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Hyaluronidase is a general term applied to a group of enzymes hydrolysing hyal- 
uronic acid. In 1929 DURAN-REYNALS 5 observed a "spreading factor" in extracts of 
bovine testis and in 1936 MEYER and co-workers a7 described a bacteriolytic component 
- - later  called hyaluronidase--which hydrolyzed the polysaccharide of vitreous humor 
and umbilical cord. The chemical properties and biological importance of testicular and 
bacterial hyaluronidase have been the subject of intense studies by, among others, 
CHAIN AND D U T H I E  3, MADINAVEITIA 15 a n d  MEYER AND RAPPORT 18. 

It is, however, difficult to get a uniform picture of the properties of hyaluronidase 
from the existing literature. There are appreciable discrepancies between the data given 
by various investigators. It is obvious that such discrepancies can be due to difference 
of the preparation methods of the hyaluronidase. In the present paper physico-chemical 
and activity data are presented of various hyaluronidase preparations, viz. crude extract 
of bovine testis and hyaluronidase preparations purified according to HAHN 7, TINT AND 
BOGASH ( W y e t h ,  I n c . )  23, a n d  H 6 G B E R G  (L eo ,  I nc . )  n .  T h e  l a s t - m e n t i o n e d  p r e p a r a t i o n s  

h a v e  b e e n  a n a l y z e d  a s  t o  a c t i v i t y  a n d  c h e m i c a l  c h a r a c t e r i s t i c s .  

MATERIALS AND METHODS 

Enzyme. I ' r epa ra t ion  accord ing  to HAHN: F rac t iona t ion  of tes t icu la r  ex t r ac t s  wi th  (NH4)2SO4, 
followed by  CuSO 4, NaC1 and  Pb -ace t a t e  p rec ip i ta t ion  of non-ac t ive  ma te r i a l  and  repea ted  (NH4)~SO 4 
f rac t iona t ion .  No use is m a d e  of organic  so lven t s  as p rec ip i tan ts .  This  p repa ra t ion  will be referred 
to as hya lu ron ida se  I. 

P r epa ra t i on  accord ing  toTINT AND BOGASH : F r a c t i o n a t i o n  of t es t i cu la r  e x t r a c t s w i t h  (NH4)2SO4, 
alcohol f rac t iona t ion  in the  cold and  re f rac t iona t ion  of the  precipi ta te .  This  p repara t ion  will be 
referred to as hya lu ron idase  II .  

P repa ra t i on  accord ing  to H6GBERG: E x t r a c t s  of dried bull  tes t is  powder  f rac t iona ted  wi th  
(NH4)2SOa, ch loroform shak i ng  a t  room t e m p e r a t u r e  in order  to d e n a t u r e  p ro te ins  of h igh  molecular  
weight ,  e lec t rophoret ic  purif icat ion.  This  p r epa ra t i on  will be referred to as hya lu ron idase  I I I .  

Substrate. Sodium h y a l u r o n a t e  f rom h u m a n  umbi l ica l  cords prepared  according to BLIX AND 
SNELLMAN 2. The  crude  h y a l u r o n a t e  was purif ied f rom es ter  su lpha t e  con ta in ing  po lysacchar ides  
accord ing  to SYLV/~N AND MALMGREN 27. The  par t ic le  weight  of the  s u b s t r a t e  was  a b o u t  6. lO 4. 

Measurements o/activity. Viscosi ty  reduc ing  ac t iv i ty  was de t e rmined  in a capi l lary v i scos imeter  
(Ostwald) a t  25 ° C. 5 ml o . i  5 % s u b s t r a t e  so lu t ion  (veronal  buffer,  p H  = 6.9; ionic s t r e n g t h  o.2 of 
which  o. i  NaC1) ha s  been incuba t ed  wi th  i ml  e n z y m e  solu t ion;  for details ,  see 1~. For  ca lcu la t ion  
of e n z y m e  ac t iv i ty  of the  b r eakdown  of a charged  macromolecu le  the  following fo rmula  is val id  
(MALMGREN AND INGELMAN 12, HULTIN9). 

d ~II 
rJsp 

A = J - c s  n dt 
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A = the  a c t i v i t y ;  J = an ionic factor,  c s = subs t r a t e  concent ra t ion ,  l i s p  ~ specific v i scos i ty  and  
t = t ime,  n = 2 ( theoret ical ly)  bu t  the  exponen t  can v a r y  wi th  the na tu re  of the subs t ra te .  As the  
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Fig. I. The d e r i v a t i v e  d I-~-[dt as a func t ion  of the  
2~sp 

enzyme  concen t ra t ion .  

ionic fac tor  cannot  be de t e rmined  d i rec t ly  i t  
I 

is su i tab le  to use the  q u a n t i t y  d - - as a rela- 
lisp 

t ive  measure  of the  enzyme  a c t i v i t y  in com- 
par ison expe r i men t s  using the same s u b s t r a t e  
concen t ra t ion  and  the  same buffer. The de- 

r i va t i ve  d I~ /d t  (expressed in min  -1) is a 
~]sp 

l inear  funct ion  for the  first phase  of the  
e n z y m a t i c  b r e a k d o w n  of hya lu ron ic  acid, and  
is d i rec t ly  p ropor t iona l  to the enzyme concen- 
t r a t i on  (Fig. i). 

HULTIN z° sugges ted  the  use of the above  
formula  for ca lcu la t ion  of the  hya lu ron idase  
ac t iv i ty ,  bu t  he c o m p u t e d  d a t a  from prev ious  
expe r i men t s  per formed  w i t h o u t  special  
regard  to th is  me thod  of ca lcula t ion .  

In  th is  paper  only  the  first  v i scos i ty  re- 
duc ing  s tep of e n z y m a t i c  b r e a k d o w n  of hyal -  
uronic  acid wil l  be discussed. Other  methods ,  
such as the  muc in-c lo t  p reven t ion  t e s t  
( R o B E R T S O N ,  R O P E S  A N D  B A U E R 2 2 ) ,  deter-  
m i n a t i o n  of t u r b i d i t y  reduc ing  un i t s  (KAss 
A N D  S E A S T O N E  18) o r  reduc ing  groups  (MEYER 19, 
PARK AND JOHNSON 21) are not: considered here. 

PHYSICO-CHEMICAL DATA 

Electrophoresis experiments. The electrophoretic mobilities of the different prepa- 
rations were determined according to the technique of TISELIIJS AND SVENSSON 24, 28. The 
determinations were made both by the usual optical recording and also by measurements 
of the activity of the original solution and 
of the activities in different parts of the 6 
cell after the run. Acetate, phosphate and -.to 5 5 
barbiturate buffers of ionic strength o.I were ~ e c  
used. The dependence of the mobility on the * 
pH is presented in Fig. 2. s 

As seen from Fig. 2 the isoelectric point 
of the preparations investigated do not 2 
coincide. Hyaluronidase I has the I.P. at 
pH 5.7, hyaluronidase II at 5.9 and hyal- t 
uronidase III at 6.5. The latter prepara- 0 
tion presents only one peak (in the electro- 
phoretic pattern) moving with the same -t  
mobility as the activity (Fig. 3). The hyal- -2 
uronidase II shows three components (Fig. 
3)- The activity is associated with the main 
constituent. The electrophoresis curves of 
preparation I do not indicate a quite uniform 
substance (HAHN 7 1943). 

Sedimentation. Sedimentation experi- 
ments were performed in the ultracentrifuge. 
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Fig. 2. E lec t rophore t i c  m o b i l i t y  as a func t ion  
of the  pH.  × = hya lu ron idase  I (Values 
t a k e n  from HAHN~); O = hya lu ron idase  I I ;  

O = hya ln ron idase  I I I .  
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The sed imen ta t ion  was recorded  bo th  
b y  the  usual  scale m e t h o d  (LAMM 14) and 
b y  using a sepa ra t ion  cell and  de te rmi-  
na t ion  of the  hya lu ron idase  a c t i v i t y  in 
the  upper  and  lower pa r t  of the  cell 
a f te r  the  run.  The cen t r i fuga t ions  were 
carr ied  out  in phospha te  buffers a t  
p H  = 6.8 and  of ionic s t r eng th  o.I .  
The resul ts  have  been d rawn up in 
Table  I. 

As seen f rom Table  I the  sedimen-  
t a t ion  cons tan t  of p repa ra t ion  I I I  is 
s l ight ly  dependen t  on the  concent ra-  
tion. At  zero concen t ra t ion  a value  of 
1.2 was ex t r apo la t ed .  

The centr i fuge d i ag ram of this  pre-  
pa ra t i on  shows only  one componen t  
t h a t  only  s lowly leaves the  meniscus.  
The hya lu ron idase  p r epa ra t i on  I I  ex- 

Fig. 3. Electrophoretic pattern of hyaluronidase II  
and III. Hyaluronidase II after 193 min at 6.0 
volt/era, pH = 4.0; hyaluronidase I I I  after 18o rain 
at 3.4 volt/cm, pH = 4.8. Direction of migration 

indicated by tile arrow. 

h ib i t s  two components ,  the  ac t ive  one (s = 3.6) being the main  const i tuent .  

TABLE I 

S E D I M E N T A T I O N  C O N S T A N T  OF S O M E  H Y A L U R O N I D A S E  P R E P A R A T I O N S  

Preparation Cone. 
Sedimentation constant 

By optical By activity 
recording measurements 

Crude testis extract 6.1 mg N/ml 4.3 
Crude testis extract 2. 7 mg N/ml 4.7. 
Hyaluronidase I 4 .6* 4.3 
Hyaluronidase II 0.50 % 3.6 and 5.2 

0.25% 3.6 and 5.1 
0.03% - -  3.2 

Hyaluronidase I I I  0.86 % i.o3 
0.50% i . io  
0.20 % i. i5 
0.04% - -  1.6 

* Value reported by HAHN 7. 

Diffusion. Diffusion exper imen t s  were carr ied  out  according to LAMM 14. Only  the  
hya lu ron idase  I I I  was inves t iga ted ,  the  o ther  p repa ra t ions  not  being sufficiently homo- 
geneous. The med ium used was phospha te  buffer a t  p H  = 6.8 and ionic s t r eng th  o.I ,  
t emp.  25 ° C. The diffusion coefficient ca lcu la ted  f rom the  a rea  of the  curve was 9.7" lO-7 
c.g.s., ca lcu la ted  ace. to the  momen t  me thod  IO.O'1O -7 c.g.s. Accordingly ,  the  enzyme 
is r a t h e r  homogeneous.  

Molecular weight. The pa r t i a l  specific vo lume of the  hya lu ron idase  I I I  has been 
de t e rmined  0.73. Fol lowing  the  inser t ion of u l t r acen t r i fuga l  and  diffusion d a t a  in 
SVEDBERG'S fo rmula  25 the molecular  weight  of the  enzyme was ca lcu la ted  to  be about  
i i , ooo .  This  va lue  is r a the r  consis tent  wi th  t ha t  ob ta ined  b y  u l t racen t r i fuga t ion  ac- 
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cording to ARCHIBALD 1 which method yields a particle size of about 14,ooo. Thus, the 
activity is bound to a medium sized polypeptide (c/. the analytical data below). It  must 
be mentioned that already in i938 ~{ADINAVEITIA I~ inferred a particle size of his hyal- 
uronidase preparation of the order of magnitude of io, ooo. However, the analytical data 
of his hyaluronidase do not indicate a high degree of purity (c/. below). 

ANALYTICAL I)ATA 

The most homogeneous of the preparations investigated, i.e. hyaluronidase III  has 
been analyzed for the chemical composition. The analytical data are found below. 

ANALYTICAL DATA ON HYALURONIDASE III 

Nitrogen content: Kjeldahl method I5.O % dry weight 
Amino nitrogen: VAN SLYKE 13. 7 % dry weight 
Protein (6.25 × N) 94 % dry weight 
Lipid content, chloroform-ethanol extraction o.t % dry weight 
Carbohydrates, orcinol reaction 2 % dry weight 
Nucleic acid (U.V. absorption) o % dry weight 
Sulphur 0.2 % dry weight 
Phosphorus less than o.ooi% dry weight 
Ash less than o.i % dry weight 

These values differ very much from those obtained by other authors. MADINA- 
VEITIA 15, for instance, found only 6.6 % N but 9 % ash; FAVILLI AND BERGAMINI 6 reported- 
an active "nitrogen-free" hyaluronidase preparation. 

Amino acids. The following amino acids were identified by means of two-dimensional 
paper chromatography according to CONSDEN, GORDON AND MARTIN 4 using butanole 
glacial acetic acid-water: aspartic acid, serine, glutamic acid, glycine, threonine, alanine, 
proline, tyrosine, valine, phenylalanine, leucine, isoleucine, lysine. In addition, histidine 
and arginine may be present but could not be demonstrated. The sulphur content 
indicates the presence of methionine and/or cystine. 

The minute carbohydrate moiety present could not be analysed. During electro- 
phoresis, however, the carbohydrate moves together with the enzymes, which suggests 
that  the carbohydrate is associated with the enzyme. I t  may also be mentioned that  
preparation II contains 1.6 % carbohydrate (orcinol reaction). 

Presence o/ other enzymes. Hyaluronidase I I I  has been tested for the presence of 
other enzymes. Proteolytic enzymes, alkaline and acid phosphatases, cholinesterase and 
pyrophosphatase could not be detected. Furthermore, after a long digestion of a highly 
purified hyaluronate with this enzyme the smallest splitting product probably was a 
disaccharide and not a monosaccharide - -  as revealed by adsorption analysis (MALM- 
GREN16). Accordingly the presence of fi-glucuronidase is excluded (c]. HAHN s, MEYER 
AND LINKER~0). 

VISCOSITY REDUCING ACTIVITIES 

The viscosity reducing activities per mg N of crude testis extracts and of the 
hyaluronidase II  and I I I  have been drawn up in Table II. 

The purification of hyaluronidase III  is 3" IOa. The corresponding value for hyal- 
uronidase II  cannot be given as the starting material was not available. In comparison 
it may be stated that HAHN 7 claimed a purification of lO 4 for his best preparation, 
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However, a preparation method involving chloroform shaking probably causes partial 
denaturation and hence loss of activity. 

T A B L E  I I  

VISCOSITY REDUCING ACTIVITIES 

t'reparation mg N ;ml enzyme Rel. acitvity Rel. act ;rag N 
solution 

Crude ex t r ac t s  
of bovine  tes t i s  6. i  t o.o2 rain 1 o.oo 3 

H y a l u r o n i d a s e  I I  o. t 51 o.598 3,96 
H y a l u r o n i d a s e  I I f  o.o94 o.842 8.96 

DISCUSSION 

The hyaluronidase preparations investigated differ from each other with respect 
to isoelectric point and sedimentation constant. In the crude extract of bovine testis 
the hyaluronidase activity sediments with a fairly high velocity. After purification the 
sedimentation constant of hyaluronidase activity decreases, the harder the purification 
method the lower the sedimentation constant. Thus, the original enzyme activity is 
associated with a rather large particle that must not necessarily be of pure protein nature 
(c/. the carbohydrate content). During purification this "carrier" is partly or completely 
removed which could explain why various preparations have different physico-chemical 
constants. However, the active polypeptide cannot be linked to the carrier with covalent 
bonds. Only a linkage of lower energy content, e.g. a hydrogen bond, can be expected 
to be broken up by fractionation with inorganic salts and/or chloroform shaking. 

The hyaluronidase activity is associated with a medium sized polypeptide M 
Ii,OOO. Perhaps it might be possible in some way to split this molecule in smaller 

parts some of which still exhibit activity. 
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S U M M A R Y  

I. Tes t i cu la r  hya lu ron idases  p repa red  accord ing  to  different  m e t h o d s  have  been inves t iga t ed  
wi th  respec t  to  the i r  phys ico -chemiea l  proper t ies .  

2. The resul t s  ind ica te  t h a t  n a t i v e  h y a l u r o n i d a s e  in some w a y  is assoc ia ted  wi th  a " c a r r i e r "  
which can be r emoved  dur ing  pur i f ica t ion  of the  enzyme.  

3. Af te r  pur i f i ca t ion  the re  r ema ins  an ac t ive  po lypep t i de  w i t h  a molecu la r  we igh t  of abou t  
I 1 , 0 0 0 .  
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R~SUMI~ 

i. Nous avons dtudid les propridt~s physico-chinliques de certaines hyaluronidases  testiculaires 
pr6pardes selon des mdthodes diffdrentes. 

2. Les rdsultats  indiquent  que l 'hyaluronidase native est associde d 'une mani~re ou d 'une autre 
un  " p o r t e u r "  qui peut  6tre supprim6 pendan t  la purification de l 'enzyme. 

3. Aprbs purification l'on obt ient  un polypeptide actif ayan t  un poids  nloldculaire d 'environ 
II,OOO. 

ZUSAMMENFASSUNG 

I. Nach verschiedenen Methoden aus Testikeln hergestellte Hyaluronidasen  wurden  hinsicht- 
sichtlich ihrer physikalisch-chemischen Eigenschaften untersucht .  

2. Die Ergebnisse zeigen, dass native Hyaluronidase  in gewisser Hinsicht  mi t  einem "Triiger" 
verbunden  ist, der wiihrend der Reinigung des Enzyms  entfernt  werden kann.  

3. Nach der Reinigung bleibt ein aktives Polypeptid mit  einem Molekulargewicht von ungefiihr 
i i ,ooo zurtick, 
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