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were the  generous gift  of Dr Borgers,  Janssen  P h a r m a -  
ceutica,  Beerse, Belgium. Inh ib i to rs  were dissolved in the  
assay buffer  and  kep t  as 10 -2 M s tock solutions.  For  assay 
0.2 ml  of inhib i tor  solut ion replaced the  equiva len t  
volume of buffer. 
Culture of bone rud iments .  Chick embryon ic  femurs  were 
cu l tured  as descr ibed previous ly  3. For  cul tures  of ra t  
bones,  femurs  f rom embryos  of 17-day p r e g n a n t  ra t s  were 
used in a similar m a n n e r  to chick explants .  
Results. Chick bone alkaline phospha ta se  can be progres-  
s ively inhib i ted  wi th  increasing concen t ra t ions  of e i ther  
levamisole or R8231 (figure 1). These 2 compounds  are 
equal ly  inh ib i to ry  for chick bone alkaline phospha ta se  
and the  50% inhibi t ion level is abou t  10 -4 M. The o the r  
isomer of te t ramisole  (D-tetramisole,  dexamisole) is wi th-  
out  s ignif icant  effect  a t  concen t ra t ions  up to 10 3 M. 
Levamisole  and R8231 are much  more  p o t e n t  in inhibi t ing 
the  alkaline phospha ta se  of adul t  r abb i t  bone, as com- 
pared  wi th  chick (figure 2). Addi t iona l ly  figure 2 dem-  
ons t ra tes  t h a t  R8231 is more  t h a n  10 t imes  as p o t e n t  as 
levamisole l l ;  50% inhibi t ion by  R8231 is achieved a t  
10 -6 M. R8231 is a racemic mix tu re  therefore  it is l ikely 
t h a t  the  act ive isomer is even more  p o t e n t  t h a n  da t a  
suggest .  Doses of dexamisole  above 10 4 M cause con- 
s iderable  inhibi t ion.  

Inhibition of avian and mammalian bone alkaline phosphatases by 
tetramisole, an analogue (R8231) and beryllium sulphate 

Source of bone Percentage inhibition of bone alkaline 
alkaline phosphatase by 
phosphatase dexamisole levamisole R8231 

(D-tetramisole) (L-tetramisole) 
BeSO 4 

Chick 5 10 11 79 
Rabbit (adult) 5 36 84 72 
Rabbit 
(embryonic) 0 33 75 74 
Mouse 6 24 81 57 

The dose-response curves for levamisole and  R8231 to- 
ge ther  wi th  e i ther  embryonic  rabbi t ,  or mouse  or em- 
bryonic  r a t  bone  alkaline p h o s p h a t a s e  were essent ial ly  
the  same as for adul t  r abb i t  (figure 2). Beryl l ium sul- 
p h a t e  it is more  effective t h a n  e i ther  levamisole or 1R8231 
as an inhib i tor  of chick bone  alkaline p h o s p h a t a s e  (table) 
and  comparab le  when  t e s t ed  on m a m m a l i a n  enzymes.  
Because of the  tox ic i ty  of beryl l ium salts  we did no t  con- 
sider t h e m  fur ther  as a biological probe.  W h e n  added  to  
the  cul ture  media  bo th  isomers of t e t ramiso le  and R8231 
caused more  inhibi t ion of g rowth  of chick exp lan t s  t h a n  
rat ,  in t e rms  of l eng th  and  we igh t  dur ing  6 days  in vi tro.  
Above  10-4 lVl all these  compounds  were g ro w t h  inh ib i to ry  
for chick exp lan t s ;  since there  is only  50% inhibi t ion of 
alkaline p h o s p h a t a s e  by  e i ther  levamisole or tZ8231 a t  
10 -4 M these  inhibi tors  have  l imited usefulness for s tudies  
wi th  chick explants .  Much more  impor t an t ly ,  wi th  ra t  
bone exp lan t s  a dose of 10 -4 M, which  for R8231 blocks 
alkaline phospha t a se  ac t iv i ty  a lmos t  complete ly ,  was 
wi thou t  any  g rowth  inhib i tory  effects. 
Discussion. These da t a  fit  well o the r  results  7-11 t h a t  leva- 
misole and R8231 are p o t e n t  inhibi tors  of m a m m a l i a n  al- 
kaline phospha tases .  However ,  chick bone  alkaline phos-  
pha t a se  is much  less suscept ible  to inhib i t ion  by  these  
compounds ;  doses needed to a lmost  comple te ly  inhibi t  
chick bone alkaline phospha ta se  were g rowth  inh ib i to ry  
when  t e s t ed  on bone exp lan t s  in vitro.  The difference be- 
tween  the  inh ib i to ry  effects of levamisole and analogues 
on avian  and m a m m a l i a n  alkaline p h o s p h a t a s e  has  also 
been no ted  for chick and pigeon l iver and serum (M. 
Borgers  and  H. v a n  Belle, personal  communica t ion) ,  as 
compared  wi th  se rum alkaline p h o s p h a t a s e  f rom man,  
dog and rat .  Majeska and  W u t h i e r  12 also suggest  t h a t  
levamisole is n o t  a p o t e n t  inhib i tor  of chick alkaline 
phospha t a se  bu t  showed t h a t  bo th  the  phospha t a se  and  
p y r o p h o s p h a t a s e  act ivi t ies  of the  enzyme  were equal ly  
blocked by  levamisole.  

The values are averages of duplicate or triplicate estimations. All test 12 R.J .  Majeska and R. E. Wuthier, Biochim. biophys. Acta 391, 
substances were used at a concentration of 10 -~ M. 51 (1975). 

Effect of germinat ion  on the g lycoprote in  of m a s h  (Phaseo lus  m u n g o )  seeds  
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Summary. The soluble ca rbohydra t e s  and insoluble pro te ins  of Phaseolus mungo seeds decreased cons iderab ly  up to  
96 h of germinat ion,  whereas  the  soluble pro te ins  remained  near ly  cons tan t .  The ca rbohydra t e s  co n t en t  of g lycopro te in  
also remained  cons tan t .  This suggests  t h a t  a negligible change took place in the  g lycoprote in  dur ing  the  init ial  per iod 
of mash  seed germinat ion .  

Glycoprote ins  are ubiqui tous  in the  p lan t  kingdom. 
They  are a r ich source of m a n y  i m p o r t a n t  subs tances  
such as hemagglu t in ins  2, toxins  a and some enzymes  4,5. 
Glycoprote ins  are also known  to  p lay  an i m p o r t a n t  phys-  
iological role in the  t r an spo r t a t i on  and  s torage 6 of carbo-  
hydra tes .  During germina t ion  the  metabol ic  processes 
become active and  the  role p layed  by  g lycoprote ins  in 
ge rmina t ing  seeds is still no t  fully known.  Thus,  in the  
p resen t  invest igat ion,  the  changes  in g lycopro te in  frac- 
t ion in the  germina t ing  mash  seeds have  been  repor ted .  
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Table I. Analysis of the extracts obtained from 2 g mash seeds 

Germination Insoluble Soluble Soluble 
time proteins proteins carbohydrates 
(h) (mg) (rag) (rag) 

0 142.2 310 108.5 
24 103.8 317 102.5 
48 119.8 331 89.0 
72 113.2 329 81.4- 
96 86.4 306 46.8 

Table II. Changes in the major glycoprotein fraction of mash seeds 
during germination 

Germination 
time (h) 

Major glycoprotein fraction as percentage 
of soluble protein 

Sephadex DEAE-cellulose Carbohydrate 
column colmnn (%) 

0 37 12 3.9 
48 36 nd a nd a 
96 30 9 3.8 
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Fig. 1. Fractionation of soluble protein of mash seed on Sephadex 
G-150. 
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Fig. 2. Purification of the fraction I from Sephadex on DEAE- 
cellulose. 

Materials and methods. Extraction o/ proteins. Mash 
(Phaseolus mungo) seeds were ob ta ined  f rom Pulse Breed-  
er, P u n j a b  Agricul tural  Univers i ty ,  Ludhiana .  H e a l t h y  
seeds (2 g) were t r ea t ed  wi th  0.1% mercuric  chloride 
solut ion for 1 rain and  r insed wi th  steril ized dist i l led 
water .  The steril ized seeds were  placed in a n u m b e r  of 
pe t r id ishes  (each conta in ing  2 g of seeds) lined wi th  fi l ter  
pape r  and  allowed to  ge rmina te  in da rk  for d i f ferent  t ime 
in tervals  (24, 48, 72 and 96 h). Af ter  removing  the  em- 
bryos,  the  seeds were ground  in the  ice-cold mo r t a r  and 
ex t r ac t ed  wi th  19.0 ml  boric acid (0.02 M) buffer  p H  9.0. 
Af te r  centr i fugat ion,  the  residue was  again ex t r ac t ed  
wi th  19.0 ml  of boric acid buffer.  Bo th  the  s u p e r n a t a n t s  
were combined.  For  control  s tudy  (0 h) mash  flour, pre-  
pared  by  pass ing the  d ry  seed t h ro u g h  willey mill con- 
ta in ing  a 40 mesh  sieve, was also ex t r ac t ed  in a similar 
w a y  wi th  boric acid buffer.  

The combined  s u p e r n a t a n t s  were analyzed for soluble 
pro te ins  ~ and  soluble ca rbohydra t e s  s. The residue of the  
seed was analyzed for insoluble pro te ins  by  micro- 
kj e ldahl  m e t h o d  9. 

A pa r t  of the  soluble pro te ins  ex t r ac t  was p rec ip i t a t ed  
wi th  15% tr ichloroacet ic  acid (TCA) solution and the  
resul t ing prec ip i ta te  was first  centr i fuged and t h e n  
washed  wi th  7.5% TCA and  then  wi th  e thanol  and e ther  
and  finally dried under  vacuum.  

Purification procedure. The major  glycoprotein  f rac t ion 
f rom the  soluble pro te ins  was isolated by  sephadex  G-150 
column (2.2 • 50 cm) which  was e lu ted  wi th  0.025 M 
p h o s p h a t e  buffer  (pH 8.0). F rac t ions  of 6 ml each were 
collected in tubes  and  analyzed for pro te in  con ten t  by  
the  me t h o d  of LOWRY et al.L The opt ical  dens i ty  of each 
tube  was  p lo t t ed  aga ins t  t he  tube  number .  The tubes  
under  each peak  were combined .  The major  f rac t ion  was 
fu r ther  f rac t iona ted  by  DEAE-cel lu lose  column (1.5 • 
35 cm) using 0.05 M p h o s p h a t e  buffer  wi th  s tepwise in- 
creasing concen t ra t ion  of NaCI (0.1, 0.2, 0.3 and  0.4 M) 
in the  buffer.  Buffer  c o n c e n t r a t i o n  was changed af ter  
80 ml  of the  previous co n t en t  was collected. Each  f rac t ion 
of 6.0 ml  was collected and analyzed for pro te in  content .  
The f ract ions  under  major  peak  were collected, dia lyzed 
and  concent ra ted .  

Electrophoresis. The concen t r a t ed  prote in  f ract ions  
were t e s t ed  for homogene i ty  by  s ta rch  gel electroph0resis  
according to the  procedure  of POULIK10. 

Separation and determination o I carbohydrate. The sep- 
a ra t ion  of c a rbohydra t e  f rom glycoprote in  was done  by  
the  m e t h o d  of HANAFUSA et  al. n. The prote in  was hydro-  
lyzed with 2N H~SOa at I00~ for 2 h. The acid hydro- 
lysate was then neutralized with 10% barium hydroxide 
and  centr i fuged.  The  prec ip i ta te  was  washed thr ice  wi th  
h o t  water .  The s u p e r n a t a n t  was dr ied  under  vacuum,  
dissolved in 1-2 ml  of wa te r  and t ransfer red  to a Column 
(1 • 15 cm) conta in ing  Amber l i t e  IR-120 of 100-200 
mesh.  The column was washed  wi th  100 ml of wa te r  and  
the  eff luent  which  con ta ined  neu t ra l  sugars was dr ied in 
v a c u u m  and  de t e rmined  according to  the  procedure  of 
DUBOIS et  al. 8. The d i f ferent  neu t ra l  sugars in g lycoprote in  
f rac t ion were ident i f ied b y  paper  pa r t i t ion  chromatog-  
r a p h y  using n-butanol -ace t ic  ac id-wate r  (4 :1:5  V/V) as 
so lvent  sys tem.  
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Table ill .  Carbohydrates content of TCA precipitated proteins of 
mash seeds 

Germination time (h} Carbohydrates (%)~ 

0 3.54 
24 3.48 
48 3.44 
72 3.50 
96 3.34 

~'-The results are expressed in terms of galactose. 

Results and discussion. The da t a  on soluble proteins ,  
ca rbohydra t e s  and insoluble pro te ins  of mash  seed germi- 
na ted  for d i f ferent  t ime in tervals  are given in Table  I. 
These da t a  indicate  t h a t  the  soluble pro te ins  r emained  
near ly  cons tant ,  excep t  for a s l ight  increase a t  48 and  
72 h of germinat ion.  The soluble ca rbohydra tes ,  on the  
o ther  hand ,  decreased cons iderably  dur ing ge rmina t ion  
period. For  the  first  24 h of germinat ion,  a considerable  
decrease in the  insoluble pro te ins  wi th  sl ight  change in 
soluble ca rbohydra t e s  and soluble pro te ins  was observed.  
The loss of insoluble pro te ins  dur ing the  first  24 h of ger- 
mina t ion  was also observed by  RACUSEN and  FOOTE 12 in 

Phaseolus vulgaris. The observed decrease in the  in- 
soluble pro te ins  co n t en t  m a y  be due to the  biological 
solubil izat ion of some unident i f ied  n i t rogen conta in ing  
polymers  possibly a nucleic acid. 

The changes  observed  in the  .major g lycoprote in  frac- 
t ion (fraction I, Figure  1) are p resen ted  in Table II .  This  
f ract ion formed 37% of soluble p ro te in  a t  0 h and  30% at  
96 h of germinat ion.  On fu r the r  pur i f ica t ion  b y  D E A E -  
cellulose column, the  major  fract ion (fraction I, Figure 2) 
was found  to be 12% of the  soluble pro te in  a t  0 h and 
9% at  96 h of germinat ion .  This f rac t ion was found to 
be homogeneous  when  t e s t ed  by  s t a rch  gel e lectrophoresis  
and was found to possess arabinose  and galactose as 
sugar moieties.  A l i t t le decrease observed  in soluble glyco- 
pro te in  con ten t  dur ing  init ial  s tages of germina t ion  m a y  
be due to the  fact  t h a t  these are uti l ized to a small  e x t e n t  
a t  th is  stage. 

The changes  in t he  ca rb o h y d ra t e s  co n t en t  in TCA 
prec ip i ta ted  prote ins  dur ing germina t ion  are given in 
Table I I I .  Up to 96 h of germinat ion ,  a negligible change  
observed in the  ca rbohydra t e s  con ten t  of g lycoprote ins  
suggested t h a t  the  c a r b o h y d r a t e  mo ie ty  a t t a ch ed  to  
pro te in  is pe rhaps  no t  as easily mobil ized as the  free 
soluble ca rbohydra t e s  p re sen t  in t he  seed. 

t~. D. RACUSEN and M. FOOTE, Can. J. Bot. dO, 2107 (1971). 
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Summary. Sodium salicylate and aspirin are known to have a glycogenolyt ic  effect  as judged by  ei ther  the  glycogen 
level or lacta te  p roduc t ion  in perfused hear t s  of rats.  [n  this  work it was possible to d e m o n s t r a t e  t h a t  phosphory lase  a 
level was increased in the hear t s  subjec ted  to the  act ion of these drugs.  

The wel l -known uncoupl ing effect  of sodium salicylate on 
oxidat ive  phosphory la t ion  is accompanied  b o t h  in ex- 
pe r imenta l  animals  and in man  by  a c o m p e n s a t o r y  in- 
crease in body  catabol ism. This includes an increase b o t h  
in oxygen consumpt ion  and in the  rate  of glycogenolysis  
in liver and muscle ~. A t t e m p t s  to find an exp lana t ion  for 
the  sal icylate glycogenolyt ic  effect  at  the  phosphory lase  
sys tem level, have  not  been conclusive, since the  enzymes  
of this  sys t em seem to be inhibi ted  by  the  drug  2. In  the  
p resen t  paper ,  we show t h a t  b o t h  sal icylate and aspir in 
ac tual ly  increase the  phosphory lase  a con ten t  in per fused  
hear t s  of ra t s  in s i tuat ions  where the  lactic acid con ten t  is 
increased and the  glycogen level decreased.  
Hepar in ized  adul t  ra ts  were killed by  decap i t a t ion  and 
the  hear t s  were rapidly  r emoved  and  per fused  for 10 min, 
w i thou t  recirculat ion,  wi th  a Krebs -Hense le i t  b icarbo-  
na te  buffer,  gassed wi th  a mix tu re  of O~:CO 2 (95:5) a t  
37 ~ Af te r  this  t ime, e i ther  sodium salicylate or aspir in  
were added  to the  perfusion buffer  to a final concen t ra t ion  
of 5 mM. This is the  concen t ra t ion  t h a t  usual ly  causes 
m a x i m u m  deple t ion  of glycogen in ra t  l iver a. Subsequen t -  
ly, the  perfus ion was carried out  by  a reci rcula t ion sys tem.  
Aliquots of the  per fusa te  were t aken  at  half  hour  in ter-  
vals and lac ta te  p roduc t ion  de termined.  At  the  end of 
perfusion,  the  hear t s  were frozen by  using a lumin ium 

clamps cooled in l iquid ni t rogen.  A sample  of the  frozen 
t issue was weighed and  d u m p e d  into 30% K O H  solut ion 
in the  p ropor t ion  of 5 ml/g  and  hea ted  to 95 ~ for 20 min  
for glycogen de t e rmina t i on  4. L ac t a t e  analysis  was per-  
formed on al iquots  of 0.1 ml of per fusa te  by  the  l ac ta te  
dehydrogenase  m e t h o d  5. Glycogen was de t e rmined  on a 
sample  of muscle af ter  comple te  hydrolys is  to glucose by  
the  Nelson m e t h o d  s. The assay of phosphory lase  act ivi-  
t ies in the  frozen muscle  was carr ied out  as descr ibied 
previously  5. 
The table  shows the  increased ra te  of glycogenolysis  as 
measured  by  the  decrease of muscle glycogen c o n t e n t  and 
increase in lac ta te  p roduc t i on  in the  per fusa te  dur ing  
30 min of salycilate t r e a t m e n t .  The phosphory lase  a level, 
as expressed by  the  ra t io :  (phosphorylase  a / to ta l  phos-  
phorylase) • is also found to increase, suggest ing 
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