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S U 31M A R Y 

H y a l u r o n a t e  lyase of tes t icular  origin has been ob ta ined  as an act ive,  electr{~- 
phore t ica l ly  homogeneous  enzvmic  p repa ra t i on  by means  of the  ion-exchanger  
D E A E - S e p h a d e x  (A-5o medium) .  

The condi t ions  unde r  which the  crude p repa ra t ion  con ta in ing  4-5  e lec t rophore t ic  
f ract ions  was  ob ta ined ,  the  p r epa ra t i on  of the  ion-exchange co lumn and the  f ract ion-  
a t ion  on this  co lumn of the  crude p roduc t  are described.  

U n d e r  the  expe r imen ta l  condi t ions  (nature  of the  buffer, pH,  molar i ty ,  ionic 
s t rength)  the  enz}maically inac t ive  pro te ins  are adso rbed  on the  column,  whereas  the  
act ive ,  e lec t rophore t ica l ly  homogeneous ,  componen t  is a l lowed to flow out  a t  t he  
very  beg inn ing  of elut ion.  Thus  mul t ip le  g rad ien t  e lu t ion is unnecessa ry  and  the  
p r epa ra t i on  of purif ied enzyme  is g rea t ly  simplified. 

INTRODUCTION 

Various  m e t h o d s  h a v e  been sugges ted  for tile pur i f icat ion of te~ticular  h y a l u r o n a t e  
lyase:  some involve  f rac t ional  salt a n d  e thanol  p rec ip i ta t ion  at  t e m p e r a t u r e s  below o ° 
(see ref. i) while others  combine  salt p rec ip i ta t ion  wi th  resin c h r o m a t o g r a p h y  on 
Amber l i t e  IRC-5o  (see ref. z) or Amber l i t e  X E - 6  4 (see ref. 3)- 

However ,  t h e  p r epa ra t i on  of a homogeneous  enzyme  remains  to  be achieved.  
T h e  ava i l ab i l i t y  of such a p r epa ra t i on  would  be of g rea t  i m p o r t a n c e  bo th  for chemical  
s t u d y  (de te rmina t ion  of the  re la t ionship  be tween  chemical  s t ruc tu re  and  enzymic  
ac t iv i ty )  a n d  for use in therapeut ics .  

In  t h e  following p a r a g r a p h s  a m e t h o d  is r epor t ed  in which  the  puri f icat ion of 
h y a l u r o n a t e  lyase is ach ieved  by the  use of c h r o m a t o g r a p h y  on D E A E - S e p h a d e x  4, 5 
( D E A E - S e p h a d e x  A-5o was k ind ly  suppl ied  by  P h a r m a c i a ,  Uppsa l a  (Sweden)) .  B3: 
this  means ,  an  ac t ive  a n d  e lec t rophore t ica l ly  homogeneous  p repa ra t ion  could be 
ob ta ined  u n d e r  s imple technica l  condit ions.  

Abbreviation: TRU, turbidity .-educing units. 
" The term hyaluronate lyase has recently been suggested in the Report of th~ Commission 

on Enzymes of the International Union of Biochemistry as a substitute for the term hyaluronidase 
(EC 4.2.99. z). 
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MATERIALS AND METHODS 

t~y~m.~ ic  acid 
~ e  hyaluronic  acid used as a subs t r a t e  was p repared  from umbil ical  cords by 

tt~_-p6~ mad peptic  double digestion u n d e r  s t a n d a r d  technical  condi t ions a. P ro te ins  
~ r e  removed  by subsequen t  t r e a t m e n t  wi th  chloroform (Sevag's  method) .  The  
~x0cl~:t was s tored in the  lyophilized s ta te .  I t  mee ts  the  r equ i remen t s  of the  Bri t i sh  
~ ¢ o p o e i a  and  of the  U.S. Pha rmacope i a  (see refs. 6 and  7)- 

E ~ ' ~ c  activity determination 

E ~ a T t i c  ac t iv i ty  was d e t e r m i n e d  according to the  tu rb id ime t r i c  m e t h o d  of 
%Y.H.O. (see ref. 8) for t h e  t es t ing  of the  in t e rna t iona l  hya lu ron idase  s t anda rd .  

_-Xettf~- is expressed in T R U / m g  prote in .  

Te,~d¢'~Iar material 

FresIMy collected bovine  test ic les  were decapsula ted ,  chopped  a n d  immersed  
aee.to~e in which  t h e y  were  kep t  for a few days,  the  ace tone  being changed  several  

lti~e~. The  solvent  was removed a n d  the  tes t icu la r  f ragments  dr ied in vacuo a t  4 o°. 
%Yhet~ ~ e d  in th is  way,  the  ma te r i a l  m a y  be s tored  for longer per iods w i thou t  
. s i g ~ ¢  ,axtt losses of enzymic  ac t iv i ty .  The  use of ace tone-dr ied , tes t ic les  as s t a r t i ng  
~ e ~  for enzyme ex t rac t ion  offers the  a d v a n t a g e  of affording a c rude  ex t r ac t  
~][d~l~ conta ins  less inac t ive  pro te in  t h a n  ex t r ac t s  ob ta ined  from fresh glands.  Thus ,  
t~0m d~ehydrated mate r ia l  a crude e x t r a c t  was ob ta ined  wi th  an  a c t i v i t y  of 
~5_- ~ T R U / m g  prote in ,  whereas  an e x t r a c t  ob ta ined  from fresh mate r i a l  had  an ac t i v i t y  
~0,tr o~m~y 3:7-44 T R U / m g  protein .  

t~rcp~ration of the DEAE-Sephadex column 
i ) E A E - S e p h a d e x  A-5o (medium) (lOO--25o mesh),  exchange  capac i ty  3.1 

m e q ~ v / g  was used. D E A E - S e p h a d e x  powder  was  suspended  in bidist i l led wa t e r  and  
tthe fi~e par t ic les  were removed.  "I'he sed iment  was washed  on a Bt ichner  filter wi th  
o-5 M I tCL,  dist i l led wate r ,  0.5 M N a O H  a n d  dist i l led w a t e r  in t h a t  order.  The  gel 

e~td l ibra ted  wi th  buffer a n d  in t roduced  in to  a 2o × 80 m m  column,  f i t ted wi th  
a . ~ e r e d  glass filter, w i th  the  usual  p recau t ions .  

RESULTS 
H y ~ o n a t e  lyase purification 

The  me thod  of purif icat ion included the  following steps" (a) Acetone-dr ied  
~ti~,-~flar ma te r i a l  was passed t h r o u g h  a mea t  g r inder  a n d  e x t r a c t e d  for 4 h a t  4 ° 

,~.I N ,~cetic acid-rZ N hydrochlor ic  acid  (19o"1o) while s t i r r ing  cont inuously .  
((lb)j T h e  acid ex t r ac t  was cent r i fuged  a t  4 ° a n d  the  . - ;~e rna t an t  con ta in ing  the  crude  
e~__-me was 30 % s a t u r a t e d  wi th  a m m o n i u m  sulphate .  The  inac t ive  pro te ins  pre- 
¢/~e/mated at  this  s tage were removed  by  cent r i fugat ion .  (c) The  a m m o n i u m  su lpha te  
~ e ~ t r a t i o n  in the  s u p e r n a t a n t  was raised to  6o % sa tu ra t ion  and  t he  m i x t u r e  

kep t  zo h a t  4 ° to comple te  prec ip i ta t ion  of the  enzymes  (and inac t ive  proteins) .  
((d)~ The  prec ip i ta te  (prepara t ion  I) was collected by cent r i fuga t ion  and  dialysed 
~ u s ~  bidisti l led wa t e r  a t  4 ° unt i l  t he  su lpha te  had  been rem.oved. (e)The d ia lysa te  
~r~s t3reated wi th  chloroform (2" I v/v) and  s t i r red mechanica l ly  for 15 rain a t  4% (f) 
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The  solu t ion  was  aga in  d ia l~sed  aga ins t  d is t i l led  w a t e r  for 2 4 h a t  4 °. (g) T h e  
d ia lysa te  was  c o n c e n t r a t e d  bv  dialysis  aga ins t  po lyv iny lpy r ro l idone ,  d i s t r i b u t e d  
in vials  a n d  lyoptfilized, A whi te  p o w d e r  readi ly  soluble in w a t e r  a n d  enzymica l ly  ac t ive  
was  o b t a i n e d  (p repa ra t ion  II) .  (h) Chrom:-~_togr_aphy o_n_ D E A E - S e p h a d e x  co lumn,  the  
co lumn was e q u i l i b r a t e d  wi th  o.o2 M p h o s p h a t e  buffer  (pH 6.o;  I 0.o8). 2 mt  o[ 
a solut ion of p r e p a r a t i o n  I I  ( con ta in ing  48 mg  p ro te in  a n d  450 T R U )  were p laced  
on t o p  of t h e  co lumn  anra w a s h e d  in to  it wi th  the  buffer  used  for e q u i l i b r a t i o n . T h e  
flow ra te  was  o.5 ml /min .  F r a c t i o n s  of 5 ml were collected,  In  each  f rac t ion  p ro te ins  
were  d e t e r m i n e d  acco rd ing  to Low~Y's  -~ modif ied  m e t h o d  m. 

Tes t icu la r  f r a g m e n t s  ( d e h y d r a t e d  wi th  ace tone)  

i i. Acid ex t r ac t ion  (by s t i r r ing  for 4 h 
wi th  o.x N acetic acid + 2 N HC! ( t 9 o - t o ) )  

2. Cen t r i fuga t ion  
t 

S e d i m e n t  S u p e r n a t a n t  
(discarded) 

! i. T r e a t m e n t  wi*h a m m o n i u m  s u l p h a t e  
i to  a s a t u r a t i o n  of 30 % 

2. Cen t r i fuga t ion  

P rec ip i t a t e  S u p e r n a t a n t  
(discarded) t 

x, T r e a t m e n t  w i t h  a m m o n i u m  su lp lmte  
to  a s a t u r a t i o n  of 6o ° o 

2. Cen t r i fuga t i on  

S u p e r n a t a n t  P r ec ip i t a t e  
(d J~carded 
' r. Dialysis  aga ins t  r u n n i n g  H~O 

2. Dialys is  aga ins t  d is t i l led  H?O 
3- Chloroform t r e a t m e n t  
4- Dialysis  
5- Lyoph i l i z a t i on  

C h r o m a t o g r a p h y  on  D E A E - N e p h a d e x  A-5o c o l u m n  
I 

w 

P h o s p h a t e  buffer  o .o2 M (p i t  6.0; Ace t a t e  buffer 0.2 M {pH 4.6). 
1 0.08).  T h e  eff luent  con t a in s  The  e lua te  c o n t a i n s  i n a c t i v e  p ro t e ins  
ac t ive  a n d  e l ec t rophore t i ca l l y  
h o m o g e n e o u s  e n z y m e  

Fig.  I. M e t h o d  of pur i f i ca t ion  of h y a l u r o n a t e  l vase  (All ope ra t i ons  are  car r ied  ou t  a t  45) 

C h r o m a t o g r a p h i c  f r ac t i ona t i on  a n d  p r e p a r a t i o n  of t h e  e n z y m e  a re  s u m m e d  u p  in 
Fig.  I.  I n  our  e x p e r i m e n t a l  cond i t ions  the  ac t ive  f rac t ion  was  no t  a d s o r b e d  b u t  pas sed  
v e r y  r a p i d l y  i n t o  t h e  effluent.  A first p e a k  was recordi~d ( P e a k  I) a t  2o mi,  wh ich  
co inc ided  w i t h  t h e  m a j o r  p e a k  of e n z y m i c  a c t i v i t y  (Fig. z). 

E l u t i o n  was  c o n t i n u e d  w i t h  the  sanxe buffer  so lu t ion  a n d  5-rnt f rac t ions  were  
col lec ted un t i l  no  p r o t e i n s  could be d e t e c t e d  in the  effluent ( to ta l  of  Ioo  nil). S o d i u m  
a c e t a t e  buffer ,  o.2 M (pH 4.6) was  i n t r o d u c e d  i n t o  t h e  c o l u m n  a n d  t h e  col lect ion 
of 5-ml  f rac t ions  was  corn inued,  each  f rac t ion  be ing  t e s t e d  for p ro te in .  A f t e r  col lec t ing 
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about 3 ° ml the second major  protein peak (Peak 2) wa:. recorded. This protein dis- 
played no enzymic activity. Elution with the same buffer solution was continued 
until  no protein was demonstrable in the eluate. Elution was continued with o.17 M 
NaCI followed by o.38 M NaCI to yield traces of protein without  enzymic activity 
(Eluates 10o-18o ml (Fig. 2) and 3oo-4oo ml (Fig. 3)). 
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Fig. 2. C h r o n m t o g r a p h y  on D E A E - S e p h a d e x .  5-ml f rac t ions  collected.  E lua t e s  5--40 m l : o . o 2  M 
p h o s p h a t e  lmt ter  ~plt ~.o; ir o.o8).  E n z y m i c a l l y  ac t ive  pro te in .  The  h a t c h e d  area  represen t s  
enzvnl ic  a c t i v i t y  as d e t e r m i n e d  in each 5-ml f ract ion.  E iua t e s  4 o - 1 8 o  m l : a c e t a t e  buffer  (p i t  4.6). 

E n z y m i c a l l y  .inactive p ro te in .  

In s~me experiments,  after elution with 0.02 M phosphate buffer, at I 0.08, 
another ph~sphate buffer, 0.05 M (pH 6.0; ! 0.2o) was used as an eluent, followed 
by the acetate buffer (pH 4.6). The second phosphate buffer (o.o5 M) eluted some 
inactive protein (Fig. 3). 

Enzymic act ivi ty was confined to fractions 5-2o. The largest protein fraction 
was eluted by sodium acetate buffer (pH 4.6). 

The homogeneity of the eluted fractions was checked by paper electrophoresis 
in phosphate buffer (pH 6.o; I o.24) and veronal buffer (pH 8.o; 1 0.o5), after dialysis 
against polyvinylpyrrolidone. 

Fig. 4 shows the electrophoretic pat terns  of the crude preparat ion before passage 
through the column (a) and of the fractions corresponding to the two peaks, (b) o.o2 M 
ph~sphate buffer eluate (Peak x) and (c) 0.2 M acetate buffer eluate (Peak 2). 

The fractions corresponding to enzymically active protein (Peak i) consisted of 
single electrophoretic band close to the start ing line (b) (Fig. 4), confirming the low 
m';bilitv f-rand by other authors u. 
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Fig .  3- C h r o m a t o g r a p h y  o n  D E A E - S e p h a d e x .  E l u a t c s  5 - 9 5  m!  r e p r e s e n t  t h e  e n z y m i c a l l y  a c t i v e  
t~rote in  e l u t e d  w i t h  o . o a  M p h o s p h a t e  b u f f e r  i p H  ~i.o; ! o .o~) .  T h e  h a t c h e d  a r e a  c o r r e s p o n d s  
t o  a m i x t u r e  of  t h e  f r a c t i o n s  e l u t e d  in t h e s e  c o n d i t i o n s  a n d  c o n t a i n i n g  a c t i v e  e n z y m e .  E lua t~ ' s  
9 5 - 3 6 o  m l : o . o 5  M p h o s p h a t e  b u f f e r  ( p H  ¢~.o: ! o . ; o1 .  E n z y m i c a l l y  i n a c t i v e  p r o t e i n .  Elual"es  

3~io--4oo ml  : o . 3 8  M s o d i u m  c h l o r i d e  s o l u t i o n .  E n z y m i c a l l y  i n a c t i v e  p r o t e i n .  

+ -a- + 

a - b - c 

F i g .  4- E l e c t r o p h o r e s i s  o n  V C h a t m a n  p a p e r  No.  i. o o 6  51 p h o s p h a t e  b u f f e r  ( p H  6.0) (a) c r u d e  
p r e p a r a t i o n  (b) e n z y m i c a l l y  a c t i v e  f r a c t i o n  c o r r e s p o n d i n g  t o  P e a k  z (cl e n z y m i c a i l y  i n a c t i v e  p r o t e i n  

c o r r e s p o n d i n g  t o  P e a k  z (Figs .  2 a n d  31- 
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The fractions corresponding to the peak of the major  enzymically inactive 
protein (Peak 2) likewise displayed a single electrophoretic band which, however, 
had a higher mobil i ty than  the enzymica]ly active protein (c) (Fig. 4) 

Of 48 nag protein chromatographed 4k,613 mg were recovered. 
Of 450 TRU put on the column, 227 T R U  were recovered after  dialysis of the 

active effluent again.~;t distilled water  and concentrat ion against  poIyvinylpyrrolidone. 
Enzyme act iv i ty  is not lost during passage through the column but  on dialysis and 
concentrat ion of the effluents. Since the lability increases with the degree of pur i ty  
of the enzyme la,t~, it may  be possible to c i rcumvent  this loss by the use of a 
specific stabilizer 6, l,z 
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