
15. IX. 1966 Speeialia 625 

escing tubule  and  was no t  l imited to  specialized cell types ,  
such as t he  so-called in te rca la ted  ceils. 

The funct ion  of TAMM-HoRs~ALL mucopro te in  is no t  
known,  a l though  its physical  proper t ies  would imply  

usefulness as a lubr ica t ing  agent .  In  addi t ion,  its abi l i ty  
to  act  as a subs t r a t e  for myxov i rus  neuramin idase  16 and  
its presence  in and  possible p roduc t ion  by  renal  t ubu la r  
cells suggest  t h a t  th is  mucopro te in  m a y  cons t i tu te  p a r t  
of a defense s y s t em against  viral  infect ion of the  u r inary  
t r ac t  ~. 

Zusammen/assung. Das V o r k o m m e n  von  TAMM-HoRs- 
FALL Mucopro te in  in Dis ta lkanglchen  und  Sammelkangl -  
chen n ich t f ix ie r t e r  Nie renschni t t e  kann  durch  I m m u n o -  
f luo reszenzmethoden  gezeigt werden.  Die f luoreszierenden 
KanXlchen in Schn i t t en  ve rsch iedenen  Ursp rungs  s ind 
e inhei t l ich  mi t  Ant ik6rper  markier t .  
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Photomicrograph of fluorescent tubules, magnification x 440. 
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Semiquantitative Estimation of Phosphatase 
Activity in the Sephadex Layer 

The necess i ty  of fas t  e s t ima t ion  of the  inorganic pyro-  
phospha t a se  ac t iv i ty  in bull semen led to e labora t ion  of a 
method ,  which (1) requires  minu te  amoun t s  of biological 
mater ia l  for examina t ion ;  (2) is fast  and s imple;  (3) can 
be used no t  only in a l abora tory  bu t  also as a rout ine  test .  

STANSLY and RAMSEu 1 have  d rawn a t t e n t i o n  to the  
poss ibi l i ty  of e s t ima t ion  of enzyme  ac t iv i ty  af ter  diffu- 
sion in an agar gel. We  have  used this  pr inciple  for the  
eva lua t ion  of inorganic  p y r o p h o s p h a t a s e  ac t iv i ty  and  for 
its de tec t ion  af ter  agar  gel e lectrophoresis  (HRU~KA~). 
F u r t h e r  i m p r o v e m e n t  of t h a t  m e t h o d  was reached  by  
using Sephadex  as a medium,  in which the  diffusion is 
more  cons tant .  The  layer  of Sephadex,  which  can be 
p repa red  in advance  so t h a t  before use only  its swelling 
is necessary,  serves  as a carr ier  for a buffer  and sub- 
s t rate ,  the  spl i t t ing  of which is p roved  by  a colour reac- 
tion. 

Preparation o/ a layer /or the estimation o/ inorganic 
pyrophosphatase activity. After  swelling, Sephadex  G-75 
Medium (Pharmacia ,  Uppsala)  was suspended  in de- 
ionized water  (1 g of swelled gel/ml water)  and  th is  suspen-  
sion was dried on a Pe t r i  dish (12 ml on a dish  9 cm in 
diameter)  under  fi l ter  pape r  (Niederschlag 388 W). 24 h 
before use, the  layer  is swelled again wi th  8 ml  of 0.0221/1 
sodium p y r o p h o s p h a t e  in glycine buffer  p H  8.45. Accura te  
mois ture  of a layer  is ascer ta ined by  compress ion  wi th  a 
glass rod. Raised l iquid mus t  soak into t he  layer  imme-  
d ia te ly  af ter  i n t e r rup t ing  the  compression.  The dry  layer  
can be s tored indefini te ly .  

1"he estimation o/enzyme activity. As m a n y  as 12 samples  
can be appl ied on the  outer  p a r t  of a layer  af ter  its cooling 
to 0 ~ 20 / A of the  samples  are appl ied e i ther  separa te ly  
or all t oge the r  by  means  of a s y s t em of 12 cons t r ic t ion  
micropipet tes .  Af te r  30 min  of incuba t ion  a t  37 ~ 6 
s t a n d a r d  solut ions are appl ied to the  centre  pa r t  of a 
layer. The solut ions of o r t h o p h o s p h a t e  in concen t ra t ions  
100, 50, 25, 12.5, 6.25 and  3.1 �9 10-aM represen t  200 to  
6 .25.  10 aM of o r t h o p h o s p h a t e  in 20 #1. I m m e d i a t e l y  
af ter  appl ica t ion  of s t an d a rd  solut ions the  layer  is poured  
on by  a de tec t ion  gel, p repa red  f rom 16 ml of suspension 
of Sephadex  G-75 in ace ta te  buffer  p H  4.0 (1 g of swelled 
gel/ml buffer) and  f rom 2 ml of 2% ascorbic acid and 2 ml 
of 1.5% a m m o n i u m  molybda te .  The condi t ions  for t he  
react ion are s imilar  to the  condi t ions  for the  e s t ima t ion  
of p h o s p h a t e  according to LowRY and  LOPEZ a and  or tho-  
p h o s p h a t e  gives d i s t inc t  blue spots  on whi te  background .  
The in t ens i ty  of colour is the  h ighes t  a f ter  30 min and  
does no t  change in the  n e x t  30 min. Dur ing  th is  t ime  the  
spots  which  have  appeared  a t  the  sites of appl ied samples  
are compared  visual ly  wi th  the  spots  of s t an d a rd  solu- 
t ions.  The resul ts  are expressed  by  the  a m o u n t  of lib- 
e ra ted  phospha te .  The mater ia l  used (bull and  r ab b i t  
seminal  p la sma  and  bull seminal  vesicle secretions) gave 
no reac t ion  before incuba t ion  or af ter  incuba t ion  in a 
layer  w i t h o u t  subs t ra te .  
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Discussion. D u r i n g  t he  use of th i s  m e t h o d  in r ou t i ne  
e x a m i n a t i o n ,  i t  was e s t ab l i shed  t h a t  t he  m e t h o d  fulfils 
t h e  a b o v e - m e n t i o n e d  demands .  The  h igh  s ens i t i v i t y  in  
t h e  de t ec t ion  of o r t h o p h o s p h a t e  ( 6 . 2 5 . 1 0 - S M )  al lows 
th i s  m e t h o d  to  be  used in  t he  e s t i m a t i o n  of a c t i v i t y  of 
o t h e r  specific phospha ta ses .  T he  sp l i t t i ng  of t he  e- 
g lyce ro lphospha t e  and  g l u c o s e - l - p h o s p h a t e  in  a ce t a t e  
buf fe r  p H  5.0 a n d  of a d e n o s i n e - 5 ' - t r i p h o s p h a t e  in 
v e r o n a l - a c e t a t e  buf fe r  p H  8.6 were d e m o n s t r a t e d .  More-  
over,  a r eac t ion  of p h e n o l  (15.6 rig) w i t h  ferric chlor ide  
could be  used for  d e m o n s t r a t i o n  of non-specif ic  p h o s p h a -  
t a se  w i t h  p h e n y l p h o s p h a t e  as a subs t r a t e .  T he  pr inc ip le  
could also be  used  for ev idence  of a r e d u c t i o n  of t e t r a -  
zo l ium salts,  of t h e  l i be ra t ion  of acids f rom esters  (in a 
l ayer  c o n t a i n i n g  b r o m t h y m o l  blue),  and  for ev idence  of 
amy la se  in a l ayer  c o n t a i n i n g  s ta rch .  As s t anda rds ,  am-  
m o n i u m  sulf ide was used for  r educ t i on  of t r i p h e n y l -  
t e t r a z o l i u m  chlor ide  and  acet ic  acid for b r o m t h y m o l  b lue  
a n d  t he  r eac t ions  were d e m o n s t r a b l e  w i t h  125 ng  a n d  
7 .8 .  1 0 - 8 M  of s t anda rds ,  respect ive ly .  T he  pr inc ip le  

t h a t  has  been  descr ibed  allows also fas t  s e m i q u a n t i t a t i v e  
e s t i m a t i o n  of h e m o g l o b i n  in m i n u t e  a m o u n t s  (8 ng  a n d  
more)  in  a l ayer  c o n t a i n i n g  benz id ine  reagent .  

Zusammen/assung. t i a s c h e  und  e infache  s e m i q u a n t i t a -  
r ive  Me thode  zu r  B e s t i m m u n g  der  A k t i v i t ~ t  yon  spezifi- 
schen  P h o s p h a t a s e n  bei  l i e i h e n u n t e r s u c h u n g e n :  De tek-  
t i on  des O r t h o p h o s p h a t s  nach  Dif fus ion  des E n z y m s  
d u r c h  eine S e p h a d e x  G-75-Schicht .  Auf  die M6gl ichke i ten  
i h r e r  A n w e n d u n g  zur  B e s t i m m u n g  a n d e r e r  E n z y m e  wird  
h ingewiesen.  
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Purif icat ion of H e m o c y a n i n  f r o m  H e m o l y m p h  by 
Adsorpt ion  to Calc ium Phosphate  

A n  e x p e d i e n t  way  of pu r i fy ing  h e m o c y a n i n  f rom hemo-  
l y m p h  is ava i l ab le  if a d v a n t a g e  is t a k e n  of t he  a d s o r p t i o n  
of h e m o c y n i n  to  ca lc ium p h o s p h a t e .  We  h a v e  used th i s  
p r o p e r t y  to  pu r i fy  h e m o c y a n i n  f rom t he  h e m o l y m p h  of 
t he  whelk ,  Murex trunculus. 

H e m o l y m p h  was o b t a i n e d  f rom M. trunculus b y  b reak -  
ing off t he  apex  of t he  shel l  a n d  squeezing t he  snai l  inside.  
25 ml  of th i s  m a t e r i a l  o b t a i n e d  f rom 36 snai ls  were m a d e  
up  to  50 ml  w i t h  0 . 0 1 M  ace t a t e  buffer ,  p H  5.0, a n d  cen- 
t r i fuged  ~o r emove  t i ssue  debris .  10 ml  of a suspens ion  of 
h y d r a t e d  t r i ca l c ium p h o s p h a t e  1 in  dis t i l led  w a t e r  (0.1 
g/ml)  were a d d e d  to  the  s u p e r n a t a n t .  The  m i x t u r e  was 
stirred a n d  cen t r i fuged  to r e m o v e  the  ca lc ium p h o s p h a t e ,  
wh ich  was s u b s e q u e n t l y  e lu ted  w i th  25 ml  0.1dVI phos-  
p h a t e  buffer ,  p H  7.0. The  p H  of the  e lua te  was a d j u s t e d  
to  4.5 w i t h  6 M  ace t ic  acid,  a n d  t h e  so lu t ion  was ha l f -  
s a t u r a t e d  w i t h  a m m o n i u m  su lpha te .  The  p r e c i p i t a t e d  
h e m o c y a n i n  was s epa ra t ed  b y  cen t r i fug ing  a t  3000 g a t  
4 ~ for 30 min,  a n d  dissolved in a smal l  q u a n t i t y  of 0.1 M 
p h o s p h a t e  buffer ,  p H  7.0. 

T h e  pu r i f i ca t i on  of t h e  h e m o c y a n i n  du r ing  t h e  va r ious  
s tages  is g iven  in t h e  Table .  A f rac t ion  of t he  m a t e r i a l  
ava i l ab le  a t  each  s tage was d i lu ted  u n t i l  i t  h a d  a n  ab-  
so rbance  of a p p r o x i m a t e l y  1.00 a t  280 n m  in a 1 cm cell. 
The  copper  c o n c e n t r a t i o n  was t h e n  d e t e r m i n e d  b y  t he  
m e t h o d  of PETERSON and  BOLLIER ~. T he  r a t i o  of copper  
c o n c e n t r a t i o n  to  a b s o r b a n c e  was used as a measu re  of t he  
p u r i t y  of t he  hemocyan i n .  

I t  is seen f rom the  Tab le  t h a t  30% pur i f i ca t ion  of t he  
h e m o c y a n i n  in t h e  s t a r t i n g  m a t e r i a l  was ach ieved  b y  
a d s o r p t i o n  to  ca lc ium p h o s p h a t e  and  e lu t ion ;  a f u r t h e r  
sma l l  degree of pu r i f i ca t ion  was ob t a ined  b y  p r ec ip i t a t i on  
w i t h  a m m o n i u m  su lpha te .  Th i s  s tep  also served  to con-  
c e n t r a t e  t he  h e m o c y a n i n .  

The  h e m o c y a n i n  which  was o b t a i n e d  m i g r a t e d  t o w a r d s  
t h e  anode  as one c o m p o n e n t  in  agar-gel  e lec t rophores i s  
a t  p i t  7.0. The  p ro t e i n  c o n c e n t r a t i o n  of two p r e p a r a t i o n s  
was ca lcu la ted  f rom t h e i r  n i t r ogen  con ten t ,  wh ich  was 

d e t e r m i n e d  b y  a m i c r o - I ( j e l d a h l  m e t h o d  3 af te r  r e m o v a l  of 
a m m o n i u m  su lpha t e  b y  gel f i l t r a t ion  t h r o u g h  a c o l u m n  
of S e p h a d e x  G-25 equ i l i b r a t ed  w i th  0 .1M p h o s p h a t e  
buffer ,  p H  7.0. I t  was a s sumed  t h a t  t he  h e m o c y a n i n  con- 
t a i n e d  16% ni t rogen .  These  p r e p a r a t i o n s  were found  to 
con t a in  0.26% a n d  0 .27% copper  respect ively .  These  
va lues  compa re  w i t h  t he  va lue  of 0 .260% repor t ed  b y  
GIIIRETTI-MAGAL1)I et  al. 4 for  h e m o c y a n i n  of M. trunculus 
p r e p a r e d  b y  u l t r a c e n t r i f u g a t i o n  of h e m o l y m p h .  

The  a d s o r p t i o n  of h e m o c y a n i n  to h y d r o x y l a p a t i t e  has  
been  descr ibed  b y  o the r  workers~, b u t  th i s  c o n v e n i e n t  
p r o p e r t y  has  no t  been  used to pu r i fy  hemocyan ins .  The  

Stage Copper con- Absorbance Cu concentration 
eentration (280 nm/ 
(/~g/ml) 1 em cell) Absorbanee Purifi- 

cation 

Diluted 
helnolymph 1.09 0.94 1.16 1.0 

Calcium 
phosphate 
eluate 

Ammonium 
sulphate 
precipitate 

1.45 1.00 1.45 1.3 

3.66 0.97 1.58 1.4 
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