
v o I . .  2 S  (19571  I . . \BEI.IN(;  I)l: HUM.kN SF. RUM (1(17 

3. T h o r o u g h l y  d i a l v s e d  l)FaZl ' t r e a t e d  h u n l a n  sera  as  wel l  as  sera  ( , l l t a ined  from1 h m n ; m s  
a few clays a f t e r  t h e  i n j e c t i o n  of l ) l ;S i l  ) were  s u b m i t t e d  to  zone  e l e c t r o p h o r e s i s .  N~l r a d i o a c t i v i t y  
c o u l d  be  d e t e c t e d  on t he  p a p e r  e l e c t r o p h o r e s i s  s t r ips ,  b u t  a f t e r  c o h m m  eh.ctrophc~resis  it was  
pos s ib l e  to  loca l i se  t he  r a d i o a c t i v i t y  b e t w e e n  the  ¢t-2 a n d  t h e / / - p e a k s .  

4. T h e  c o n c l u s i o n  is r e a c h e d  t h a t  in h m n a n  sera .  wh ich  h a v e  been  in c o n t a c t  w i t h  11[":3~1 ', 
o n l y  one  c o m p o n e n t ,  the  pseud(~-chol ines te rasc ,  is i r r eve r s ibh"  l abe l l ed  by  a'21'. The  v a l u e s  ,~btained 
for t he  t u r n o v e r  of s e ru in  p r o t e i n s  by  m e a n s  of 111;821 ' thereh~re  c l ea r l y  re i l ec t  t he  t l l r l l ( lxor  Ill" 
t h e  p s e u d o - c h o l i n e s t e r a s e  c~m~ponent.  
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T H E  EFFECT OF S U B S T R A T E  SIZE UPON 

H Y A L U R O N I D A S E  ACTION* 

J .  ( ' .  H O I ; C K  *" AND R.  H.  P E A R C E  

Department o/ l'athological Chemistry, University o/ Western Ontario 3Iedical School, 
London, Ontario (Canada) 

\VEISSMANN 1 has shown that the activity of hyaluronidase increased with substrate 
size. This paper describes in quantitative terms the effect of substrate size upon the 
thermodynamics of hyaluronidase action, as well as providing a measure of the size 
of the active center of the enzyme. 

MATERIAL ANI) METItOD 

Partially degraded subs(rate 
25o m g  of h u m a n  u m b i l i c a l  cord  h v a h l r o n a t e  a n d  b o v i n e  t r a c h e a l  c h o n d r o i t m  s u l p h a t e  A were  
d i s s o l v e d  s e p a r a t e l y  in 5o ml  of o. to  M a c e t a t e  buf fer  ( pH  5.o) c o n t a i n i n g  o. 15 M s o d i u m  ch lo r ide .  
To  five l o  ml  p o r t i o n s  of each  s o l u t i o n  o. Io  ml  of buf fer  c o n t a i n i n g  4 ° T R U  of a p r e p a r a t i o n  of 
h y a h l r o n i d a s e ,  a s s a y i n g  65oo T R l ! / m g  N w a s  a d d e d .  T h e  e n z y m i c  r e a c t i o n  was  s t o p p e d  a f t e r  
o, 4, 8, 12 a n d  t 5 m i n u t e s  i n c u b a t i o n  a t  36~ (" b y  t h e r m a l  i n a c t i v a t i o n ,  a n d  t h e  s o l u t i o n s  were  
poo led .  T h i s  poo l ed  m a t e r i a l  c o n t a i n e d  a m i x t u r e  of d e g r a d e d  s u b s t r a t e  of g r e a t l y  v a r y i n g  c h a i n  
l eng th .  E t h a n o l  w a s  t h e n  a d d e d  u n t i l  t h e  f i rs t  t r a c e s  of a p r e c i p i t a t e  occur red .  T h e  s o l u t i o n  w a s  
t h e n  s t o r e d  a t  4 ° C for 3 ° m i n u t e s .  Af t e r  s t o r a g e  t h e  p r e c i p i t a t e  w a s  co l l ec t ed  by  c e n t r i f u g a t i o n  
a n d  m o r e  e t h a n o l  w a s  a d d e d  to  t h e  c l e a r  s u p e r n a t a n t .  T h i s  p r o c e d u r e  w a s  r e p e a t e d  u n t i l  no  
m o r e  c e n t r i f u g a b l e  m a t e r i a l  fo rmed .  The  p r e c i p i t a t e s  were  w a s h e d  in e t h a n o l ,  d r ied ,  a n d  red i s -  

" S n p p o r t e d  in p a r t  b y  a g r a n t - i n - a i d  f rom t h e  A d v i s o r y  C o m m i t t e e  on M e d i c a l  R e s e a r c h  of 
t he  N a t i o n a l  R e s e a r c h  C o u n c i l  of C a n a d a .  

"" P r e s e n t  a d d r e s s :  S u r g i c a l  R e s e a r c h  M e t a b o l i c  l , a b o r a t o r y ,  G e o r g e t o w n  U n i v e r s i t y  M e d i c a l  
Cen t e r ,  W a s h i n g t o n ,  D.C. (U.S.A.) .  

Re/erences p. 613. 
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solved in saline-buffer. The ethanol fractionation procedure was repeated. After a third fraction- 
ation each precipitate separated sharply over a narrow range of ethanol concentration. The 
comparative homogeneity of the five fractions was demonstrable by recording the optical density 
at  40o m/t during the titration of 6 ml solutions containing 3 mg of each preparation with ethanol. 
These data, after correction for volume changes, indicated that  each preparation was relatively 
homogeneous (Fig. x). The analysis of these materials and their mean chain length, as determined 
by the ratio of reducing endgroups to total hexosamine is shown in Table I. The reducing endgroups 
were determined by a modification of the PaRK AND JorlNsoN procedure 2, which eliminated the 
alkaline hydrolysis of chondroitin sulphate usually found with this substrate s. 

Degraded substrate 
The tetra-, hexa-, and octa-saccharides resulting from the prolonged action of large amounts of 
hyaluronidase upon hyaluronate were isolated by the chromatographic method of WEISSMANN. 
MEYER, SAMPSON AND LINKER 4. Extra octasaccharide was kindly provided by Dr. BERNHARD 
WEISSMAUN, Mt. Sinai Hospital, New York City. The hexa- and octa-saccharide of hyaluronate 
were reduced by o.xoM sodium borohydride according to WEISSMANN 1. 

Both enzyme and substrate were dissolved in saline buffer pH 5.0 and incubated together for 
10 minutes at 37°C. During this period, the reaction rate was zero-order for the range of substrate 
concentration used. The reaction rate was determined by translating the reducing activity of a 
given solution into moles of N-acetyl-hexosamine per unit time via a standard curve. The K,n and 
Vm of reaction was calculated statistically according to HOFSTEE s. 

TABLE I 

T H E  ANALYSIS  OF THE PARTIALLY D E G R A D E D  S U B S T R A T E S  

Co~,~r,,~ion (,umolt/mg) o/ Redu~,tng Aaivity Approximate 
(itrnole N.axaTl- mea~ 

Hexosamin¢ ~ Nitrogen* htxosamine/mg) chain length ° 

H y aluronate 

I 2 . 0 0  

2 2 . 0 0  

3 i .98 
4 1.95 
5 1 . 9 0  

Chondroitin sulphate 

I 1.65 

2 1.65 

3 i .62 
4 1.6o 
5 i .60 

2. 4 o.oi56 256 
2.4 0.0320 I25 
2. 5 0.o620 64 
2.5 o. x 180 33 
z.6 o.152o 25 

2.x 0.0260 227 
2.1 0.0386 86 
2.3 0.0550 59 
2.2 0.0890 36 
2.3 o.1334 24 

" Expressed as monosaccharide units per molecule and calculated: 

2 × total hexosamine (k, mole/mg) 
Reducing activity (/,mole N-acetylhexosamine/mg) 

EXPERIMENTAL AND RESULTS 

O n e - h a l f  T R U  of  e n z y m e  was  m a d e  to  r eac t  a t  36°C w i t h  0.25, 0.50, 0.75, a n d  I.OO 

m g / m l  of  t h e  va r i ous  s u b s t r a t e s  a n d  t h e  Michae l i s -Men ten  c o n s t a n t  K , ,  a n d  m a x i m u m  

v e l o c i t y  V,, were  d e t e r m i n e d .  A s imi la r  s u b s t r a t e  cu rve  w a s  p r e p a r e d  a t  32, 27, a n d  

2 z ° C .  Tab le  I I  s h o w s  t h e  K, ,  a n d  V,, a t  36°C  for  t he  v a r i o u s  s ized s u b s t r a t e s .  T h e  

a m o u n t  of  r e d u c i n g  m a t e r i a l s  r e leased  b y  IOO T R U  of e n z y m e  f rom I m g / m l  of  t h e  

t e t r a - ,  h e x a -  a n d  o c t a - s a c c h a r i d e s  as well as t he i r  r e d u c e d  d e r i v a t i v e s  a f t e r  two  hour s  

i n c u b a t i o n  a t  36°C was  also d e t e r m i n e d .  

T h e s e  resul t s ,  e x p r e s s e d  qua l i t a t i ve ly ,  are  s h o w n  in T a b l e  II .  R e d u c t i o n  of  t he  

Relerences p. 6r 3. 
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hexasaccharide completely inhibited enzymic action upon this substrate, while the 
reduced derivative of the octasaccharide was still enzymically labile. 

The free energy, enthalpy and entropy of activation were calculated from the 
effects of temperature upon the maximal velocity. The thermodynamic parameters 
were also calculated for the formation of the enzyme-substrate complex from the effect 
of temperature upon the K~, of enzymic action. The technique and implicit assumptions 
for these calculations have been described previously 3. "Fable I I I  shows that substrate 
size has no effect upon the thermodynamics of activation. Table IV however, illustrates 
the marked effect of substrate size upon the free energy and entropy of complex 
formation. 

Five mg of hyaluronate and chondroitin sulphate A were incubated for 48 hours 
at 36°C under toluene with 2oo TRU of enzyme. At this time 2oo TRU of enzyme 
was again added and the incubation was continued for another 48 hours. The addi- 
tion of IOO TRU of enzyme after this time resulted in no further release of reducing 
groups. Aliquots were removed from each solution, diluted, partially deproteinized by 
trichloracetic acid, and the reducing activity quantitatively deterinined. Similar 
concentrations of substrate and inactivated enzyme were used as c(}ntrols. The com- 
paratively high concentration of protein rendered the precise determination of chain 
length from the ratio of reducing activity to total hexosamine difficult, but the ap- 
parent equilibrium products ot reaction are reported in Table V along with their 
standard error. 

T A B L E  I I  

T H I  S A C T I O N  O F  H Y A I . U R O N I D A S E  U P O N  D E G R A D E D  A C I I )  M U C O P O L Y S A C { ; H A R I I ) E . %  

P r e p a r a t i o n s  

Hyaluronate 

I 

2 

3 
4 

( . ) c t a s a c c h a r i d e  
R e d u c e d  o c t a ~ s a c c h a r i d e  
H e x a s a c c h a r i d e  
R e d u c e d  h e x a s a c c h a r i d e  
T e t r a s a c c h a r i d e  

Chondroitin sulphate .-t 

1 

2 

3 
4 
5 

E n : v m ; c  act iv i ty*  K m  ( K  v ,  -= M )  I" m ( ~ t , ,  - t  M scO 

-= + --  

+ - - :  

- - i  !- 
4- 

o 

o 

o.81  . 0 . 0 2  4.1 :- o .2()  
0.98  k o.02 4.o - .  o . ] 5  

3-3o t 0 . 0 4  4-4 : 0"40  
2 . 0 0  . 0 . 0 2  4 . 3  . 0 . 2 o  

4 . 0 0  + 0 . 0 4  4 .2  .:- o . 2 5  

+ - -  } - ~ -  2 .1  2_ 0 . 2 0  4 . 1  : O.1 ,5  

+ 4  . . . .  + z. 4 : 0 . 2 0  4 .3  .- 0 . 2 0  
x - 4  ~ - +  3 .3  ! ° . ~ 5  4 "1 : 0"30  

F { +  6 . 6  - o . i 8  4 .4  : 0 - 4 0  
t + - t -  {}.9 - 0 -25  3 .9  : 0 . 2 5  

" D e t e r m i n e d  f r o m  t h e  r e l a t i v e  r e l e a s e  o f  r e d u c i n g  g r o u p s  f r o m  o m :  m g  s u b -  
s t a t e  b y  1oo T R U  o f  e n z y m e  a f t e r  t w o  h o u r s  a t  30" 'C  

A plot of the standard free energy of complex formation as presented in Table Ix, " 
versus the reciprocal of chain length is shown in Fig. 2. The extrapolation to zero free 
energy provides a measure of the chain length at which, for every mole of complex 

Re/erences p. 6z3. 
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Fig. i. The  abso rbance  resul t ing  from the  addi-  
t ion of e thano l  to so lu t ions  of p repa ra t ions  1 
t h rough  5 of h y a l u r o n a t e  ( × ) and  chondro i t in  

su lpha t e  A (O).  

400C 

6Ff  

200C 

OJ 1/L 0.2 

Fig. 2. The  s t a n d a r d  free energy  of complex  
fo rmat ion  (AFI) for h y a l u r o n a t e  ( × )  and  
chondro i t in  su lpha t e  A (O)  a t  va r ious  cha in  

l eng ths  (L). 

T A B L E  III  

T H E  E F F E C T  O F  S U B S T R A T E  S I Z E  U P O N  T H E  T H E R M O D Y N A M I C S  O F  A C T I V A T I O N  t 

Substratt Chain AF zlH AS 
length (Cal'mole) (Cal,'mole) (Cal.~dtgru mole) 

Hyaluronate 

1 256 24,300 ~- 35 ° 12,7°° + 15°°  - - 3 8  ± 3'5 
2 I25 24,2OO L 35 ° 12,ooo -t- I4OO - - 3 8  -- 3.5 
3 64 24,000 ± 400 11,8oo _ 18oo - - 3 8  +- 3-5 
4 33 24,6oo + 4oo 11,9oo + 14oo - - 3 8  71- 3.5 
5 25 24,5o0 + 3oo I2,6oo ~- 15oo .... 38 + 3.5 

Chondroitin sulphate A 

I i27 24,400 ! 400 I2,5oo ± 16oo .... 38 :z 4.0 
2 86 24,0oo 2: 4oo 12,9oo -7 t4oo - - 3 8  -7 4.o 
3 59 24,000 -- 4 °0  11,4oo :t 14oo - - 3 8  : 3.5 
4 36 24,000 + 40o IZ,OOO .~- 14oo - - 3 8  ~_ 4.0 
5 24 25,000 + 500 11,7oo .!. 14oo ---38 5 : 4 . 0  

" Calcula ted  for 36°C. 

formed, there is one mole each of enzyme and substrate released. A comparison of the 
extrapolated chain length with the polymer size of the actual equilibrium products 
demonstrated a striking correspondence. 

DISCUSSION 

T h r o u g h o u t  t h e  c o u r s e  o f  t h i s  r e s e a r c h ,  t w o  m a j o r  a s s u m p t i o n s  h a v e  b e e n  u t i l i z e d ,  

v i z :  (r)  t h e  m e a s u r e d  r a t e s  o f  h y d r o l y s i s  w e r e  u n a f f e c t e d  b y  t r a n s g l y c o s i d a t i o n ;  (2) 

t h e  c a l c u l a t e d  v a l u e  o f  K m  r e p r e s e n t e d  t h e  d i s s o c i a t i o n  c o n s t a n t  o f  t h e  e n z y m e - s u b -  

s t r a t e  c o m p l e x .  T h e  f i r s t  a s s u m p t i o n  h a s  b e e n  d i s c u s s e d  p r e v i o u s l y  3, t h e  s e c o n d  wi l l  

be  d e a l t  w i t h  h e r e .  

Re/erences p. 613. 



VOL. 2 5  (i957) SUBSTRATE SIZE AND tIYALUt,~ONII}.\SE .\{'TI{}N DI I 

TABI.I £ IX, . 

T H E  F F F F C T  O F  N I . I t . I N T R A ' r E  S I Z E  U P O N  T H E  T H E R M O I } Y N A M I C ~ 4  (}F  C{}MPI . t .~X t . ' { } R M A T l l } N  " 

Chain . I f "  . I H  ls  
,N'id~.slrale length (Cal m.lc)  zC al .lol,'] ;( 'al m,,h" dcer,'¢: 

llyaluronatc 

l - ' 5  ° .I,1oo .:. 7 ° 
I 1".:, 428o : 7 ( } 
3 0 4  4 1 2 0  7" 5 ° 

4 33 380o : 60 
5 25 3{510 : {}0 

(.'hondvoitin sulpha&' .'l 

I 12 7 3 8 0 o  :. (}{5 

2 SO 370(} !. {}o 
3 5 {} 35{)(5 .! 80 
4 30 -. 31o0 : 00 
5 2-1 2850 ! 5 {5 

• ('alculated f{}r 3{5 {'. 

T.\BI.I- V 

- -  1 8 0 0  • 2 0 0  

- - - 1 Y ,  OO .- 2015  

..... 1 8 0 0  2 0 0  

18(}{} 2 0 0  

I N O O  2 0 0  

+S.4 : {}.(} 
:-8.3 • o.9 

7.0 : {}.r} 
• (}.{} { }.,'~ 

• 5 . 9  " ( } . ' ~  

550{5 
5500 

- 5500 
5500 
550(} 

5 {5(5 

5 o ( 1  

5 0 o  

50{) 
5o0 

5.5 • 1.7 
5.5 : 1.7 
7-7 l ..5 

• { } .4  I . ,S 

& ( }  . t .  7 

T I l E  P R ( I D I ' { ' T S  O F  P R O I . O N G F I }  t I Y A L U R O N I I ) A S E  A C T I E I N  

1 ~vod ucl gila in  
5utBIratc lenqth 

Hvalnronatc 4.S : o.85 
( 'l~ondoritinsulphateA 0 . 0  : t.88 

l :or  m a n y  e n z y m e  sys tems ,  k 3 is suff ic ient ly  large t h a t  K m is a s t e a d y  s t a t e  con-  

s t an t .  Our  t r e a t m e n t  of t(,,, a s s u m e s t h a t  k 2 ~ ka. E x t r a p o l a t i o n  oi the  plot  of A F  ° 
versus  the  rec iproca l  of cha in  l eng th  to zero s t a n d a r d  fret." ene rgy  g a v e  va lues  of cha in  

l eng th  co r r e spond ing  closely to the  compos i t i on  of the  reac t ion  m i x t u r e  a f te r  p ro longed  

incuba t ion .  U n d e r  these  cond i t ions  

h~ - ! .  k s ( 1 " )  ( ,S)  
Km . . . . . . . . . . . .  

/ q  ( I : . ' ; )  

Because  bo th  (L") and  (S) have  at)preciat)le values ,  (ES) mus t  also l}e apprec iab le .  

Since the  ve loc i ty  of enz3'mic a c t i v i t y  at  this  cha in  l eng th  was zero,  le a mus t  l}e ex-  
t r e m e l y  smal l  (v - ka(ES)),  and  therefore  /e 2 n m s t  be g rea t e r  t han  k a. At  this sul)- 

s t r a t e  size, K, ,  is the  d issocia t ion  cons t an t  of the  e n z y m e - s u b s t r a t e  complex .  
F o r  g rea t e r  cha in  l eng ths  the  va lue  of K,,  decreased  a p p r o x i m a t e l y  a zooo- fo ld .  

Since I,',,, was c o n s t a n t  for subs t r a t e s  of va r ious  cha in  length ,  k s nms t  be r e l a t i ve ly  un-  

a f fec ted  bv  subs t r a t e  size. There fo re  the  changes  in K, ,  obse rved  m u s t  be due  to 
changes  in k 1 a n d ' o r  k 2 wi th  s u b s t r a t e  cha in  length .  If  the  change  occur red  on ly  i n / %  
the  va lue  of K,,  would  (lifter m a r k e d l y  f rom tha t  of the  d issocia t ion  cons tan t ,  whereas  
if on ly  ]q changed ,  K,,  would  still  c losely a p p r o x i m a t e  an equ i l i b r i um cons tan t .  The  
resul t  of bo th  rat(.' c o n s t a n t s  chang ing  wou ld  be i n t e r m e d i a t e  be tween  these  two  ex-  
t remes .  The  o b s e r v a t i o n  t h a t  the  s t a n d a r d  free e n e r g y  of c o m p l e x  f o r m a t i o n  was s imp-  
13, r e l a t ed  to cha in  l eng th  s t rong ly  ind ica t ed  tha t  the  modi f ica t ions  ot K,,, w i th  sub-  

l?e/eren~c., p. 6&L 
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strate size were predominantly due to changes in k 1. In addition, the entropy change 
with complex formation calculated from the assumption that  K~, is an equilibrium 
constant corresponded to the known water binding characteristics of both substrates. 
For these reasons, K~, appears to closely approximate the dissociation constants of 
both the hyaluronidase-hyaluronate and the hyaluronidase-chondroitin sulphate 
complexes. 

Since alterations in the terminal group of the octasaccharide of hyaluronate have 
comparatively little effect upon enzyme action, while a similar occurrence with the 
hexasaccharide completely inhibited enzymic hydrolysis, it would appear that the 
smallest reactive substrate unit of hyaluronate was three disaccharides in length. In 
view of the poly-ionic nature of the active center of hyaluronidase e, it would appear 
that the hexasaccharide is the whole reactive unit of the substrate. 

If the hexasaccharide is the reactive substrate unit, then reduction of the end- 
group of the hexasaccharide would effectively degrade the substrate to the non- 
reactive tetrasaccharide. Similar reduction of the octasaccharide would leave a 
substrate equivalent in chain length to a hexasaccharide, which would react. Table II 
illustrates these effects. The enzyme could therefore be pictured as requiring a 
substrate unit six sugar units in length or, since the glucuronic bond is not reactive, 
three disaccharide units long. Fischer-Taylor-Hirschfelder models indicate that this 
unit would be about 5 ° A long and io A wide. 

A decrease in the molecular weight of either substrate reduced its affinity for the 
enzyme, although the maximal velocity was unchanged. According to FLORY v, the rate 
of a polymer reaction depends upon the rate of collision between reactive units. Thus 
a given weight of substrate composed of a large number of small molecules might be 
expected to react faster than a similar weight composed of small numbers of large 
molecules. FLORY, however, also pointed out that the reactive units of a polymer were 
the labile bonds rather than the whole molecule. The shape of a polyelectrolyte in a 
solution of constant ionic strength would not influence the reaction rates directly since 
the configuration of a flexible molecule would change at sufficient speed that all the 
reactive bonds would be equally exposed to attack. It the reactive unit in the case of 
hyaluronidase was three disaccharides in length, the number of these reactive units 
would decrease with substrate chain length. Therefore, since a collision between the 
active center of hyaluronidase and its substrate would be less likely to involve these 
reactive mid-chain groups with decreasing polymer size, the reaction rate and equi- 
librium constants of complex formation would decrease and increase respectively 
with decreasing substrate size. 

Similarly the maximal velocity of the enzymic reaction with substrates of various 
size was constant, since an increase in substrate concentration would eventually pro- 
vide the maximal number of reactive sites for enzymic action despite the greater num- 
ber of non-reactive collisions between the enzyme and the smaller substrate molecules. 

The thermodynamics of complex activation were independant of substrate size, 
since the energies of the complex would not be effected appreciably by the 'loose' ends 
of the polymer. Similarly the enthalpy o! complex formation was not effected by chain 
length since the same amount of internal bond rupturing would be required for the 
reactive unit regardless of the overall length of the polymer. Since the shorter polymer 
would bind less water, the entropy of complex formation decreased with substrate 
size. The free energies of complex formation also decreased with substrate size however, 

Re[erences p. 6r 3. 
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s ince  a n  i n c r e a s i n g  n u m b e r  of col l i s ions  w o u l d  o c c u r  t oo  close to  t he  t e r m i n a l  g r o u p  of 

t h e  p o l y m e r  to be  r eac t i ve .  T h e r e f o r e  a dec rea se  in t he  r a t e  of c o m p l e x  f o r m a t i o n  was  

o b s e r v e d  w i t h  d e c r e a s i n g  s u b s t r a t e  c h a i n  l eng t h .  T h e  c o n s t a n t  e n t h a l l ) y  of c o m p h , x  

f o r m a t i o n  w i t h  c h a n g e s  in  s u b s t r a t e  size cou ld  m e a n  t h a t  s ince  t h e  n a t u r e  of the  t;Olll- 

p l ex  is u n e f f e c t e d  b y  t he  u n b o u n d  p o r t i o n s  of t h e  p o l y m e r ,  t h e r e f o r e  th,,  r e a c t i o n  r a t e  
c o n s t a n t  k z also r e m a i n s  u n c h a n g e d .  

T h e  l i n e a r  r e l a t i o n  b e t w e e n  d l  rv  a n d  t h e  r e c i p r o c a l  of s u b s t r a t e  c h a i n  l e n g t h  fol- 

lowed  t h e  g e n e r a l  f o rm  A F  ° = A Q  ° - -  a:'L, w h e r e  L is c h a i n  l e n g t h ,  a a c o n s t a n t  a n d  

A Q  ° e q u a l s  t he  free e n e r g y  of c o m p l e x  f o r m a t i o n  a t  in f in i t e  c h a i n  l eng th .  T h e  differ-  

ence  b e t w e e n  t he  AQ0 of t h e  two  s u b s t r a t e s  is due  to t i le s t e r i c  h i n d r a n c e  of t he  

s u l p h a t e  g r o u p  in c o m p l e x  f o r m a t i o n  s a n d  is an  e n e r g y  b a r r i e r  e q u a l  to  a b o u t  8oo 
calor ies .  

SU.MMAR'~" 

1. Fvidence has been presented indicating that  the reactive unit of hvaluronate  is a hexa- 
saccharide. 

2. This fact has been used to explain the changes in the free energy and entropy of complex 
formation with changing substrate chain length . . \  similar argument  has been presented to explain 
the constant  value for the thermodynamics of activation and the enthalp.v of c~m]plex formation 
with changing substrate size. 

3. The decrease in the activity of hyaluronidase with substrate  molecular weight is related to 
the free energy of complex formation. The chain length of the substrate  when the change in the free 
energy of formation is zero agreed closely with the observed substrate  size in equilibrium mixtures. 

4. The relationship between the free energy of complex formation and chain length has been 
used to show tha t  the /i'm of hyaluronidase closely approximates an equilibrimn constant,  and 
hence the validity of the previous work is indicated. 
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