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Summary. Elec t ropho re t i c  ana lyses  of L D H  isozymes in t h e  3 t y p e s  of E u r o p e a n  green  frogs b y  us ing  t h e  buf fe r  s y s t e m  
of Wi l l i ams  and  Reisfeld d e m o n s t r a t e d  t he  occurrence  of 4 allelic genes coding  for t h e  B subun i t s .  Based  on  t h e  d is t r i -  
b u t i o n  of these  alleles a n d  resu l t s  f rom dissoc ia t ion  an d  r e c o m b i n a t i o n  of t h e  subun i t s ,  t h e  h y b r i d  n a t u r e  of R a n a  
e scu len ta  is conf i rmed .  

I n  a p rev ious  r e p o r t  on  t he  i sozymes  of l ac t a t e  dehyd ro -  
genase  (LDH) in t h e  3 types  of E u r o p e a n  green  frogs, we 
descr ibed  t he  p resence  of 3 e lec t rophore t i c  p a t t e r n s  in  
R a n a  lessonae,  3 in  R a n a  r i d i b u n d a  a n d  4 in R a n a  
e scu l en t a  ~. J u d g i n g  f rom t h e  equa l  m o b i l i t y  of t h e  en- 
zyme  bands ,  p a t t e r n  I I I  ha s  been  cons ide red  to  be  
iden t i ca l  in  R. lessonae a n d  R.  r i d i b u n d a ,  t h o u g h  b a n d  2 
was cons i s t en t l y  miss ing  in t he  l a t t e r .  Recen t ly ,  b y  
e m p l o y i n g  a d i f fe ren t  buf fe r  s y s t e m  of low pH,  d i s t i nc t  
dif ferences  in a n o d a l  m i g r a t i o n  of t h e  isozymes could be  
observed ,  sugges t ing  t h a t  t h i s  p a t t e r n  is no t  t he  same in 
t he  2 frog types .  I n  add i t ion ,  b y  e x p e r i m e n t s  of in  v i t ro  
hyb r id i za t i on ,  we were able  to  con f i rm  our  ear l ier  con-  
c lus ion t h a t  the  5 m o s t  a n o d a l  i sozymes in p a t t e r n s  I I  
a n d  I V  are t e t r a m e r s  fo rmed  b y  r a n d o m  as sembly  of 2 
d i f fe ren t  B subun i t s .  These  resu l t s  will  be  dea l t  w i t h  in 
t he  p r e s e n t  repor t .  
Materials and methods. For  s e p a r a t i o n  of t h e  L D H  iso- 
zymes  in p o l y a c r y l a m i d e  gel, we h a v e  p rev ious ly  used a 
modi f ied  s y s t e m  of Dav i s  a as g iven  in Maure r  4 (2.5% 
sample  gel, p H  6.7; 5 .5% s e p a r a t i o n  gel, p H  8.9; r u n n i n g  
buffer ,  p H  8.3). The  new buffer  s y s t e m  was t h a t  of 
Wi l l i ams  a n d  Reisfeld  a (sample  gel, p H  5.5; s e p a r a t i o n  
gel, p H  7.5; r u n n i n g  buffer ,  p H  7.0). E n z y m e  samples  
were p r epa red  f rom h e a r t s  of a d u l t  frogs. Since no  a d u l t  
R. e scu len ta  w i t h  p a t t e r n  I I I  was  avai lable ,  ta i l  pieces 
f rom m e t a m o r p h o s i n g  l a rvae  were used. 
Fo r  in  v i t ro  hyb r id i za t i on ,  d i ssoc ia t ion  of t he  L D H  sub-  
u n i t s  were effected b y  f reezing a n d  t h a w i n g  *. Tissues  
(kidney,  h e a r t  or l a r v a l  t a i l  piece) f rom an ima l s  of t h e  
des i red  geno type  were i n d i v i d u a l l y  homogen ized  in a 
p h o s p h a t e  buffer  (0.25 M, p H  7.0) c o n t a i n i n g  1 M NaC1. 
Fol lowing  cen t r i fuga t i0n ,  equa l  Volumes of t he  super -  
n a t a n t  were mixed .  The  m i x t u r e  was  frozen o v e r n i g h t  in 

a deep  freezer  ( -  22 ~ a n d  t h e n  w a r m e d  g radua l l y  to  
room t e m p e r a t u r e  pr ior  to  e lec t rophores is .  
Results and discussion. T h e  z y m o g r a m s  in f igure 1 illus- 
t r a t e  the  m a j o r  differences  b e t w e e n  L D H  p a t t e r n s  sepa-  
r a t e d  b y  t h e  2 buffer  sys tems.  As  can  b e  seen, s u b s e q u e n t  
to  s e p a r a t i o n  a t  p H  8.3 t h e  i sozymes  of F a t t e r n  D I I I  
showed  t h e  same a n o d a l  m o b i l i t y  in  t h e  3 t y p e s  of g reen  
frogs, b u t  could c lear ly  be  d i s t ingu i shed  a t  p H  7.0 
(figure 1, a). Th i s  is especia l ly  t r ue  for  t h e  m o s t  a n o d a l  
b a n d s  wh ich  m o v e d  d i s t i n c t l y  fas te r  in  r i d i b u n d a  t h a n  in 
lessonae a n d  a t  an  i n t e r m e d i a t e  r a t e  in  esculenta .  A p p a r -  
e n t l y  t h e  B s u b u n i t s  i n v o l v e d  in t h e  p r o d u c t i o n  of t h e  
t e t r a m e r s  are  d i f ferent .  T h e  s u b u n i t  in  lessonae is now 
des igna t ed  B~ a n d  t h a t  in r i d i b u n d a  B a. The  co r respond-  
ing allelic genes are t e r m e d  L D B  e a n d  LDBa.  T h e  in te r -  
m e d i a t e  m o b i l i t y  in  e scu len ta  is no  d o u b t  due  to t he  
h y b r i d  c o m b i n a t i o n  LDBc/LDBa. 
A simi lar  s i t ua t i on  h a s  been  found  for p a t t e r n  D I I  in  
lessonae an d  escu len ta  (figure 1, b) a n d  p a t t e r n  D I V  in 
r i d i b u n d a  a n d  escu len ta  (figure 1, c). I n  b o t h  cases, c lear-  
cu t  dif ferences  in t h e  m i g r a t i o n  of t h e  5 m o s t  a n o d a l  
b a n d s  could be  obse rved  on ly  b y  t h e  s y s t e m  of Wi l l i ams  
a n d  Reisfeld  5 a t  p H  7.0. 
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Fig. 1. Zymograms showing differences in the anodal mobility of LDH isozymes tn R. lessonae (les), R. ridibunda (rid) and R. esculenta (esc) 
separated by the system of Davis 3 at pH 8.3 (patterns DI to DVI, see Vogel and Chen 2) and b3r the system of Williams and Reisfeld 5 at 
pH 7.0 (patterns WI to WX, see figure 2 in this paper). 
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Our  overa l l  r e su l t s  are  s u m m a r i z e d  in f igure  2. The  fol- 
lowing conc lus ions  can  be d r a w n :  a) A t o t a l  of 10 L D H  
p a t t e r n s  are d i s t i ngu i shab le ,  each  of wh ich  ha s  i ts  or igin 
in a d i f fe ren t  g e n o t y p e  w i t h  regard  to  t h e  B s u b u n i t s .  
b) T h e r e  are  a l t o g e t h e r  4 alleles a t  t he  genet ic  locus  
cod ing  for t h e  s u b u n i t s  B% B b, Bc and  B a. The  2 alleles 
L D B  a an d  L D B c  occur  on ly  in lessonae,  t he  2 alleles 
L D B  b a n d  L D B  d on ly  in r i d ibunda ,  whe rea s  all 4 alleles 

are  p r e s e n t  in  escu len ta ,  c) T h e  h o m o z y g o u s  g e n o t y p e s  
L D B s / L D B  �9 a n d  L D B e / L D B  c as well  as L D B b / L D B b  
a n d  LDBd/LDB a, w h i c h  are  cha rac te r i s t i c  for lessonae  
a n d  r i d i b u n d a  respec t ive ly ,  h a v e  ne ve r  been  f o u n d  in 
e scu len ta .  T h e  s a m e  is t r u e  for t h e  h e t e r o z y g o u s  combi -  
n a t i o n s  L D B a / L D B c  a n d  L D B b / L D B  o. d) In  all 4 geno-  
t y p e s  f o u n d  in  escu len ta ,  one allele h a s  i ts  origin f r o m  
lessonae  a n d  t h e  o the r  one  f rom r i d ibunda .  T h e  l a s t  2 
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Fig. 2. Diagrams illustrating 
subunits involved in the formation 
of the 10 LDH patterns in the 
3 types of green frogs identified 
by the system of Williams and 
Reisfeld s. Genotypes of the B 
alleles (LDB~ to LDB a) are given 
for each pattern. Because of the 
low resolving power of this 
system, the 5 most anodal tetra- 
mers in patterns WVII, WIX and 
WX of R. eseulenta form each a 
single broad band. 
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Fig. 3. Formation of heterozygous 
LDH isozyme patterns (H) by 
in vitro hybridization of samples 
prepared from homozygous geno- 
types. C indicates control zymo- 
grams of mixed enzyme samples, 
the subunits of which were not 
dissociated by freezing and thaw- 
ing prior to electrophoresis. 
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points  provide  unequivoca l  evidence for the  hybr id  na ture  
of R.  esculenta,  as a l ready  pos tu la ted  f rom morphologica l  
and cytological  studies and analyses  of t he  serum proteins  
(for specific references see Vogel and Chen 2). Because of 
its low pH,  the  sys tem of Wil l iams and Reisfeld ~ has  a 
ra ther  l imi ted  resolving power.  Thus,  the  5 anodal  iso- 
zymes  in pa t t e rns  W V I I ,  W I X  and W X  each form a 
single broad band (figure 2). This is obvious ly  also the  
reason w h y  pa t t e rn  W X  exhibi ts  only  5 enzyme bands,  
despite the  presence of 3 different  subuni ts  (A, B e and Ba). 
As shown in figure 3, tke  heterozygous  pa t t e rns  in 
lessonae, r id ibunda  and esculenta  could be produced  by  
in v i t ro  hybr id iza t ion  of L D H  samples prepared  f rom the  
proper  homozygous  genotypes.  A l though  only  one hybr id  
zymogram for esculenta  (esc) is included in figure 3, we 
were able to produce  the  o ther  3 pa t t e rns  by  mixing  the  
corresponding enzyme ex t rac ts  f rom lessonae and ridi- 
bunda.  Fur the rmore ,  f rom the  control  zymogram in 

figure 3, i t  is clear t h a t  mixed  L D H  samples wi thou t  
being subjec ted  to  freezing and thawing  pr ior  to electro-  
phoresis y ie lded oniy  addi t ive  pa t te rns .  In  conclusion, 
the  resul ts  of in v i t ro  hybr id iza t ion  are in excel lent  
agreement  wi th  the  moleculargenet ic  implicat ions  re- 
vealed  by  our  analysis of the  L D H  pat terns .  
Uzzel l  and Berger  7 repor ted  the  occurrence of 5 B sub- 
units f rom their  inves t iga t ion  of the  L D H  pa t t e rns  in the  
R. esculenta  complex.  One of these  was found only  in 1 
lessonae and 4 esculenta  f rom the  v ic in i ty  of Vienna, 
a l though t h e y  examined  also animals  collected f rom other  
par ts  of Europe.  Appa ren t ly  this  allele is of only  l imi ted 
geographical  location.  T h e y  per formed no extens ive  cross 
exper iments  to c lar i fy  the  inher i tance  of the  L D H  pheno-  
types  identif ied by  them.  

7 T. Uzzell and L. Berger, Proc. nat. Acad. Sci. USA 127, 13 
(1975). 
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Summary. Soluble arylsulphatase  purif ied f rom growing bones of ra ts  was f rac t iona ted  into 3 components  wi th  mol. wt  
of 32,000-36,000, and character is t ics  similar  to ary lsu lphatase  B of o ther  tissues. Serum strongly inhibi ted the  2nd 
component ,  s l ight ly ac t iva ted  the  3rd and had no effect on the  1st. 

'So lub le '  a ry lsulphatases  A and B (EC 3.1.6.i.) are lo- 
ca ted  in lysosomes3-L Sulphatase  A possibly acts as 
cerebroside sulphatase,  sulphatase  13 is t hough t  to funct ion 
as a chondroi t in  sulphatasee,  ~, ke ra tan  sulphatase  8, or 
d e r m a t a n  sulphatase  ~. 
Arylsu lphatase  act iv i t ies  has  been es t imated  f rom bone 
and a r t i cu la r  cartilageS0, n, bu t  character is t ics  of the  
enzymes  in  bone have  no t  been repor ted  previously.  I n  
this  s tudy  we character ized 'soluble '  arylsulphatases  f rom 
growing ra t  bones. Only  B- type  of ac t iv i ty  was found. 
3 components  of the  enzyme were pur i f ied and an inhibi-  
t ion of hydrolys is  of p -Ni t roca thecol  sulphate  by  serum 
was discovered.  
Material and methods. The  femurs  of ra ts  aged 22-28 days  
were c leaned f rom mar row tissue and homogenized  in 
deionized wate r  using ' U l t r a - T u r r a x '  ( Janke & Kunke l  
KG) and centr i fuged a t  20,000 •  for 30 min. P a r t  of the  

nonspecific pro te in  of the  supe rna tan t  was prec ip i ta ted  
a t  p H  5.6 and r emoved  by  cent r i fugat ion  as above.  The  
arylsulphatase  ac t i v i t y  was assayed using a modif ied 
me thod  of Roy  x~. The  react ion mix tu re  conta ined:  0.2 ml  
of 10 mM p-Ni t roca thecol  sulphate  in 0.1 M Na-ace ta te  
buffer,  p H  5.3, and 0.2 ml of sample.  Af te r  a 30 rain 
incubat ion  a t  + 37~ the  react ion was s topped in an 
ice-bath adding 0.6 ml  of 1 M NaOH.  The l iberated 
p-Ni t roca thecol  was measured  a t  515 nm. The ra te  of 
hydrolysis  was l inear  wi th  t ime  and enzyme concentra-  
t ions up to 60 rain of incubat ion.  
Results and discussion. Since ary lsu lphatase  ac t iv i ty  m a y  
be bound  to lysosomes or microsomal  membranes  ~, soni- 
cation,  autolysis overn igh t  a t  37~ or  t r e a t m e n t  wi th  
Tr i ton  X-100 were tested.  Nei ther  cons tan t  increase in 
yields, nor new components  of the  enzyme were obtained.  
Prec ip i ta t ion  wi th  a m m o n i u m  sulphate  gave. unsatis-  
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Fig. 1. Isoelectric focusing was made in LKB Ampholine 8100 
column using sucrose gradient, pH-range 3.5-10.0 according to the 
manufacturers instructions. O--O, Enzyme activity, - - - ,  pH- 
gradient. Fraction numbers are shown on abscissa and isoeleetric 
points of the fractions given. 
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