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Summary 

Methods are described in which liberation of  ammonia from amino acid 
substrates by the D- and L-amino acid oxidases may be coupled with the 
NADH-dependent  reductive amination of 2-oxoglutarate catalysed by exoge- 
nous glutamate dehydrogenase (L-glutamate: NAD oxidoreductase (deaminat- 
ing), EC 1.4.1.2). The inhibition of  D-amino acid oxidase (D-amino acid:O2 
oxidoreductase (deaminating), EC 1.4.3.3) by ADP needed to activate and 
stabilise glutamate dehydrogenase was relieved by FAD, and the substrate was 
D-alanine at approximately 6-fold Km concentration.  Neither FAD or FMN 
were required in the L-amino acid oxidase (L-amino acid:O2 oxidoreductase 
(deaminating), EC 1.4.3.2) assay; this utilised L-leucine as substrate in a con- 
centration approximately 7-fold the Km value. 

The methods were reasonably sensitive and precise, and a linear relation- 
ship between activity and enzyme concentrat ion prevailed up to an absorbance 
change of  0.050 per min. They have the advantage of  being amenable to auto- 
mation and to employment  of  fluorescence techniques should greater sensitivity 
be required. 

Introduction 

Methods previously employed to determine the activity of  amino acid 
oxidases have included Warburg manometry  [1--3] ;  measurement  of  ammonia 
product ion utilising microkjeldahl determination [ 1 ] or colorimetric assay [4] ; 
oxygen polarography [5--7] ;  various colorimetric procedures [8,9] ;  and an 
enzyme-inhibition technique [10] .  Such methods  are relatively cumbersome,  
especially if the object  is to measure reaction rates with a large throughput  of  
samples. No other  technique is so convenient and flexible in this respect as 
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cont inuous spectrophotometr ic  monitoring of an enzyme reaction. No general 
kinetic spectrophotometr ic  assay has yet  been presented for the amino acid 
oxidases. Certain methods  depend upon spectral changes developed after com- 
pletion of the enzyme reaction [11--14] .  Two other methods permit continu- 
ous monitoring of the reaction [15,16] but  are restricted to model  substrates 
rather than to naturally occurring amino acids and have only limited applica- 
tion; moreover  the spectral changes occur at wavelengths (250--260 nm) limit- 
ing the amount  and type  of  sample that  can be tested. 

Since ammonia is liberated by action of  the enzymes on all amino acid 
substrates, continuous spectrophotometr ic  methods  based upon measurement  
of  ammonia generation have obvious attractions. Such an approach, suggested 
by previous experience of applying this technique to other enzyme assays 
[17--20] ,  is developed in the present communicat ion and is based upon the 
following coupled reactions (GDH: glutamate dehydrogenase):  

RCHNH2COOH + 02 o_xidase > RCOCOOH + H202 -{- NH3 (1) 

NH3 + 2-oxoglutarate + NADH GDH L-glutamate + NAD ÷ (2) 

The resulting fall in absorbance at 340 nm can be readily monitored.  

Materials and Methods 

Method A 
This was the coupled spectrophotometr ic  assay developed as a conse- 

quence of  the experiments described in this report. The following reagents were 
prepared: (1) 0.1 M glycylglycine {Sigma, Cat. No. G 1002), pH 8.3 and 7.5 at 
37°C for the D- and L-assays, respectively, adjusted with the Micro Astrup pH 
Meter (Radiometer,  Copenhagen). Other buffers used in certain experiments 
were Tris, barbitone,  and Tricine (N-tris-(hydroxymethyl)-methylglycine),  all 
from British Drug Houses (Poole, England). (2) 0.03 M 2-oxoglutarate, mono- 
sodium salt (Sigma, Cat. No. K 1875), adjusted to pH 7.0 with NaOH. (3) 2.25 
mM NADH, disodium salt (Boehringer Cat. No. 15142 CNAB), freshly pre- 
pared. (4) 15 mM ADP, disodium salt (Sigma, Cat. No. A 0127),  freshly pre- 
pared. (5) 0.3 mM FAD, disodium salt (Sigma, Cat. No. F 6625),  freshly 
prepared. (6} Glutamate dehydrogenase,  10 mg per ml 50% glycerol (v/v), 
approximate activity 45 units per mg (Boehringer, Cat. No. 15324 EGAH). (7) 
0.5 M D-alanine (Sigma, Cat. No. A 7377). (8) 0.1 M a-leucine {Sigma, Cat. No. 
a 8000).  

The method  is outlined in Table I and typical assays are shown in Figs 1 
and 2. On addition of  the sample to the reaction mixture from which substrate 
has been omitted,  there is a rapid fall in absorbance at 340 nm due to oxidation 

Fig. 1. Ty p i ca l  t race  o f  s p e c t r o p h o t o m e t r i c  D - a m i n o  acid o x i d a s e  assay ( 1 3 5  un i t s / l i t e r )  o n  B e c k m a n  
D B G T  w i t h  full scale  e x p a n s i o n  = 1.0 a b s o r b a n c e ,  char t  s p e e d  0 . 5  i n c h  p e r  m i n ,  and b a c k - o f f  a p p r o x i -  
m a t e l y  0 .30  a b s o r b a n c e .  A r r o w  i n d i c a t e s  t i m e  o f  a d d i t i o n  o f  subs tra te  (D-a lanine ,  0.1 ml  o f  0.5 M 
so lu t ion) .  Fall  in  a b s o r b a n c e  b e f o r e  th is  is d u e  to  NH 3 in reagent s  and s a m p l e .  No b l a n k  r e a c t i o n  is 
e v i d e n t  w i t h  th is  s ample .  S u b s e q u e n t  fall is d u e  t o  e n z y m e  reac t ion;  n o t e  init ial  lag and  la te  fal l -off ,  w i t h  
m i d d l e  p o r t i o n  of  p r o g r e s s  cu rve  b e i n g  essent ia l ly  l inear .  



T A B L E  I 

P R O T O C O L  F O R  C O U P L E D  S P E C T R O P H O T O M E T R I C  A S S A Y S  
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R e a g e n t  

N o .  ( see  t e x t )  

V o l u m e  p e r  a s s a y  ( m l )  

D - A m i n o  

a c i d  o x i d a s e  

L - A m i n o  

a c i d  o x i d a s e  

B u f f e r ,  p H  7 .5  (1)  - -  2 . 1 5  

B u f f e r ,  DH 8 .3  (1 )  2 . 0 5  - -  

2 - O x o g l u t a r a t e  (2 )  0 . 2 0  0 , 2 0  

N A D H  (3 )  0 . 2 0  0 , 2 0  

A D P  (4 )  0 . 1 0  0 , 1 0  

F A D  (5 )  0 . 1 0  - -  

G l u t a m a t e  d e h y d r o g e n a s e  (6 )  0 . 0 5  0 , 0 5  

S a m p l e  0 . 2 0  0 . 2 0  

D - A l a n i n e  (7 )  

L - L e u c i n e  (8 )  

E q u i l i b r a t e  a t  3 7 ° C  u n t i l  a b s o r b a n c e  s t a b l e  o r  d e c r e a s i n g  a t  

l i n e a r  r a t e ;  i f  so ,  m e a s u r e  t h i s  b l a n k  r e a c t i o n  

0 . I 0  

- -  0 . 1 0  

D e t e r m i n e  r a t e  o f  r e a c t i o n  f r o m  l i n e a r  p o r t i o n  a f t e r  i n i t i a l  

l a g  p e r i o d  

.... ~ ~2:::; %1~::?i:ii%111~:i L:!I:' IL ~ ~::::~i::~ii ~ 71;:~:::i~iii'~:~:iii~i ~:~i:i:~i:~ i~ii?i ~ i i  ~;iii~:i~i::~:i:~;~ Ii:i-':i:!i~!i;~::::l:i::, ~ ~ ~ii:~ii~il ~ :':iii!~ 

F i g .  1 .  
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Fig. 2. Ty p i ca l  t race  of  s p e c t r o p h o t o m e t r i c  L - a m i n o  ac id  ox idase  assay us ing  ra t  k i d n e y  s u p e r n a t a n t  to 
s h o w  s tages  of  assay w h e n  us ing  c rude  e n z y m e  p r e p a r a t i o n .  A r r o w  ind ica t e s  a d d i t i o n  of  s u b s t r a t e  (L-leu- 

cine,  0.1 ml  of  0.1 M so lu t ion) .  The  b l a n k  was  e q u i v a l e n t  to 13 un i t s / l i t e r  and  the  l inear  p o r t i o n  of  the 

tes t  to  77 un i t s / l i t e r ;  the  e n z y m e  ac t iv i ty  of  the  p r e p a r a t i o n  was  thus  64 un i t s / l i t e r .  

of NADH by ammonia present in sample and reagents. The absorbance may 
stabilise or continue to fall at a constant  low rate depending upon the extent  of 
endogenous ammonia formation by the sample. This represents the blank 
which should be measured and subtracted from the test. The appropriate sub- 
strate is then added to initiate the reaction; after a lag period of 2--4 min, the 
rate of fall in absorbance is linear until the NADH concentration becomes rate 
limiting. This is measured and activity as units per liter calculated as: 

(AA 340 nm per min test - -  A A 3 4 0  n m  per min blank) × 1.5 • 104 
6.22 

In the present work the instrumentation comprised a DBGT Recording Spec- 
t rophotometer  (Beckman Instruments, Glenrothes, Fife, Scotland) with ther- 
mal cuvets maintained at 37°C by an external circulating water bath. 

Method B 
This measured enzyme activity as the rate of oxygen uptake at 37°C using 

a Gilson Differential Respirometer (Model G-14, Gilson Medical Electronics, 
Villiers-le-Bel, France) and was used to check some of the requirements for 
oxidase activity. The reagents were as described for Method A and were utilized 
according to Table II. After equilibration, the reaction was initiated by mixing 

T A B L E  II 

P R O T O C O L  F O R  M A N O M E T R I C  A S S A Y S  

C o m p a r t m e n t  V o l u m e  pe r  assay (ml)  o f  reagent  n u m b e r e d  in p a r e n t h e s i s  a c c o r d i n g  to t e x t  

D - A m i n o  acid  ox idase  L - A m i n o  acid  ox idase  

Main  vessel  1.2 ml  bu f f e r ,  p H  8.3 (1) 1.2 ml  Buffer ,  pH  7.5 (1) 
0.1 ml  D-a lanine  (7)  0.1 ml  L- leuc ine  (8)  
0,1 ml F A D  (5) 0.1 ml  w a t e r  
0.1 ml  s a m p l e  0.1 ml  saznple 
0.1 ml  2.5 M N a O H  0.1 ml  2.5 M N a O H  

S ide -a rm 
Cent re  well 
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the contents  of  the main vessel and side-arm; the change in volume of  the gas 
space was moni tored for 30 min and recorded as pl per min. 

Enzyme preparations 
These were purchased from Sigma and comprised D-amino acid oxidase 

from hog kidney with activity approximately 0.02 unit per mg (Cat. No. A 
9128), and L-amino acid oxidase from snake venom with activity approx. 0.65 
unit per mg (Cat. No. A 4257). 

Other amino acids 
All were obtained from Sigma. 

Calculation of Michaelis constants 
These were determined by a weighted iterative least-squares method  ac- 

cording to Wilkinson [21] employing a Computer program [22] .  

Results 

a) Stability and activity of glutamate dehydrogenase 
Although certain aspects of  this problem in relation to use of  glutamate 

dehydrogenase as an enzyme indicator system have previously been investigated 
[23 ,24] ,  it was desirable to examine others directly related to the amino acid 
oxidases. The stability of  glutamate dehydrogenase in four buffers was studied 
by monitoring the increase in absorbance at 400 nm as precipitation of  the 
enzyme occurred (Fig. 3); this wavelength was selected to eliminate the effect  
of  spontaneous NADH oxidation. Instability was greatest around pH 8.0 and 
was least in glycylglycine and Tricine buffers. In all buffers, glutamate dehydro- 
genase was stabilised by addition of  ADP or NaC1 to final concentrat ions of  0.3 
mM and 1.0 M, respectively, but  such an effect  was not  shown by FMN or by 
FAD. 

The ef fec t  of ADP, FMN and FAD on GDH activity in the same four 
buffers was studied (Table III). The well-recognised activation of  GDH by ADP 
was demonstrated.  In the absence of  ADP, FMN was inhibitory, especially in 
glycylglycine and Tricine but  FAD had no consistent effect.  FAD, however 

0.3 

E o.2 
Q 

0.1 
O 
o 

4.0 ' s~o ' ~!o 

P H  
Fig. 3. Stabi l i ty  of  g l u t a m a t e  d e h y d r o g e n a s e  assessed  b y  increase  in  A 4 0 0 n  m o f  s o l u t i o n  c o n t a i n i n g  20 ~1 
per  3 ml  of  the  fo l lowing  b u f f e r s  at a c o n c e n t r a t i o n  o f  0.1 M: w~ bm~bitone; D Tris; A Tr ic ine ;  zx 
g lycylg lyc ine .  A p p r o x .  60% o f  ac t iv i ty  was  los t  at the  h i g h e s t  a b s o r b a n c e  value shown .  
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T A B L E  I I I  

E F F E C T  O F  C O E N Z Y M E S  ON G L U T A M A T E  D E H Y D R O G E N A S E  A C T I V I T Y  

D a t a  as AA340 n m  per  ra in  at  37°C given by  10 pl g l u t a m a t e  d e h y d r o g e n a s e  u n d e r  c o n d i t i o n s  as ou t l ined  

in Table  I, 

Buffe r ,  C o e n z y m e  (f inal  c o n c e n t r a t i o n  of  each  0.3 m M  

pH 8.0 
N o n e  ADP F M N  F A D  ADP + 

F A D  

Barb i tone  0 .10  0 .44  0 .14 0 .20  0.37 

Tris  0 .10  0 .42  0 .06 0 .06  0 .35 

Glycy lg lyc ine  0 .26 0 .66 0 .08  0 .24  0.53 
Tr ic ine  0 .34 0 .68 0 .20  0 .38 0 .43  

reduced glutamate dehydrogenase activity in the presence of  ADP, moreso in 
glycylglycine and Tris, although activity was still greater than that obtained in 
the absence of  ADP. From the standpoint  of  optimising glutamate dehydro- 
genase stability and activity, glycylglycine and Tricine seemed the most  suitable 
buffers. 

b) Optimal conditions for D-amino acid oxidase assay 
Using Method B, activity was found to be maximal at pH 8.3 in glycyl- 

glycine buffer. This buffer  provided slightly greater activity than Tricine, and 
50% more than Tris or barbitone at that  pH. The enzyme was "act ivated" by 
FAD and inhibited by ADP, but  this inhibition could be overcome by increas- 
ing the concentrat ion of  FAD. Dialysis reduced activity and this could be 
restored by FAD. This is due to the comparatively weak binding of  the FAD 
prosthetic group to the enzyme [8] .  Activity reached a constant  opt imum 
between 6 " 1 0  -7 and 6 " 1 0  - s M  FAD. A concentrat ion of 1 " 1 0  -SM was 
chosen for the coupled assay, since this was 1/30 the concentrat ion demon- 
strating inhibition of  glutamate dehydrogenase in Table III. 

The relationship between activity and the concentrat ion of  D-alanine was 
examined using Method A (Fig. 4). K m was found to be 3.1 -+ 0.12 mM. The 
final concentrat ion of substrate definitively chosen for this method  permits 
85% of theoretical V. 

x 4  

E 

2 4 6 8 
mmol per  l i t e r  

Fig. 4. Substrate--activity relationships of L-amino acid (m) and D-amino acid (4) oxidases with L-leucine 
and D-alanine, respectively, utilising Method A. 
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Fig. 5. R e l a t i o n s h i p s  o f  e n z y m e  c o n c e n t r a t i o n  t o  ac t i v i t y  f o r  L - a m i n o  ac id  (m) a n d  D - a m i n o  ac id  (a )  
o x i d a s e s  u t i l i s ing  M e t h o d  A. 

c) Optimal conditions for L-amino acid oxidase assay 
Using Method B, activity was maximal at pH 7.5. At this pH, activity was 

comparable in all four buffers (Tris, Tricine, barbitone,  and glycylglycine) al- 
though glycylglycine was marginally superior. Neither FAD nor FMN increased 
activity even after dialysing the enzyme 48 h. 

The relationship between activity and concentrat ion of  L-leucine was ex- 
amined using Method A (Fig. 4). Although Km was found to be 0.47 -+ 0.09 
mM, we chose a final concentrat ion of  3.3 mM for the definitive assay in the 
light of the substrate inhibition demonstrated by L-leucine, and its limited 
solubility [25 ]. 

d) Characteristics o f  coupled assays 
Linearity between reaction rate and enzyme concentrat ion held for both  

assays to an absorbance change of  at least 0.050 per rain and fell away most  
rapidly with the L-amino acid oxidase assay (Fig. 5). Addition of  the commer- 
cial enzyme preparations to human serum and 105 000 × g supernatants of  
human liver and kidney gave complete  recovery, indicating lack of  inhibitors or 
interfering side-reactions in these tissues. 

Within-batch precision was assessed on samples with a range of  activities 
and found to be very satisfactory (Table IV). 

e) Substrate specificity 
Each enzyme showed no reaction with amino acids of the opposite con- 

figuration, with one exception: D-amino acid oxidase showed with D-aspartate 
and L-aspartate 80% and 120%, respectively, of  the activity in the presence of 
D-alanine. This was traced to contaminat ion of  each substrate by ammonia; an 
additional factor in the use of  L-aspartate was generation of  ammonia by the 
activity of  other  enzymes in the commercial preparation. When the substrate 
was passed through an ion-exchange column to remove ammonia,  activity with 
D-aspartate fell to 30% of that  with D-alanine. The necessity of  using ammonia- 
free substrates cannot  be emphasised too  strongly. No activity with either form 
of aspartate could be demonstrated by Method B. 

Table V presents data on the specificity of  both enzymes using Method A. 
On the whole these results are comparable with those previously reported 
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T A B L E  IV 

P R E C I S I O N  O F  C O U P L E D  S P E C T R O P H O T O M E T R I C  A S S A Y S  AT T H R E E  A C T I V I T Y  L E V E L S  

Resul t s  based  on ten rep l ica te  assays  at each ac t iv i ty  level u n d e r  c o n d i t i o n s  o f  s t a n d a r d  assay,  d a t a  exp re s sed  

as un i t s  pe r  li ter.  

E n z y m e  D - A m i n o  L - A m i n o  

acid  ox idase  acid ox idase  

Mean 234 343  
S.D. 0.8 4.1 

C.V.* 0.3 1.2 

Mean 69 93 
S.D. O.8 O.2 

C.V.* 1.2 0.2 

Mean 20 28 

S.D. 1.3 1.0 

C.V.* 6.5 3.6 

* C o e f f i c i e n t  o f  va r i a t i on  e x p r e s s e d  as pe rcen t age .  

[1 ,3 ,26]  although, predictably, no action could be demonstrated with the 
amino acid proline which does not  liberate ammonia on oxidation.  Suggestions 
that the D-amino acid oxidases act upon glycine [26 ,27 ] ,  D-tryphophan [26 ] ,  
and D-lysine [10 ] ,  and that the L-amino acid oxidases act upon L-serine and 
L-threonine [10] as well as upon the L-isomers of  alanine, valine, lysine and 
arginine [27] could not  be confirmed with Method A. Results with Method B 
were in agreement with those of  Method A except for the last statement above, 
slight activity being detected when L-amino acid oxidase acted upon alanine, 

T A B L E  V 

S P E C I F I C I T Y  OF  A M I N O  A C I D  O X I D A S E S  AS D E T E R M I N E D  IN  C O U P L E D  S P E C T R O P H O T O -  
M E T R I C  A S S A Y  

Data  for  specif ic  D- and  L- i somers  are g iven re la t ive  to  D-alanine  and  L- leucine  as  100  and  in the  same  
final  c o n c e n t r a t i o n s ,  i.e. 17 m M  for  D - a m i n o  acids  and 3.3 m M  for  L - a m i n o  acids.  The  i s o m e r s  of  g lycine ,  
lys ine,  prol ine ,  t h r e o n i n e  and g l u t a m i c  acid fai led to yield m e a s u r a b l e  ac t iv i ty  wi th  the i r  c o r r e s p o n d i n g  
oxidase .  

A m i n o  acid  D - A m i n o  L - A m i n o  

acid ox idase  acid ox idase  

Alan ine  100  0 
M e t h i o n i n e  100  110 
Aspar t i c  ac id  30 0 

T y r o s i n e  80 65 
I so leuc ine  80 30 
Pheny l a l an i n e  70 60 
Leuc ine  60 100  
Val ine 50 0 

T r y p t o p h a n  0 80 
Cys t ine  0 40 
His t id ine  0 10 
Arg in ine  1 1 
Ser ine  1 0 
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valine, lysine and arginine. It is known that venoms of different species behave 
differently towards the various amino acid substrates and a particular example 
of this is seen with L-arginine. Lichtenberg and Wellner [27 ] and Guilbault and 
Hieserman [28] found only 30% and 12%, respectively, of the activity given by 
L-leucine with this substrate, whereas Massey and Curti [29] found it to be the 
most  active substrate tested for L-amino acid oxidase from Crotalus adaman- 
teus. Our resul ts  with the commercial preparation from this source are in 
accord with the earlier s tatement  in the review by Meister and Wellner that, on 
the whole, L-arginine is not  deaminated by the L-amino acid oxidases [26] .  

Discussion 

The methods  presented offer good precision, and linearity over a reason- 
ably wide range. The need for standardisation does not  arise because the calcu- 
lation utilises the molar extinction coefficient of  NADH. The contr ibut ion 
made by the "b lank"  will depend on the rate of  endogenous ammonia forma- 
tion; this will vary quite widely over a range of tissues and preparations. 

The sensitivity of the new methods  appears satisfactory, some compara- 
tive data being provided in Table VI. It would be possible to increase the 
sensitivity by a factor of  10 ~ if fluorescence measurements,  rather than absorp- 
tion measurements were used to follow changes in the redox state of  the 
pyridine nucleotides. Two options would be available: (a) kinetic monitoring of 
the decrease in NADH fluorescence at neutral pH; (b) measurement  of  the 
increased fluorescence due to newly formed NAD in strongly alkaline solution 
after terminating the enzyme reaction and destroying residual NADH [30] .  
End point  fluorimetric methods  have previously been described [27,31] and a 

T A B L E  VI  

C O M P A R I S O N  O F  S O M E  M E T H O D S  A V A I L A B L E  F O R  T H E  A S S A Y  O F  A M I N O  A C I D  O X I D A S E S  

Ref.  Spec i f i c i t y  T e c h n i q u e  Sens i t i v i ty  T i m e  of  S u b s t r a t e  
(un i t s  [l) assay range*  

( lowes t  (min )  

m e a s u r a b l e  

a c t i v i t y )  

1 ~ , L -  

9 D- 
10 D-, 

7 L- 
31 

27 ~ , L -  
28 ~ , L -  

15 L- 

12 
16 
13 D- 
14 ~ , L -  
P resen t  ~ , ~  

M a n o m e t r i c  
Co lo r ime t r i c  
T i t r i m e t r i c  
Po l a rog raph i c  
F l u o r i m e  tric 

F l u o r i m e t r i c  

F l u o r i m e t r i c  

S p e c t r o p h o t o m e t r i c  

S p e e t r o p h o t o m e t r i c  
S p e c t r o p h o t o m e t r i c  

S p e c t r o p h o t o m e t r i c  
S p e c t r o p h o t o m e t r i c  
S p e c t r o p h o t o m e t r i c  

90  Var iab le  Genera l  
0 .17 60  R e s t r i c t e d  
0 .03  60  Genera l  
0.6 Kine t i c  Genera l  
1.3 15 Re s t r i c t e d  

0.3 15 Genera l  
0 .05  Kine t i c  Genera l  

0.5 Kine t i c  Res t r ic  ted 

0 .17 30  R e s t r i c t e d  
138 Kine t i c  R e s t r i c t e d  

5 10 Genera l  
30  15 Re s t r i c t e d  

1.0 Kine t i c  Genera l  

* By " g e n e r a l "  i t  is imp l i ed  t h a t  the  m e t h o d  can  be  used  w i t h  all a m i n o  acids  as s u b s t r a t e s :  by 
" r e s t r i c t e d "  i t  is i m p l i e d  t h a t  the  m e t h o d  can only  be used  w i t h  one  or  t w o  a m i n o  ac ids  or a m i n o  

acid  ana logues .  
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kinetic fluorimetric assay [28] appears to be one of  the most  sensitive pre- 
sented {Table VI). 

Perhaps the principal advantage of  the new methods  lies in the ease with 
which they can be adapted for use with automatic enzyme rate analysers. This 
has been achieved for related ammonia-liberating enzymes of  clinical interest 
[ 32 - -34 ] .  Availability of  such methods  for the amino acid oxidases would be 
valuable in many experimental procedures requiring large numbers of  assays as, 
for example,  in monitoring column effluents during enzyme purification. 
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