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  ABSTRACT  AIkaline phosphatases from

  the kidneys Qf  three rnammals  (human,
  rat  and  meuse),  two  blrds (chicken and

  pigeon}, one  reptite  (four-striate snake),

  one  amphibian  (frog) ancl  four  fish (carp,
  catfish,  rainbow  trout and  electric  ray)

  were  investigated in the following two

  areas:  heat stability  of  the  enzyme  and

  inhibitory effect  of  amino  acids  on  the

 
enzyme

 reaetion,  Only  alkaline  phos-

 phatase  from  eatfish  was  heat-stable at

 56eC, No  significant  differences due to

 phylogenetie  relationship  were  observed

 among  the various  animals  in these

 exarninations,  (Zool. Mag, 92,' 226-230,

 1983)

    ln a  previous study,  the activity  and

substrate  specifieity  of  D-amino  acid  oxidase

in the kidney hernogenates  obtained  from
various  animal  species  was  investigated

(Konno and  Yasumura,  1981}.  It was  shown

that the degree of  differenees in the sub-

strate  speeificity  of  the enzyme  of  the fish

paralleled their  phylegenetic  relationship

(Konno et  al, 
,
 1982),

   Alkaline  phosphatase,  as  well  as  D-

amino  acid  oxidase,  is abunclant  ln kidneys,
and  the former enzyme  has been investi-

gated thoroughly  (Fern]ey, 1971; Fishrnan,
1974, for a review},  It seems,  however, that

(19S3)

there is no  comparative  study  on  alkaline

phosphatase  among  anima]  species,  although

the enzymes  in different organs  have been
eharaeterized,  In this study,  therefore,

alkaline  phosphatase  has been investigated

in the kidney homogenates  of  various  animal

specles,  and  heat  stability  of  the  enzyme  and

inhibitory effeet  D £ amino  acids  on  the

enzyme  reaction  were  also  examined,

          Materials and  Methods

Chemieals

    Amjno  acids  (A gTade), L-histidine

HCI･H20,  L-leucine  and  L-phenylalanine,

were  purchased  from  Ajinomoto  Ce. Ltd.

(Tokyo, Japan). L-Homoatginine  HCI

<guaranteed reagent)  ",as  purchased  fTom
Nakarai Chemicals Ltd, (Kyoto, Japan).
Glycine (reagent grade), disodium phenyl-
phosphate,  4-aminoantipyrine  and  potassium
ferricyanide  were  obtained  from  Wako  Pure
Chemica] Industries Ltd. <Osaka, Japan),
Other chemicals  were  commercial  products
of  reagent  grade,

Animals

    The  souree,  size  and  sex  of  animal$,

human  (Homo  sapiens),  rat <Rattus nor-

vegicus),  mLce  (Mus musculus),  ehicken

(Gali"s gallus), frog  (Rana catesbeiana),

carp  (Cyprinus carpio),  oatfish  (Silurus
asotus),  rainbow  trout (Saimo gairdneri) and
electric  ray  (Narke japonica ), weTe  described
in t,he previous  papers  (Konno and  Yasu-
mura,  1981;  Konno  et  al, ,

 1982), Male  four-
striate  snake  (100 cm  ]ong, 20e g) (Elaphe
quadrivi"gata)  was  kindly supplled  by Dr,
Akiyoshl  Mishima,  Department  of  Medica]

Zoology  of  thls University,  Female  pigeon

(360 g) (Columba livia domestica) was

obtainecl  from  Laboratory ef  Medica}
Seienees of  this University.

Homogenates

    The  removed  kidneys were  minced  and

then  their pieces were  homogenized  in a
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Tefion-glass Potter-Elvehjem type homoge-

nizer  in H20.  A  portion of  the homogenates

was  used  for the enzyme  assay  and  for the

protein  assay,  accerding  to the  method  of

Lowry  et  al.  (1951), with  bovine serum

a]bumin  as  the standard,

Enzy  n?e  assay

    Alkaline phosphatase activity  was  meas-

ured  by the  method  of  Kind-King  (1954)
with  a slight  modification  by Watanabe  et  at,

(1967). A  mixture  of  50 pl of  the  hornoge-

nates  and  1 ml  of  carbonate-bicarbonate

buffer  (pH 10.15)  containlng  4.2 mM

disodium  phenylphosphate  and  2.2 mM  4-

aminoantipyrine  was  ineubated at  37Cb  for

10  min,  and  then  the  amount  of  liberated

phenol from  phenylphosphate  was  measured

speatrophotometrically  at  500  nm  after  the

potassium ferricyanide  reaction,

in Kidney

Tabte 1, Specifie activity  of  alkaline

   phatase  in various  animal  kidneys.

227

phos-

Species
Alkaline  phosphatase  activity

  <nnlo!etrnintmg protein)
Experiment  l Experimefit  l{

Mammal
 Human

 Rat  (Wistar)

 Mouse  <DBA)
 Mouse  {BALB)

 61,8 ± O.2
413  ± 4

494  t16

564 ±16

 61,2± O.2

422  ± 7

510  +m!O

580  ±24

Bird

 Pigeon
 Chicken

52.3 ± 3,2

41,7 ± 3,5

53,5± 2.8
41,O ± 1.9

Reptile

 Snake 56.5 ± 5.6 53.3 ± 3,2

Ainphibian

 Frog 156 ± 4 154  ± 4

         Results and  Diseussion

   Table 1 shows  the speeific  aetivity  of

alkaline  phosphatases in the kidney homoge-

nates  of  various  animal  species,  The  varia-

tions  in alkaline  phosphatase  activlty  due  to

different individuals were  very  srnall,  in the

Fish

 carp

 Catfish
 Rainbow  trout

 E!ectric ray

160  ± 5

 18.2± eA

 28.2 ± O.9

109  ± 4

160  ± 5

 16.1 ± O,2

 28.7 ± O.5

108  ± 3

Fig
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. 1. Heat  inaetivation  curves  of  alkaline  phosphatases  in human,

 feur-striate snake  and  catfish  kidneys. The  hemogenates  were

 preineubated at  56C℃ for the  stated  intervals, and  the  enzyme

 assay  was  done  at  37Ct for 10 min  of  incubation. The  values  are

 given for the  experirnent,  each  in triplicate.
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range  ef  109c of  the mean  value,  Large dif-
ferenees were  observed  among  the  animals,

but  it seenis  that no  significant  differenee
due to phylogenetic  relationship  appeared,

    In order  to investigate the  heat  stabilitv                                  -
of  a]kaline  phosphatase, the homogenates
were  preineubated  at 56Ct), and  then  the

enzyme  activity  was  measurecl  at  37+C.

The kidney homogenates  of  human,  snake

and  catfish  were  pTeincubated  at  56ib
for the stated  intervals (Fig, 1). Only  alka-

line phosphatase  in the  catfish  kidnev homo-

genates was  heat stable,  and  the activity

was  not  changed  even  after  60  min  pre-
incubation  at  56[C,  although,  in some

experiments,  the  aetivit}'  deereased to
-v90%

 of  the  Lnitjal enzyme  activity  aftev

AIOO
 Mouse  Meuse

)e (DBA] {BALB}

v
    50
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2, Heat inactivation eurves  of  alkaline

phosphatases in kidneys of  various

animal  speeies.  The  homogenates  were

preincubated  at 56:C  for 10  or  30 min                              '

and  the enzyme  assay  was  clone at  37CC
for 10 min  of  inEubat,ion. The  values

are  gtven for the experiment,  eaeh  in
triplicate.

NIwA,  YASUMURA  AND  UcHryAMA

 60 min  preincubation,  The enzyme  a ¢
-

 tivity  of  the  human  and  snake  kidney

 homogenates  decreased to ]ess than  30%

 af  the initial acttvity  after  15  rnin  preincuba-

 tion. The  enzymes  in other  animaL  kidneys

 were  also  examined  as shown  in Fig, 2.

 Alkaline phosphatases in the chicken,

 pigeon and  frog  kidneys were  slightly

 niore  stable  in compar5son  with  the enzymes

 in the kidneys of  human,  rat,, mice,  carp,

 rainbow  trout  and  eleet'rie ray,  whose

 enzyme  activity  decreased to less than  50Z･

 of  the inltial after  10  min  preineubation,

 It has been  thought  that  only  alka]ine

 phosphatases, derived  from  human  hepa-

 tomas  and  placentas, are  heat stable  (Higashi-
 no  et  al, ,

 1980,  for a  reyiew>.  HoinTever, we

  found  that alkaline  phosphatase  in the

  catfish  kiclnev was  also  heat stable.  In order

 to exp]ain  this  difference in the heat sta-

 bility of  the  enzyrne,  further studies  will  be

  neeessarv,

     [[ihe inhibitorv effect  of  amino  acids

 such  as  L-homoarginine,  L-histidine,  L-

 phenylalanine, L-leucine  and  glyeine, on  the

 enzyme  reaction  was  investigated (Fig. 3>.

 The  effect  of  each  arnino  aeid  was  quite
 similar  among  the homogenates  obtained

 from  human,  snake  and  catfish  kidneys.

 L-Homoarginine  was  the  most  effective,

 and  gLycine was  the  weakest  among  these

 amino  acids,  A  simi]ar  study  was  performed

 in the other  animals  (Fig, 4), In genera],

 L-homoaTginine  is the most  effeetive  in-

 hibjtor of  alkaline  phosphatase  reactions

 in the liver and  bone  homogenates, but

 L-phenylalanine  is more  effective  than

 L-homoarginine  in the p]a¢ enta  and  intestine

 homogenates  (Higashine et  aL,  1980), In

 addition,  it is known  that either  L-phenyl-

 alanine  or  L-leucine  inhibits the reaction  of

 alkaline  phosphatase  derived from  human

 hepatomas  more  strongly  than  L-homo-

 arginlne  (Higa$h ino et  al,  
,
 1980  ).

     L-Hornoarginine  was  the strongest  in-

 hibitor of  aLkaline  phosphatases obtained
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   3, Inhibitory  effect  of  amino  acids  at

  various  concentrations  on  alkaline  phos-

  phatase  activity  in human,  four-striate

  snake  and  catfish  kidneys. The  values

  are  given for the experiment,  each  in

  triplicate.

from  the kidneys  of  various  animal  species

including catflsh,  among  the amino  acids

exarnined  in this study.  No  significant

relationship  was  founcl  between  the phy-

logeny and  differences in alkaline  phos-

phatases obtained  from  various  animals.
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from  the kidneys of  various  animal  species,

including catfish,  among  the amino  acids

examined  in this study.  No  significant

relationship  was  found between  the phylo-

geny  and  differences in alkalLne  phos-

phatases obtained  frem  various  animals.
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