fo r  30 m inutes and reco rded  as j i l  per m in u te .
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METHOD 2

S p ec tropho tom etric  a ssay  o f D- and L-amino a c id  o x idases in  

t i s s u e  homogenates

Reagents

1. Assay reag en t

This re a g en t was o f te n  p rep a red  in  b u lk  and s to re d  on ic e  

u n t i l  re q u ire d , up to  a maximum o f  th re e  h o u rs .

Reagent

G lycy lg lyc ine  b u f f e r  pH 8 .3

2 -o x o g lu ta ra te

NADH

ADP

PAD

G lutam ate dehydrogenase

C o n cen tra tio n

0.-1 mol 1

0 .20  mol 1 

2 .25 mmol 1 

15*0 mmol 1 

0 . 3 mmo1 1

*7

Volume (cm )

1200 I.U .cm -3

2 .0 5
0 . 2 0

0 . 2 0

0 .1 0

0 .1 0

0.05

2. S u b s tra te s

D -alan ine

L -leu c in e
0 .5  mol 1 
0.1 mol 1

- 1

- 1

Method
— —  3

1. 2 .7  cm o f th e  assay  re a g e n t was p ip e t te d  in to  a c lean , d ry  

g la s s  c u v e tte  and th e  m ixture a llow ed to  a t t a i n  a te m p e ra tu re  o f 

37°C in  a th e rm o s ta tte d  c e l l  h o ld e r .

2 . The absorbance o f  th e  s o lu t io n  a t  340 nm was c o n tin u o u s ly
3

recorded  and 0 .2  cm o f th e  sample was added u s in g  an au to m a tic  

p ip e t te  and mixed c a r e f u l ly .

3 . When th e  absorbance showed e i t h e r  no fu r th e r  f a l l  o r  a

slow b u t s tead y  f a l l  (the b la n k  r e a c t io n )  th e  r e a c t io n  was i n i t i a t e d
3

by the  a d d it io n  o f  0.1 cm o f  th e  a p p ro p r ia te  s u b s t r a te .

4 . The r e a c t io n  was m onitored fo r  a t  l e a s t  f iv e  m in u tes  or 

u n t i l  the  l in e a r  s e c t io n  of the  r e a c t io n  t r a c e  could be c le a r ly  

d e f in e d .
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5 . The r a t e s  o f the  b la n k  r e a c t io n  and th e  t o t a l  r e a c t io n  

were determ ined g ra p h ic a l ly  from the  r e a c t io n  tr a c e  and re p o r te d  

as  the  change in  absorbance a t  340 nm in  one m in u te .
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METHOD 3 

S t a t i s t i c a l  methods 

A. S tandard  d e v ia t io n  and mean.

SD =
y , 2 . (z ? )2

n

1

Mean (x)

U
j 

a

II

C o e f f ic ie n t  o f v a r ia t io n . . (CT)

CV =
s

------100 %
x •

C o r re la t io n  c o e f f i c i e n t . ( r )

JT(x -  x ) (y  -  y) 

y  JXx. - x)2 ^T(y -  y ) 2

D. L in ea r reg re ss io n .,

y =  a + bx

j ( z  -  x ) (y  -  y) 
b =  ±:-----------------   .

“ x)

a =  y -  bx

J _  =  J _  + JCm . 1
v ^max. ^m ax . s



METHOD 4

C a lc u la tio n  o f enzyme a c t i v i t y  from d a ta  gained  u sin g  th e  

sp ec tro p h o to m etric  m ethod.

Data needed .

1 . Rate o f  b la n k  r e a c t io n  in  term s o f absorbance change 

a t  340 nm p e r  m in u te .

2 . Rate o f t e s t  r e a c t io n  in  term s o f  absorbance change 

a t  340 nm p er m inu te .

C a lc u la tio n .

The enzyme a c t i v i t y  in  I n te r n a t io n a l  U n its  p e r l i t r e  o f 

sample was c a lc u la te d  from  the  eq u a tio n :

( AE 3 4 0 TEST _ AE3 4 0 BLANK) 106  3- 0 105

x ------- X
6.22 x 105 1 105 0 .2

A B C D

The v a rio u s  s te p s  in  th e  c a lc u la t io n  were:

A.  The use o f th e  m olar a b so rp tio n  c o e f f ic ie n t  o f  UADH to
- 1

c a lc u la te  the  c o n c e n tra tio n  change in  mol 1 

Bo The co n v ersio n  o f m oles to  m icrom oles.

C. C a lc u la tio n  o f amount o f  NADH o x id ise d  in  the  3*0 cm 

o f  th e  r e a c t io n  m ix tu re .

Do C o rre c tio n  fo r  the  volume o f sample u sed .

The eq u a tio n  s im p lif ie d  to  g iv e  a working eq u a tio n  o f :  

( A E540 TEST -  AE340 BLANK) x 2.41 x 103 i . u .  l “ 1



METHOD 5

F lu o r im e tr ic  a ssay  o f D- and L-amino ac id  o x id ases  in  t i s s u e  

hom ogenates.

Reagents

1. Assay reag en t

This was a h u lk  p re p a ra t io n  o f th e  assay  re a g e n t as f o r  th e  

sp ec tro p h o to m etr ie  a ssa y .

2 . Sodium hydroxide s o lu t io n
" -  i

10 mol 1 sodium hydroxide s o lu t io n  c o n ta in in g  10 mmol 1 

im id a z o le .

3 . S tandard  s o lu t io n
-f- — I

NAD 1 .5 mmol 1 in  w ater

4 . S u b s tra te s
  -  - 1

D -alan ine  0 .5  mo1 .1
-1

L -leu c in e  0.1 mol 1 

Method
— —  3

1 . 2 .7  cm of th e  assay  re a g e n t was p ip e t te d  in to  each  of
5

two t e s t  tu b es  la b e l le d  TEST and BLANK and 0 .2  cm of sample was 

added to  each tu b e .
2 . A fte r  in c u b a tin g  a t  37°C fo r  about f iv e  m inutes th e  r e a c t io n

3
was i n i t i a t e d  in  the  TEST by th e  a d d i t io n  of 0.1 cm o f the  

a p p ro p r ia te  s u b s t r a te .

3 . Both tu b es  were in cu b a ted  fo r  a f u r th e r  60 m in u te s .
3

4 . To th e  BLANK, 0.1 cm of th e  same s u b s t r a te  was added and
3

im m ediately 1 .0  cm o f s o lu t io n  from each tube was t r a n s f e r r e d  to
3 _1

a p p ro p r ia te ly  la b e l le d  tu b es  each c o n ta in in g  0.1 cm 2 mol 1 HC1.

5. The c o n ten ts  were mixed and allow ed to  s tan d  a t  room 

tem peratu re  fo r  15 m in u tes .
6 . To bo th  tubes 2 .0  cm o f the  sodium h y d ro x id e /im id azo le  

re a g en t was added and th e  tubes h eated  a t  56°C fo r  15 m inu tes in
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th e  d a rk .

7. The in t e n s i t y  of flu o rescen ce  ( e x c i ta t io n  365 nm, em issio n  

455 nm) was measured a g a in s t  th a t  o f a s tan d a rd  of NAD+ which had 

been  t r e a te d  in  e x a c tly  th e  same manner as the sam ple .



METHOD 6

P r e p a r a t io n  o f  t i s s u e  h o m o g e n a te s .

1• T issu e  samples were e i t h e r  s to re d  on ic e  and th e  homogenates 

p rep ared  w ith in  s e v e ra l  hours o r f ro z e n  im m ediately  and s to re d  a t  

-20°C u n t i l  r e q u ire d .

2 0 The t i s s u e  samples were fre e d  from f a t ,  washed in  ic e -c o ld

1 .0  mol 1 KC1 s o lu t io n  and chopped up in  th re e  volumes (w/v) o f
- 1  - 1ic e -c o ld  1 .0  mol 1 KC1 which con tained  1 .0  mmol 1 sodium

d eo x y ch o la te .

3 . The sample was converted  to  a f in e  b r e i  by two 30 second 

tre a tm e n ts  w ith  th e  P o ly tro n  t i s s u e  d i s in te g r a to r  used  a t  low speed . 

In  betw een each tre a tm e n t the t i s s u e  p re p a ra t io n  was coo led  in  i c e .

4 . The t i s s u e  was homogenised w ith  two 30 second tre a tm e n ts  

w ith  the  P o ly tro n  used a t  to p  speed (14 OOQrpm) and two 30 second 

tre a tm e n ts  by. s o n ic a tio n  u s in g  the  MSE U ltra s o n ic  D is in te g ra to r ,  

tuned  to  an am plitude o f  8 m icrons. The sample was a g a in  coo led  
betw een each tre a tm e n t.

5 . The homogenate was c e n tr ifu g e d  in  a  c h i l le d  r o to r  a t  50 000 
rpm (150 000 x g)

60 The su p e rn a ta n t s o lu t io n  was d e sa lte d  by p a ss in g  a 2 .5  cm 

a l iq u o t  th rough  a p re-packed  Sephadex G 25 column PD-10, p re v io u s ly  

cooled  in  th e  r e f r i g e r a t o r .

7* The e lu a te  was d i lu te d  w ith  an eq u a l volume o f  g ly c e ro l 
and s to re d  a t  -20°C u n t i l  r e q u ir e d .



METHOD 7

r
D eterm ination  o f th e  p ro te in  co n ten t o f t i s s u e  homogenates

A. B iu re t method

Reagents

1. B iu re t  re ag en t

1 ,5g copper, su lp h a te  and 6 .0 g  sodium po tassium  t a r t r a t e  were
3 3d is so lv e d  in  approx im ate ly  500 cm w a te r , 300 cm of s o lu t io n

_ 1
c o n ta in in g  100g 1 sodium hydroxide  was added and th e  m ix ture  made 

up to  1 l i t r e .

_ 1
2 . S tandard  p r o te in  s o lu tio n  c o n ta in in g  1Og 1 album in .

Method
— —  . 3  . 3

1. To 0 .5  cm o f sample or s tan d a rd  s o lu tio n , 4 .5  cm of th e

B iu re t  re a g en t was added and the  m ix ture  allow ed to  s tan d  a t  room 

tem p era tu re  fo r  30 m in u te s .
2 . The absorbance o f the r e s u l t i n g  s o lu t io n  was m easured a t  

540 nm a g a in s t  a re a g e n t b lan k .

B. T yrosine  Method (Lowry e t  a l  1 951)

Reagents

1 . A lka line  copper re a g en t

1 .0  cm o f  b o th  20g 1 copper su lp h a te  s o lu t io n  and 20g> 1
3

sodium po tassium  t a r t a r t e  s o lu tio n  were added to  98 cm o f  a 20g 1
- 1s o lu t io n  o f sodium carb o n ate  in  0.1 mol 1 sodium h y d ro x id e .

2 . S tandard  p ro te in  s o lu t io n  

1 .Og 1 albumin in  w a ter.

Method
— —  3 3

1. To 6 .0  cm o f the  a lk a l in e  copper reag en t, 0 .5  cm o f th e  

sample or s tan d a rd  p ro te in  s o lu t io n  was added and th e  m ixture 

a llow ed  to  s tan d  a t  room tem peratu re  f o r  10 m in u tes .



3
2 . To each tube 0 .5  cm o f F o lin  and C io c a lte u fs re a g e n t was 

added and th e  m ix ture  allow ed to  s tan d  fo r  a fu r th e r  30 m in u te s .

3. The absorbance o f the  r e s u l t in g  s o lu t io n  was measured a t  

600 run a g a in s t  a reag en t b la n k .
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METHOD 8 

C o lo rim e tic  d e te rm in a tio n  o f  ammonia

R eagents

1 . Phenol re a g e n t

10g c r y s ta l l in e  pheno l and 50mg sodium n i t r o p ru s s id e  were 

d is so lv e d  in  w ater and made up to  1 l i t r e .  The s o lu t io n  was s to re d  
in  a d a rk  b o t t l e  a t  4°C fo r  a maximum o f 1 m onth.

2 0 A lk a lin e  h y p o c h lo rite  reag en t

To 8 o0 cm'5 o f a s o lu t io n  o f h y p o c h lo rite  (app rox im ate ly  50g 1 

0.125 mol 1 sodium hydroxide s o lu t io n  was added to  make a t o t a l  

volume o f  1 l i t r e .  The s o lu t io n  was s to re d  in  a dark  b o t t l e  a t  4°C 

fo r  a maximum o f 1 m onth.

3o S tandard  ammonia s o lu t io n
" - 1  

A s to c k  s o lu t io n  o f ammonium su lp h a te  c o n ta in in g  1 .0  mmol 1
-1

was d i lu te d  to  g ive  f i n a l  c o n c e n tra tio n s  o f  0 .05  and 0 o1 mmol 1 

Method
— —  3 ^

1. To 1 .0  cm o f sample o r s ta n d a rd  s o lu t io n ,  4 .0  cm o f
3

phenol re a g e n t and 5-0  cm of a lk a l in e  h y p o c h lo rite  re a g e n t were 

added and m ixed.

2 . The m ix ture  was h ea ted  a t  37°C f o r  20 m in u te s .

3 . The absorbance o f  the  r e s u l t i n g  s o lu t io n  was m easured a t  

560 nm a g a in s t  a re a g e n t b la n k .
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