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PURIFICATION AND PROPERTIES OF AN AMINOPEPTIDASE FROM BOVINE SKELETAL MUSCLE

M igita K... Tanabe S., N ish im ura T.
Faculty  o f  applied B iological Science, H iroshim a U niversity , H igash i-h irosh im a 739-8528, Japan.

Backgound : .
Free am ino acids have been found to increase during the storage o f  skeletal m uscle. 1) Such an increm ent of free am 111 

acids is considered  to contribu te  to the im provem ent o f  m eat flavor during postm ortem  condition ing  o f  m eat. The increase of fr 
am ino acids w as caused by the action  o f  am inopeptidases active at neutral pH regions. Som e kinds o f  neutral am inopeptidases i 
skeleta l m uscle have been already reported . A m ong them , am inopeptidases C, H and P are thought to be play an im portant roleS ' 
the increase o f  free am ino acids during the storage o f  m eat.2) How ever, there is little inform ation on am inopeptidases except ^  
am inopeptidases C, H and P, and the m echanism s involved in increase o f  free am ino acids during posrm ortem  condition ing  of mea 
have not been com plete ly  elucidated.

Objective s-
In the present w ork, we purified  an am inopeptidase from  bovine skeletal m uscle, and investigated  its properties as lol 0

pH optim um , effect o f  inh ib ito rs, m etal ions, and an ions, heat stability , and substra te specificity .

Methods
P u r i f i c a t i o n  o f  t h e  a m i n o p e p t i d a s e  f r o m  b o v i n e  s k e l e t a l  m u s c l e  ^

All steps w ere carried  out at about 4 degrees C. M inced m uscle (600g) w as hom ogen ized  w ith  three volum es o f  40 
tris-H C l (pH 7.2) con tain ing  0.1%  2 -m ercap toethanol, and am inopeptidases w ere ex tracted . This ex tract was fractionated   ̂
am m onium  sulfate fractionation . The prec ip ita te  obtained by 35 % to  65%  am m onium  su lfate  saturation  w as d isso lved  with buff‘d  
Then, th is fraction  was d ialyzed against 10 mM tris-H C l (pH 7.2). This d ia lyzate was put on D E A E -cellu lose colum n. ^  
am inopeptidase on D E A E -cellu lose colum n w as further purified  by successive ch rom atografies o f  Sephacryl S-2 
H ydroxyapatite , P henylsepharose, and H iTrap affin ity  ch rom atography. On the last chrom atography, HiTrap affin ity  colul1^  
am inopeptidase w as purified . The fractions contain ing the enzym e activ ity  on th is co lum n w ere co llected  and used to exanii 
som e o f  its properties.
E n z y m e  a s s a y  0f

The enzym e ac tiv ity  against A la-beta-naphty lam ide (A la-N A ) and Xaa (am ino acid)-N A  was m easured by the m etho ^  
M atsutani e t  a l . 3) A fter the enzym e had been incubated w ith 0.5 mM substra te in 0.1 M tris-H C l (pH 7.2) con tain ing  0.5 M Is* ^  
at 37 degrees C for 60 m in, 0.4 ml 0.23 M HC1 in ethanol and 0.4 ml 0.06%  ^-d im ethy lam inoc innam aldeh yde in ethanol 'v'e  ̂
added to the reaction  m ixture, in o rder to stop the enzym e reaction . The red co lor that developed w as m easured at 540 nm 3 

theP -naphty lam ine released  from  X aa-N A  w as determ ined.
P r o t e i n  d e t e r m i n a t i o n  0f

The absorbance at 280 nm w as used to m onitor the protein  peak on the colum n ch rom atographies. The concentrations 
proteins w ere also determ ined by the m ethod o f  Low ry e t  a l .  using bovine serum  album in as the standard .
G e l  e l e c t r o p h o r e s i s

Gel e lectropho resis in the presence o f  sodium  dodecyl su lfate w as carried  out by the m ethod o f  L aem m li using 12.5 /o gels 
brom ophenol blue as the track ing  dye. The proteins w ere stained w ith C oom assie b rillian t blue R-250.

Results and discussion
P u r i f i c a t i o n  o f  t h e  a m i n o p e p t i d a s e  f r o m  b o v i n e  s k e l e t a l  m u s c l e  0f

An am inopeptidase w as purified  by an am m onium  sulfate fractionation  and five ch rom atographies. A SDS-PAGE pro > ^   ̂
enzym e obtained by the H iTrap affin ity  colum n chrom atography  w as show n in Fig. 1. The am inopeptidase w as thus observed 3 
single band, and estim ated 58 kDa on SD S-PA GE (Fig. 2).
n H  o p t i m u m  -ur)i

The enzym e ac tiv ities  against A la-N A  w ere m easured at various pH in 0.1 M acetic  acid, potassium  phosphate or amnion
buffer. As show n in Fig. 3, the optim um  pH o f  th is enzym e ag ainst A la-N A  w as around 7.0-8.0.
E f f e c t  o f  i n h i b i t o r s  ,

The effect o f  various protease inh ib ito rs on am inopeptidase ac tiv ity  w as exam ined. The enzym e was s trongly  inhibits 
bestatin , PM SF, and purom ycin , ind icating  that th is am inopeptidase is c lassified  as a serine protease.
E f f e c t  o f  m e t a l  i o n s

The enzym e was incubated  w ith  A la-N A  in 0.1 M T ris-H C l (pH 7.2) con tain ing  various m etal ions at 37 degrees 
ac tiv ity  w as rem arkably  inhib ited  by 0.2 mM  C u2+, Z n 2 , M n2 , and Co .
E f f e c t  o f  a n i o n s  .¡¿eS

The effect o f  an ions on the am inoep tidase ac tiv ity  w as exam ined. T his ac tiv ity  tow ards A la-N A  w as ac tiva ted  by som e i a
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and other m onovalen t anions. A m ong all an ions tested , th iocyanate  anion w as show n to be the m ost effective to ac tivate activity. 
Chloride and brom ide ions also ac tivated  th is enzym e. This activation  by anions seem s to be caused by the conform ational changes 

am inopeptidase when anions bind to its active site. The activation  o f  several enzym es such as alpha-am ylase 4), ca thepsin  C 5), 
arninopeptidase B 6 ) and angiotensin  converting  enzym e 7) by anions has prev iously  been reported. How ever, the m echanism  o f 
activation by anions has not elucidated.
€ f l e e t  o f  h e . a t  o n  s t a b i l i t y  o f  t h i s  e n z y m e

A fter the enzym e had been kept at various tem peratures in 0.1 M tris-H C l (pH  7 .2) fo r 10 m in, its ac tiv ity  against A la-N A  was 
Measured. The enzym e w as stable up to about 55 degrees C, but ac tiv ity  was alm ost lost at 65 degrees C.
^ i b s t r a t e  s p e c i f i c i t y

As show n in Fig. 4, th is enzym e show ed a broad  substra te specific ity  against X aa-N A , its action  on A la-N A  being especially  
^'§h. M oreover, the am inopeptidase also show ed low ac tiv ity  against Arg, Pro, Leu, M et and Lys-NA.

References
'■  F- C. P arrish , D. E. G oll, W. J. N ew com b, B. O. de Lum en, H. M. C haudhry and E. A. Kline, J .  F o o d .  S c i . ,  34, 196 (1969)

T. N ishim ura , F o o d  S c i .  T e c h n o l .  I n t .  T o k y o ,  4, (4) 241 (1998)
M. M astutan i, M. Takehisa, R. Fukuda, A. Shim asue and N. K ikukaw a, J .  M e d .  T e c h n o l . ,  11, 300 (1967)
K. M yrback, H o p p e - S e y l e r ' s  Z .  P h y s i o l .  C h e m . ,  159, 1 (1926)

^  G orter and M. G ruber, B i o c h e m .  B i o p h y s .  A c t a ,  198, 546 (1970)
**■  ^  K. H opsu, K. K. M akinen and G. G. G lenner, A r c h .  B i o c h e m .  B i o p h y s . ,  114, 567 (1966)

L- T. Skeggs, W. H. M arsh, J. R. Kahn and N. P. Shum way, J .  E x p .  M e d . ,  99, 275 (1954)

Fraction Number

Fig. 1 H iTrap affin ity  colum n chrom atography
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Fig. 2 SDS-PAGE o f  H iTrap affin ity  colum n

F‘g. 3 E ffect o f  pH on the ac tiv ity  o f  the am inopeptidase Fig. 4 H ydrolytic ac tiv ity  o f  the am inopeptidase tow ard 
peptides

575




