
APPENDIX A 

Pr e p a r a t i o n  o f  s o m e  r e a g e n t s  a n d  b u f f e r  u s e d  i n  t h i s  s t u d y  

 

S o l u t i o n  a n d  B u f f e r  f o r  EL IS A 

1 .   Ph o s p h a t e  B u f f e r  S a l i n e  (PB S ) 

NaCl    8 .0 0   g 

K Cl    0 .20   g 

Na
2
H P O

4 
  1.4 4   g 

NaH
2
P O4   0 .24   g 

A ll r e age n t s  w e r e  d i s s o lv e d  i n  d i s t i lle d  w at e r  an d  m ad e  u p  v o lu m e  t o  1, 0 0 0  m l,  ad j u s t e d  t h e  p H  t o  

7 .4  w i t h  H Cl o r  NaOH  an d  ad d e d  d i s t i lle d  w at e r  t o  ad j u s t  v o lu m e  t o  1, 0 0 0  m l an d  s t o r e d  at  r o o m  

t e m p e r at u r e . F o r  P BS -T w e e n ,  T w e e n  20  w as  ad d e d  0 .0 5  %  v / v . 

 

2 .   1 %  B o v i n e  S e r u m  Al b u m i n  (b l o c k i n g  b u f f e r ) 

  BS A     0 .2 g 

P BS ,  p H  7 .4    20   m l 

 

3 .   PB S -T w e e n  (0 . 0 5 %  T w e e n  2 0 ) (w a s h i n g  b u f f e r ) 

P BS ,  p H  7 .4    5 0 0   m l 

T w e e n  20    25 0   µl 

 

4 .   Ca r b o n a t -B i c a r b o n a t e  B u f f e r  p H 9 . 6 (c o a t i n g  b u f f e r  a n d  c o n j u g a t i o n  b u f f e r )  

Na
2
CO

3        
  1.5 9  g 

  NaH CO
3    

  2.9 3  g 

D i s t i lle d  w at e r   1, 0 0 0  m l 
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5 .   0 . 0 5  M  T r i s -H Cl ,  p H  8 . 6 (0 . 0 5  %  T w e e n  2 0 ) (F IT C-H AB P b u f f e r ) 

  T r i s -H Cl   1.9 7   g 

T w e e n  20    125   µl 

D i s t i lle d  w at e r   25 0  m l 

6.  Ci t r a t e  p h o s p h a t e  b u f f e r  

Ci t r i c  ac i d  m o n o h y d r at e   10 .3   g 

Na
2
H P O

4
 ⋅ 3 H

2
O   18 .16   g 

A ll r e age n t s  w e r e  d i s s o lv e d  i n  9 0 0  m l o f  d i s t i lle d  w at e r ,  ad j u s t e d  p H  t o  5 .0  an d  m ad e  u p  v o lu m e  

t o  1, 0 0 0  m l an d  s t o r e d  r e age n t  at  4  °C. 

 

7 .   Pe r o x i d a s e  s u b s t r a t e  s o l u t i o n  

ο-p h e n y le n e d i am i n e  ( OP D )  8   m g 

Ci t r at e  p h o s p h at e  b u f f e r    12  m l 

3 0  %  H
2
O

2
    5   µl 

P r e p ar e  r e age n t  f r e s h  f o r  1 p lat e ;  k e e p  i n  d ar k  b e f o r e  u s e . 

 

S DS -PAG E a n a l y s i s  

1 .   S t o c k  s o l u t i o n  A:  S e p a r a t i n g  g e l  b u f f e r   1 . 5  m M  T r i s -H Cl ,  p H  8 . 8  

  T r i -b as e     18 .15   g 

  D e i o n i z e  d i s t i lle d  w at e r    8 0   m l 

A d j u s t e d  p H  t o  8 .8  t h e n  ad j u s t e d  v o lu m e  t o  10 0  m l an d  f i lt r at e d  an y  n o n s o lu b le  p o w d e r  b y  

f i lt r at i o n  w i t h  m e m b r an e  f i lt e r  p o r e  s i z e  0 .2 µ m ,  c o lle c t e d  i n  d ar k  c o n t ai n e r . 

 

2 .   S t o c k  s o l u t i o n  C:  S t o c k  a c r y l a m i d e  s o l u t i o n  (3 0  %  T ,  2 . 67  % )    

 A c r y lam i d e     29 .2  g 

 N�N�-b i s -m e t h y le n e -ac r y lam i d e  0 .8  g 

 D e i o n i z e  d i s t i lle d  w at e r    7 0   m l 

A d j u s t e d  v o lu m e  t o  10 0  m l an d  f i lt r at e d  an y  n o n s o lu b le  p o w d e r  b y  f i lt r at i o n  w i t h  m e m b r an e  

f i lt e r  p o r e  s i z e  0 .2 µ m ,  c o lle c t e d  i n  d ar k  c o n t ai n e r . 
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3 .   S t o c k  s o l u t i o n  D:  S t a c k i n g  g e l  b u f f e r   0 . 5  m M  T r i s -H Cl ,  p H  6. 8  

 T r i s -b as e     6 .0 5   g 

 D e i o n i z e  d i s t i lle d  w at e r    7 0   m l 

A d j u s t e d  p H  t o  6 .8  t h e n  ad j u s t e d  v o lu m e  t o  10 0  m l an d  f i lt r at e d  an y  n o n s o lu b le  p o w d e r  b y  

f i lt r at i o n  w i t h  m e m b r an e  f i lt e r  p o r e  s i z e  0 .2 µ m ,  c o lle c t e d  i n  d ar k  c o n t ai n e r  

 

4 .   S t o c k  a m m o n i u m  p e r s u l f a t e  s o l u t i o n   (1 0  %  w / v  APS  i n  d e i o n i z e  w a t e r ) 

  A m m o n i u m  p e r s u lf at e    0 .1  g 

  D e i o n i z e  d i s t i lle d  w at e r    1  m l 

 

5 .   El e c t r o d e  b u f f e r  

  T r i s -b as e     3 .0   g 

  G ly c i n e     14 .4   g 

  S D S      1.0   g 

D i s s o lv e d  i n  d e i o n i o z e d  w at e r  1, 0 0 0  m l t h e n  f i lt r at e d  b y  s u c t i o n  f i lt e r  an d  s t o r e d  at  4  °C 

 

6.   5 X n o n r e d u c i n g  b u f f e r  

 1.0  M  T r i s -H Cl,  p H  6 .8    0 .6 25   m l 

 G ly c e r o l    1.0   m l 

 1 %  Br o m p h e n o l b lu e    0 .125   m l 

 A d j u s t e d  v o lu m e  t o  10  m l w i t h  d i s t i lle d  w at e r . 

 

7 .   5 X r e d u c i n g  b u f f e r  

 5 X  n o n r e d u c i n g b u f f e r    4 7 5   µl 

 2-m e r c ap t o e t h an o l   25   µl 

 

8 .   M o l e c u l a r  w e i g h t  m a r k e r  

 M ar k e r      1  µl 

 5 X  r e d u c i n g b u f f e r    19   µl 
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9 .   Co o m a s s i e  b l u e  

Co o m as s i e  b lu e     0 .25   g 

M e t h an o l    20   m l 

A c e t i c  ac i d     10   m l 

D e i o n i z e d  w at e r  w as  t o p  u p  t o  10 0  m l 

 

1 0 .   Co o m a s s i e  b l u e  d e s t a i n i n g  s o l u t i o n  

M e t h an o l    10 0   m l 

A c e t i c  ac i d     5 0   m l 

D e i o n i z e d  w at e r  w as  t o p  u p  t o  5 0 0  m l 

 

1 1 .   S t o c k  1 0  %  S DS  s o l u t i o n  

  S D S      0 .2  m l 

  D e i o n i z e  d i s t i lle d  w at e r    1  m l 

 

1 2 .   S e p a r a t i n g  g e l   1 2  %  

  D e i o n i z e  d i s t i lle d  w at e r   1.7  m l 

  T r i s -H Cl,  p H  8 .8  ( s o lu t i o n  A )  1.25   m l 

  10  %  S D S    5 0   µl 

  A c r y lam i d e / Bi s  ( s o lu t i o n  C)  2  m l 

  10  %  A P S    5 0   µl 

  T E M E D     10  µl 

 

1 3 .   S t a c k i n g  g e l   4  %  

  D e i o n i z e  d i s t i lle d  w at e r    3 .0 5   m l 

  T r i s -H Cl,  p H  6 .8  ( s o lu t i o n  D )   1.25   m l 

  10  %  S D S     5 0   µl 

  A c r y lam i d e / Bi s  ( s o lu t i o n  C)   0 .6 5  m l 

  10  %  A P S     5 0  µl 

  T E M E D     10  µl 
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APPENDIX B  

Co n v e n t i o n a l  EL IS A a s s a y  ( M o d i f i e d  Y i n gs an g,  19 9 6 )  

 

H A  c o n t e n t  i n  i n d i v i d u al s am p le  w as  as s ay e d  i n  t r i p li c at e  b y  E L I S A  as s ay . 

T h i s  i n v o lv e d  c o m p e t i t i o n  f o r  a f i x e d  c o n c e n t r at i o n  o f  b i o t i n y lat e d  H A BP  b e t w e e n  H A  b o u n d  t o  

t h e  w e lls  o f  a m i c r o t i t e r  p lat e ,  an d  H A  i n  s t an d ar d  d i lu t i o n  r an gi n g f r o m  10 -10 , 0 0 0  n g/ m l  

( i n  s e r i al f i v e -f o ld  d i lu t i o n s )  o r  i n  s e r u m  s am p le .  T h e  m e t h o d  w as  s h o w n  i n  F i gu r e 3 8  an d  3 9 .  

T h e  i n h i b i t i o n  i m m u n o as s ay  o f  H A  h ad  b e e n  e m p lo y e d  i n  s m all p o ly p r o p y le n e  t u b e s . 

S am p le s  c o n t ai n i n g u n k n o w n  am o u n t s  o f  H A  an d  s t an d ar d  ( u s i n g k n o w n  c o n c e n t r at i o n s  o f  h i gh ly  

p u r i f i e d  H A  ( H e alo n )  i n  P BS ,  p H  7 .4 ,  c o n t ai n i n g 6  %  w / v  BS A )  w e r e  p i p e t t e d  i n t o  s m all 

p o ly p r o p y le n e  t u b e s  w i t h  b i o t i n y lat e d -H A BP  ( e q u al v o lu m e  o f  18 0  m l/ t u b e )  i n  0 .0 5  M  T r i s -H Cl,  

p H  8 .6  an d  0 .0 5  %  T w e e n .  A  v o r t e x  m i x t e r  w as  u s e d  p r i o r  t o  i n c u b at i o n  at  r o o m  t e m p e r at u r e  

f o llo w e d  b y  1 h o u r . A li q u o t s  o f  10 0  µl ( t r i p li c at e s  o f  e ac h  s am p le s )  w e r e  t h e n  ap p li e d  t o  H A  

c o at e d  an d  BS A  b lo c k e d  p lat e s  an d  i n c u b at e d  at  r o o m  t e m p e r at u r e  f o r  6 0  m i n u t e s .  T h e  p lat e  

w e lls  w e r e  w as h e d  t h r e e  t i m e s  w i t h  P BS -T w e e n  20  ( 0 .0 5  %  v / v ) ,  an d  10 0  µl o f  p e r o x i d as e  

c o n j u gat e d  m o n o c lo n al an t i -b i o t i n  ( Z y m e d ) ,  w as  ad d e d  t o  e ac h  w e ll.  P lat e s  w e r e  i n c u b at e d  f o r   

1 h o u r  at  r o o m  t e m p e r at u r e  an d  t h e  w e lls  w e r e  w as h e d  3  t i m e s  w i t h  P BS -T w e e n  f o llo w e d  b y  

d r y i n g.  P e r o x i d as e  s u b s t r at e  w as  ad d e d  t o  e ac h  w e ll ( 10 0  µl)  an d  i n c u b at i o n  at  r o o m  

t e m p e r at u r e .  T h e  r e ac t i o n  w as  s t o p p e d  b y  t h e  ad d i t i o n  o f  5 0  µl 4  M  H
2
S O

4
.  T h e  c h r o m o ge n  w as  

m o n i t o r e d  b y  ab s o r p t i o n  at  4 9 2/ 6 9 0  n m  i n  a p lat e  r e ad e r  ( T i t e r t e k  M u lt i s k an  M  3 4 0 ) .  A  s t an d ar d  

i n h i b i t i o n  c u r v e  f o r  H A  w as  c o n s t r u c t e d ,  u s i n g lo g/ li n e ar  c o o r d i n at o r s ,  t h e  H A  le v e ls  i n  t h e  t e s t  

s am p le s  w e r e  d e t e r m i n e d  b y  c o m p ar i n g t h e i r  c ap ac i t y  t o  i n h i b i t  c o lo r  d e v e lo p m e n t  at   

OD  4 9 2/ 6 9 0  n m  r e lat i v e  t o  s t an d ar d  c u r v e .  A  s t an d ar d  c u r v e  f o r  H A  as s ay  w as  c o n s t r u c t e d  u s i n g 

a c o m p u t e r  s o f t w ar e  ( G e n e s i s ) ,  t h e  le v e ls  o f  H A  i n  t h e  s am p le s  w e r e  c alc u lat e d  au t o m at i c ally  

u s i n g 4 -p ar am e t e r  c u r v e  f i t .  
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F i g u r e  3 8 . D i agr am  s t e p s  o f  t h e  c o n v e n t i o n al E L I S A  m e t h o d  d e v e lo p e d  f o r  h y alu r o n an  

d e t e r m i n at i o n . 

M i c r o t i t e r  p l a t e ,  Nu n c  m a x i s o r p ,  

c o a t e d  w i t h  H A 

 
O v e r n i g h t ,  4  °C 

B l o c k e d  p l a t e  w i t h  

1  %  B S A/ PB S  

In c u b a t e d  1  h  a t  r o o m  t e m p ,  

w a s h e d  3  t i m e s  

Pr e p a r e d  i n h i b i t i o n  m i x e r  

(S t a n d a r d  H A o r  S a m p l e  +  B -H AB P) 

In c u b a t e d  1  h  a t  r o o m  t e m p ,  

w a s h e d  3  t i m e s  

 

Ad d e d  a n t i -b i o t i n  

c o n j u g a t e d  p e r o x i d a s e  

In c u b a t e d  1  h  a t  r o o m  t e m p ,  

w a s h e d  3  t i m e s  

 
Ad d d  p e r o x i d a s e  s u b s t r a t e  

(ο-p h e n y l e n e d i a m i n e  (O PD)/ Ci t r a t e  p h o s p h a t e  b u f f e r ,  p H  5 . 0 ) 

S t o p p e d  r e a c t i o n  b y  4 M  H
2
S O

4
 

De t e r m i n e d  c o l o r  p r o d u c t  a t  O D 4 9 2 / 69 0  n m  
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B-H A BP  

H A  c o at  p lat e  

Co m p e t i t i v e  H A  

o r  s e r u m  H A  

A n t i -b i o t i n  c o n j u gat e d   

p e r o x i d as e   

S u b s t r at e s  Co lo r  p r o d u c t s  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F i g u r e  3 9 .  P r i n c i p le  o f  t h e  c o n v e n t i o n al E L I S A  as s ay . 
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CURRICULUM VITAE 

 

N a m e      T h a n a p o n g    P o o l m a s  

 

D a t e  o f  b i r t h      1 8  N o v e m b e r ,  1 9 7 5  

 

B i r t h  p l a c e      U d o n  T h a n i  

 

Ac a d e m i c  d e g r e e     B a c h e l o r  o f  S c i e n c e  ( B i o l o g y ) ,   

F a c u l t y  o f  S c i e n c e ,  C h i a n g  M a i  U n i v e r s i t y ,   

C h i a n g  M a i  
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