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A more simple and convenient method for  the determination of guanase 

act ivi ty  was established using PIA. This new flow method i s  based on nea- 

suring the hydrogen peroxide formed by guanase and coupled enzymes: xanthine 

oxidase and uricase. PIA system i s  made up of se r ies  injection method, 

stopped flow method and merging zone method. A good 1 inear relationship ( r  = 

0.9999) was obtained for the standard curve between the ac t iv i ty  of guanase 

(37 O C ,  0 - 1.84 Ul-l) and the absorbance. The reproducibili ty was good (RSD 

< 1 %, n = 10) and the mean recovery was 97 %. Since the endogenous xanthine 

and uric acid in each biological sample can be eliminated completely in the 

FIA system, a blank t e s t  was not needed. This method allows relat ively rapid 

analysis, because forty samples can be treated during about 6 hours. 
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s t e p  1: E l i m i n a t i o n  o f  endogenous compounds 

Xanth ine  o x i d a s e 3  xanthine + !̂.,, 
~ y p o x a n t h i n e  + 0, + HnO 

a n t i n e  o x d a ~  Uric acid + H202 (a) 
x a n t h i n e  + 0, + H 2 0  

Uric a c i d  + 0- + 2H-0 Uricase) m a n t o i n  + CO- + H ~ O ,  (b) 

step 2 :  D e t e r m i n a t i o n  o f  g u a n a s e  

Guanine + H20 Xanth ine  + NH3 

R e a c t i o n  ( a )  

2H202 \ 
OCH, CH CH CHS03Na 

MBTH ESPAS 2 2 

P e r o x i d a s e  
Ã‘Ã‘Ã‘Ã‘Ã‘ 

.3 

indamine  dye 

Fig. 1 Reac t ion  p a t h s  

Table 1 Reagent system 

Reagent  1 0.01 U / m l  Xanth ine  o x i d a s e  
(R,) 0.5 U / m l  U r i c a s e  

6 U/ml S u p e r o x i d e  d i s m u t a s e  
1 4  U / m l  C a t a l a s e  

1 .25  U / m l  P e r o x i d a s e  
2 U / m l  A s c o r b a t e  o x i d a s e  

0.05 M P h o s p h a t e  b u f f e r  (pH 7 . 4 )  

Reagent  2  200 pM Guanine 
(R; , )  200 pM 3-Methyl-2-benzothiazolinonehydrazone (MBTH) 

1 mM N-Ethyl-N-(3-sulphopropy1)-m-anisidine (ESPAS) 
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The s t a t e  of t h e  s e r i e s  i n j e c t i o n  i n  f l o w  l i n e :  

C, a n d  C2: C a r r i e r  s o l u t i o n  (0.05 M KH2P0,- NaOH b u f f e r ,  

p H  = 7.4 and  6 .0 ,  c o n t a i n i n g  1 . 2  % ( v / v )  T r i t o n  X-100); P :  

P e r i s t a l t i c  pump; V,: ; I n j e c t o r ,  t h e  s y n c h r o n i z e d  s y s t e m  

u s i n g  f o u r  c i r c u i t s  o f  s ix-way v a l v e s ;  S :  Sample ( i n j e c t i o n  
3 volume = 50 nun ) ;  Rl: Enzyme s o l u t i o n  ( c o n s i s t i n g  m a i n l y  o f  

3  
XOD, UOD,  c a t a l a s e  a n d  POD, i n j e c t i o n  volume = 350 mm ) ;  RÃˆ 

s u b s t r a t e  a n d  c o l o r  r e a g e n t  s o l u t i o n  ( c o n s i s t i n g  m a i n l y  o f  
3 

q h a n i n e ,  MBTH and ESPAS, i n j e c t i o n  volume = 200 nun ) ;  M: 

Mixing and  r e a c t i o n  c o i l  ( 0 . 5  nun i d ,  M, = 32 m ,  M, = 20 TO, and 

M4 = 36 rn) ; B: Water  b a t h  a t  45  OC; D: D e t e c t o r ,  s p e c t r o -  

p h o t o m e t e r  f i x e d  f l o w  ce l l ,  1 = 570 nm; PC3: Back p r e s s u r e  

c o i l  (0 .25 nun i d  x 0.15 m)  ; W: W a s t e ,    low r a t e :  C, = 0 . 5  
3 -1: 3 -1 J. 

cm min , C2 = 0.3 c m  min . 
Fig. 2 A f l o w  diagram of A method with 

series injection method 



C, a n d  C2:  C a r r i e r  s o l u t i o n  ( 0 . 0 5  M K H P O ,  - NaOH b u f f e r ,  

pH = 7 . 4  a n d  6 . 0 ,  c o n t a i n i n g  1 . 2  % ( v / v )  T r i t o n  X-100) ;  P : '  

P l u n g e r  pump; PC- a n d  P C :  P r e s s u r e  c o i l  ( 0 . 2 5  nun i d  x 8 m 
3 

a n d  1 2  m )  ; V,: I n j e c t o r ;  S: S a m p l e  ( i n j e c t i o n  v o l u m e  = 5 0  mm ,) ; 
3 R,: Enzyme s o l u t i o n  ( i n j e c t i o n  v o l u m e  = 350 nun ) ;  V n :  A u t o m a t i c  

a p a i r  o f  s i x - v a l v e  s y s t e m s  ( c o n t r o l e d  by p r o g r a m  t i m e r ) ;  R2: 

S u b s t r a t e  a n d  color r e a g e n t  s o l u t i o n  ( i n j e c t i o n  v o l u m e  = 250 
3 rnrn 1 ;  M: M i x i n g  a n d  r e a c t i o n  c o i l  ( 0 . 5  rnm i d ,  M, = 1 4  m ,  M 2  = 

1 in, M, = 3 . 1  m, M4 = 3 6  m); B: Water bath at 4 5  O C ;  D :  D e t e c t o r ,  

s p e c t r o p h o t o r n e t e r  f i x e d  f l o w  c e l l ,  \ = 570 nm; PC3: Back  p r e s s u r e  

c o i l  ( 0 . 2 5  nun i d  x 0 . 1 5  m ) ;  W: W a s t e ,  F low ra te ;  3 -1 Cl = 0 .5  c r n m i n ,  , 
3 -1 = 0 . 3  c m  m i n  . 

I 

C l  

Fig. 3 A flow diagram of B method with series injection, 
stopped flow and merging zone methods (upper) and 
connection ways of V and V,, (lower) 
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Guanase a c t i v i t y  / U 1- 1 

Fig. 4 E f f e c t  of r e a c t i o n  c o i l  (M4) length 
on absorbance  i n  A method 

mMftTÂ¥c@fiW L k  fc Z 6, 0 - 0 . 1  U i - I  EIUNi35Bt~i3 fc A, fc'SAi- 

3 ,  E&ft&!/yt}lfr (ssK.ISf-7 ~ 9 @ )  HF4l.L. 1.2 % Triton X-100 $Â¥1Â¤Â Ltt-. 



Table 2 Eliminated of endogenous xanthine and uric acid 
in A method 

Residentd 
M1 " 3 time Temp.Ratio of absorbance 

No. length/m i.d./mm length/m i.d./m vol./m3 i.d./m in M,/min O C  (G+x)/G* (G+u)/G** 

* (Absorbance of guanase with xanthine)/(Absorbance of guanase) 
** (Absorbance of guanase with uric acid)/(Absorbance of guanase) 
a) The time which S and Rl mixture passes through M 1 
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Guanase ac t iv i ty  / U 1-1 

Fig. 5 Effect of flow rate ( F C n )  on absorbance 
in A method 
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and absorbance ( A  method) 

Correlation between guanase 
surfactant Concentration activity* and absorbance 

% (v/v) Slope y-Intercept r 
Triton X-100 0.6 0.0254 0.0416 0.9991 

1.2 0.0276 0.0401 0.9993 
1.8 0.0189 0.0398 0.9976 

Brij 35 0.15 0.0268 0.0930 0.9981 
0.3 0.0281 0.0955 0.9997 
0.6 0.0234 0.1298 0.9972 

Twaen 80 0.12 0.0281 0.0807 0.9988 
0.3 0.0284 0.1163 0.9992 
0.6 0.0276 0.2091 0.9989 
1.2 0.0139 0.3446 0.9924 

Tween 20 0.12 0.0255 0.1169 0.9997 
0.3 0.0162 0.2259 0.9993 
0.6 0.0200 0.3416 0.9955 
1.2 0.0051 0.5050 0.9931 

* Guanase activity: 0.14 - 2.1 "1-1 
C and C :  0.1 M(KH2P04 - NaOH), pH = 7.4 

Table 4 E f f e c t  on type  and p H  of b u f f e r  i n  c a r r i e r  on 
c o r r e l a t i o n  between guanase a c t i v i t y  and 
absorbance ( A  method) 

Buffer 

cl 2 
TY Pe PH TY Pe P" 

K-phosphate 7.4 K-phosphate 7.4 
Na-phosphate 7.4 Na-phosphate 7.4 
Citric acid 7.4 Citric acid 7.4 
Tr is 7.4 Tris 7.4 

K-phosphate 7.4 K-phosphate 6.0 
K-phosphate 7.4 Citric acid 6.0 

Correlation between guanase 
activity* and absorbance 

Slope y-Intercept r 

0.0276 0.0811 0.9996 
0.0281 0.0872 0.9997 
0.0210 0.0896 0.9966 
0.0294 0.0828 0.9991 

* Guanase activity: 0.14 - 0.21 Ul - 1 
K-phosphate: KH2P0, - NaOH, Na-phosphate: NaHPO. - NaH2P04 
Surfactant: 0.3% Birj 35 
Concentration of buffer: 0.1 M 
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Table 5 I n f l u e n c e  of di lnp 'n t  for recovery test 
in A method ( n  = 3) 

Guanase  a c t i v i t y / ~ l l  . 
D i l u e n t  Sample  Added Found R e c o v e r e d  Recovery /% 

0 .85% NaCl Guanase  S t d .  0  0 . 3 8  - - 
0 . 5 1  ' 0 . 9 1  0 . 5 3  1 0  4  

P r e c i p a t h  E 

Seronorm 

0 .85% NaCl Guanase  S t d .  
+ 5% Albmin 

P r e c i p a t h  E 

KH2P04- NaOH Guanase  S t d .  
B u f f e r  (pH 7 .4)  

P r e c i p a t h  E 0  0 . 9 3  - 
0 . 5 1  1 .49  0 .56  

Control Serum I Guanase  Std. 0  0 . 9 8  - 
0 . 5 1  1 . 3 7  0 .39  

P r e c i p a t h  E 0  1 . 4 5  - 
0 . 5 1  2 . 1 3  0 . 6 8  

CONSERA (N) Guanase  S t d .  0  0.96 - 
0 . 5 1  1 .40  0 . 4 4  

P r e c i p a t h  E 0  1 .46 '  - - 
. . 0 . 5 1  2 . 2 3  0 . 7 7  

1 5 1  
EXA n o r m a l  Guanase  S t d .  0  0 . 3 5  - - 

0 . 5 1  0 . 8 5  0 . 5 0  9 8  

0 , 0 .88  . -  - 
0 . 5 1  1 . 4 0  0 . 5 2  102  

0  1 . 2 4  - - 
0 . 5 1  1 . 7 2  0 .48  9  4 

P r e c i p a t h  E 0  1 . 2 6  - - 
0 . 5 1  1 . 7 7  0 . 5 1  1 0 0  

Se ronorm 0 0 . 3 7  - - 
0 . 5 1  0 .88  0 . 5 1  1 0 0  



T a b l e  6 D e t e r m i n a t i o n  o f  d e l a y  t ime  (Tl) and MI 
coil l e n g t h  i n  B method 

1 T, / sec 
m 150 180 190 200 210 220 230 240 250 300 

10 d d d d d d  - - d  

2 0 - - d d d  s s s s 

T1 M~ / m 
sec 13 14 15 16 18 20 

2 30 d  s s s s s 

d :  double peak, s :  single peak, Tn: 5 min 

Fig .  6 Peak c h a r t  for triplicate i n j e c t i o n  
of s t a n d a r d  solution i n  B method 



Table 7 Recovery t e s t  of guanase a c t i v i t y  
i n  B method ( n  = 3 )  

G u a n a s e  a c t i v i t y  / ~ l - '  
S a m p l e  Added  Found  R e c o v e r e d  R e c o v e r y / %  

G u a n a s e  S t d .  0  0 . 9 4  - - 
0 . 1 9  1 . 1 2  0 . 1 8  9  6 

0  0 . 8 9  - - 
0 . 4 5  1 . 3 3  0 . 4 5  1 0  0  

0  0 . 9 4  - - 
0 . 1 9  1 . 1 3  0 . 1 9  1 0 0  

0  0 . 9 3  - - 
0 . 4 5  1 . 3 8  0 . 4 5  1 0 0  

0  0 . 8 7  - - 
0 . 4 5  1 . 3 0  0 . 4 3  9 6 

0  0 . 6 7  - - 
0 . 4 5  1 . 1 4  0 . 4 7  1 0 6  

0  0 . 6 4  - - 
0 . 4 5  1 . 0 7  0 . 4 3  9  8 

0  0 . 4 4  - - 
0 . 4 5  0 . 9 2  0 . 4 8  1 0  7 

P r e c i n o r m  E 0  0 . 8 9  - - 
0 . 4 5  1 . 3 4  0 . 4 5  1 0 0  

NESCOL-XA 0  0 . 5 7  - - 
0 . 4 5  0 . 9 5  0 . 3 8  8  5  

0  0 . 5 9  - - 
0 . 4 5  0 . 9 8  0 . 3 9  8 6 

S e r o n o r m  0  0 . 5 1  - - 
0 . 4 5  0 . 9 1  0 . 4 0  8 9 - 



Table 8 ~etermination of guanase activity in 
control sera by manual method and 
FIA method ( B  method) 

G u a n a s e  a c t i v i t y  / ~ 1 - l  

C o n t r o l  s e r u m  Manual  me thod  PIA method 

CONSERA (N) 

EXA n o r m a l  

NESCOL-XA 

Se ronorm 
P r e c i n o r m  E 
C o n t r o l  Serum 
SeraChem 
Q-PAK I 
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