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ü iethylap;inoethyl"Sephadcx A-ÜÜ anion exchanger w ith a 
binding capacity, 3.5 X 0.5 mEq/tj. (Pharmacia, Sweden)

Carboxyiïiethyไ• Sephadex C"£0 cation exchanger w ith a binding 
capacity, 4.5 X ง. 5 : i ï i q h j . (Pharmacia, Sweden)

Polyvinylpyrro lidone (A rthur ร. Thomas Co.)
Sepharose 4P-200 (Sigma Chemical Company)
Cyanogen bromide (c-Merck, Germany)
Outdated plasma from blood bank, Ramathibodi Hospital 
Hemoglobin A ไ รบ ny/ifil was prepared from human red blood ce lls  
Complete Freund's adjuvant (D ifco)
Commercial anti ceruloplasmin and commercial anti haptoglobin 

(behringwerke)
2. buffers

0.02 M SodiiKi pyrophosphate acetic acid bu ffe r pH 7.5,
0.25 } ใ Sodium ch loride so lu tion ,
0.02 ri Sodium acetate pH 5.5,
0.08 fl Sodium acetate pH 5.5,
0.08 M Sodium acetate containing 0.2 M Sodium ch lo ride pH 5.5, 
0.1 ii Sodium bicarbonate,
Mancini bu ffe r pH ii.u
P-CN bu ffe r ะ 0.04 M phosphate, 0.01 H KCN, pH 7.0.
P-Cfi bu ffe r w ith 2.5 ?: guanidine



15

Phosphate bu ffe r sa line (PES)
3.5 M Urea pH 55
1.6 M Urea pH 7.0.

3. Animals
Eight adu lt rabb its weighed about 25-30 g were divided 

in to  two equal groups fo r immunization w ith ceruloplasmin and 
haptoglobin.

4. Equipments 
Chromatography column
2.5 cm X 27.0 CM

5.ช cm X 41.0 cm 
Dialyzing tubing
Disposible syringe 10 ml fo r packing Hb-Sepharose 
4B

Methods
ใ . General method

Double immunodiffusion was carried out by Ouch te r 1 on:' 
methods using 2 g pu rifie d  agar (D ifco) per 100 ml phosphate bu ffe r 
saline pH 7.2.

Inwunoelectrophoresis was carried out by the method o f 
Scheideggers using ไ .5 g pu rifie d  agar per 100 ml 0.05 M veronal 
buffe r pH 8.6.

Radial immunodiffusion was carried out by the method o f

000318



ร์:ancini ร Carbonara and Heremans3 using 2 gm% noble agar (D ifco)
ใ'ท Hanoi ni bu ffe r pH 8.0.

2. P u rifica tio n  o f human serum prote in
2.1 Ceruloplasmin

Ceruloplasmin was iso la ted by the method using two-stage 
ion exchange chromatography invo lv ing the use of DEAL and CH-Sephadex 
(118).

A 2 .ช cm X 27.0 cm column of ion exchanger was 
prepared by packing a s lu rry  of DEAE-Sephadex A-SG (2-3 gm.) preswollen 
in  0.02 iM sodium pyrophosphate-acetic acid bu ffe r pH 7.5.

The height o f column was 18 cm th is  column was used in  the 
f i r s t  chromatograph but la te r9 the modified glass tubing ( ไ . 7 X 

15 cm) was used instead.
The aged plasma (25G ml) was dialyzed against ใ l i t r e  o f 

0.02 M sodium pyrophosphate-acetic acid bu ffe r pH 7 .53 overn igh t3 
and centrifuged to remove any p re c ip ita te . Then i t  was applied to 
the DEAE column which had already been equ ilib ra ted  w ith the same 
bu ffe r. The plasma was ca re fu lly  applied and allowed to flow  
slow ly through the column. The process was made in  the dark a t 4°c.
A blue band appeared immediately under the gel surface a fte r the 
plasma had passed through the column. The column was then washed 
thoroughly (40 drops/iliin) using about 400 ml o f sodium pyrophosphate 
bu ffe r pH 7.5 and the eluate was co llected 5 ml per te s t tube3 pooled
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and stored frozen a t -4°c . This eluate contained most o f the ceru­
loplasmin removed. I t  w ill be la te r used fo r absorption o f the 
prepared anti ceruloplasmin. The column was then eluted (a t .40 
drops/min) w ith 150 ml o f the same bu ffe r containing 0.25 SI sodium 
Chloride. The eluate was co llected a t 5 โ,'ll per te s t tube and 0 .ช. 
at 280 กเท were determined. The prote in peak was pooled together and 
dialyzed against 1 l i t r e  o f 0.02 il sodium acetate bu ffe r pH 5 .55 
overnight a t 4°c. i t  was centrifuged a t 2,000 rpm fo r 10 mins, to 
remove any p re c ip ita te .

A.column o f Cff-Sephadex (5 .ช X 20 cm) equ ilib ra ted  in  0.02 ไ-ใ 

sodium acetate bu ffe r pH ว .5 was made.
Tile ceruloplasmin rich  prote in obtained from DEAE-Sephadex 

chromatography was chromatographed through CM-Sephadex column. Then 
washed w ith 50Ü ทใ o f 0.02 H sodium acetate bu ffe r pH 5 .5 , at a 
flow  rate o f 20 drops per minute. The bound ceruloplasmin was 
then washed w ith 0.08 ริ'; sodium acetate bu ffe r pH 5.5 CO remove the 
contaminants. F ina lly  the ceruloplasmin was eluted w ith 100 ml o f 
the same bu ffe r (0.08 ; sodium acetate pH 5.5) containing 0.2 H 
dosium ch loride a t a flow rate o f 30 drops per minute. The eluate 
was co llected 5 ml in  each te s t tube and C.D. a t 28Ü ram were 
measured. The presence o f ceruloplasmin and other' serum p ro te inร 
were detected by Ouchterlony technic. Fractions contain pure 
ceruloplasmin were concentrated. A lpha-globulin from th is  prote in  
concentrate, as obtained a fte r agar gel e lectropnoresis, was at 
f i r s t  used fo r tne production o f an ti ceruloplasmin. Later instead



o f th is  agar gel e lectrophoresis5 the pu rifie d  ceruloplasmin was 
subjected to a second chromatography in  CH-Sephadex as ju s t described.
I t  is  aimed at ge tting a more pu rifie d  ceruloplasmin, and then used 
fe r fu rthe r immunization.

2.2 Haptoglobins
The p u r if ic a tio n  o f Hp was based on the fa c t tha t Hp 

can bind Hb s to ieh iom e trica lly  (oy) arid tip was recovered from Hb 
bound tc- Sepharose

Preparation o f Sepharose hemoglobin conjugate:
Six grams o f packed Sepharose 48-200 were washed and 

suspended in 100 ml o f d is t i l le d  water, a t 10°c. And then powdered 
cyanogen bromide 200 mg was added to Sepharose-48 suspension and 
the reaction was allowed to proceed fo r G mins, w ith continuous 
s t r i r r in g .  The pH was kept a t 10.5 - 11.5 by 5 M sodium hydroxide as 
needed. The s lu rry  was then rap id ly  washed ever a coarse sinthered- 
glass f i l t e r  w ith 500 ml o f cold d is t i l le d  water, followed by 500 ml 
o f cold 0.1 M sodium bicarbonate. The Sepharose was activated w ith  
CHor and ready to be attached w ith Hb. F if ty  r.l o f a stroma-free 
hemolysate (containing 150 rng/nl o f Hb) was then added to the activated  
agarose. The mixture was s t ir re d  gently fo r 2 hours a t room tempera­
ture and then le f t  a t 4°c overnight. The conjugated Sepharose was 
washed in succession w ith 2 l i t r e  o f P-CN bu ffe r, and 400 ทใ o f 
p-นร! buffe r containing 2.5 A  Urea. F in a lly , the SepharoseะHb was washed
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exhaustively in the P-CN bu ffe r, using about 1 l i t r e .  This conjugate 
o f Sepharose ะ Hb was stable fo r several weeks, at 4°c.

Binding o f haptoglobin tc the so lid  matrix.
In order to minimize the non-specific adhearance o f other 

proteins to Sepharose, 5 M sodium chloride 12.5 rnl was mixed with  
50 ml o f pooled serum having the combined phenotype o f haptoglobins. 
The mixture was poured in to  the conjugate (SepharoseะHb) and mixed 
by gentle s t ir r in g  w ith a magnetic s t r i r r e r  fo r 30 minutes. P rio r 
to e lu tio n , the loaded Sepharose was washed w ith 100 ml o f ใ .6 M Urea, 
pH 7.0 to remove serurn prote in other than haptoglobin. The Sepharose 
Hb attached w ith haptoglobin was then packed in to  a 10 ml syringe 
which serve as a small column. I t  was then washed thoroughly w ith  
P-CH bu ffe r u n t il there was no trace o f prote in coming out. To 
detect the traces o f p ro te in , the liq u id  was read 0.0. a t 280 nm 
u n til O.D. is  lower than 0.01.

The packed Sepharose was then s t ir re d  fo r 30 minutes w ith  
5 ml o f e lu ting  f lu id ,  containing 3.5 M Urea pH 5. The eluate which 
is  r ich  in haptoglobin fra c tio n  was co llected in  te s t tubes w ith  
the aid o f syringe. The e lu tion  from the same batch o f Sepharose as 
described above were repeated 4 more times. A ll the process were 
carried out a t room temperature. The eluate was dialyzed in PBS 
and concentrated w ith PVP. These frac tions were detected fo r  
haptoglobin by Ouchterlony technic and irnnunoelectrophoresis.



3 .  P r e p a r a t i o n  o f  a n t i s e r a .

P u r i f i e d  p r o t e i n s  a t  a c o n c e n t r a t i o n  o f  a a o u t  1 mg/fill  

( c e r u l o p l a s m i n ,  a n d  h a p t o g l o b i n )  w e r e  e m u l i f i e d  w i t h  t h e  e q u a l  v o l u m e  

c f  c o m p l e t e  F r e u n d ' s  a d j u v a n t .  T h e  e m u l s i o n  w a s  i m m u n i z e d  i n t o  

t h e  r a b b i t s  f e e t - p a d  ( 0 . 1  ml p e r  e a c h  f o o t - p a d )  a n d  i m m u n i z a t i o n  

w a s  r e p e a t e d  s u b c u t a n e o u s l y  w i t h  Ü . 2  ml o f  s i m i l a r  s u s p e n s i o n »  a t  

o n e  w e e k  i n t e r v a l  f o r  a b o u t  1 m o n t h .  T e s t  b l e e d i n g s  w e r e  m a de  

w e e k l y .  A n t i s e r u m  w h i c h  p r o d u c e  i n t e n s e  b a n d  w i t h  t h e  i n t e n d e d  

p r o t e i n ,  w i t h  m i n i m u m  o f  a n t i b o d i e s  t o  o t h e r  p r o t e i n s  w e r e  c o l l e c t e d .  

T r a c e s  o f  a n t i b o d i e s  d i r e c t e d  a g a i n s t  Ig G a n d  o t h e r  s e r u m  p r o t e i n s  

w e r e  r e m o v e d  b y  a b s o r p t i o n s  w i t h  p u r i f i e d  IgG o b t a i n e d  b y  t h e  m e t h o d  

o f  บ1 . ร .  Baums  t a  r k  e t  a l  ( 9 )  J a n d  o t h e r  p r o t e i n s .

I n  c a s e  o f  a n t i  c e r u l o p l a s m i n  3 a n t i s e r a  t o  o t h e r  p r o t e i n s  

w e r e  r e m o v e d  b y  e l u a t e  o b t a i n e d  f r o m  Dl AE c h r o m a t o g r a p h y  w h i c h  i s  

r i c h  i n  a l l  s e r u m  p r o t e i n s  e x c e p t  c e r u l o p l a s m i n .

T h e  o b t a i n e d  a n t i s e r a  w e r e  t e s t e d  b y  I m m u n o e l e c t r o p h o r e s i s  

a n d  C u c n t e r l o n y  t e c h n i c  t o  m a k e  s u r e  t h a t  t h e  m o n o s p e c i f i c  a n t i s e r a  

w a s  e m p l o y e d .

4 .  P r e p a r a t i o n  o f  I m m u n o d i f f u s i o n  p l a t e .

T h e  t i t e r  o f  a n t i s e r a  w e r e  b e s t e d  b e f o r e  m a k i n g  i m m u n o ­

d i f f u s i o n  p l a t e ,  b y  u s i n g  ไ . 5% N o b l e  a g a r  i n  M a n e i n i  b u f f e r  m i x e d  

w i t h  a n t i s e r a  a t  t h e  s u i t a b l e  d i l u t i o n  s u c h  a s  1 : 1 0 ,  ใ ;  2 0 ,  o r  1 : 3 0 .

T h e  f i n a l  d i l u t i o n s  o f  a n t i s e r u m  i n  t h e  i m m u n o d i f f u s i o n
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p l a t e  w e r e  p r e d e t e r m i n e d  b y  u s i n g  d i f f e r e n t  d i l u t i o n s  o f  h u m a n  s e r u m ,  

a g a i n s t  d i f f e r e n t  d i l u t i o n s  o f  a n t i s e r u m .  T h e  h i g h e s t  d i l u t i o n  o f  

b o t h  c o m p o n e n t s  w h i c h  p r o d u c e d  p r o p e r  i n t e n s i t y  a n d  s i z e  o f  i m m u n o ­

d i f f u s i o n  i s  s e l e c t e d  f o r  t h e  f u r  t i l e r  d e t e r m i n a t i o n  o f  s u c h  p r o t e i n .  

T h e y  d e p e n d  t o  s o m e  e x t e n t  u p o n  t h e  s i z e 3 s p a c i n g 3 a n d  d e p t h  o f  

h o l e s .  T h e  f i n a l  d i l u t i o n  o f  a n t i  c e r u l o p l a s m i n  a n d  a n t i  h a p t o g l o b i n  

w e r e  1 : 7  a n d  1 : 8  r e s p e c t i v e l y  w h e n  u n d i l u t e d  h u m a n  s e r u m  w a s  u s e d  

a s  a n t i g e n .  T h e  i mm une  p l a t e  o f  a n t i c e r u l o p l a s m i n  a n d  a n t i h a p t o ­

g l o b i n  w a s  t h e n  p r e p a r e d  a s  f o l l o w s  2% l i O b l e  a g a r  i n  H a n c i n i  b u f f e r  

w a s  d i s s o l v e d  b y  h e a t i n g  i n  a  b o i l i n g  w a t e r - b a t h . I n  t h e  c a s e  o f  

ลกt i s c r u l o p l a s m i n  p l a t e .  5 . 2 5  ml o f  t h e  h o t  a g a r  s o l u t i o n  w a s  

a l l o w e d  t o  c o o l  t o  6 0 c C o n  a  w a t e r - b a t h  a n d  w a s  t h o r o u g h l y  m i x a d  

w i t h  ใ ml o f  p r e p a r e d  a n t i  c e r u l o p l a s m i n  w h i c h  i s  d i l u t e d  b y  0 . 7 5  ml  

o f  b u f f e r  a n d  a l r e a d y  w ar m  t o  5 C ° C .  A n t i  h a p t o g l o b i n  p l a t e  w a s  

p r e p a r e d  i n  t h e  s a m e  m a n n e r  a s  a n t i  c e r u l o p l a s m i n  p l a t e  u s i n g  5 . 2 5  ml 

o f  t%  a g a r  s o l u t i o n ,  0 . 8 7  ml o f  a n t i h a p t o g l o b i n  a n d  0 . 8 8  ml o f  

b u f f e r .  And t n e n  t h e  a n t i s e r a - a g a r  m i x t u r e  w a s  p o u r e d  o n  t h e  

p l a s t i c  p l a t e  W h i c h  p l a c e  o n  a  l e v e l  s u r f a c e .  T h e  s o l u t i o n  s p r e a d  

u n i f o r m l y  o v e r  t h e  s u r f a c e  o f  p l a t e  a n d  w a s  a l l o w e d  t o  s o l i d i f i e d  

c o m p l e t e l y .  H o l e s  o f  u n i f o r m  s i z e  (1 mm d i a m e t e r )  w e r e  m a d e ,  24- 

h o l e s  p e r  p l a t e ,  3 rnr.! a p a r t  f r o m  e a c h  h o l e .

5 .  S e r u m  s p e c i m e n s .

S e r a  f r o m  2 0 0  p a t i e n t s  w i t h  l i v e r  d i s e a s e s  ( h e p a t i t i s 3



c i r r h o s i s  o f  ' l i v e r  a n d  c a r c i n o m a  o f  l i v e r )  ร a n d  ใ 0 0  p l a s m a  w i t h  

h e m o g l o b i n o p a t h i e s  w a r e  o b t a i n e d  f r o m  R a m s t h i b o d i  H o s p i t a l .  T h o s e  

ไ0 0  p a t i e n t s  h a v i n g  h e m o g l o b i n o p a t h i e s  w e r e  a l l  c o n f i r m e d  b y  

e l e c t r o p h o r e s i s  o f  t h e i r  H b .  T h i s  g r o u p  i n c l u d e d  Hb H d i s e a s e ,

Hb E d i s e a s e ,  AE B a r t ' s  D i s e a s e ,  3 / E  t h a l a s s e m i a  a n d  e t r a i t .

One h u n d r e d  n o r m a l  s e r a  f r o m  d o n o r s  w e r e  o b t a i n e d  f r o m  

b l o o d  b a n k ,  K a m a t h i b o d i  H o s p i t a l  a n d  u s e d  a s  s t a n d a r d  c o n t a i n i n g  

51 ใ JÜ/ Î"  c e r u l o p l a s m i n  a r . d  h a p t o g l o b i n .  One ml a m o u n t s  o f  s e r u m  

f r o m  e a c h  d o n e r  w e r e  p o o l e d ,  d i s p e n s e d  i n  t h e  b o t t l e s ,  a n d  s t o r e d  

a t  - 2 0 ° c .

P r é p a r â t ^ ก o f  s t a n d a r c  S e r u m  f o r  c e r u l o p l a s m i n  a n d  h a p t o g l o b i n  

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

E q u a l  v o l u m e s  o f  o n e  h u n d r e d  s p e c i m e n s  o f  n o r m a l  h u m a n  s e r u m  

f r o m  d o n o r s  w e r e  p o o l e d  a n d  m i x e d  t o g e t h e r .  T h i s  p o o l e d  s e r u m  w a s  

u s e d  a s  a  100% s t a n d a r d .  A n o t h e r  s t a n d a r d  w a s  o b t a i n e d  b y  d i l u t i n g  

t h e  p o o l  w i t h  H a n o i  n i  b u f f e r  t o  ใ : 2 ,  ใ :  4 ,  a n d  ใ : G r e s p e c t i v e l y .

T h e n  t h e  s t a n d a r d  v a l u e s  w e r e  10 0%,  50%,  25% a n d  1 2 . 5 %  a n d  t h e s e  

w e r e  u s e d  a s  s t a n d a r d s  f o r  b o t h  a n t i c e r u l o p l a s m i n  a n d  a n t i h a p t o g l o b i n  

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

6 .  D e t e r m i n a t i o n  o f  C e r u l o p l a s m i n  a n d  H a p t o g l o b i n  i n  p a t i e n t s '

s e r a .

S e v e n  m e ไ . o f  u n d i l u t e d  s e r a  ( s t a n d a r d s  a n d  a l l  t n e  p a t i e n t s '  

s e r a )  w e r e  f i l l e d  i n t o  t h e  h o l e s  o f  i m u n o - p l a t e .  T h e  p l a t e s  w e r e
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ไe f t  i n  a  m o i s t  c h a m b e r  a t  ro o m  t e m p e r a t u r e ร o v e r n i g h t .  T h e  

d i a m e t e r  o f  i n r n u n o p r e c i p i  t i n  r i n g s  w e r e  m e a s u r e d  w i t h  a  m e a s u r i n g  

m i c r o s c o p e .  A l l  t h e  s e r a  w h i c h  g a v e  a  d i a m e t e r  o f  i m m u n o p r e c i p i t i n  

l a r g e r  t h a n  10  m m . w e r e  d i l u t e d  t o  ใ 2 d i l u t i o n  a n d  r e p e a t e d  t h e  

d e t e r m i n a t i o n  a g a i n .

T h e  c o n c e n t r a t i o n  o f  r e s p e c t i v e  p r o t e i n  i n  u n k n o w n  s p e c i ­

m e n s  w e r e  c a l c u l a t e d  a c c o r d i n g  t o  m e t h o d  o f  i ' i a n c i n i  w h i c h  i s  b a s e d  

o n  t h e  f a c t  t h a t  l o g  a r e a  o f  d i f f u s i o n  c o r r e l a t e  w i t h  t h e  c o n c e n ­

t r a t i o n  o f  t h e  p r o t e i n .
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