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I n t r o d u c t  ion

C r e a t i n e  k i n a s e  EC 2 . 7 . 3 . 2 .  is  an impor­
t a n t  enzyme, which p a r t i c i p a t e s  in t h e  
c e l l  e n e rg y  m e t a bo l i s m  and has d i r e c t  r e  
l a t i o n s  w i t h  muscle  c o n t r a c t i o n  arid ATP 
r e g e n e r a t i o n ,  i t  c a t a l y z e s  th e  t r a ns p h os  
p h o r y l a t i o n  r e a c t i o n  between c r e a t i n e  
and ATP.

¥
ATP + H2N -C - y - C H 2-C 0 0  v= = ^

ADP + O - f - N H - C - N - C H j - C O o "  + H+
0 "  ¿H,

T h i s  k i n a s e  i s  found in s k e l e t a l  m usc le ,  
c a r d i a c  muscle  and b r a i n  t i s s u e ,  p r e s e n t  
ing t h r e e  d i f f e r e n t  t y p e s ,  v i z . :  MM-type  
( i n  m u s c l e ) ,  B B - t y pe  ( i n  b r a i n )  and MB- 
t y p e  ( i n  c a r d i a c  and o t h e r  t i s s u e s ) .  In  
r e c e n t  y e a r s ,  r e s e a r c h e s  r e v e a l  t h a t  e r e  
a t i n e  k i n a s e  has im p o r t a n t  r o l e  in  N a - K -  
ATP pump s y s t e m . ( 1 )  C l i n i c a l l y  i t  is  a l ­
so h i g h l y  e v a l u a t e d  as  in th e  e a r l y  s t a ­
ge d i a g n o s i s  o f  m y o c a r d i a l  i n f a r c t i o n  
and in e s t i m a t i n g  t h e  d im ens io n  o f  i n ­
f a r c t i o n . ( 2 )  E s p e c i a l l y  when c e r t a i n  
m y o c a r d i a l  i n f a r c t i o n s  can not  be j u d g e d  
by e l e c t r o c a r d i o g r a m ,  t h e  a n a l y s i s  o f  
serum c r e a t i n e  k i n a s e  i s  o f  g r e a t  use .
( 2 ) , ( 3 ) .  T h e r e f o r e ,  t h e  s t u d y  o f  th e  pu­
r i f i c a t i o n  and p r o p e r t i e s  o f  c r e a t i n e  k i  
nase has s i g n i f i c a n c e  not  o n l y  in t h e o r y  
and a l s o  in p r a c t i c e .
In  1954 Kuby e t  a I f i r s t l y  p u r i f i e d  and 
c r y s t a l l i z e d  t h i s  enzyme from r a b b i t  l i ­
v e r .  ( 4 ) . T h e r e a f t e r , a s e r i e s  o f  i s o l a t ­
ion and p u r i f i c a t i o n  works were  p e r f o r m ­
ed from muscles  and b r a i n s  o f  v a r i o u s  
a n i m a l s  e . g .  r a t ( 5 ) ,  monkey(6) ,  c a r p ( 7 ) ,  
c h i c k e n ( 8) and human b e i n g ( 9 )  and horse  
( 1 0 ) .  Among t h o s e ,  t h e  s t u d y  o f  c r e a t i n e  
k i n a s e  from r a b b i t  muscle  was t h e  most 
d e t a i l e d .  The p h y s i c o - c h e m i c a l  p r o p e r t ­

i e s ,  the  c a t a l y t i c  mechanisms and the  
s t r u c t u r e  o f  s u b u n i t s  were  a l l  s t u d i e d -
( 1 1 ) ,  ( 1 2 ) ,  ( 1 3 ) .  R e c e n t l y ,  a l o n g  wi th  
the  deve lopment o f  m o l e c u l a r  b i o l o g y ,  
even t h e  amino a c i d  sequence o f  c r o a t ¡ !ie 
k i n a s e  from r a b b i t ,  c h i c k e n  and r a t  were 
a n a l y s e d .  ( 1 4 ) 0 5 ) .  But s t u d i e s  o f  c re a '  
t i n e  k i n a s e  from p i g  a r e  more l e s s .  F° r 
p i g  has a g r e a t  b u l k  o f  m usc le s ,  and 
muscle  is  a good s our ce  o f  many bioinol0'  
c t i l e s ,  moreover p i g  is  n e a r e r  t o  human 
b e in g s  in b i o l o g i c a l  s p e c i e s ,  so i t  is 
a p p r o p r i a t e  to  i s o l a t e  and p u r i f y  c r e a ­
t i n e  k i n a s e  from p i g  muscles  i n s t e a d  o i  

from muscles  o f  o t h e r  minor  a n i m a l s .

M a t e r i a l s  and methods  

M a t e r  i a l s :
F re sh  muscles  from Hangzhou Meat Factor? 
Chemica l  r e a g e n t s :  A l l  A .R.  g ra d e  or  
b i o c h e m i c a l  g ra de
A p p a r a t u s :  C e n t r i f u g e s ,  v i s i b l e  & u l t r a '  
v i o l e t  s p e c t r o p h o t o m e t e r s ,  p a r t i t i o n  
c o l l e c t o r s ,  A A - a n a l y z e r  ( H i t a c h i  835-5®

Methods:
1) I s o l a t i o n  and p u r i f i c a t i o n  p r o c e d u r e
a )  F r a c t i o n  I Crude e x t r a c t
Minced p i g  muscles  (ba ck  and l e g )  4002' 

a r e  homogenized w i t h  0 .0 1M .KCL s o l u t i o n  
( 2m l . / g . m u s c l e )  and th en  c e n t r i f u g e d  
(3 0 0 0  r . p . t n . ) .  The s u p e r n a t a n t  is  f U tC 
ed th ro ugh  4 l a y e r s  o f  c h e e s e c l o t h .  Thi! 
s o l u t i o n  is  t h e  c ru d e  e x t r a c t .  ,

b )  F r a c t i o n  11 60% e t h y l  alcohoI-MgS®
p r e c i p i t a t i o n  |

The pi! o f  t h e  c r u d e  e x t r a c t  is  a d j u s t  
w i t h  5M.ammonia s o l u t i o n  to  9 . 0 .  S o l ^  
NH4C1 is  added t i l l  th e  c o n c e n t r a t i o n  * 
bro ug ht  to  0 . 1  M. ,  and a d j u s t  pH to  9*® 
once more .  A f t e r  s t i r r i n g  f o r  l h r . ,  ^  

e t h y l  a l c o h o l  is  added a t  -10 ' C • ,  1°  a 

c o n c e n t r a t i o n  o f  60% ( t a k i n g  t h e  95% 3 
cohol  as  100%).  S t i r r i n g  is  c o n t i n u e d   ̂
f o r  h a l f  an h o u r .  The s o l u t i o n  is  war 
to  1 0 * C - ,  c e n t r i f u g e  (.3000 r . p . m . ) f o r  ^  
m i n u t e s .  To t h e  s u p e r n a t a n t ,  pH 8 . 5 ,
M MgS04 s o l u t i o n  is  added to  th e  coriee[1 
t r a t i o n  o f  0 . 0 3  M . .  R e s t o r e  t h e  eoncei r  
t r a t i o n  o f  a l c o h o l  to  60%, s t i r  f o r  ^  

m i n u t e s  a t  about 1 0 " C . .  C e n t r i f u g e  for  ̂
30 m i n u te s  ( 4 0 0 0  r . p . m . ) .  The p r e c i p > 1̂  
a t e  is  e x t r a c t e d  t w i c e  w i t h  pH 9 . 0 ,  0 ; . 
M. Mg(Ac)a (The amount f o r  t h e  f i r s t  
is  8% o f  t h a t  o f  c r u d e  e x t r a c t ,  f o r
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Second t i m e  i s  4%) .  C e n t r i f u g e  f o r  30  
la‘ nute s  (4 0 0 0  r . p . m . ) .  Combine th e  s u ­
p e r n a t a n t s  and arid 95% e t h y l  a l c l h o l  at  

!0“C .  to  the  c o n c e n t r a t i o n  o f  50%. S t i r  
f ° r  30 m i n u t e s ,  c e n t r i f u g e  a t - 5 ' C . f o r  

m i n u te s  ( 4 0 0 0  r . p . m . ) .  The p r e c i p i t -  
^0 is  d i s s o l v e d  in pH 8 . 0 ,  0 , 0 1  M, t r i s  
'Jl|f f e r  s o l u t i o n .
c) F r a c t i o n  i l l  (NH4)a S0#. p r e c i p i t a ­

t ion  ( 0 . 4 5 - 0 . 7 5  s a t u r a t i o n )
■-tc above s o l u t i o n  is  d i a l y s e d  a g a i n s t  

same t r i s  b u f f e r  s o l u t i o n  f o r  24 hrs. 
^ n t r i f u g e  f o r  30 m i nu te s  ( 4 0 0 0  r . p . m . ) ,  
j °  the  s u p e r n a t a n t ,  (N H 4) *S 04 is  added  
0 0 - 4 5  s a t u r a t i o n ,  w h i l e  1 M. NH40H is  

,lflded to  m a i n t a i n  th e  pH to  7 . 8 .  Put a s -  
f o r  2 h r s ,  c e n t r i f u g e  f o r  30 m i nu te s  

4000 r . p . m . )  To th e  s u p e r n a t a n t  (NĤ -SÔ . 
ls a g a in  added t o  0 . 7 5  s a t u r a t i o n .  Stand  
^  f o r  3 h r s .  C e n t r i f u g e  f o r  30 m i nu te s  
5)000xg.). D i s s o l v e  t h e  p p i . i n  t h e  same 

) l l f f e r  s o l u t i o n  and d i a l y s e  to  remove  
. ^ 4 )2 SO*.  Arid th en  use pH 8, 0 . 0 2  M,
tr *s s o l u t i o n  c o n t a i n i n g  0.01 M. me rc ap -
an t o  e q u i l i b r a t e .
^  F r a c t i o n  IV DEAE chro ma tog rap hy  

0 . 0 2  M. pH 8 . 5  t r i s  b u f f e r  to  e q u i -  
. ' P r a t e  t h e  DEAE column ( 2 0 x 1 . 5  c m . ) .
^  sample  iri 3 b a t c h e s .  At room tempe r -

^ ture  ( 8‘C . h  use 0 . 0 2  H. t r i s  and 0 . 1  M. 
t r
9te
(4

•s b u f f e r  (pH 8 . 1 )  100 m l .  each t o  e l u
C o l l e c t  in tu b e s ,  7 rain, one tube  

* 1 . ) .  Combine t h e  e l u a t e s  which  show 
^ y m e  a c t i v i t y .  Add (N H4 )a S0*  to  0 . 9  

d u r a t i o n ,  c e n t r i f u g e ,  suspend t h e  p p t .  
Jn sma l l  amount o f  (NH4)<iS04. s o l n .  w i t h

same d e g r e e  o f  s a t u r a t i o n .  Keep a t  
45 *p ̂ v- ♦

D e t e r m i n a t i o n  o f  enzyme a c t i v i t y  
^  C r e a t i n e  c o l o r  r e a c t i o n  method ( 1 6 )  

PH method ( 1 7 ) ( 1 8 )
4 pr o t e i n  d e t e r m i n a t i o n  B i u r e t  method
, ,  P^CE method f o r  p u r i t y  d e t e r m i n a t i o n  U9)5) p
c ° ePhadex ge l  ch ro ma tog rap hy f o r  mo lo -  
(>)'or w e ig ht  d e t e r m i n a t i o n  ( 1 9 )

SDS-PAGF. method f o r  m o l e c u l a r  weight

7) Gr‘i>inat ion ( 1 9 )  
Ami (20)■"■■no ar; jd a n a l y s t ;  
t r y p t o p h a n e  d e t e r m i n a t i o n  ( 1 9 )

^SULTS
Cr P u r i f i c a t i o n  and i d e n t i f i c a t i o n  o f  

r.fiat i n e  k i n a s e
Crroin 400 g t o f  p j g  m u s c le s ,  30 m l .  o f  

/ m?a t i n e  k i n a s c  s o l u t i o n  ( 1 6  m g . p r o t e i n  
‘ 1 were o b t a i n e d .  A c t i v i t y  r e c o v e r y

was 42 .5 % ,  s p e c i f i c  a c t i v i t y  was 85  
u n i t s / l m g .  p r o t e i n .  ( t a b l e  I )

1 11 I i 1 IV
s t e p  cru de A l e . (N H ^ S O * DEAE
I tem e x t r a c t

T
p p t . c h r o m â t .

Vo I .
( m l . ) 600 87 68 30

t o t a l
p r o t e i n 11080 1183 734 480

t o t a l  
ac t  i v i t y 96000 55680 47056 40800

r e c o v e r y
% 100 5 8 . 6 4 9 . 0 4 2 . 5

s pec i  f i c 
a c t  i v i t y  
u n i t s / m g .  
p r o t e i n

8.66 4 7 . 0 6 6 4 . 1 0 8 5 . 0 0

p u r i  f i -  
c a t  ion 
f o l d 1.0 5 . 4 2 7 . 4 0 9 . 8 2

T a b l e  ! Pur i f :¡ca t  ion o f  c r e a t i n e  k i n a s e

O.D.  3 . 5

3 . 0
r \
i *
; ;

A c t i / i U

2 . 5 i \
i i

2 5 0

2.0 |Ai 2 0 0

1 .5 j • \$ 0

1.0 j i\ 100

0 . 5 Il K SO

0.0 — - - ' “V  --------

5 10 15 20 25 30 35 40
No. o f  t ubes

----------------- O . D . 2 8 0
----------------  Enzyme a c t i v i t y

F i g . l  DEAE chromato graphy
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1 a 3 4-

F i g . 2 P A G - e l e c t r o p h o r e t i c  spec t ru m  
Cone, o f  g e l  7%, 

s t a i n e d  by a n i l i n e  b l a c k  
Tube 1 , 2 , 3 , 4  c o r r e s p o n d  t h e  f r a c t i o n  I ,  
I I ,  I I I ,  IV r e s p e c t  i v e l y  
Tube 4 (one band o n l y )  shows t h e  enzyme  
p r e p a r a t i o n  has a t t a i n e d  e l e c t r o p h o r e t i c  
pur e

F i g .  3 SDS-PAG e l e c t r o p h o r e t i c  spec t ru m  
o f  f r a c t i o n  IV
Cone,  o f  g e l :  Tube 1, 7 .5 % ,  Tube 2 ,  10%, 
s t a i n e d  by commaise b l u e  R -25  2

2 )  D e t e r m i n a t i o n  o f  M.W. o f  c r e a t i n e  
k i n a s e

a )  M.W. d e t e r m i n a t i o n  by sephadex c h r o ­
mat ography

The M.W. o f  c r e a t i n e  k i n a s e  8 3 , 0 0 0  was 
o b t a i n e d  from s t a n d a r d  c u r v e  made from 
th e  d a t a  on t a b l e  11.

' \ l t e m
P r o t e i n s N ^

M.W. V o l . o f  
e l u a t e

horse  l i  v e r  
dehydrogenase 8 0 , 0 0 0 27

b o v i n e  serum 
a lb um in 6 7 , 0 0 0 32

h o r s e  r a d i s h  
p e r o x i d a s e 4 0 , 0 0 0 43

t r y p s i n 2 3 , 3 0 0 5 2 . 5

sample 8 3 , 0 0 0 25

T a b l e  l l  Volume o f  e l u a t e o f  s t a n d a r d
p r o t e i n s  and sample  p r o t e i n

b)  M.W. by SDS-PAGE-method
The M.W. o f  c r e a t i n e  k i n a s e  s u b u n i t  

4 2 , 0 0 0  was o b t a i n e d  from t h e  s ta n d a r d  
c u r v e  made from th e  d a t a  on t a b l e  I I I *  

The r e l a t i v e  m o t i l i t y  o f  sample  was 
0 . 5 2 5 ,  t h e  c o r r e s p o n d i n g  M.W. was abou1
4 2 , 0 0 0 .

I tem dye  
f r o n t  i e r

band 
d i s t .

r e l a t i v e  log  
mot i 1 i t y  M.W.

M.W*
x i 0

p ho s p h or y -  
l a s e  B 6 . 4 1.2 0 . 1 8 7  4 . 9 3 7 9. $

TMV 6 . 4 5 . 8 0 . 9 0 6  4 . 2 4 3 l . t f

c a r b o n i c  
a n h y d r ­
ase 6 . 4 4 . 5 0 . 7 0 3  4 . 4 4 7 3 .00

a c t  in 6 . 4 3 . 2 0 . 5 0 0  4 . 6 3 3 4.30

b o v i n e  
sérum 
album in 6 . 4 2.2 0 . 3 4 3  4 . 8 2 6 6.70

sample 6 . 1 3 . 2 0 . 5 2 5  4 . 6 3 0 4.20

T a b l e  I I I Band: d i s t a n c e s  ( c m . ) o f s tar

d a r d s  and sample
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^  Amino a c i d  a n a l y s i s  
s) Tryptophane content

50mg./g.prote in obtained from the 
8|;andard curve.

b) T o t a l  amino a c i d s  a n a l y s i s  (e x c e p t  
r P - )  by amino a c i d  a n a l y z e r

i no 
i d

content 
mg.% p ro te in

amino content 
acid mg.% p ro te in

Asp. 113.33 Cys. 9.95

T h r . 37.875 V a l. 56.34

Ser. 37.837 Met. 28.71

Glu. 118.47 I le. 26.53

Ala. 26.37 Leu. 86.74

° iy . 46.76 Tyr. 13.22

__ Phe. 47.43 Lys. 89.18

__ His. 29.78 Arg. 47.40

Pro. 33.07

Table IV Amino acid Analysis re s u lts

. K i n e t i c  p rope rt ies  of p ig  muscle c re -  
ine kinase 

k Optimum pH
optimum pH of th is  enzyme is between 

obtained from the f igu re  4 bas- 
uPon the data on tab le  V. The enzyme 

0Jl i v i t y  was determined by crea t ine  c o l -  
^ a c t io n  method. Enzyme cone.0.06 mg. 

/,l..

A c t iv i t y

S.S
6.0
•̂5
7.0
7-S
8.0

2.975
5.950
7.990
8.500
5.100
2.215

A c t iv i t y  
ra t  io

35
70
94
100
60
25

The influence of pH on crea tine  
kinase a c t i v i t y

p H

F ig .4 The optimum pH of c rea t ine  kinase

b) The influence of temperature on 
crea tine  kinase

Keep c rea tine  kinase so lu t io n  at di 
f fe re n t  temperatures fo r  15 minutes, the 
in a c t iv a t io n  is s ig n i f ic a n t  at 60 ‘C- 
(Table V I , F ig. 5)

a c t i v i t y before
incubation

a f te r  
incubât ion

ra t io

20° C 60 60 100%
25’ C 60 60 100%
301 C 60 60 100%
35* C 60 60 100%
40° C 60 53 88%
45” C 60 50 83%
50° C 60 30 50%
60" C 60 0 0

Table VI The in fluence o f temperature on 
crea tine  kinase a c t i v i t y

Temp. 'C.
F ig .5 The influence of temperature on 

crea t ine  kinase
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c )  D e t e r m i n a t i o n  o f  a c t i v a t i o n  energ y  E 
The a c t i v a t i o n  energ y  E o f  c r e a t i n e  

k i n a s e  is  1 4 , 2 8 0  c a l o r i e s ,  o b t a i n e d  from 
F i g .6 based on t h e  d a t a  on t a b l e  V I I ,  by 
A r r h e n i u s  eg ua t  ion:  
log  a * / a ,  -  E(T2 -T ,  1 / 2 . 3 0 3  RT, Tz 

From T a b l e  V11 i t  is  found th e  optimum 
t e m p e r a t u r e  o f  c r e a t  ine  k i n a s e  is  35 “C . 
The a c t i v i t i e s  a t  d i f f e r e n t  t e m p e r a t u r e s  
( c i t e d  ori T a b l e  v i n  a r e  d e t e r m i n e d  by 
pi l -method.  The enzyme c o n c e n t r a t i o n  is  
about 3 m g . p r o t c i n / m l .

I tem
Temp.

a c t i  v i 1y log a c t i v i t y 1 /TX10

15 "C 48 1.68 1 3 4 . 7
20 X 60 1 .7 7 8 3 4 , 2
25 *C 110 2 .0 4 1 3 3 . 5
30 X 170 2 . 2 3 0 3 3 . 0
35 X 240 2 . 3 8 0 3 2 . 5
40 X 200 2 . 3 0 0 3 1 . 9

T a b l e  V I I  The a c t i v i t y  under  d i f f e r e n t  
t e m p e r a t u r e s

2 . 4
2 . 3
2.2

Log 2 . 4  
ac t  i -  2,0 
v i t y  1 .9  

1.8
1 .7
1.6
1 .5

32  3 2 . 5  33 3 3 . 5  34 3 4 . 5  35
-Lx ic?

F i g .6 The a c t i v a t i o n  e n e rg y  E o f  c r e a t  
ine  k i n a s e

d)  D e t e r m i n a t i o n  o f  M i c h a e l i s  c o n s t a n t  
Km

The a c t i v i t y  is  d e t e r m i n e d  by pH-method,  
p l o t  as  L i n e w e a v e r - B u r k  method.

( 1 )  Km-ATP
C r e a t i n e  is f i x e d  a t  40 mil. 1 / K ir is  oh 

t a i r i e d  from F i g . 7 and hence Kin=2.04 mH.

F i g . 7 L i n e w e a v e r - B u r k  plot,  o f  Km-ATP

( 2 )  K m - c r e a t i n e
ATP c o n c e n t r a t i o n  is  f i x e d  a t  4mM/3m1 • 

1/kffl is  o b t a i n e d  from F i g . 8, hence  
K m - c r e a t i n e  e q u a l s  14.28mM.

- 0 . 6  - 0 . 2  0 . 4  0 . 8
[1/Sl

F i g .  8 L i n e w e a v e r - B u r k  p l o t  o f  
K m -c re a t  ine
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D IS C U S S  1 O N

',!l 1954,  Kuby e t  a l  ( 4 )  f i r s t l y  i s o l a t e d  
p u r i f i e d  c r e a t i n e  k i n a s e  from r a b b i t  

* ,iSr: l e .  Owing to  t h e  c r y s t a l l i z a t i o n  
^or .oss  was more t ime-comsuitung, many 
!5°dif ¡c a t  ions  were p e r f o r m e d .  In 1981 

0sh i h i d e  and Takasawa ( 2 1 )  p u r i f i e d  
thout  c r y s t a l l i z a t i o n ,  c r e a t i n e  k i n — 

Ŝ(5 from p i g  muscles  w i t h  DEAE ion e x -  
r 'ahge chr omatography and CM-ce 11 u 1 ose  
, ^ o w a t o g r a p h y . The a c t i v i t y  r e c o v e r y  

41%, p u r i f i c a t i o n  f o b !  was 8. Wo u s -  
f r a c t i o n a l  p r e c i p i t a t i o n  method w i t h  

a ‘ Cohol 4 ammonium s a l t s ,  and DEAE ion  
®*change chro ma to gra phy  method, in c o n -  
' ‘ l i o n  t h a t  no c o l d  room was a v a i l a b l e ,  

a s a t i s f a c t o r y  r e s u l t — a c t i v i t y  r e -  
'‘° v e r y  4 2 .5 % ,  p u r i f i c a t i o n  f o l d  10.  The  

o f  p o r c i n e  c r e a t i n e  k i n a s e  8 3 , 0 0 0 ,  
o b t a i n e d  by sephadex c h ro m a to g ra p hy ,

55 h e a r e r  to  t h a t  o f  r a b b i t  c r e a t i n e  k i -  
'JSO , 8 2 , 0 0 0 .  ( 2 3 )  The H.W. o f  s u b u n i t  by 
US~page  method,  is  4 2 , 0 0 0 .  The re p ro d uc  
h i l i t y  o f  t h e s e  two methods was h i g h .

I e amino a c i d  a n a l y s i s  r e s u l t s  o f  p o r c -  
c r e a t i n e  k i n a s e  were  n e a r e r  t o  t h a t  

r a b b i t  c r e a t i n e  k i n a s e .  ( 2 4 )  The o p -  
. !,|uim p j^  }i e a t s t a b i l i t y  were n e a r e r  t o  
t )Qse o f  c h i c k e n  ( 2 5 )  and human ( 2 6 )  
R a t i n e  k i n a s e .  A c t i v a t i o n  e n e r g y ,
{ ‘chae I is  c o n s t a n t  a r e  a l l  n e a r e r  to  t h -  
j.?e o f  r a b b i t  c r e a t i n e  k i n a s e .  ( 21) 

h o r e f o r e  i t  is  h i g h l y  f e a s i e b l e  to  use  
j' r̂ c i n e  c r e a t i n e  k i n a s e  i n s t e a d  o f  r a b b -  
» o c e a t i n e ^ i n  s c i e n t i f i c  and c l i n i c a l  
ract fc/nase
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