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A bstract

The evidence supporting the h yp oth esis  th at su b stra te  d i s t ­

o r tio n  towards the t r a n s i t io n - s ta te  conformation in  the lysozyme 

ca ta ly sed  h y d ro ly sis  o f  g ly c o s id e s  makes an important con tribu tion  

towards the ra te  enhancement observed fo r  the enzymic h y d ro ly sis  

i s  reviewed in  the l ig h t  o f  the cu rren tly  h eld  views on the 

mechanism o f  a c tio n  o f  lysozyme and the known in te r a c t io n s  o f  the  

enzyme w ith su b str a te s  and in h ib ito r s .

A s e r ie s  o f  o lig o sa cch a r id es  having the general stru ctu re  

(NAG)^-X, where n= 1 -3 , NAG= N -acetyl-D -glucosam ine and X= an 

a ry l g ly co s id e  were prepared. V/hen X i s  an a ry l g ly co sid e  o f  

N -acsty l-D -xylosam ine the e f f e c t  o f  su b stra te  d is to r t io n  in  the  

lysozyme ca ta ly sed  h y d ro ly sis  should be e lim in a ted . Therefore 

by comparison w ith o th er o lig o sa cch a r id es  fo r  which su b stra te  

d is to r t io n  could p lay  a r o le  in  the enzymic h y d r o ly s is , an estim ­

a tio n  o f  t h is  fa c to r  could be made.

I>-Nitrophenyl 2-acetam ido-2-deoxy-/3-D -xylopyranoside was 

shown by N.M.R. to  e x h ib it  a d is s o c ia t io n  constant and bound 

chem ical s h i f t  value on a sso c ia t io n  w ith lysozyme co n s is te n t  with  

the sugar resid u e being bound in  su b s ite  C o f  the a c t iv e  c l e f t .  

This i s  in  accord w ith the r e s u lt s  obtained fo r  the b inding o f  

oth er monosaccharide in h ib ito r s  having a 2-acetam ido group, pl­

a ce t y l-D -glucosam ine, methyl 2-acetam ido-2-deoxy-0(-D -gLucopyrano- 

s id e  and £ -n itrop h en y l 2-acetam ido-2-deoxy-y3 -D -glucopyranoside, 

confirm ing the stron g  in te r a c t io n  o f  the 2-acetam ido group a t  

su b s ite  C.



NAG-NAX-PNP was shown by N.M.R. to  b ind  to  lysozyme w ith  the  sugar 

re s id u e  proximal to  the  aglycone occupying s u b s i te  C o f  the a c t iv e  c l e f t ,  

p r e d ic t in g  t h a t  the  compound b inds  to  a co n s id e rab le  e x te n t  in  the b ind ­

ing mode B, C. This b ind ing  mode was shown by N.M.R. to  be p re s e n t  in  

the  b in d in g  of NAG^, £ -n itrophenyly3  -NAG^ and NAG-Glu-PNP to  lysozyme.

W ithin experim enta l e r r o r  the same d i s s o c ia t io n  co n s tan t  fo r  the 

b in d in g  of NAG-NAX-PNP was ob ta ined  from f lu o rescen ce  and i n h i b i t i o n  

s t u d i e s .  This compound was shown to  b ind more s t ro n g ly  to  lysozyme than 

e i t h e r  NAĜ  or ^-nitrophenylyS-NAG^ w ith  a favou rab le  energy d i f f e r e n c e  

o f  approx im ate ly  lK cal/m ole .

S im i la r ly  from f lu o rescen ce  and in h i b i t i o n  s tu d ie s  NAG^^AX-PNP was 

shown to  b ind  more s t ro n g ly  to  lysozyme than e i t h e r  NAĜ  or £ -n i t ro p h e n y l  

jS-NAGg by about lK cal/m ole .

The k in e t i c s  of the  ly sozym e 'ca ta ly sed  h y d ro ly s is  of jo -n itrophenyl 

yfi-NAX, NAG-NAX-PNP, NAG-NAX-PNP and NAG3~NAX-PNP were s tu d ie d  and com­

pared  w ith  the lysozyme c a ta ly se d  h y d ro ly s is  of the corresponding  NAG 

g ly c o s id e s .  The r a t e  of h y d ro ly s is  of the NAX compounds was found to  

be co n s id e ra b ly  slow er than th a t  of the  NAG compounds. The upper l i m i t

of k ,/K (apparen t)  found fo r  the  lysozyme c a ta ly s e d  h y d ro ly s is  of ca t  m

NAG0-NAX-PNP was 1,000 times le s s  than k 7 k  (ap p aren t)  found fo r  j  ca xr in

j>-nitrophenylyfi-NAG^ c o n s i s t e n t  w ith  the  h y p o th es is  t h a t  s u b s t r a t e  d i s ­

t o r t i o n  i s  im portan t in  the lysozyme c a ta ly s e d  h y d ro ly s is  o f  g ly c o s id e s .
4

3 ,4 -d in i t r o p h e n y l  -NAX, NAG-NAX-DNP and NAG^-NAX-DNP d id  n o t show any 

in c re a s e  in  the r a t e  of h y d ro ly s is  in  the  p resence  of lysozyme over t h a t  

found fo r  the spontaneous h y d ro ly s is ,  confirm ing the r o l e  of s u b s t r a t e  

d i s t o r t i o n  in  the enzymic c a t a l y s i s .  The account t h a t  must be taken of 

th e  b in d in g  modes and s t r e n g th  o f  b in d in g  observed fo r  the lower NAX con­

ta in in g  o l ig o sa c c h a r id e s  in  th e  i n t e r p r e t a t i o n  of the k i n e t i c  r e s u l t s



i s  d is c u s s e d .

NAG-NAX-PNP, NAG2-NAX-PNP and NAG-Glu-PNP were shown to  be compet­

i t i v e  i n h i b i to r s  o f  the  lysozyme c a ta ly se d  h y d ro ly s is  of 3 , 4 - d i n i t r o -  

phenyly&-NAG^. The i n h i b i t i o n  c o n s ta n t  found fo r  NAG-Glu-PNP d i f f e r e d  

from the d i s s o c i a t i o n  co n s tan t  fo r  t h i s  compound found by N.M.R. The 

rea so n s  fo r  t h i s  d i f f e r e n c e  a re  d iscu ssed  in  r e l a t i o n  to the p o s s ib le  

b ind ing , modes a v a i la b le  fo r  t h i s  compound and the a b i l i t y  o f  the N.M.R. 

method to  d i s t i n g u i s h  between d i f f e r e n t  b ind ing  modes.

]>-Ni trophenyl 2-deoxy-y&-E)-glucopyranoside was sy n th es ized  and f u l l y  

c h a r a c te r i s e d .  Attempted t r a n s g ly c o s y la t io n  r e a c t io n s  of th i s  compound 

w ith  lysozyme a re  d is c u s s e d .



Nomenclature.

The fo llow ing  nomenclature w i l l  be used fo r  the compounds shown 

below*

HO.

n = 0 c h i to b io s e ,  

n = 1 c h i t o t r i o s e ,  

n = 2 c h i t o t e t r a o s e ,  e t c .

The N^-acetylated d e r iv a t iv e s  of the above w i l l  be named th u s : -

n = 0 D i-N -ace ty l c h i to b io s e ,  

n = 1 T r i -N -a c e ty l  c h i t o t r i o s e  e t c . ,  

and ab b rev ia ted  as  NAG^, NAG ,̂ e t c .

The p e ra c e ty la te d  o l ig a sa c c h a r id e s  w i l l  be named a s : -

n = 0 D i-N -ace ty l-h ex a-O -ace ty l  c h i to b io s e ,  

n = 1 T r i -N -a c e ty l -o c ta -O -a c e ty l  c h i t o t r i o s e ,  e t c . ,  

and a b b re v ia te d  as a c e ty la te d  NAĜ  e t c .



G lycosides  w i l l  be a b b re v ia te d  t h u s : -  Methyl 2 -ace tam ido -2 -  

deoxy->6 -D -g lucopyranoside , ab b rev ia ted  as Methyl £-NAG.

G lycosides o f  the  N_-acetylated d e r iv a t iv e s  above w i l l  be ab b rev ia ted

O lig o sacc h a r id e s  co n ta in in g  NAG sugar re s id u e s  and having a d i f f e r e n  

te rm in a l  sugar re s id u e  w i l l  be named t h u s : -

i . e .  4 -0 - (2 -a ce tam id o -2 -d e o x y -^ -D ^ g lu co p y ran o sy l) -  y8 -D -glucose 

w i l l  be ab b re v ia te d  as  NAG-Glu. The £ -n i t ro p h e n y ly 3 -g ly c o s id e  w i l l  be 

a b b re v ia te d  as NAG-Glu-PNP.

S im i la r ly  o l ig o sa c c h a r id e s  co n ta in in g  a te rm in a l  2 -ace tam ido-2 -  

deoxy-/3 -ID-xylopyranoside r e s id u e  w i l l  be named as NAG-NAX, NAG^-NAX,

D-Xylose w i l l  be ab b rev ia ted  a s  Xyl and o l ig o sa c c h a r id e s  con ta in ing  

a xy lose  r e s id u e  w i l l  be a b b re v ia te d  as  above i . e .  NAG-Xyl e t c .

2 -  Deoxy-D_-glucose w i l l  be ab b rev ia ted  a s  Deoxy-Glu in  o ligosacch ­

a r i d e s  named as above.

3 , 4 -D in it ro p h en y l g ly co sid es  of o l ig o sa c c h a r id e s  co n ta in in g  a t e r ­

m inal NAX re s id u e  w i l l  be a b b re v ia te d  as  NAG-NAX-DNP, e t c .

e t c . , and the  c o r re sponding £ - n i  -g ly c o s id e s  named as NAG-NAX-

PNP, e t c .
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I N T R O D U C T I O N



-  1 -

With customary p e rc e p t io n ,  Pauling^- ^  in  1948 proposed t h a t ,

1 enzymes a re  molecules th a t  a re  complementary in  s t r u c tu r e  to  the 

a c t iv a t e d  complexes o f  the r e a c t io n s  th a t  they c a ta ly s e ,  t h a t  i s  to  

the  m olecular c o n f ig u ra t io n  t h a t  i s  in te rm ed ia te  between the r e a c t in g  

substances  and the p roducts  o f  r e a c t io n  fo r  th e se  c a ta ly se d  p ro c e sse s .

The a t t r a c t i o n  of the  enzyme molecule fo r  the  a c t iv a t e d  complex would 

thus  lead  to  a d ecrease  in  i t s  energy , and hence to  a decrease  in  the  

energy of a c t i v a t io n  of the r e a c t io n  and to  an in c re a se  in  the  r a t e  of 

th e  r e a c t i o n 1•

Evidence sugges ts  th a t  b in d in g  and s t r a i n  towards the t r a n s i t i o n -

s t a t e  complex i s  a major source of the c a t a l y t i c  power of enzymes, and

fe a tu r in g  in such in v e s t ig a t io n s  has been th e  work on the enzyme lysozyme.

B a c t e r io l y t i c  enzymes termed lysozymes can be conven ien tly  defined

as  comprising those  enzymes of v e r t e b r a t e  o r ig in  t h a t  a re  chem ica lly

and s t r u c t u r a l l y  r e l a t e d  to  hen egg white lysozyme and have s im i la r  
2

l y t i c  p ro p e r t i e s  • The a v a i l a b i l i t y ,  p u r i t y  and s t a b i l i t y  of lysozyme 

from hen egg w hite  has led  to  ex te n s iv e  s tu d ie s  on t h i s  enzyme as a 

means of ga in ing  w ider knowledge of the f a c to r s  involved in  enzyme 

c a t a l y s i s ,  and more r e c e n t ly  to  s tu d ie s  on lysozymes from w idely  d i f f ­

e r in g  sou rces ,  which may h e lp  to  e lu c id a te  the b io l o g i c a l  fun c tio n  of

2 4-12t h i s  group of enzymes * . E s p e c ia l ly  i n t e r e s t i n g  and im portan t i s

th e  i n v e s t ig a t io n  in to  the  r o l e  of lysozyme in  c e r t a i n  types of leukemia 

4 5 13 14
9 9  9 and th e  s ig n i f i c a n c e  o f  the  enzyme le v e l  in  human serum and

s y n o v ia l  f lu id s  in  cases  of rheumatoid a r t h r i t i s  ^>16^  I f  the  enzyme 

i s  a s c r ib e d  an im portan t  r o le  in  th e se  or o th e r  human d is o rd e r s  the  

d es ig n  and in v e s t ig a t io n  of i n h i b i t o r s  of the  enzyme w i l l  become 

e s p e c i a l l y  r e l e v a n t .



-  2 -

S ince t h i s . s t u d y ,  and most of the  work h e r e in ,  was concerned w ith

heg egg w hite lysozyme the name lysozyme w i l l  be used fo r  t h i s  sp ec ie s

u n le s s  o therw ise  s p e c i f i e d .

2 3 17 63Numerous reviews 9 9 9 have d e a l t  w ith  v a r io u s  a sp ec ts  of

lysozyme and hence t h i s  in t ro d u c t io n  w i l l  be concerned mainly w ith  

those  a sp e c ts  of p h y s ic a l  p r o p e r t i e s ,  s t r u c t u r e  and in t e r a c t io n s  of 

lysozyme w ith  s u b s t r a t e s  and in h i b i t o r s  which a re  r e l e v a n t  to  the e lu ­

c id a t io n  o f  the method o f  c a t a l y s i s  employed by the enzyme.

Composition and S t ru c tu r e

The amino ac id  com position and d e t a i l e d  sequence of lysozyme was

e x te n s iv e ly  s tu d ie d  by J o l l e s * ^  and C a n f i e l d ^ ,  and has been upheld ,

2 20—22w ith  few changes, by o th e r  workers 9 • The i n t e r e s t i n g  fe a tu re s

o f th i s  prim ary s t r u c t u r e  c o n s is t in g  o f  a s in g le  po lypep tide  chain of

129 amino a c id s ,  (Mol. Wt. 14,388), a re  th e  four d isu lp h id e  b r id g e s ,

(30-115, 64-30 , 76-94, 6-127), the s in g le  h i s t i d i n e  r e s id u e ,  (15) and

the  s i x  tryp tophans  (2 3 ,6 2 ,6 3 ,1 0 8 ,1 1 1 ,1 2 3 ) .

The th re e  d im ensional s t r u c t u r e  of the  enzyme c r y s t a l  ob ta ined  by

23,24P h i l ip s  and h i s  co-workers * , showed t h a t  the molecule has roughly

the  shape o f  a p r o la te  sphero id  w ith o v e r a l l  dimensions 45 x 30 x 3oJJ, 

w ith  a deep c l e f t  a t  one s id e  which i s  e v id en t  in  the  course of the  main 

p o ly p e p tid e  chain through the molecule which i t  d iv id e s  roughly  in to  

two s e c t i o n s ,  the f i r s t  of these  com prising the  two ends of the  chain  

i s  fo lded  around a c e n t r a l  core of hydrophobic r e s id u e s  w hile  the  second 

s e c t i o n ,  which c o n ta in s  the c e n t r a l  r e g io n ,  i s  s h e e t  l i k e  and c o n s i s t s  

rough ly  of h y d ro p h i l ic  r e s id u e s  e i t h e r  on the  o u te r  su r fa c e  of the  

molecule or l i n in g  th e  c l e f t .
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Following the  c r y s t a l  s t r u c t u r e  d e te rm in a tio n  a major advance in  

the  u nders tand ing  of the  a c t io n  of lysozyme was made by s tudy ing  the 

ly so z y m e - in h ib i to r  complexes'^* ̂  formed by c o - c r y s t a l l i z a t i o n  of the 

enzyme w ith  i n h i b i t o r  m olecu les, or by soaking enzyme c r y s t a l s  in  s o l ­

u t io n s  of i n h i b i t o r ,  b o th  of which formed isomorphous c r y s t a l s  the X-ray 

s t r u c t u r e s  of which can be r e l a t i v e l y  e a s i l y  determ ined by comparison 

w ith  th e  d a ta  from c r y s t a l s  of the enzyme a lo n e .  The 2$ r e s o lu t io n  

X -ray s tudy  of i n h i b i t o r  complexes shed g r e a t  l i g h t  on the  b ind ing  of 

i n h i b i t o r s  to  th e  enzyme, le ad ing  to  t e n t a t i v e  p roposa ls  as  to  the mech­

anism of c a t a l y s i s ,  which in  tu rn  led  to  an almost expo n en tia l  growth in  

the  s tudy  of lysozyme in t e r a c t i o n s  in  s o lu t io n .

The n a tu ra l  s u b s t r a t e  fo r  lysozyme i s  the p o ly saccharide  component

of the  c e l l  w alls  o f  g ram -p o s it iv e  b a c t e r i a  ( e s p e c i a l l y  micrococcus 
onl y s o d e ik t ic u s )  , which c o n s i s t s  of a l te rn a te l^ y f l( l-4 )  l in k ed  NAG and

NAM re s id u e s  ( f i g . l ) .  H ydrolysis  by lysozyme occurs causing bond

b reak in g  a t  the  C ( l)  atom of the NAM re s id u e  and the g ly c o s id ic  oxygen

28l in k in g  i t  to  th e  C(4) atom of the neighbouring  NAG re s id u e  . Lysozyme

a l s o  c leav es  c h i t i n ,  the  y# (1-4) l in k ed  NAG polymer and o l ig o sa c c h a r id e s

29d e r iv e d  from t h i s  were s u b s t r a t e s  fo r  the  enzyme • While s tudy ing  the  

30h y d ro ly s is  of NAĜ  i t  was shown th a t  the  enzymic a c t i v i t y  was compet­

i t i v e l y  i n h i b i t e d  by the monomer NAG. The manner of t h i s  i n h i b i t i o n

26was s tu d ie d  by P h i l i p s  and h is  co-workers , who s tu d ie d  the  i n t e r a c t i o n  

of  compounds shown in  t a b le  1 w ith  lysozyme a t  6$ r e s o lu t io n .

c h 2oh  nhcoc h3
- 0 < r — K )  R O - p ^ ' T ' O -

NHCOC H3 CH20H

f i g 1

H
r= c h J ; co o h

n
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From these, r e s u l t s  the  possess ion  of an acetamido group on the

i n h i b i t o r  molecule was shown to  be a s t ro n g  requ irem ent fo r  b in d in g  to

lysozyme. The study  of NAG and NAĜ  was extended to  2$ r e s o l u t i o n ^

which showed th a t  bo th  anomers of NAG were bound to  lysozyme a lthough  in

d i s t i n c t  ways. For the  Ot-anomer the most s p e c i f i c  i n t e r a c t i o n s  a re

those  of hydrogen bonds between the NH and CO carbonyl oxygen of the

acetam ido s id e  group of the  amino sugar and the  CO and NH groups of

the  main po lypep tide  chain  belonging  to  the amino ac id  r e s id u e s  107 and

59 r e s p e c t iv e l y .  These i n t e r a c t io n s  a re  a l s o  common to  the^3-anom er.

The ot-anomer a l s o  makes c o n ta c ts  between the  Ot-hydroxyl group and the

main chain  NH of re s id u e  109, w ith  ano ther  p o s s ib le  c o n ta c t  between the

C(6 ) -hydroxyl and the  s id e  chain  oxygen of a s p a r t i c  a c id  52. The

8̂ -anomer l i e s  h igher  in  the  c l e f t  making c o n ta c ts  between the C(6) and

C(3 )-hydroxyls  and the s id e  chain  indo le  r in g s  of tryptophans 62 and 63.

Although the  main requ irem ent fo r  b ind ing  i s  t h a t  due to  the acetamido

group the  r e s u l t s  show th a t  sm all changes in  the  in h i b i to r  molecule can

change i t s  mode o f  b in d in g .

F u r th e r  in fo rm atio n  from th ese  s tu d ie s  was t h a t  the enzyme c l e f t

was narrowed to  some e x te n t  upon b ind ing  of the  i n h i b i t o r  molecule and

t h a t  tryp tophan  62 moved by about 0 .7 ^ ,  p rov id ing  evidence in  support of

32th e  induced f i t  th e o ry  of Koshland .

o 31From the 2A r e s o lu t io n  s tudy  of the b in d in g  of NAĜ  in  s u b s i te s

A, B and C in  the  unproductive  mode, w ith i t s  reducing  end in  s u b s i te  C

bound in  a s im i l a r  way to  the  ^3-anomer of NAG, i t  was suggested  from

model b u i ld in g  t h a t  a f u r th e r  th r e e  sugar r e s id u e s  might b ind  in  s u b s i te s

named D, E and F. NAG r e s id u e s  could b ind  in  s u b s i t e s  E and F making

s a t i s f a c t o r y  i n t e r a c t i o n s  w ith  th e  enzyme w ith o u t  any d i s t o r t i o n  of the

sugar  r e s id u e s .
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In  s u b s i te  D however the C(6 ) and 0 ( 6) atoms of the NAG re s id u e s  a re  

too  c lo se  to  the  main chain  carbonyl of r e s id u e  52, to  try tophan  108 

and to  th e  acetamido group of the  NAG re s id u e  bound in  s u b s i t e  C.

This  overcrowding can be overcome by d i s t o r t i o n  of the normal c h a i r  

conform ation of the  NAG re s id u e  in  s u b s i te  D towards a conformation 

n e a re r  to  th e  h a l f  c h a i r ,  b r in g in g  the c ( 6 ) atom in to  an a x i a l  p o s i t i o n ,  

making hydrogen bonding between the  C(6)-0H and e i t h e r  the  carbonyl 

grouping of r e s id u e  52 or r e s id u e  35 p o s s ib le .

These o b se rv a t io n s  in  con junc tion  w ith  the f ind ing  t h a t  bond c le a v -

28age occurred  between the C ( l)  and the  b r id g e  oxygen led  to  the fo llow ­

ing  p roposa ls  on the  s t r u c t u r e  of the enzyme s u b s t r a te  complex. That 

(a)  the hexamer of NAG w i l l  b ind  in  the a c t iv e  c l e f t  occupying s u b s i te s  

A to  F. (b) The (NAG-NAM)n o ligosaccharides  (n = 3 ,4  e t c . )  w i l l  bind 

w ith  the  NAM re s id u e s  in  s u b s i t e s  B,D,F s in c e  in  s u b s i te s  A,C,E the 

C (3)-hydroxyl of the  sugar r e s id u e s  p o in ts  in t o  the c l e f t  and the  D- 

l a c t y l  e th e r  a t  C(3) in  NAM could  no t be accommodated in  the se  s u b s i t e s .  

Since the  p o s i t i o n  of c leavage of NAG-NAM o l ig o sa c c h a r id e s  i s  a t  C (l)  

o f  the  NAM re s id u e  and the  BC linkage  i s  s t a b l e  ( s in c e  the  X-ray b ind ing  

mode fo r  NAĜ  in  s u b s i te s  ABC i s  u n p ro d u c t iv e ) ,  h y d ro ly s is  w i l l  occur

between s u b s i te s  D and E. This a l s o  f i t s  in  w ith  the  o b se rv a t io n  th a t

33NAG  ̂ i s  c leaved  to  NAĜ  and NAG  ̂ > the  NAG£ coming from the  reducing  end 

o f  the  hexamer. This  r a t i o n a l  led  to  th e  i n d e n t i f i c a t i o n  o f  g lu tam ic  

a c id  r e s id u e  35 and a s p a r t i c  a c id  r e s id u e  52, d isposed  on e i t h e r  s id e  

of t h e (1 ,4 )  l inkage  invo lved  in  c a t a l y s i s ,  as  being  the most l i k e l y  

re s id u e s  invo lv ed ,  and to  m ech an is t ic  p o s tu la t e s  on t h e i r  mode of a c t io n  

in  c a ta ly s in g  the  h y d ro ly s is  of the  g ly c o s id ic  bond (see  page 30 ) .

I t  should a l s o  be mentioned here  t h a t  the  overcrowding t h a t  takes



-  7 -

p la c e  on p la c in g  a sugar re s id u e  in  s u b s i te  D may a l s o  be overcome by

changes in  the enzyme conform ation or by a b a lance  of changes between

enzyme and s u b s t r a te  conformation fo r  which no experim ental d e t a i l s

have been r e p o r te d .  The change in  the conformation of the enzyme in

b in d in g  NAĜ  however i s  the same as th a t  fo r  NAG, and in  view of the
37 69r e s u l t s  of t h i s  s tudy  (see  d i s c u s s io n ) ,  and o th e r  r e l a t e d  f in d in g s  * 

i t  seems l i k e l y  th a t  changes in  the  conformation of the sugar r e s id u e  in  

s u b s i t e  D a t  l e a s t  p lays  some p a r t  in  the b ind ing  and perhaps the  c a t a ly s i s  

o f  o l ig o s a c c h a r id e s .

F u r th e r  X-ray work was concerned w ith  low m olecular w eight s y n th e t ic  

s u b s t r a t e s  which had only  a poor s p e c i f i c i t y  fo r  the enzyme. The X-ray 

a n a ly s i s  shone co n s id e ra b le  l i g h t  on the  s o lu t io n  s tu d ie s  of th e se  

compounds (see pages 22 , 31) .

31Phenyl was shown to  b ind  to  lysozyme in  the  non-productive

mode w ith  sugar r e s id u e s  in  s u b s i t e s  B and C, the  phenyl r in g  ly in g  near 

s u b s i t e  D, b u t  no t bound l i k e  a sugar r e s id u e .  O ther p o s s ib le  modes of 

Binding fo r  t h i s  compound could be in  s u b s i te s  E and F which a re  no t 

a c c e s s ib le  in  the  lysozyme c r y s t a l s  used in  th e  experiment s in ce  they 

a r e  blocked by c o n ta c t  w ith  an a d ja c e n t  molecule in  the c r y s t a l  s t r u c t u r e .

NAG-GBu the  3̂ (1 -4)  l inked  d is a c c h a r id e  was shown to  b ind  in  two 

modes, the  f i r s t  mode w ith  the NAG re s id u e  in  s u b s i te  C and the Glu 

r e s id u e  in  s u b s i te  D. The o r i e n t a t i o n  of the  Glu re s id u e  in  t h i s  b in d ­

in g  mode i s  d i f f e r e n t  from th a t  proposed from the  model b u i ld in g  u s ing  

NAG r e s id u e s .  In  t h i s  mode the  Glu r e s id u e  makes a hydrogen bond through 

i t s  C (2)-hydroxyl w ith  the a s p a r t i c  a c id  r e s id u e  52 and the  d i f f e r e n c e  

d e n s i ty  map in d ic a te s  bo th  some d i s t o r t i o n  of the sugar re s id u e  in  sub­

s i t e  D and a change in  the  enzyme conform ation , in  t h a t  the  indo le  r in g  

o f  tryp tophan  103 has moved s l i g h t l y  back in to  th e  c l e f t .  The C(6 ) -



-  8 -

hydroxymethyl group tends towards an a x ia l  p o s i t io n  and the  sugar

r e s id u e  tends to  f i t  the  d e n s i ty  b e t t e r  in  the h a l f  c h a i r  than in  the

c h a i r  conform ation . This o r i e n t a t i o n  o f  the  Glu r e s id u e  was thought

to  be unfavourab le  fo r  a NAG re s id u e  in  t h i s  p o s i t io n  due to  s t e r i c

i n t e r a c t i o n  between th e  acetamido group and the enzyme near the  reg io n

of amino ac id  46. P re lim in a ry  in v e s t ig a t io n s  in to  the  b ind ing  of 

& 34NAG. la c to n e  which e x i s t s  w ith  the  te rm ina l  sugar re s id u e  in  the 
4

h a l f  b o a t  conform ation w ith  the  c ( 6 )-hydroxyme.thyl group a x i a l ,  suggest 

t h a t  th i s  compound b inds  in  s u b s i te s  A to  D. This  has prompted the  

i n v e s t ig a t io n  of the b ind ing  o f  NAĜ  i t s e l f  to  lysozyme, and i t  i s  p ro­

posed t h a t  t h i s  can a l s o  b ind  in  a mode occupying s u b s i t e s  A to  D w ith

34the sugar re s id u e  in  s u b s i t e  D having an a x i a l  C(6) -hydroxymethyl group .

I f  these  r e s u l t s  a re  confirmed t h i s  would s u b s t a n t i a t e  t h i s  mode of

31b in d in g  in  s u b s i t e  D which P h i l i p s  cons idered  was p o s s ib le  when con-

35s id e r in g  the  b ind ing  of NAG-Glu. Sykes has a l so  observed th a t  the 

t e t r a s a c c h a r id e  (NAG-NAMjg can a l s o  b ind  w ith  the NAM re s id u e  in 

s u b s i te  D.

The second mode of b in d in g  observed fo r  NAG-Glu i s  one in  which

the  acetamido group of the  NAG re s id u e  m a in ta in s  i t s  c o n ta c ts  w ith  the

enzyme in  s u b s i t e  C b u t  the  i n h i b i t o r  i s  r o ta t e d  upwards ou t of the c l e f t

w ith  the  Glu re s id u e  occupying a p o s i t io n  near  tryp tophan  62. These

.modes of b in d in g  would seem r e le v a n t  to  th e  s tu d ie s  done on NAG-Glu-PNP,

and w i l l  be cons idered  in  r e l a t i o n  to  i t s  h y d ro ly s is  and b in d in g .

NAG-Xyl b inds  in  a s im i la r  manner to  t h a t  proposed fo r  the f i r s t

mode of  b in d in g  d iscu ssed  fo r  NAG-Glu, b u t  th e re  i s  l e s s  evidence t h a t

th e  sugar r in g  in  s u b s i te  D i s  d i s t o r t e d  from a c h a i r  conform ation and

31th e  enzyme i t s e l f  appears  to  undergo le s s  o f  a conform ationa l change

*  see f i g . 4
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T h is  would be in  keeping w ith  the p o s tu la te  t h a t  the C(6 ) -hydroxymethyl

group in  sugars  having t h i s  group would have unfavourable  in t e r a c t io n s

w ith  the  enzyme molecule i f  the  sugar r e s id u e  was bound in  s u b s i te  D

in  the normal c h a i r  conform ation .

The idea  t h a t  the sugar re s id u e  undergoing a lk y l  oxygen f i s s io n  a t

C (l)  should be bound in  a h a l f  c h a i r  conform ation which would be favou r-
36ab le  fo r  s t a b i l i z a t i o n  of the  carbonium ion formed supports  the idea

th a t  enzymes can bind t h e i r  s u b s t r a te s  in  conform ations r e l a t e d  to  those

of in te rm e d ia te s  or t r a n s i t i o n  s t a t e s  in  the  enzyme c a ta ly s e d  re a c t io n * .

C lo se ly  r e l a t e d  to  the  conform ation most favourab le  fo r  a carbonium ion

a t  C (l)  in  a sugar r e s id u e  i s  th a t  of a la c to n e  of the  corresponding

31su g ar .  The low r e s o lu t io n  s tudy  of NAG(1 -5 ) - la c to n e  F i g . (2) showed 

th i s  to  b ind  in  s u b s i te  C aga in  dem onstra ting  the  c l e a r  s p e c i f i c i t y  fo r  

the  N_-acetyl group in  t h i s  s i t e .

As mentioned above the NAG4  la c to n e  would appear to  b ind  in  s u b s i t e s

A-D confirm ing  the  s tro n g  b ind ing  found fo r  t h i s  compound in  s o lu t io n  

37s tu d ie s  •

As w ell  as  dem onstra ting  the  power of the  X-ray method in  de term in­

ing  modes o f  b ind ing  in  s u b s t r a te / in h ib i to r - e n z y m e  complexes in  the 

c r y s t a l  s t a t e  th e se  s tu d ie s  c l e a r ly  in d i c a te  t h a t  ca re  must be ex e rc ise d
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in  i n t e r p r e t i n g  da ta  on s im i la r  i n t e r a c t io n s  found from s o lu t io n  s tu d ie s  

which do no t unambiguously d e f in e  the s p e c i f i c  s i t e s  of i n t e r a c t i o n .

In comparison of s tu d ie s  in  s o lu t io n  and in  the c r y s t a l ,  the 

q u es t io n  a r i s e s  as to  whether the  enzyme conformation in  th e  c r y s ta l  

phase i s  p e r tu rb e d  by th e  e f f e c t  of l a t t i c e  fo rces  on the po lypep tide  

ch a in s .  For lysozyme c o n s id e ra b le  evidence suggests  t h a t  the enzyme

38conformation i s  v e ry  s im i la r  in  bo th  the s o lu t io n  and the c r y s t a l  phase

Among the  most convincing of t h i s  evidence i s  the many s o lu t io n  s tu d ie s

51-56 74-76• u s in g  N.M.R , F luorescence and o th e r  methods of measuring

72 73enzyme in t e r a c t io n s  in  s o lu t io n  * , which give data  on the  b ind ing  of

s u b s t r a t e s / i n h i b i t o r s  to  lysozyme which a re  c o n s i s t e n t  between the 

d i f f e r e n t  methods used and w ith  the  ev idence from X-ray s tu d ie s .

Evidence su p p o r t in g  the c o n ta c ts  made by the  sugar r e s id u e s  w ith the 

enzyme p o s tu la te d  from th e  X -ray model has a l s o  been found. Verhoeven 

e t  a l ^  have shown by N .M.R t h a t  compound I  ( f i g . 3) b inds to  lysozyme 

in  a s im i la r  manner to  Methyl p -NAG and t h a t  th e re  i s  a charge t r a n s f e r  

o f  the p y r id in iu m -in d o le  type in d ic a t in g  th a t  th e  complex in  s o lu t io n  i s  

s im i la r  to  t h a t  in  the c r y s t a l  w ith  r e s p e c t  to  the  p rox im ity  of the 0 ( 6) 

l ig a n d  to  the  tryp tophan  62 re s id u e  on the  enzyme.

NHCOCHNHCOCH
I

NHCOCH 
II R =H
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Sharon4^ has shown th a t  the  compounds I I  -  IV ( f i g . 3) bind w ith

d i s s o c i a t i o n  co n s tan ts  s im i la r  to  those  found fo r  the  corresponding  HAG

oligom ers which have been shown by H.M.R to  bind w ith  the reducing  end

sugar r e s id u e  in  s u b s i te  C. For compound I I  -  IV t h i s  would r e s u l t  in

the  epoxypropyl group ly in g  near s i t e  D. These compounds were a l s o

shown to  be i r r e v e r s i b l e  i n a c t iv a to r s  of the enzyme. By i s o l a t i n g  the

p ep t id e  to  which the a l k y l a t i n g  group was a t tach e d  and id e n t i f y in g  i t

22as  c o n s i s t i n g  of amino ac id  re s id u e s  46-53 th i s  s t r o n g ly  suggested  th a t

. e i t h e r  a s p a r t i c  ac id  r e s id u e s  48 or 52 had been m od ified . An X-ray 

78a n a ly s i s  of the i n h i b i t o r  complex formed by compound I I I  showed, by 

comparison w ith  t h a t  found fo r  Phenyl p-NAG^j th a t  I I I  bound w ith  the 

Sugar r e s id u e s  in  s u b s i t e s  B and C w ith  the epoxypropyl group forming 

a c o v a len t  bond to  the enzyme through the  carboxyl s id e  chain of a s p a r t i c  

ac id  52. S ince the  lo s s  of c a t a l y t i c  a c t i v i t y  could be due to  b lock ing  

o f  the  a c t iv e  s i t e  in  the a lk y la te d  enzyme a s p e c i f i c  c a t a l y t i c  r o le  can 

not be ass ig n ed  to  the m odified  r e s id u e ,  b u t  i t  does confirm  t h a t  the 

C a ta ly t i c  power of the enzyme i s  con ta ined  near  s u b s i te  D. I t  has a l s o  

been shown th a t  a l l  the carboxyl groups in  lysozyme excep t a s p a r t i c  ac id  

52 end g lu tam ic  ac id  35 can be m odified  w ithou t complete lo s s  of enzymic 

activity41#

Such evidence in  con ju n c tio n  w ith  the known com position of the 

c r y s t a l  s t r u c t u r e ,  which c o n ta in s  30^ by w eight of w ater  and allow s 

c o n ta c ts  between a d ja c e n t  lysozyme m olecules only over a sm all f r a c t io n  

Of t h e i r  s u r fa c e  a rea  lends support to  the  idea t h a t  th e re  i s  r e l a t i v e l y  

l i t t l e  d i f f e r e n c e  between the  enzyme conform ation in  the  c r y s t a l  and in  

Solution, a llow ing  comparison of da ta  from bo th  phases to  be made w ith  

Some degree of a s su ra n c e .
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B ind ing  S tu d ie s  in  S o lu t io n

Lysozyme -  sm all molecule i n t e r a c t io n s  in  s o lu t io n  have been

w idely  s tu d ie d  by N.M.R as t h i s  techn ique  o f f e r s  the only o th e r  method,

a p a r t  from X-ray d i f f r a c t i o n  s tu d ie s ,  o f  d e te c t in g  in d iv id u a l  atoms in

42-46macromolecular systems , as  w ell as  o f f e r in g  the  p o s s i b i l i t y  of

47s tu d y in g  the  dynamic a sp e c ts  of the  in t e r a c t i o n  in  enzyme systems •

Two approaches have been used in  N.M.R s tu d ie s ,  t h a t  of looking a t  the 

spectrum  of the enzyme i t s e l f  and id e n t i f y in g  re g io n s  of the  spectrum 

w ith  s p e c i f i c  s i t e s  of i n t e r e s t  on th e  enzyme4^ * 0 , or c e n te r in g  a t t e n ­

t io n  on the spectrum of a small m olecule , or io n ,  which i n t e r a c t s  w ith  

the  enzyme a t  a s i t e  o f  i n t e r e s t .  Such in t e r a c t i o n s  can, in  favourab le  

c a s e s ,  cause changes in  the l i n e  p o s i t io n s  of the  spectrum of the  small 

molecule, and /o r  th e  r e l a x a t io n  tim es .

For a small molecule i n t e r a c t i n g  w ith  an enzyme such th a t  i t  i s  in  

e q u i l ib r iu m ,

E + I ^ E I  ( I )

i t  can be considered  th a t  th e  sm all molecule e x i s t s  f re e  in  s o lu t io n  

( s u b s i t e  A), or a s s o c ia te d  w ith  the  enzyme ( s u b s i t e  B)* I f  the mag­

n e t i c  environments o f  the s i t e s  d i f f e r  then th e re  may be a chemical 

s h i f t  d i f f e r e n c e  in  the resonance  frequenc ies  o f  c e r t a in  n u c le i  of the 

sm all m olecule , e s p e c i a l l y  i f  th e  bound sp e c ie s  i s  proxim ate to  an 

a rom atic  system or e l e c t r i c  f i e l d s  due to  p o la r  groups or m etal io n s .  

The resonance f req u en c ie s  a s s o c ia te d  w ith  each s i t e  can be a ss ig n ed  a 

( f r e e )  and Wg(bound), and i f  the r a t e  of exchange (k ^sec” ^) between 

th e  f r e e  and the  bound sp ec ie s  i s  sm all compared to  the d i f f e r e n c e  in

resonances  w i l l  occur a t  and Wg. 

For a system in  r a p id  e q u i l ib r iu m  a s in g le  resonance appears  a t  a

frequency (W--WL)/2TT then s e p a ra te



-  13 -

d i s ta n c e  cf = P g A f r o m  ŵ y2n > ŵ e re  pb ^r a c ^^on smaH

molecule bound a t  a given time and A  i s  the chemical s h i f t  d i f f e r e n c e  

(W^-Wg)/2 IT between the  bound and the unbound s p e c ie s .

From e q n . ( l )  K_. = t - 1 —L i l

^  [HI]

in  the  f a s t  exchange l i m i t  we have,

<T= pb A

EI

l o
A

T herefo re  j^ElJ = £ l j j

now [E]  = [ E o]  - [ ei]  = [ E oj  -

and [*] = M  - t EIJ = [xo] -

where £l^J = i n i t i a l  co n c e n tra t io n  of the  sm all molecule 

and |”E0J  = i n i t i a l  enzyme c o n c e n tra t io n .

T here fo re  ^  = [eo] A  .  [ g  _ ̂  + [ g j L

i f  <T<^A as i s  u s u a l ly  the  case ,  and i s  of the  o rd e r  of T i l  , then

X r  -lth e  term j^ l j  can be om itted  to  g iv e ,

»  M  ■ -  « d -  H
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hence a p lo t  of £ l j  ve rsus  - i _  a f fo rd s  the chemical s h i f t  v a l u e d  

and the d i s s o c i a t i o n  c o n s ta n t

For small molecule-lysozyme in t e r a c t io n s  i t  has been shown t h a t  

fo r  monomer sugar r e s id u e s  co n ta in in g  an acetamido group the H* 

resonance  of the  acetamido group shows a d e f i n i t e  u p f ie ld  s h i f t  and 

l i n e  broadening on b ind ing  of the  sugar to  lysozyme. This has been 

a t t r i b u t e d  to  the p rox im ity  o f  the  acetamido methyl p ro tons  in  the bound 

sugar  to  the a rom atic  group of a tryptophan re s id u e  on the  enzyme, A 

number of monomer sugars  c o n ta in in g  an acetamido group a t  the C(2) pos­

i t i o n  have been s tu d ie d  by th e  N.M.R. technique (Table 2 ) .

Before in fe re n c e s  on the b ind ing  o f  th e se  and o th e r  compounds to 

lysozyme are  made i t  should be noted t h a t  a lack  of a d e te c ta b le  chem­

i c a l  s h i f t  or l i n e  broadening in  the  spectrum of a compound in  c o n ta c t  

w ith  an enzyme does n o t  p rec lude  the p o s s i b i l i t y  of i t s  b in d in g ,  s in ce  

(a )  the  f r a c t io n  of a compound bound a t  any time i s  small and (b) th e re  

a r e  s e v e ra l  mechanisms fo r  l i n e  b roadening , t h a t  o p e ra t in g  fo r  the  NAG 

monomers i s  p r im a r i ly  exchange broadening which i s  only a mechanism fo r  

broaden ing  i f  i t  occurs between s i t e s  of d i f f e r e n t  chemical s h i f t ,  i . e .  

an observed lack  of  change in  a spectrum could be exp la ined  by the  com­

pound b ind ing  to  lysozyme in  such a manner t h a t  the  acetamido group does 

n o t  experience a v e ry  g r e a t  change in  the magnetic f i e l d .
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Table  2

Binding of Monosaccharide I n h ib i t o r s  to  Lysozyme as 

Determined by N.M.R.

Comoound

Methyl 06-NAG

• 1!

Meth y l  y3-N-NAG

OC-NAG

NAG

T°C

33

31

31

33

31

33

31

33

31

Methyl 6 - io d o -  
OC-NAG

Methyl 6-deoxy- 
OC-NAG

R-Nitrophenyl
yB-NAG

5.3

5 .5

5 .5

5 .3

5 .5

5 .2

5 .5

5 .2

5 .5

5 .5

5 .5

5 .0

Kp(M)

(3 .9 ^ 0 .5 )x l0 ~ 2

( 5 .2 ± 0 .4 ) x K f 2

4.4x10 -2

( 2 .9 - 0 .4 ) x l0  2 

(3 .3 ^ 0 .5 )x l0 ~ 2

( 2 .3 - 0 .4 ) x l0 ”2
-21.6x10

(2 .3 ^ 0 .5 )x l0 ~ 2

3.1x10 -2

3.14x10 

v-2

-2

3.7x10 

(3 .4 ± 0 .3 )x l0 “2

A ppm

0.65^0.08

0 .5 5 -0 .0 8

0 .73

0.69^0 .1

0 .5 4 -0 .0 4

0.78^*0.08

0.71

0 .3 0 -0 .0 4

0.51

0.63

0 .73

0 .37

Ref.

(a)

(b)

(c)

(a)

(b)

(d) 

(a)

(d)

(e)

(c) 

(c)

(f)

( a )  r e f . 51; (b) r e f . 52; (c) r e f . 53; (d) r e f . 54; (e) r e f . 55;

( f )  r e f . 56.
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Hence a compound could  be b ind ing  s t ro n g ly  to  lysozyme and y e t  appear 

to  b ind  very  l i t t l e ,  o r  not a t  a l l ,  from the chemical s h i f t  and l i n e  

width d a ta .

The r e s u l t s  shown in  Table 2 have been in t e r p r e t e d  from observed 

X-ray d i f f r a c t i o n  s tu d ie s  which p lace  the NAG monomer in  s u b s i te  C.

By comparison of the  r e s u l t s  the  most im portan t c o n t r ib u t io n  to  b ind ing  

a t  s u b s i te  C a r i s e s  from in t e r a c t io n s  of the acetamido group, shown 

from X-ray to  form hydrogen bonds between the  NH and CO carbonyl oxygen 

w ith  the  main chain  amino a c id  re s id u e s  107 and 59. I t  has a l s o  been 

suggested  t h a t  th e re  i s  a s t ro n g  non p o la r  a s s o c ia t io n  of the acetamido 

methyl group w ith  th e  arom atic  in d o le  r in g  of tryp tophan  108 which i s  

proposed to  account fo r  the la rg e  chemical s h i f t  v a lu e  fo r  th e se  pro tons 

in  s acch a r id es  bound a t  s u b s i te  C. D if fe ren ce s  in  the  chemical s h i f t  

v a lu e s  can be used to  determ ine i f  the o r i e n t a t i o n s  of the sugar re s id u e  

bound to  the enzyme a re  the same. Thus i t  can be seen th a t  a lthough  

(tfandyS-NAG bind to  lysozyme w ith  s im i la r  a f f i n i t i e s  (K^M) the  magnitude 

o f  t h e i r  chemical s h i f t  i s  d i f f e r e n t  in d i c a t in g  d i f f e r e n t  o r i e n t a t i o n s  

in  the  enzyme complex which i s  in  accord  w ith  the  r e s u l t s  from X-ray 

s t u d i e s .  The methyl g ly co s id es  o f  NAG appear to  b ind  w ith  s im i la r  

o r i e n t a t i o n s ,  t h a t  fo r  the y8 compound having been observed by X -ray . 

S ince  the chemical s h i f t s  a re  u p f ie ld  in  the bound s t a t e  t h i s  im plie s  

t h a t  the  acetamido methyl p ro tons  a re  nea r  the  face  o f  the a rom atic  

r e s id u e  r a th e r  than the  edge. The chemical s h i f t  va lues  fo r  p6 and 

y8-NAG a l s o  suggest t h a t  the acetam ido methyl p ro tons  a re  f u r th e r  from 

tryp to p h an  108 in  the  complex than  in  the 66 complex, in  accord  w ith  

th e  X-ray d a ta .

Comparison of  the d a ta  on Methyl OC-NAG, Methyl 6-iodo-c6-NAG and
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Methyl 6-deoxy-®C-NAG, ( t a b l e  2 ) ,  a llow  an e s t im a t io n  o f  th e  im portance 

o f  th e  hydrogen bonding c o n ta c t ,  p o s tu la te d  from X-ray d a t a  f o r  a  sugar  

bound in  s u b s i t e  C in  th e  o r i e n t a t i o n  o f  Methyl DC-NAG, between the  0 (6) 

and th e  NH group o f  tryp tophan  62. From th e  r e s u l t s  in  t a b l e  2 i t  can 

be seen t h a t  the  th r e e  compounds b ind  to  lysozyme w ith  approxim ate ly  

equal a f f i n i t y .  Small d i f f e r e n c e s  in  th e  chemical s h i f t  v a lu e  might 

in d i c a te  t h a t  the  6-iodo  compound i s  bound in  a  s l i g h t l y  d i f f e r e n t  

environm ent. The r e s u l t s  sugges t t h a t  e i t h e r  hydrogen bonding v i a  th e  

. C(6)-oxygen i s  unim portan t in  s u b s i t e  C o r  t h a t  th e re  i s  some p o t e n t i a l  

f o r  Van d e r  Waals i n t e r a c t i o n s  in v o lv in g  th e  C(6) reg io n  which compen­

s a te s  f o r  th e  lo s s  o f  a hydrogen bonding s i t e .  I t  i s  suggested  from 

X-ray d a ta  t h a t  s a c c h a r id e s  occupying s u b s i te  C in  th e  normal fa sh io n  

have up to  t h i r t y  Van d e r  Waals c o n ta c ts  which c o n t r ib u te  to  b in d in g .

The £ -n i t ro p h e n y l  g ly co s id e  o f  y$-NAG appears  to  b ind  in  a  s im i la r  fa sh io n  

to  th e  o th e r  monomers s tu d ie d .  S ince th e  experim enta l e r r o r  in  v a lu es  

o f  K^(m) and A p .p .m .  found from N.M.R. n e c e s s a r i ly  have a h igh  e r r o r  

(1 .10-20#) ca re  must be taken  in  p la c in g  undue emphasis on small measured 

d i f f e r e n c e s  between compounds, i . e .  th e  f a c t o r  o f  2 found by R a f te ry  in  

th e  r e l a t i v e  d i s s o c i a t i o n  c o n s ta n ts  f o r  th e  O^and yS anomers o f  NAG, 

r e p r e s e n t s  only  a  sm all  energy d i f f e r e n c e  o f  0 .4K ca l.  a t  31°C.

The N.M.R. method has a lso  been extended to  the  s tudy  o f  o l i g o ­

s a c c h a r id e s  c o n ta in in g  r e s id u e s  o f  NAG i n t e r a c t i n g  w ith  lysozyme and 

th e  r e s u l t s  again  show good c o r r e l a t i o n  w ith  those  o b ta in ed  by X -ray. 

Compounds o f  i n t e r e s t  s tu d ie d  a re  shown in  t a b l e } .
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Table  3

Binding of O ligosaccha rides  to  Lysozyme as 

Determined by N.M.R

A  ppm. acetamido methyl

Compound T°C eH C B A Ref

nag2 ' 33 5 .2 0 .41^0 .02 0 (a)

11 45 5 0 .57^0 .04 0 (b)

n 55 9 .7 0 .77^0 .04 0 (b)

Methyl 35 5 0 .60^0 .05 0 (b)

it 55 9 .7 0 .80 0 (b)

nag3 65 9 .8 0 .61 0 -0 .0 8  (b)

Methyl ̂ -NAG3 65 9 .7 0 .63 0 -0 .0 8  (b)

NAG-Glu-PNP 31 5 .0 0 .43^0 .03 (c)

£ -N itro p h en y l  ^-NAG^ 31 5 .0 0 . 5 —0 .6 (c)

(a )  R e f .54; (b) Ref. 57; (c) R e f .56
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For the  NAG o l ig o sa c c h a r id e s  the  resonance of the  acetamido group 

on the  reduc ing  te rm ina l sugar re s id u e  was found to  s h i f t  u p f ie ld  and 

broaden on a d d i t io n  of lysozyme, c o n s i s t e n t  w ith i t  b e in g  bound in  

s u b s i te  C. The rem aining sugar r e s id u e s  were ass igned  to  s u b s i te  B,

( f o r  NAG2 ) and B,A, ( fo r  NAG^) and the  chemical s h i f t  v a lu e s  fo r  the 

acetamido methyl group in  th e se  s i t e s  a r e  shown above. The anomeric 

forms of th e  m utoro ta ted  m ixture  of NAG2 d id  n o t  r e s o lv e  over the pH 

range 2-10 a t  31°C and 45°C, sugges ting  t h a t  they b o th  b ind  a t  the same 

s i t e  w ith  the  same average o r i e n t a t i o n ,  in  a s im i la r  manner to  th a t  

observed fo r  the Methyl -g ly c o s id e .  At 31°C and pH 5 .5  the  t r i o s e  

showed only broadening of the  acetamido methyl resonance p o s s ib ly  due 

to  the  f a c t  t h a t  the d i s s o c i a t i o n  r a t e  o f  the enzyme s u b s t r a t e  complex 

was too slow under these  co n d i t io n s  to  s a t i s f y  the co n d i t io n s  necessa ry

t o  o b ta in  a spectrum r e p r e s e n t a t iv e  of the  average of the  f re e  and

enzyme bound s u b s t r a t e  s p e c ie s .  At 65°C, pH 9 .7  the resonance c o r re s ­

ponding to  the reduc ing  end acetamido group of T r i -N -a c e ty l  c h i t o t r i o s e  

was s h i f t e d  to  h ig h e r  f i e l d  and v/as w ell  re so lv ed  su g g es tin g  th a t  the 

in c re a s e  in  tem peratu re  caused an in c re a s e  in  the  exchange r a t e  s u f f i c i e n t  

to  cause a sha rpe r  resonance ,  a lthough  the  exchange r a t e  a t  t h i s  temp­

e r a t u r e  may n o t  be s u f f i c i e n t l y  f a s t  to  s a t i s f y  the c r i t e r i a  fo r  u s ing  

the  two s i t e  a n a l y s i s .  T e t ra - f l - a c e ty l  c h i to t e t r a o s e  under the  same 

c o n d i t io n s  showed only broadening o f the  acetamido methyl resonances 

w ith  a s l i g h t  u p f i e ld  s h i f t  in  t h a t  of th e  reduc ing  end sugar resonance

and c l e a r l y  d id  n o t  s a t i s f y  th e  c o n d i t io n s  of f a s t  exchange. Sykes

58e t  a l  in  an N.M.R. s tudy  of the i n t e r a c t i o n  of cCand^S-NAG w ith  

lysozyme have shown th a t  the a s s o c ia t io n  c o n s ta n t  and bound chemical 

s h i f t  of the  acetamido methyl group of each ancmer v a ry  w ith  PH.



-  20 -

Above pH 6 the a s s o c ia t io n  co n s tan t  a n d /o r  bound chemical s h i f t  fo r  both  

anomers f a l l  o f f  s h a r p ly .  These r e s u l t s  imply t h a t  cau t io n  must be 

e x e rc ise d  in  the i n t e r p r e t a t i o n  of the  da ta  found by R a f te ry  a t  pH 9 .7 .  

The change in  the  d i s s o c i a t i o n  c o n s ta n t  and chemical s h i f t  w ith pH could 

be r e l a t e d  to  changes in  the  b ind ing  o r i e n t a t i o n  of the  sugar or of the 

enzyme conformation as the s t a t e  of io n iz a t io n  of the  amino ac id  r e s id u e s ,

a s p a r t i c  a c id  52 and g lu tam ic  ac id  35, changes.

51 54Sykes * measured the r a t e s  of form ation and l i f e t im e s  of the 

ly so zy m e-in h ib i to r  complexes fo r  the  sacch a rid es  shown on Table 4 u s ing  

a t r a n s i e n t  N.M.R. method. The r a t e  co n s tan ts  fo r  t h e p  anomers 

( k ^ s e c  * ) ,  where k_^sec ^ and k^M ^sec  ̂ r e p r e s e n t  the  enzym e-substra te  

eq u i l ib r iu m  as shown below,

imply th a t  theyS anomers make more s t a b l e  c o n ta c ts  w ith  the enzyme than 

do the 06 anomers. For d i-H -a c e ty l  c h i to b io se  the r a t e  co n s tan t  fo r  

fo rm ation  of  the enzyme s u b s t r a te  complex i s  s i g n i f i c a n t l y  d i f f e r e n t  from 

t h a t  of the  monomers QC and y8-NAG in d i c a t in g  t h a t  the  dimer has a more 

s t a b l e  b in d in g .
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Table 4

Rates of Formation and L ife t im es  of Lysozyme- 

i n h i b i t o r  Complexes

Compound T°C pH t w-1 “ 1^M  sec k j,sec *

Methyl fc-NAG 33 5 .3 l.S x lO 5 5 .5 x l0 3

Methyl y8-*JAG 33 5.3 1 .6 x l0 5 4 .5 x l0 3

OC-NAG 33 5 .2 3 .5 x l0 5 8 .5 x l0 3

f t -NAG 33 5.2 1 .4 x l0 5 3 .3 x l0 3

■if NAĜ 33 6.0 3 .6 x l0 5 720

* Assuming K = 2 . lx lO ^M .
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The r e s u l t s  on the  a c t iv a t io n  param eters  fo r  MethylyB-NAG suggest

t h a t  the b in d in g  of monosaccharides to  lysozyme i s  no t a sim ple b i -  

51m olecular process-^ .

itrophenyl^-N A G ^ has been shown to  b ind  to  lysozyme w ith  the

acetamido group proximal to  the  aglycone undergoing a chemical s h i f t  

56 59to  h igher  f i e l d  , , i n d i c a t in g  th a t  th e  mode of b ind ing  observed by

N .M .R . i s  t h a t  of the non-p roductive  complex w ith  the sugar re s id u e s  

occupying s u b s i t e s  B and C in  accord w ith  the  r e s u l t s  from the  X-ray 

s tu d y .

56 59NAG-Glu-PNP * b inds  w ith  the NAG re s id u e  in  s u b s i te  C as seen

from the N.M.R. r e s u l t s ,  b u t  the o r i e n t a t i o n  of the Glu r e s id u e  i s  no t

observed . X-ray r e s u l t s  showed th a t  th e re  were two predominant modes

of b ind ing  fo r  t h i s  compound only  one of which placed  the  Glu re s id u e

60in  s u b s i te  D. Sykes has found from an N.M.R. s tudy of t h i s  compound, 

by fo llow ing  the  change in  the  d ih e d ra l  angle  of the  anomeric p ro ton  a t  

v a r io u s  £e i] r a t i o s ,  c a lc u la te d  from the i n i t i a l  c o n c e n tra t io n s  of 

enzyme and i n h i b i t o r ,  u s in g  the d i s s o c i a t i o n  c o n s ta n t  of 1.5xl(f^M 

t h a t  any change in  the d ih e d ra l  angle  between and of the  g lucose  

r in g  in  th e  bound s u b s t r a te  i s  sm a ll ,  i n d ic a t in g  t h a t  th e  g lucose r in g  

i s  n o t  d i s t o r t e d ,  or t h a t  only a sm all f r a c t io n  of the  bound s u b s t r a t e  

i s  d i s t o r t e d .  I f  the  l a t t e r  i s  the case  t h i s  could be r e p re se n te d  by 

th e  fo llow ing  mechanisms.

E + S ±  ES £  ES2

K 1 =  ^ E's j  M ; K2  =  f a -  w i t h  K2 »  1

1C = = K,M = observed va lue
i +k2
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K
or by E + S ES p roduc tive

K
E + S ES non-productive

v/here Kp such th a t  = Ku

and presumably the non-p roductive  complex would be t h a t  observed by

X-ray which p laces  the NAG re s id u e  in  s u b s i t e  C b u t  o r i e n t a te d  so t h a t  

th e  g lucose  r e s id u e  p o in ts  out of the  c l e f t .  This r e s u l t  in d ic a te s  

t h a t  ca re  must be taken when r e l a t i n g  b in d in g  c o n s ta n ts  from N.M.R. 

work to  observed k i n e t i c  r e s u l t s  and u l t im a te ly  to  p roposa ls  on the 

mechanism of the  enzyme c a t a l y s i s .

More r e c e n t ly  the use  of the  f lu o r in e  nucleus as  an N.M.R. probe 

in  lysozyme -  sm all molecule i n t e r a c t io n s  has been s t u d i e d ^

c l e f t  w ith  a d i s s o c i a t i o n  c o n s ta n t  Kj-yFlO m and a chemical s h i f t  va lue  
61

Jtf-trifluoroacetyl-ft-D-NAG, was shown to  b ind to  lysozyme in  the a c t iv e

= io -2 m

A= 0 .78  p .p .m . b l  These v a lu e s  a re  s im i la r  to  those found fo r  06-NAG,

b u t  the  t r i f l u o r o a c e t y l  compound must be s i t u a t e d  d i f f e r e n t l y  in  the

a c t iv e  s i t e  from i t s  p ro ton  analogue s in c e  i f  they  bo th  experienced  an

i d e n t i c a l  change in  the magnetic environment a much l a r g e r  chemical

67s h i f t  would be expected fo r  the  f lu o ro  compound • Lack of a d e te c ­

t a b le  s h i f t  in  the  b in d in g  of N^trifluoroacetyl-y3-D-NAG and the  c o r r ­

esponding 06 and yS Methyl g ly c o s id es  which were shown by com petit ion

62experim ents  to  compete w ith  06-NAG fo r  s u b s i t e  C , a l b e i t  more weakly

than  the  p ro ton  analogues ,  r e - i l l u s t r a t e s  the  cau t io n  t h a t  must be

e x e rc ise d  in  i n t e r p r e t i n g  N.M.R. r e s u l t s ,  e s p e c i a l l y  n e g a t iv e  ones.

65The s tudy  o f  t r i - N - t r i f l u o r o a c e t y l  c h i t o t r i o s e  showed t h i s  to  b ind 

undergoing a dow nfield  chemical s h i f t  of the  ^ - t r i f l u o r o a c e t y l  resonance 

a t  the  red u c in g  end sugar r e s id u e  in  comparison to  the monomer and
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dimer compounds which experienced  an u p f i e ld  s h i f t*  The t r i - N -  

t r i f l u o r o a c e t y l  c h i t o t r i o s e  was shown to  b ind  w ith  i t s  reduc ing  end 

in  s u b s i te  C by u s in g  Co as a param agnetic probe, and hence i t s  

o r i e n t a t i o n  in  s u b s i te  C must be d i f f e r e n t  from the  monomer or dimer.

A pH study  of i t s  b ind ing  and the  s i m i l a r i t y  of the d i s s o c ia t io n  con­

s t a n t  to  t h a t  o f  NAGg sugges t t h a t  the  two compounds a re  bound s im i la r ly  

and th a t  fo r  the  t r im e r  s u b s t i t u t i o n  of H by F a t  the acetam ido methyl 

groups does n o t ap p re c ia b ly  a f f e c t  the b in d in g .  The change in  the 

chemical s h i f t  fo r  the N _ -tr if lu o ro ace ty l  group a t  the non-reducing  end 

o f  the t r im e r  on the  io n i s a t io n  of the group w ith  pK 3 .25 , which has3

been ass igned  to  A sp a r t ic  a c id  101, f i t s  the X-ray da ta  which sugges ts

t h a t  th i s  group i s  involved in  the  b ind ing  a t  s u b s i te  A* I t  was a lso

observed th a t  the chemical s h i f t  v a lu e  fo r  the reducing  end I ^ - t r i f lu o r o -

a c e ty l  group was a l s o  changed on pass ing  through th i s  pH range and t h i s

can be r a t i o n a l i s e d  i f  the t r im e r  sugar undergoes t r a n s l a t i o n a l  movement

r e l a t i v e  to  the  b ind ing  c l e f t  upon the fo rm ation  of a hydrogen bond

between th e  io n ise d  a s p a r t i c  ac id  101 carboxyl and the  te rm in a l  reducing

sugar r e s id u e  in  s i t e  A* The use of param agnetic  probes has a l s o  been

e x p lo i te d  in  the  study  of the  N_-monofluoroacetyl-Nag anomers and the

methyl g ly c o s id e s .  The chemical s h i f t  va lue  f o r  th e  fh-monofluoroacetyl-

Ot-Nag was d i f f e r e n t  from th a t  of the p  compound or o f  e i t h e r  the  OC or

Methyl g ly c o s id e s ,  in  accord w ith  the evidence on the b ind ing  of the

p ro to n a te d  analogues found from X -ray and N.M.R. A ll  the  monofiuoro

compounds showed a dow nfield  chemical s h i f t  fo r  the  f lu o r in e  nucleus

on b ind ing  to  lysozyme. The d i s ta n c e s  of th e  f lu o r in a te d  sugars  from
111

th e  c a t a l y t i c  s i t e  was mapped u s in g  Gd as  a param agnetic probe which 

showed th a t  the  o r i e n t a t i o n  o f  the  Nj-monofluoroacetyl group was d i f f e r e n t
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from t h a t  of N_-acetyl group in  the  pro ton  analogues .  While r e s u l t s  

from f lu o r in e  s tu d ie s  w ith  lysozyme have merely confirmed the f in d in g s  

o f  o th e r  s tu d ie s  on the  pro ton  analogues the method would seem to  be 

a p p l ic a b le  to  l a r g e r  enzymes where the X-ray d a ta  would be more d i f f i ­

c u l t  to  o b ta in .

V arious methods have been used to  determ ine the b ind ing  of sacch­

a r id e s .  to  lysozyme in  s o lu t io n ,  the  r e s u l t s  of which a re  summarised in  

Table  5.

Values o b ta ined  fo r  the same compounds by d i f f e r e n t  methods a re  in  

good agreem ent. The wide range of methods a p p l ic a b le  to  lysozyme b in d ­

ing in  s o lu t io n  i s  f o r tu n a te  in  t h a t  c e r t a in  methods a re  more a p p ro p r ia te  

fo r  s t r o n g ly  b in d in g  compounds than fo r  weaker complexes.

Deductions on the  n a tu re  of the a c t iv e  s i t e  have been made from 

the  b in d in g  s tu d ie s .  The I£-acetyl glucosamine o l ig o sa c c h a r id e s  from 

th e  monomer through to  the t r im e r  show an in c re a se  in  b in d in g ,  b u t  then 

no f u r th e r  in c re a s e  i s  observed in  going from tr im e r  to  hexamer. This

could be used as evidence to  support the  theo ry  of s u b s t r a t e  d i s t o r t i o n

a t  s i t e  D s in c e  h ig h e r  o l ig o sa c c h a r id e s  than  the t r im e r  would be expected 

to  b ind  in  s u b s i te s  A to  C w ith  the reduc ing  end re s id u e  in  C and the 

rem aining sugar  r e s id u e s  in  B and A w ith  the  r e s t  of the  molecule ly in g  

o u ts id e  the  a c t iv e  c l e f t .

S ince  the  N—a c e ty l  muramic ac id  r e s id u e  can only occupy s u b s i te s  

B, D and F th e  t r i s a c c h a r id e  NAG-NAM-NAG w i l l  occupy s u b s i t e s  A, B and

C and t h i s  compound has a f re e  energy o f  a s s o c ia t io n  2 .9  Kcal/mole more

favou rab le  than  the  te t ra m e r  NAG-NAM-NAG-NAM which could  be taken as 

the  minimum energy requ irem en t to  f i l l  s i t e  D. The NAM re s id u e  in  the  

te t ra m e r  may n o t  f u l l y  occupy s i t e  D and so the u n favou rab le  energy 

req u irem en t a t  s i t e  D may be g r e a t e r .



-  26 -

Table 5

Binding of S accharides  to  Lysozyme in  S o lu t io n

Compound Ka (M_1) T°C Method Ref.

OC-NAG 63 5 .5 31 N.M.R. 55
tt 42 5 .2 33 N.M.R. 54

tt 30-50 4 .5 -8 22 U.V. 70

^3-NAG 30 5 .5 31 N.M.R. 55

u 34 6 .2 25 I n h ib i t io n 71

n 43 5 .2 33 N.M.R. 54

NAG2 5xl03 5-6 25 U .V .In h ib i t io n  
F luorescence

72,73,
74,75

NAG3 lxlO 5 it 25 U .V .In h ib i t io n  
F luorescence

72,73 ,79
75 ,76 ,77

nag4 lx lO 5 it ti U .V .In h ib i t io n  
F luorescence

72,73
2

NAG.D lxlO 5 it ii U .V .In h ib i t io n  
F luorescence

72,73
2

NAG6 lxlO 5 it it U .V .In h ib i t io n  
F luorescence

72,73
2,77

NAG-NAM 20 ii ii E q u i l .D ia ly s i s  
F luorescence

74

NAG-NAM-NAG 3xl05 it it F luorescence 74,75

(NAG-NAM)2 2x l03 n it F luorescence 74,75

NAG-NAX 2 .4 x l0 4 5 .2 25 F luorescence 69

nag2- nax > 1 .5 x l0 5 5 .2 25 F luorescence 69

nag3- nax 5 .5 x l0 6 5 .2 25 F luorescence 69

NAG.lactone 4 3 .3 x l0 6 6 .2 -7 .8 25 F luorescence 37
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Using the dye B ie b r ic h  S c a r l e t  the b in d in g  of NAĜ  and NAG  ̂ to

77the  c a t a l y t i c  s i t e  has been es t im a ted  . The da ta  in d i c a te s  th a t

b o th  oligom ers b ind  to  the  enzyme in  the  unproductive  mode w ith  a
_5 o

d i s s o c ia t io n  c o n s ta n t  of 1x10 M a t  pH 6*5-7 .5  and 25 C w ith o u t d i s ­

p la c in g  the  dye from the  c a t a l y t i c  s i t e .  At h igher  c o n c e n tra t io n s  

b o th  oligom ers w i l l  c o m p e ti t iv e ly  d is p la c e  the  dye from the  c a t a l y t i c  

s i t e  a l low ing  d i f f e r e n t i a t i o n  between the  p roduc tive  and non-productive  

b ind ing  modes fo r  these  two compounds. S pec tropho tom etr ic  de term ina- 

. t i o n  of the  c o n c e n tra t io n s  of the enzyme-dye complex in  th e  presence 

o f  v a r io u s  sugar c o n c e n tra t io n s  gave p ro d u c tiv e  b ind ing  d i s s o c ia t io n  

co n s tan ts  fo r  the  tr im er  and hexamer of 2.0x10 and 5xlO~^M re s p e c t ­

iv e ly  a t  pH 7 .6  and 25°C showing th a t  the hexamer b inds  in  a p roduc tive  

mode to  about the same e x te n t  t h a t  i t  and sm alle r  po ly sacch ar id es  b ind  

in  the  non-p roductive  mode. That the dye and enzyme formed a 1:1 

complex was shown from a jo b  p lo t  of absorbance a t  v a r io u s  r a t i o s  of 

i n i t i a l  dye c o n c e n tra t io n s  |D^j and enzyme c o n c e n tra t io n s  w ith

Dq + Eq = c o n s ta n t .  The p rev ious i n t e r p r e t a t i o n  o f  the  b ind ing  of 

NAG6 was th a t  a t  any given time only a sm all p ro p o r t io n  of the sugar 

was bound to  the enzyme p ro d u c t iv e ly  and was hydro lysed  r a p id ly .

S ince the  d i s s o c i a t i o n  c o n s ta n t  fo r  the p roduc tive  mode i s  approx im ate ly  

equal to  t h a t  fo r  the  non-p roductive  mode the favou rab le  energy i n t e r ­

a c t io n s  in  f i l l i n g  s u b s i t e s  E and F must approx im ate ly  compensate fo r  

th e  un favourab le  i n t e r a c t i o n  a t  s u b s i t e  D.

C o n tr ib u t io n s  a t  s u b s i t e s  E and F to  the  f r e e  energy of b in d in g

have been c a lc u la te d  from acc ep to r  r e a c t i v i t y  in  the  t r a n s g ly c o s y la t io n

86 87r e a c t io n s  w ith  lysozyme * , and in  the  r e l a t i v e  r a t e s  of c leavage of

73NAG*, in  b in d in g  modes A to  E and B to  F to  g ive  v a lu e s  o fA F  = -4Kcal.3 U

and -1 .7K ca l.  r e s p e c t iv e l y .  This su g g es ts  t h a t  the c o s t  o f  f i l l i n g
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s u b s i te  D i s  about 6Kcal. An e s t im a te  of the favourab le  i n t e r a c t io n s

a v a i l a b l e  from hydrogen bonding in  s i t e  D i f  the sugar adopts a h a l f

c h a i r  conformation i s  3-6  Kcal/mole le ad in g  to  a t o t a l  of 6 to  12

Kcal/mole being  a v a i l a b l e  fo r  d i s t o r t i o n .  The amount of energy

re q u ire d  to  d i s t o r t  a g lucopyranose r in g  has been e s t im a ted  as lOKcal/

mole and hence d i s t o r t i o n  of the  sugar r e s id u e  in  s i t e  D would appear 

95to  be- p o s s ib le .

The cT-lactone prepared  from NAG^,(i), ( f i g . 4 ) ,  was shown to  in h ib i t

the lysozyme c a ta ly s e d  h y d ro ly s is  of micrococcus ly s o d e ik t ic u s  100

37times more e f f e c t i v e l y  than NAG  ̂ i t s e l f

H
\

c h 2oh

NHCOCH3

c h 2oh

NHCOCH3

fig A

Since the  cf- lac tone r in g  of compound ( l )  should e x i s t  in  the h a l f  

c h a i r  conform ation , and i f  the  sugar r e s id u e  in  s u b s i te  D b inds  to 

lysozyme w ith  d i s t o r t i o n  towards the h a l f  c h a i r  conform ation , then ( i )  

would be a t r a n s i t i o n - s t a t e  analogue fo r  lysozyme. A t r a n s i t i o n - s t a t e  

analogue should  b ind  much more s t ro n g ly  than the  correspond ing  s u b s t r a te  

and in  agreement w ith  t h i s  ( i )  was found to  b ind  w ith  an a s s o c ia t io n  

c o n s ta n t  o f  3#3xlO^M * a t  pH6.2-7*8 and 25°C as measured by f lu o re sce n ce
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sp ec tro sco p y ,  i . e .  approx im ate ly  32 tim es g r e a te r  than t h a t  found fo r

5 -1the  a s s o c ia t io n  c o n s ta n t  fo r  NAĜ  of 1x10 M • By e s t im a t in g  the  a s s ­

o c ia t io n  c o n s ta n t  f o r  NAG. bound in  s u b s i te s  A to  D i t  was e s t im a ted4

t h a t  the  a f f i n i t y  of s u b s i te  D fo r  the h a l f  c h a i r  conformation of the 

sugar r e s id u e  i s  6 p 0 0  times g r e a t e r  than th a t  fo r  the c h a i r  conform ation . 

This  f a c to r  can be assumed to  be an e s t im a te  of the c o n t r ib u t io n  to  

c a t a l y s i s  t h a t  can be a ss igned  to  the t i g h t e r  b ind ing  of the t r a n s i t i o n  

s t a t e  in  the h a l f  c h a i r  conform ation . As p re v io u s ly  mentioned p re l im ­

in a ry  X-ray d i f f r a c t i o n  s tu d ie s  in d i c a te  t h a t  t h i s  compound can b ind  to

34lysozyme in  s u b s i te s  A to  D •

F u r th e r  support fo r  the r o l e  of s u b s t r a t e  d i s t o r t i o n  in  lysozyme

c a t a l y s i s  has been p resen ted  in  the  b ind ing  s tu d y  of NAG -̂NAX to  lysozyme

69by f lu o rescen ce  measurements . As the p re p a ra t io n  used in  the study

was contaminated w ith  NAG. t h i s  had to  be taken in to  account in  c o n s id e r -4

ing  the r e s u l t s .  The a s s o c ia t io n  c o n s ta n t  found fo r  NAG -̂NAX of 

(5.5-1.3)xlO^M~* i s  50 times g r e a t e r  than th a t  found fo r  NAĜ  b ind ing  

as  s tu d ie d  by f lu o re s c e n c e .  Hence i t  appears  t h a t  the  NAX re s id u e  i s  

bound to  s u b s i te  D w ith  a n e t  favourab le  i n t e r a c t i o n  of 2 .2 K ca l./m o le .

The energy d i f f e r e n c e  between a NAX re s id u e  and a NAM re s id u e  in  s u b s i te  

D i s  thus approx im ate ly  5K cal./m ole .

These s tu d ie s  w ell i l l u s t r a t e  the  magnitude of the energy f a c to r  

a v a i l a b l e  fo r  c a t a l y s i s  due to  the  s t r a i n  imposed on f i t t i n g  a sugar 

r e s id u e  in to  s u b s i t e  D, they  do n o t  u n fo r tu n a te ly  t e l l  us how much th i s  

c o n t r ib u te s  to  the  lowering of the  a c t iv a t i o n  energy fo r  the cleavage 

of th e  g ly c o s id ic  bond.

K in e t ic  s tu d ie s  on the h y d ro ly s is  of s u b s t r a t e s  by lysozyme a re  

e s s e n t i a l  fo r  de te rm in ing  th e  mechanism of c a t a l y s i s .  V arious low 

m olecu la r  w eight compounds have been t e s t e d  as  s u b s t r a t e s ,  b u t



i n t e r p r e t a t i o n  of the  observed r e s u l t s  a re  d i f f i c u l t  s in ce  they  a re  

com plicated  by unproductive  b in d in g  and t r a n s g ly c o s y la t io n .  M ult ip le  

b in d in g  modes can a l s o  lead to  more than one bond in  the s u b s t r a te  being 

hydro lysed . S ince  h y d ro ly s is  of g lycos ides  by lysozyme shows a r a t e

h y d r o ly s i s ,  f a c to r s  o th e r  than r i n g  s t r a i n  due to  s u b s t r a te  d i s t o r t i o n  

must be p lay in g  a major r o l e  in  the  enzymic r e a c t i o n .  For lysozyme. 

th e  most l i k e l y  c o n t r ib u t io n s  a re  expected to  come from p a r t i c i p a t i o n  

by (a) the  acetam ido group on the  sugar r e s id u e ,  or (b) by the  carboxyl 

groups of the s id e  chains of g lu tam ic  ac id  35 and or a s p a r t i c  ac id  52, 

or by a m ix ture  of b o th .

The mechanism suggested  fo r  acetamido group p a r t i c i p a t i o n  i s  shown 

in  f ig u re  5 .

enhancement in  the  o rder  of 2x10*° over t h a t  fo r  the ac id  c a ta ly se d

HOCK

G 1 u 35

52

f ig5

From f ig u r e  5 i t  can be seen t h a t  the le a v in g  group and the 

acetam ido group must assume a 1 ,2  t r a n s - d i a x i a l  conform ation fo r  

e f f e c t i v e  in t r a m o le c u la r  c a t a l y s i s .  D i s to r t i o n  of the  sugar r in g  in
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s u b s i t e  D towards a h a l f  c h a i r  conformation would favour p a r t i c i p a t i o n ,  

59Lowe favoured t h i s  mechanism from an a n a ly s i s  of the r a t e s  o f  hydro­

l y s i s  by lysozyme of jo-nitrophenylyS-NAG^ and NAG-Glu-PNP which d i f f e r e d  

by a f a c to r  of 100 in  favour of the former. In t ra m o le c u la r  c a t a ly s i s

by the acetamido group in  the  spontaneous h y d ro ly s is  of j>-nitrophenyl

80yS-NAG has been observed by B ru ice  , who a l s o  observed th a t  the C (2 )-

hydroxyl group i s  a l s o  capab le  o f  p a r t i c i p a t i o n  in  a s im i la r  manner.

The r a t i o  fo r  the  r a t e  c o n s tan ts  ( ^ j ^ c * / k SQ^n#) was 10^. The Hammett

^  v a lu e  found fo r  the s u b s t i t u t e d  phenylyS-NAG m o l e c u l e s ^ * ^  of +2.8
79

su p p o r ts  n u c le o p h i l i c  c a ta ly s i s *  Lowe found ^=1 .23  fo r  the  lysozyme 

c a ta ly s e d  h y d ro ly s is  of s u b s t i t u t e d  a r y l  d i -N -a c e ty l  c h i to b io s id e s  sup­

p o r t in g  conce rted  a c id -b ase  or a c id -n u c le o p h i le  c a t a l y s i s .

The r e s u l t s  found from lysozyme h y d ro ly s is  may be com plicated by

56h y d ro ly s is  o f  the  NAG-NAG bond. R a f te ry  has shown th a t  £ -n i t ro p h e n y l  

yS-NAG^ c leaves  to  g ive  js-nitrophenyl^fi-MAG as w e ll  as  NAĜ  and f re e  

pheno l,  le ad ing  to  t r a n s g ly c o s y la t io n  p roducts  be ing  formed. NAG-

56DeoxyGlu-PNP i s  hydro lysed  by lysozyme w ith  r e l e a s e  of £ -n i t ro p h e n o l  , 

b u t  s in c e  the s te re o c h e m is t ry  of the  p roducts  from t h i s  r e a c t io n  a re  no t 

known, and h y d ro ly t ic  r a t e  c o n s ta n ts  a re  s e n s i t i v e  to  e l e c t r o n i c  e f f e c t s  

in  the  C(2) p o s i t i o n ,  these  r e s u l t s  a lone can no t d isco u n t acetamido 

p a r t i c i p a t i o n  in  lysozyme h y d ro ly s i s .

Mechanisms in v o lv in g  the  carboxyl groups of a s p a r t i c  a c id  52 and 

g lu tam ic  a c id  35 a re  shown in  f ig u re s  6 and 7.

I
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Glu 35

HOCH-

HO-A—'V 'A 'M lK.p 
AcNH

O ^ / O -

Asp 52

AcNH

f i g  6

P

Glu 35

HOC B-ROH

AcNH \

0 * r ^ -

AcNH

A s p  5 2

fig 7
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The mechanism invo lv ing  g lu tam ic  a c id  35 as p rov id ing  g en e ra l  ac id

c a t a l y s i s  w ith  the  carbonium ion formed in  the t r a n s i t i o n  s t a t e  being

e l e c t r o s t a t i c a l l y  s t a b i l i z e d  by the  carboxyl anion of a s p a r t i c  52,

31( f i g . 6 )  has re c e iv e d  c o n s id e ra b le  su p p o r t  from the X-ray da ta  and 

o th e r  s tu d ie s .  P a r t i c i p a t i o n  of the  carboxyl group in  the h y d ro ly s is  

o f  o -ca rb o xypheny l^ -D -g lucopyranosides  has been shown in  the  r a t e

82enhancement o f  th e se  compounds over th a t  of the  £-carboxyphenyl s e r i e s  ,

and a l s o  in  the h y d ro ly s is  of o^-carboxyphenyl 2-acetamido-2-deoxy-y8- 

81. ID-glucopyranoside , a l though  the e f f e c t  of the £ -carboxy  group and the  

acetam ido group i s  no t a d d i t iv e .

83The s tudy  of compound I  ( f i g . 8) has shown t h a t  the r a t e  enhance­

ment of the jo-carboxy group i s  due e i t h e r  to  genera l  a c id  c a t a l y s i s  o r  

an A1 mechanism*^

F ig .  8

w ith  the  ca rboxy la te  anion s t a b i l i z i n g  the  p o s i t i v e l y  charged p ro to n a ted  

s u b s t r a t e .

Model r e a c t io n s  n e c e s s a r i ly  have a d i f f e r e n t  environment than  t h a t  

p e r t a in in g  in  the  enzyme system which makes the  t r a n s p o s i t io n  of enhance­

ment e f f e c t s  from model s tu d ie s  to  enzymic r e a c t io n s  d i f f i c u l t .

V arious  s tu d ie s  have im p lic a ted  a s p a r t i c  a c id  52 and g lu tam ic  a c id

90 78 4135 as b e in g  n ecessa ry  fo r  c a t a l y s i s  9 9 • The s tu d ie s  on th e  pH
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dependence of b ind ing  of i n h i b i t o r s  to  lysozyme and h y d ro ly s is  of

s u b s t r a t e s ,  have ass igned  pK v a lu es  to  these  amino ac id s  in  the  f reea

enzyme and in  the complex. The r a t e  of r e le a s e  of jo -n itropheno l from

j> -n i t ro p h e n y l^ -D -g lu co p y ra n o s id e  in  the t r a n s g ly c o s y la t io n  r e a c t io n  

89w ith  NAĜ  was in f lu en ced  by groups w ith  pKQ of 3 .5  and 6 .5 .  The

56h y d ro ly s is  of NAG-Glu-PNP s tu d ie d  over a wide pH range and the  p lo t

of log Vmax/Km had i n f l e c t i o n  p o in ts  a t  pH 2-4*5 and pH 6 . The b ind ing

a  91of Methyl O-NAG as a fu n c t io n  of pH showed t h a t  a group w ith  pK& of

• 6 .1  in  the f re e  enzyme was s h i f t e d  to  6 .6  in  the complex. In the

presence of g ly c o l  c h i t i n  the  pK value  fo r  th i s  group changes to  8 .0 -a
928 .5  c o n s i s t e n t  w ith  the v a lu e  found from the s tudy o f the  h y d ro ly s is

of micrococcus ly s o d e ik t ic u s  of 8 .7 .  From X-ray da ta  g lu tam ic  ac id  35

i s  in  a hydrophobic reg ion  of  the enzyme which would r a i s e  i t s  carboxyl

group pK thus  th e  group w ith  pK of 6 has been ass igned  to  g lutam ic a a

a c id  35.

94A sp a r t ic  a c id  52 has been ass igned  a pK of 4 .6  in  the  n a t iv ea
92enzyme which i s  n o t  s e r io u s ly  p er tu rbed  on b ind ing  of s u b s t r a te  and 

t h i s  agrees  w ith  the pK of 4 .7  no t a ss igned  to  any s p e c i f i c  re s id u e3

found by o th e r  w o rk e rs^ *

These r e s u l t s  a re  c o n s i s t e n t  w ith  th e  r o l e  of g lu tam ic  ac id  35 as 

a genera l a c id  c a t a l y s t  and a s p a r t i c  ac id  52 b e ing  d i s s o c ia t e d  in  the 

p roduc tive  enzyme s u b s t r a t e  complex and a b le  to  s t a b i l i z e  the developing 

carboniura io n ,  b u t  they do n o t  g ive  conc lu s ive  proof fo r  c i t h e r  of these  

r o l e s  and the  mechanism shown in  f i g . 6  s t i l l  r e s t s  l a rg e ly  on the X-ray 

d a t a .
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O ther s tu d ie s  on h y d ro ly s is  have in c re ased  the a v a i la b le  in fo rm ation  

on lysozyme. The h y d ro ly s is  of jo-nitrophenyl-^-NAG^ was shown to  have

a complex b reak  up p a t t e r n ,  and the  h y d ro ly s is  of NAG(l-4)NAG(l-6)NAG-

by t r a n s g ly c o s y la t io n .

The t r a n s g ly c o s y la t io n  a c t i v i t y  of lysozyme has been used to  s tudy

to  e s t a b l i s h  the n a tu re  of these  s u b s i t e s  and t h e i r  p resence in  the

^B-D-xylose as acc e p to rs  in  the t r a n s f e r  r e a c t io n  w ith  NAĜ  no r e l e a s e  

of phenol was found even although  t r a n s g ly c o s y la t io n  was tak ing  p la c e ,  

which could be ev idence th a t  s u b s t r a t e  d i s t o r t i o n  i s  necessa ry  f o r  c a ta ­

l y s i s  or merely th a t  the  l inkages  formed in  the  t r a n s g ly c o s y la t io n  r e a c ­

t i o n  would need to  be i s o la te d  fo r  s tu d y .

Most workers ag ree  t h a t  th e re  must be more than one f a c to r  respon­

s i b l e  fo r  lysozyme c a t a l y s i s .  In  th i s  s tudy  i t  has been a ttem pted  to

i s o l a t e  one l i k e l y  f a c t o r ,  s u b s t r a t e  d i s t o r t i o n ,  and examine i t s  c o n t r ­

ib u t io n .  I t  was cons idered  th a t  o l ig o sa c c h a r id e s  co n ta in in g  a reduc ing  

end te rm in a l  NAX re s id u e  could be used to  s tudy  the  e f f e c t  of s u b s t r a te  

i n t e r a c t i o n  between th e  hydroxymethyl group on th e  sugar and th e  enzyme, 

a l lo w in g  an e s t im a te  o f  the c o n t r ib u t io n  to  the r a t e  enhancement found 

fo r  th e  lysozyme c a ta ly s e d  h y d ro ly s is  of g ly c o s id es  due to  t h i s  e f f e c t .

85PNP was very  much s low er, p robably  due to  complex b reak  up followed

the compounds which can be accommodated in  s u b s i t e s  E and f 8^ 8^, he lp ing

lysozyme c l e f t .  With j^ -n itropheny l 6-deoxy-^§-NAG and j> -n itrophenyl
89

t i o n  were In  such cases  the  p roduc ts  of the t r a n s f e r  r e a c -
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General

M elting  p o in ts  were determ ined u s in g  a K o f le r -R e ic h e r t  ho t s tag e  

appara tu s  and a re  u n c o r re c te d .

N uclear Magnetic Resonance (N.M.R.) S pec tra  were run on a V arian  

T-60 MHz or a Varian HA-100 MHz S pectrom ete r .  Chemical s h i f t s ,  u n le s s  

o therw ise  s t a t e d ,  were measured r e l a t i v e  to  an i n t e r n a l  te t r a m e th y ls i l a n e  

(T.M.S.) r e fe re n c e  s tan d ard  and a re  expressed  in  p a r t s  per m i l l io n  p .p .m .

O p tic a l  r o t a t i o n s  were measured u s in g  a Perkin-Elm er 141 P o la r im e te r  

a t  25°C w ith  a 10cm. pa th  le n g th  c e l l  u s in g  the Sodium D l i n e .

I n f r a r e d  ( i . R . )  s p e c t r a  were ob ta ined  u s ing  e i t h e r  Unicam SP 1,000 

and SP 200 sp ec tro m e te rs ,  or a Perkin-E lm er 257 G ra ting  In f r a r e d  S p ec tro ­

m eter .

A bsorp tion  w avelengths a re  quoted as  cm and the  a b b re v ia t io n s  

used a re  ( s ) ,  s t ro n g ;  (m), medium; (w), weak.

E x t in c t io n  c o e f f i c i e n t s  were measured u s ing  a Cary 16 spec trom ete r  

a t  40°C.

Elemental A nalysis  were ob ta ined  by Mr J .  Cameron and Miss F. Cowan 

a t  the  U n iv e r s i ty  of Glasgow.
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Experimental Route fo r  the P re p a ra t io n  of ]>-Nitrophenyl 

2 -a c e tam ido-2-deoxy-^-D -xylopyranoside.

HO-7— Ac?0  ftcCH 0  Zn/50%Ar.OH
3 A c O - ^ r ^ YB r

OH 2 AcO

(I)

-10 c

AcO 
AcO

NQCl

(II)
4vc0 T ^ ' 9  Zn/Cu couple

C^HCl2 AcO ^ ^ Y  Ac20/AcOH

(III)  Cl Na+

xh - n o ?
AcO^T— - 0  acetyl chloride, ArO -y^— 0 

Ac 0 - X - 7 - ^ A - 0 Ac HCl A cO ^e-'T ''^-/ ( C H ) n  
NHCOCHo NH I 3 2

IV

120°C

(a)

Q-toluene 
sutphonic acid

HO N O '

O'

nhcoch ,

(V I)

CO Cl 
C H ,

(VII)

(b )

N a +  O fv fc

NHC0CH3 \ = y
(VIII)

fiqi
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2 .3 .4-Tri-O -acetyl-O C-D -xylopyranosyl Bromide ( i )

This  compound was prepared  from D-xylose in  56$ y i e ld  by the method 
96d e sc r ib e d  by Weygand

M .pt. 96-97°C ( l i t . 96 102°C)

Compound ( i )  decomposes r e a d i ly  on s tand ing  and was th e re fo re  used 

im mediately  in  the  n ex t  s tag e  w ith o u t f u r th e r  p u r i f i c a t i o n .

3 .4 -D i-O -a c e ty l-D -x y la l  ( I I )

This  was prepared  accord ing  to  the method given in  re fe re n c e  (96) 

and i s o la t e d  as a c l e a r  sy rup , B .p t .  84°C a t  0.6mm. ( l i t . 96 B .p t .  95-llO°C 

a t  1 .5 - 1 .8mm.), in  44.5$ y i e l d .

N.M.P.. (CDC13)

cf = 2 .12  p .p .m . ,  (6  p ro to n s ) ,  s i n g l e t ,  a c e ty l  group m ethyls .

&= 4 .13  p .p .m . ,  (2 p ro to n s ) ,  m u l t i p l e t ,  H-3, H-4.

cf= 5 .00 p .p .m . ,  (3 p ro to n s ) ,  broad d o u b le t ,  ^ - 5 ,  H-2

6 = 6.60 p .p .m .,  ( l  p ro to n ) ,  d o u b le t ,  H -l,  J, 0 s= 5cps.

I .R .  (n ea t)

3040(m), 2970(m), 2900(w), 1750(s) ,  1645(s) ,  1450(ra), 1378(s) ,  

1 2 4 0 (s ) , 1110(s) ,  1 0 3 0 (s ) , 9 7 5 (s ) ,  855(m), 775(m).

3 .4-D i-0-acety l-2-deoxy-2-n itroso-O C -D -xylopyranosyl C hlo ride  ( i l l )

97This compound was prepared  accord ing  to  the  method of Lemieux by 

th e  a c t io n  of  n i t r o s y l  c h lo r id e  on ( I I )  in  methylene c h lo r id e  a t  -75°C, 

a f fo rd in g  a v isco u s  b lu e  syrup in  90$ y ie ld  which was im mediately used
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in  the nex t s ta g e .  The l a b i l e  n a tu re  of ( i l l )  made r e c r y s t a l l i s a t i o n

and c h a r a c te r i s a t io n  in a d v is a b le ,  b u t  in  view of the  poor y ie ld s  ob ta ined

97in  the  fo llow ing  s ta g e ,  the ob se rv a tio n  by Lemieux th a t  ( i l l )  converted  

r e a d i ly  to  3 ,4 - d i - 0 - a c e t y l - 2 - n i t r o - D - x y la l  and t h a t  3 ,4 ,6 - t r i -O j - a c e ty l -  

2 -n i t ro -D -g lu c a l  was sometimes ob ta ined  as a product of the  n i t r o s y l  

c h lo r id e  a d d i t io n  to  3 ,4 ,6 - tr i -0 _ -a c e ty l - jD -g lu c a l ,  v a r io u s  m o d if ica t io n s  

of the x e a c t io n  co n d i t io n s  were t r i e d ,  i . e .  changes in  th e  r a t e  of add­

i t i o n  of n i t r o s y l  c h lo r id e ,  time of a d d i t io n ,  tem pera tu re ,  a d d i t io n  of
98n i t r o s y l  c h lo r id e  in  a methylene c h lo r id e  s o lu t io n  , a l l  o f  which gave 

a b lue  syrup on so lv e n t  removal and d id  n o t  lead to  improved y ie ld s  of 

( IV ).

2 -A ce tam ido -l ,3 ,4 -tr i-0 -ace ty l-2 -deoxy-y8 -D -xy lopy ranose  (IV)

This compound was prepared  from ( i l l )  by the method d escr ibed  by

97Lemieux w ith  the  fo llow ing  m o d if ic a t io n s .

99A z in c -co p p er  coup le ,  p repared as in  F ie s e r  & F ie s e r  , was added 

to  a s o lu t io n  of ( i l l )  in  an a c e t i c  a c id ,  a c e t ic  anhydride m ixture and 

the m ixture  was s t i r r e d  fo r  two days a t  room tem perature  a f t e r  which i t  

was f i l t e r e d ,  the s o l id s  washed w ith  a c e t i c  a c id ,  a c e t i c  anhydride m ixture 

and a f r e s h ly  prepared  z inc -co p p er  couple was added to  the  combined f i l ­

t r a t e s  and the  s t i r r i n g  co n t in u ed .  This  was repea ted  every  two days 

u n t i l  the amount of (IV) formed was a t  a maximum as shown by T.L.C ( l  : 1 

v /v  benzene, e th y l  a c e t a t e ) .  The s o lu t io n  was f i l t e r e d  and the s o l id s  

c o l le c te d  were washed w ith  chloroform  (500 m l . ) .  The combined f i l t r a t e s  

were d i l u t e d  w ith  one l i t r e  of chloroform  and then washed w ith  w a te r ,  

s a tu r a te d  sodium b ic a rb o n a te  and again  w ith  w a te r .  The chloroform  ex­

t r a c t  was d r ie d  over magnesium su lp h a te  and then evapora ted  under reduced
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p re s s u re  to  give a syrup which smelled o f  a c e t i c  anhyd ride .  This was 

allowed to  s tand  w ith  a b s o lu te  methanol fo r  two hours a t  room tem perature 

and then s to r e d  overn igh t  a t  0°C.

The f i r s t  crop of c r y s t a l s  ob ta ined  (1—2 g . ) did no t have the char­

a c t e r i s t i c  amide a b so rp t io n  bands in  the  I .R .  spectrum and was id e n t i f i e d  

as  te tra -O ^acety l-2 -ox im ino-D ^xy lo -pen topyranose  (V), M.pt.225°C (phase 

change, 190°C to  n e e d le s ) .  R e c r y s ta l l i s e d  from methanol, chloroform .

N.M.R. (CDC13 )

(f = 2 .03 p .p .m . ,  2 .06  p .p .m . ,  2 .10 p .p .m . ,  (12 p ro to n s ) ,  poorly  

re so lv e d  t r i p l e t .

cf= 5 .6 -6 .2  p .p .m . ,  4 .7 - 5 .4  p .p .m . ,  3 .3 -4 .6  p . p .m ., (5 p ro to n s ) ,  , 

com plica ted  m u l t i p l e t s .

I .R .  ( n u j o l ) .

1760(s) ,  1645(w) b road , 1 5 l0 ( s ) ,  1310(m), 1250(s), 1240(s) ,  1160(m), 

1130(m), 1 0 90 (s ) , 1060(s) ,  910(m), 890(m), 780(w), 700(m).

A nalysis

C a lcu la ted  fo r  C^H^O^N; £C,47.13; %U, 5 .17 ; $*1,4.23;

Found,^C, 47 .35 ; £H, 5 .26 ; $1, 4 .43

On f u r th e r  s tan d in g  a t  0°C the  s o lu t io n  y ie ld e d  f u r th e r  crops of 

c r y s t a l s  i d e n t i f i e d  as  2 -ace tam id o -1 ,3 , 4 - t r i - O - a c e ty l - 2 - d e o x y -^ D -  

xylopyranose  (IV ).  R e c r y s t a l l i s a t i o n  from m ethanol, chloroform  gave 

2g. of m a te r i a l ,  M.Pt. 213-214°C ( l i t . 100 214-215°C)
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N.M.R. (CDC13)

6.13 p .p .m . , (1 p ro to n ) ,  d o u b le t ,  N-H

5.73 p .p .m . , (1 p ro to n ) ,  d o u b le t ,  H -l,  J ,

II 5 .03 p .p .m . , (2 p ro to n s ) ,  m u l t ip l e t

II 4*23 p .p .m . , (2 p ro to n s ) ,  m u l t ip l e t

3.60 p .p .m . , ( l  p ro to n ) ,  m u l t ip l e t

2.10 p .p .m . , (9 p ro to n s ) ,  O^acetyl methyls

II 2 .00  p .p .m . , (3 p ro to n s ) ,  N ^acetyl methyls

See study  of conformation of t h i s  compound by N.M.R* 

(Experim ental d is c u s s io n ) .

I .R .  (n u jo l )

3 3 2 0 (s ) ,  1750(s) ,  1 7 4 0 (s ) ,  1665(s) ,  1525(s) ,  1315(w), 1300(m), 

1220(s) ,  l l lO (m ),  1075(s) ,  1040(s), 1010(m), 912(m), 895(vv).

A nalysis

C a lc u la te d  fo r  C ^ H ^ O qN; 49 .21 ; 6 .04 ; $N, 4 .41 ;

Found, £C, 49*57; %H, 6 .25 ; ^N ,4 .21 .

In  a s e p a ra te  experim ent lOg. of the te tra -O -a c e ty l-2 -o x im in o -D -  

xy lo-pen topyranose  (V), accumulated from se v e ra l  experim en ts ,  was r e a c te d  

w ith  40g. o f  z inc -co p p er  couple in  a m ix ture  of 210ml. of a c e t i c  a c id  and 

30ml* of a c e t i c  anhydride ,  f re s h  z in c -co p p e r  couple be ing  added every  two 

days as  d e sc r ib e d  above* The r e a c t io n  was followed by T .L .C .,  and a f t e r  

8 days ,  work up by an analjcjous method as  above y ie ld e d  2g* of pure 2 -  

ace tam id o - l ,3 ,4 - tr i -0 -ace ty l-2 -d eo x y -y 8 -I> -x y lo se  (IV) and 3g* of u n reac ted  

( V ) .
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A commercially p repared  z inc -copper  couple (Ventron C orp .,  Massa­

c h u s e t t s )  was used in  the  above experim ents ,  b u t  the y i e ld  of (IV) was 

not in c re a se d .

The dark v iscous  syrup rem aining a f t e r  two or th r e e  success ive  crops 

of compound (IV) had been removed was ap p l ie d  to  a column of s i l i c a  

(5x120cm.) and e lu te d  w ith  an in c re a s in g  p o l a r i t y  g ra d ie n t  of methanol 

in  ch loroform . F ra c t io n s ,  30 m inutes, were c o l le c te d  and monitored by 

T.L.C. ( l  : 1 v /v  benzene, e th y l  a c e t a t e ) .  From lOg. of syrup only  0 .54g .  

of compound (IV) was i s o l a t e d  p lus  a sm all amount of compound (V). The 

m a jo r i ty  of the m a te r ia l  e lu te d  from the column d id  no t run on T.L.C. 

u s ing  the  so lv e n t  system above. T here fo re  the low y i e ld  from the  r e a c t io n  

was n o t  due to  a f a i l u r e  to  s e p a ra te  the components of the product m ix tu re .

£ -N itro p h en y l 2 -ace tam id o -3 ,4 -d i-0 -a ce ty l-2 -d eo x y -^ -D -x y lo p y ran o s id e  (VI)

This compound was prepared  e i t h e r  by the  method d esc r ib ed  by F ind lay

e t  a l ^ ^ ,  in v o lv in g  fus ion  of jo-n itrophenol w ith  2 -a c e ta m id o -3 ,4 -d i -0 -

acetyl-2-deoxy-^5-D-xylose (IV) a t  120°C. w ith  jo-toluene su lphonic  a c id  as

103c a t a l y s t ,  or by the  method d esc r ib e d  by Osawa v ia  the  2 -ace tam id o -3 ,4 -  

d i-O -ace ty l-06 -D -xy lopy ranosy l  c h lo r id e .  The l a t t e r  method gave s l i g h t l y  

improved y i e l d s ,  ( 2 5 % ) ,  over those ob ta ined  by the former method, ( 1 1 % ) ,  

Both methods gave id e n t i c a l  m a te r ia l  on r e c r y s t a l l i s a t i o n  from e th a n o l ,  

ch lo roform .

2 -ace tam id o -3 ,4 -d i-0 -a c e ty l-O t- I ) -x y lo p y ra n o sy l  c h lo r id e  (VII)

102This compound was p repared  accord ing  to  the method of K horlin  e t  a l .

0 .9 g .  o f  compound (IV) was d is s o lv e d  in  25ral. o f  r e d i s t i l l e d  a c e ty l  c h lo r ­

ide  and s a tu r a t e d  w ith  d ry  hydrogen c h lo r id e  gas a t  -10°C. The r e a c t io n
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m ix tu re  was l e f t  o v e rn ig h t  a t  room te m p e ra tu re  in  a t i g h t l y  s e a le d  f l a s k  

th e n  e v a p o ra te d  to  d ry n ess  under  vacuum* The s o l i d  o b ta in e d  was evapo r­

a t e d  th r e e  t im es  w ith  d ry  benzene to  remove t r a c e s  o f  a c e t y l  c h l o r i d e ,  

th e n  d r i e d  in  vacuum* T h is  gave a fawn co lo u re d  p ro d u c t ,  M .p t .  120-121°C, 

pu re  by T*L.C*, (3  : 1 v /v  e t h y l  a c e t a t e ,  b en ze n e ) ,  which was used  w i th o u t  

f u r t h e r  p u r i f i c a t i o n .

The c ru d e  c h lo r id e  was r e a c te d  w i th  £ - n i t r o p h e n o l  a c c o rd in g  to  th e  

103method o f  Osawa . R e c r y s t a l l i s a t i o n  o f  th e  s o l i d  p ro d u c t  from e th a n o l ,  

ch lo ro fo rm  gave jo -n i t ro p h e n y l  2 -a c e ta m id o -3 ,4 -d i -0 -a c e ty l -2 -d e o x y -y #  -D - 

x y lo p y ra n o s id e  M .p t .  232°C*

N.M.R* (CDCl3 )

cf = 8 .1 5  p .p .m . (2  p r o t o n s ) ,  d o u b le t ,  a ro m a tic  p ro to n s  J  = 9 cp s .

(f = 7 .2 0  p .p .m . (2  p r o to n s ) ,  d o u b le t ,  a ro m a tic  p ro to n s  J  = 9 cps .

7 .0 1  p .p .m . (1 p r o to n ) ,  s i n g l e t ,  N-H.

<f= 6 .0 9  p .p .m . (1 p r o to n ) ,  d o u b le t ,  H - l ,  J ,  0 = 4 c p s .

(J — 4 . 7 —5 .5  p . p m., (2  p r o to n s ) ,  m u l t i p l e t .

( f"  3 .0 —4 . 5  p . p m ., (3  p r o to n s ) ,  m u l t i p l e t .

<f= 2 .1 3  p .p .m . (6  p r o to n s ) ,  s i n g l e t ,  f r - a c e ty l  m e th y ls .

<5= 2 .0 0  p .p .m . (3 p r o t o n s ) ,  s i n g l e t ,  N j-acetyl m e th y l.

F u r th e r  N.M.R. s tu d y  o f  t h i s  compound i s  d i s c u s s e d  in  th e

E xperim en ta l  d i s c u s s io n .

I .R .  ( K  B r . )

3 3 4 0 ( s ) ,  3080(w ), 2920(m), 2860(m), 1 7 3 5 (s ) ,  1 6 6 5 (s ) ,  16 l0 (m ), 

I 5 9 3 ( s ) ,  1 5 1 0 ( s ) ,  1498)s ) ,  1 3 7 5 (s ) ,  1 3 5 2 (s ) ,  1 2 4 5 (s ) ,  1 2 2 3 (s ) ,  l l l o ( m ) ,  

I 0 8 0 ( s ) ,  I 0 7 0 ( s ) ,  1 0 4 5 (s ) ,  900(w ), 865(w), 850(m), 750(m ).
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A n a ly s is

C a lc u la t e d  fo r  C17H2()09N2 ; $C, 5 1 .5 2 ;  $H, 5 .0 9 ;  $N, 7 .0 7 ;

Found, %C, 5 2 .1 4 ;  $H, 5 .2 4 ;  $N, 7 .2 1 .

P^-Nitrophenyl 2-ace tam ido-2-deoxy-^3  ^D -xy lopyranoside  (V I I I )

T h is  compound was p re p a re d  by d e - O - a c e ty la t io n  of compound (V I I )

104u s in g  sodium m ethoxide a c c o rd in g  to  th e  method of  Zemplen • R e c r y s t -
9

a l l i s a t i o n  from m ethanol gave compound (V I I I )  in  63$ y i e l d .  M .p t.207-208°C .

N.M.R. (d^  P y r id in e )

8 .2 0  p .p .m . ,  (2  p r o t o n s ) , d o u b le t ,  a ro m a tic  p r o to n s ,  J  = 9 cp s .

<£= 7 .3 0  p .p .m . ,  (2  p r o to n s ) ,  d o u b le t ,  a ro m a tic  p ro to n s ,  J  = 9 c p s .

The re so n an ce  due to  th e  N-H p ro to n  appeared  un d er  t h i s  d o u b le t .

$ =  5 .8 7  p .p .m . ,  (1 p r o to n ) ,  d o u b le t ,  H - l ,  ^  = 6cps .

<$= 3 .8 -5  p . p .m . ,  m u l t i p l e t ,  r i n g  p ro to n s .

<5= 2 .0 7  p . p .m . ,  (3  p r o to n s ) ,  s i n g l e t ,  N -a c e ty l  m e thy l.

I .R .  ( n u jo l )

3450( s ) , 3 3 0 0 ( s ) , 3120(w), 1 6 3 0 (s ) ,  16 l0(m ), 1 5 9 5 (s ) ,  1 5 2 5 (s ) ,

I498(m ), 1 3 8 0 ( s ) , 1 2 6 0 (s ) ,  1 2 4 5 (s ) ,  1210(m), 1 1 2 0 (s ) ,  l 0 8 2 ( s ) ,  1 0 6 8 (s ) ,  

I 0 l 0 ( s ) , 9 6 5 ( s ) ,  8 6 5 ( s ) ,  7 6 5 ( s ) ,  7 0 0 ( s ) .

A n a ly s is

C a lc u la te d  f o r  C ^ H ^ O ^ O ^ O H ;  $C, 4 8 .8 4 ;  $H, 5 .8 5 ;  $N, 8 .1 4 .

Found; $C, 4 8 .7 0 ;  $H, 5 .2 5 ;  $N, 8 .1 5 .

U.V. compound showed maximum ab so rb an ce  a t  300nm. w i th  an e x t i n c t i o n  

c o e f f i c i e n t  o f  104 in  aqueous s o l u t i o n .  (See e x p e r im e n ta l  d i s c u s s i o n ) .
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3 .4 -D in i t r o p h e n o l  (IX)

This  compound was p re p a re d  by a m od if ied  p rocedu re  o f  the  method of  

H o l le rm a n * ^  and S id g w ic k * ^ ,  developed  in  t h i s  l a b o r a t o r y * ^ ,  and 

r e c r y s t a l l i s e d  from benzene . M .p t .  137°C. ( l i t . l 3 9 ° C ) .

3 .4 -D in i t r o p h e n y l  2 -a c e ta m id o -3 ,4 -d i -0 -a c e ty l -2 -d e o x y -y S  -D -x y lo p y ran o s id e  (X)

T h is  compound was p rep a red  u s in g  2 - a c e t a m i d o - 3 ,4 - d i - 0 - a c e ty l - 2 -  

deoxy -  D t-D -xylopyranosyl c h lo r id e  (V II)  and th e  sodium s a l t  o f  compound

( IX ) .  To 1 .7 g  o f  compound (V I I ) and l , 3 g  o f  th e  sodium s a l t  o f  com­

pound (IX) was added 4ml. o f  d ry  d im ethy lform am ide. The m ix tu re  was 

shaken o v e rn ig h t  a t  room te m p e ra tu re  and th en  poured i n t o  a m ix tu re  of

ic e  and w a te r .  The s o l i d  p r e c i p i t a t e  was f i l t e r e d ,  washed w ith  w ate r

to  remove ex ce ss  sodium 3 ,4 - d i n i t r o p h e n o l a t e  and d r i e d  un d er  vacuum a t  

40°C. R e c r y s t a l l i s a t i o n  from e th a n o l ,  c h lo ro fo rm  gave m a te r i a l  M .pt.

175-178°C.

N.M.R. (CDC13 + CD30D)

<J= 8 .0 6  p .p .m . ,  (1 p r o to n ) ,  d o u b le t ,  a ro m a t ic  p ro to n ,  J  = 8 .5 c p s .

<$ = 7 .4 7  p .p .m . ,  (1 p r o to n ) ,  d o u b le t ,  a ro m a t ic  p ro to n ,  J  = 2 .5 c p s .

£ =  7 .3 4  p . p .m . ,  (1 p r o to n ) ,  d o u b le t  o f  d o u b le t s ,  a ro m a tic  p ro to n ,

J  = 8 .5  and 2 .5 c p s .

The N-H p ro to n  s i g n a l  r e s o n a te s  under  t h i s  s i g n a l .

<$= 5 .5 1  p . p .m . ,  (1 p r o t o n ) ,  d o u b le t ,  H - l ,  = 6 .5 c p s .

5 .1 4  p . p .m . ,  (1 p r o to n ) ,  m u l t i p l e t ,  H -3.

£=  4 .9 8  p . p .m . ,  (1 p r o t o n ) , m u l t i p l e t ,  H-4.
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cf= 4 .3 3  p .p .m . ,  (1 p r o to n ) ,  m u l t i p l e t ,  H-2

(J= 4 ,2 1  p .p .m . ,  (1 p r o to n ) ,  d o u b le t  o f  d o u b le ts  H-5,

J 5 ,5 f  = = 4 c p s .

= 3 .7 1  p .p .m . ,  ( l  p r o to n ) ,  d o u b le t  of d o u b le t s ,  H-5,

J 4 p /  = 5 .5 ,  = - 1 2 .5 c p s .

S = 2 .1 6  p .p .m . ,  (6  p r o to n s ) ,  s i n g l e t ,  O ^acety l m e th y ls .

(5= 2 .01  p .p .m . ,  (3 p r o to n s ) ,  s i n g l e t ,  1^-acetyl methyl

I . R . ( n u j o l )

3 3 4 0 (s ) ,  1 7 4 5 (s ) ,  1 6 6 5 (s ) ,  16 l0 (m ), 1 5 6 0 (s ) ,  1510(m), 1290(m), 

1 2 4 0 ( s ) , 1120(m), l lO O (s ) ,  1 0 8 0 (s ) ,  I 0 6 5 ( s ) ,  1005(m), 900(m), 875(m), 

825(m ), 7 5 5 ( s ) ,  725(m), 7 0 5 ( s ) .

A n a ly s is

C a lc u la t e d  f o r  C17H190 n N3 ; % C, 4 6 .2 6 ;  %H, 4 .3 4 ;  £N, 9 .5 2 ;

Found, JSC, 4 7 .2 5 ;  %H, 4 .5 3 ;  £N, 9 .4 2 .
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3 ,4 -D in i tro p h e n y l 2 -acetarn ido-2 -deoxy-y5  -D -x y lo p y ran o s id e  (X l)

(X) was d e -O -a c e ty la t e d  u s in g  sodium m ethoxide a c c o rd in g  to  the 
104method o f  Zemplen • The r e a c t i o n  m ix tu re  was a p p l ie d  to  a column 

o f  Sephadex LH20 (3 0 x 1 .5cm.) and e l u t e d  w ith  w a te r .  F r a c t io n s  were 

m o n i to red  f o r  g ly c o s id e  by u l t r a  v i o l e t  abso rbance  a t  284nm , poo led  

and f r e e z e  d r i e d  to  g iv e  a m i c r o - c r y s t a l l i n e  s o l i d .  M .p t .  175°C.

N,M.R. (d,- P y r id in e )

cf= 8 .8 8  p .p .m . ,  (1 p r o to n ) ,  d o u b le t ,  N-H, J  = 9 cp s .

8 .0 8  p .p .m . ,  (1 p r o to n ) ,  d o u b le t ,  a ro m a t ic  p ro to n ,  J  = 8 .5 c p s .

7 ,9 0  p .p .m . ,  (1 p r o to n ) ,  d o u b le t ,  a ro m a tic  p ro to n ,  J  =  2 .5 c p s .

/ =  7 ,5 0  p ,p .m . ,  (1 p r o to n ) ,  d o u b le t  o f  d o u b le t s ,  a ro m a tic  p ro to n ,

J  == 8 ,5  ,and 2 ,5 c p s ,

/ =  5 ,9 8  p , p ,m . ,  (1 p r o to n ) ,  d o u b le t ,  H-l> 2 ~  6*5cps.

/ =  4 ,6 2  ~ 4 ,9  p?P*m,, 4 ,1 4  ^  4 .5 8  p .p .m . ,  4 .0 6  -  3 .68  p .p .m . ,  

m u l t i p l e t s ,

$ =  2 ,1 2  jp,p,m», (3 p r o to n s ) ,  s i n g l e t ,  N^-acetyl m e th y l.  

i . R .  ( n u jo l )

3 4 2 0 ( s ) ,  3320( s ) , 3 1 2 0 (s ) ,  1 6 3 0 (s ) ,  1610(m), 1 5 9 5 (s ) ,  1 3 8 0 (s ) ,  

I 2 8 8 ( s ) ,  1 2 5 0 ( s ) , 1 1 2 0 (s ) ,  1 0 8 0 (s ) ,  I 0 6 5 ( s ) ,  I 0 0 5 ( s ) ,  965(m), 893(m), 

855(m), 840(w ), 820(m ), 755(m), 725(ra), 700(m ).

Analysis

C a lc u la t e d  f o r  C13H1509N3 5 £C, 4 3 .7 0 ;  £H, 4 .2 3 2 ;  £N, 1 1 .761 ;

Found, «&:, 4 2 .7 9 ;  4 .4 6 ;  1 1 .5 8 .
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U.V. E x t in c t io n  c o e f f i c i e n t  5 ,550  in  aqueous s o l u t i o n  a t  A 

max. 284am.
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jo -N itro  pheny l 3 , 4 , 6 - t r i - O - a c e ty l-2 -d e o x y -^ -D -g lu c o p y ra n o s id e  (X II)

l , 3 ,4 ,6 - T e t r a - 0 - a c e t y l - 2 - d e o x y - D - g lu c o p y r a n o s id e ,  a m ix tu re  o f  th e  

OCand j3-anomers was s u p p l ie d  by D r. B. Capon. T his  was r e a c te d  w ith  

a c e ty l  c h l o r i d e ,  and d ry  hydrogen c h l o r i d e  gas as  p r e v io u s ly  d e s c r ib e d

c o n f ig u r a t io n  a t  th e  anom eric carbon  atom was n o t  i d e n t i f i e d .  The crude 

c h l o r i d e  was one s p o t  on T .L .C . (3 : 1 v /v  e th y l  a c e t a t e ,  b e n z e n e ) .  I t  

, was d i s s o lv e d  in  d ry  a ce to n e  and r e a c t e d  w ith  ja -n i t ro p h e n o l  in  th e  p resen ce  

o f  p o ta ss iu m  c a r b o n a te .  Compound (X II)  was o b ta in e d  in  41^ o v e r a l l  y i e l d  

from th e  t e t r a - a c e t a t e  and r e c r y s t a l l i s e d  from 1 0%  e t h a n o l ,  w a te r .  M .p t .

O^acetyl methyls.

Resonances were assigned by decoupling experiments as described in 

the experimental discussion.

to  g iv e  3 , 4 , 6 - t e t r a - 0 >~ acety l~ 2--deoxy-D -g lucopyranosy l c h l o r i d e .  The

N.M.R. (CDC13 )

<f= 8 .2  p . p .m . ,  (2  p r o to n s ) ,  d o u b le t ,  a ro m a tic  p ro to n s ,  J  = 9 cp s .

7 .0 7  p .p .m . ,  (2  p r o to n s ) ,  d o u b le t ,  a ro m a t ic  p ro to n s ,  J  = 9 cp s .  

(J= 5 .2 3  p . p .m . ,  (1 p r o to n ) ,  d o u b le t  of d o u b le t s ,  = 9 cp s ,

l , 2 e  “  ^  #

J =  5 .1 0  p . p .m . ,  (1 p r o to n ) ,  t r i p l e t ,  H-4, J  = 9 cp s .

cf= 3 .7  -  4 .3  p .p .m . ,  (4  p r o to n s ) ,  m u l t i p l e t ,  H-3, H-5, H2~6.

J =  2 .3  -  2 .9  p . p .m . ,  (2  p r o t o n s ) ,  m u l t i p l e t ,  H2~2.

cf= 2 .1 3  p . p .m . ,  S = 2 .0 7  p .p .m . ,  (9 p ro to n s )  two s i n g l e t s ,
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I .R .  ( n u jo l )

1 7 6 5 (s ) ,  1 7 5 0 (s ) ,  1610(m), 1 5 9 5 (s ) ,  1 5 2 5 (s ) ,  1510(m), 1 3 8 5 (s ) ,  

1 2 5 0 (s ) ,  1 2 2 5 (s ) ,  1125(m), 1 0 8 0 (s ) ,  1060(m), 980(m), 865(m), 760(m).

A n a ly s i s .

C a lc u la t e d  f o r  C18H210 1()N, H20 ;  50 .3 5 ;  5 .3 9 ;  ^N, 3 .2 6 ;

Found, %C, 4 9 .8 3 ;  4 .6 4 ;  3 .7 0 .



-  51 -

£ -N itro p h e n y l 2 -d e o x y -£ -ID -g lucopyranoside (X III )

Compound (X II)  was d e -O -a c e ty la t e d  a c c o rd in g  to  Zemplen! s method*34 , 

to  g iv e  compound ( X I I I ) •  R e c r y s t a l l i s a t i o n  from e th a n o l ,  w a te r  gave 

m a t e r i a l  w ith  M .p t ,  164°C ( l i t 5.l67 -169°C )

N.M.R. (d^ p y r id in e )

S -  8 .2  p .p .m . ,  (2 p r o to n s ) ,  d o u b le t ,  a ro m a t ic  p ro to n s ,  J  = 9cps .

J =  7 .2 6  p . p .m . ,  (2 p r o to n s ) ,  d o u b le t ,  a ro m a t ic  p ro to n s ,  J  = 9 cps .  

5 .63  p . p .m . ,  (1 p r o to n ) ,  d o u b le t  o f  d o u b le t s ,  H - l ,  2a = 9 cps .

J l , 2 e  = 3 c p s *

3 .9  -  5 .0  p .p .m . ,  (7  p r o to n s ) ,  m u l t i p l e t ,  jl-Hg p lu s  r i n g  p r o to n s .  

& =  2 .2  -  2 .9  p .p .m . ,  (2  p r o to n s ) ,  m u l t i p l e t ,  r i n g  p r o to n s .

I .R .  ( n u jo l )

3320( s ) , 3 2 2 0 (s ) ,  3 l0 0 (m ),  1615(m), 1595(m), 1 5 2 3 (s ) ,  1 4 9 8 (s ) ,

1 3 5 0 (s ) , 1 2 5 0 (s ) ,  1 1 8 0 ( s ) , 1153(m), l l 0 5 ( s ) ,  1 0 8 2 (s ) ,  1 0 7 0 (s ) ,  1 0 4 5 (s ) ,  

9 9 0 ( s ) ,  925(m ), 8 6 8 ( s ) ,  825(m), 780(m), 7 6 0 ( s ) ,  730(m), 700(m), 6 6 8 ( s ) ,  

652(m).

A n a ly s i s .

Calculated for C1„H1507W) H20; $C, 47.53; f A ,  5 .65; pN, 4 .62;

Found, f c ,  47.00; 4 .78; #J, 4 .2 4 .
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jo -N itropheny l 2 -a c e ta m id o -6 -0 - to lu e n e - j i> -su lp h o n y l-2 -d e o x y -  -D - 

g lu c o p y ra n o s id e  {(IV).

j£ -N itropheny l 2 -ace tam ido-2 -deoxy-j$  -D -g lu co p y ran o s id e  ( 0 .5 1 g . )  

was d i s s o lv e d  in  8ml. o f  dry  p y r id in e  and coo led  to  -1 0 °C. 1 .1  mole

e q u i v a l e n t s  o f  ^ - t o l u e n e  s u lp h o n ic  a c id  in  2ml. o f  d ry  p y r id in e  were 

added over a p e r io d  o f  tw enty m in u te s .  The m ix tu re  was a l low ed  to  

s ta n d  48 hours  a t  room te m p e ra tu re .  Removal o f  the  p y r id in e  under 

red u ced  p r e s s u r e  a t  40°C l e f t  an o i l  which was d i s s o lv e d  in  ch lo ro fo rm . 

The ch lo ro fo rm  s o l u t i o n  was washed a t  50°C w ith  s a t u r a t e d  p o ta ss iu m  b i ­

c a rb o n a te  s o l u t i o n ,  d r i e d  and e v a p o ra te d  under reduced  p re s s u re  to  y i e l d  

a s o l i d ,  M .p t .  110°C. (When e x t r a c t i o n  was c a r r i e d  o u t  a t  room tem per­

a t u r e  an o i l  i s  p roduced  in  much reduced  y i e l d . )  R e c r y s t a l l i s a t i o n  from 

r e f l u x i n g  to lu e n e  y i e ld e d  0 .3 7 0 g . ,  (50$ y i e l d )  o f  s o l i d ,  M .p t.  154°C 

which was pure  by T.L.C* (11$ m ethanol in  c h lo ro fo rm ) .

I .R .  ( n u jo l )

3 4 5 0 -3 3 0 0 (s ) , 3100(m), 1 6 6 0 (s ) ,  1630(m), 16 l0 (m ), 1 5 9 5 (s ) ,  1 5 1 5 (s ) ,  

1 4 9 5 (s ) ,  1 2 5 0 (s ) ,  1 1 9 5 (s ) ,  1 1 7 5 (s ) ,  1 0 8 0 (s ) ,  1000(m), 975(m), 870(m),

820(m), 7 6 0 ( s ) ,  700(m ), 6 8 0 ( s ) .
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p_-N itrophenyl 2 -ace tam id o -6 -io d o -2 ,6 -d id eo x y -y 5  -D -g lu co p y ran o s id e  (XV)

0 .3 5 g .  o f  (XIV) was d i s s o lv e d  in  10ml. of d ry  a c e to n e .  0 .3 8 g .  of 

sodium io d id e  was added and th e  m ix tu re  r e f lu x e d  f o r  f iv e  hours  by which 

tim e a l l  o f  th e  s t a r t i n g  m a te r i a l  had r e a c te d  (T .L .C . 11%  m ethanol in  

c h lo ro fo rm ) .  The sodium jo - to lu en e  su lp h o n a te  p r e c i p i t a t e d  was f i l t e r e d ,  

suspended in  d ry  a c e to n e ,  r e - f i l t e r e d  and washed w ith  d ry  a c e to n e .  The 

combined a c e to n e  f i l t r a t e s  were e v a p o ra te d  un d er  reduced  p r e s s u r e  and th e  

• s o l i d  o b ta in e d  was r e c r y s t a l l i s e d  from w a te r .  0 .3 g .  (95^  y i e l d ) ,  M .p t .  

197-198°C.

The w e ig h t  o f  sodium ^ - t o l u e n e  su lp h o n a te  p r e c i p i t a t e d  was 0 .1 2 7 g . 

T h e o r e t i c a l  r e l e a s e  was 0 .1 4 5 g .  showing t h a t  one p rim ary  hydroxyl group 

in  compound (XIV) had been t o s y l a t e d .

N.M.R. (CP30 P .)

cf= 8 .2  p .p .m . ,  (2  p r o to n s ) ,  d o u b le t ,  a ro m a tic  p r o to n s ,  J  = 9 c p s .

7 .2 6  p .p .m . ,  (2  p r o to n s ) ,  d o u b le t ,  a ro m a tic  p r o to n s ,  J  = 9 c p s .

<j= 2 .3 3  p .p .m . ,  (2  p r o to n s ) ,  s i n g l e t ,  H2~6.

cf= 8 .0 0  p .p .m . ,  (3  p r o to n s ) ,  s i n g l e t ,  N j-acetyl m e th y ls .
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D i-N _-acetyl“hexa-O j-acety l c h i to b io s e  (XVI)

T h is  compound was p re p a re d  acco rd in g  to  th e  method d e s c r ib e d  by 

108B ark e r  • C h i t i n  as  s u p p l ie d  by Eastman-Kodak was found to  be th e  

most s a t i s f a c t o r y  y i e ld in g  9 .5 g .  o f  (XVI) p e r  lOOg. R e c r y s t a l l i s e d  

from m ethanol M .p t ,  308°C ( l i t . * ^  308-309°C ).

I .R ,  spec trum  showed bands co r re sp o n d in g  to  the  amide I  and I I  and 

to  th e  ^ - a c e t a t e s .

P e r a c e ty l a t e d  o l i g o s a c c h a r id e s  from c h i t i n .

109C h i t i n  was h y d ro ly sed  a c c o rd in g  to  the  method o f  B arke r  red u c in g

th e  tim e o f  in c u b a t io n  a t  55°C to  one hour f i f t e e n  m in u te s .  Work up by

th e  d e s c r ib e d  method and r e c r y s t a l l i s a t i o n  from methanol y ie ld e d  5g, 6 f

a s o l i d  m ix tu re  o f  th e  p e r a c e t y l a t e d  o l ig o s a c c h a r id e s  from th e  dimer

th ro u g h  to  th e  hexamer as shown by T .L .C . ( l  : 9 v /v  m e thano l,  c h lo ro fo rm ) .

4 .5 g .  o f  th e  m ix tu re  was s e p a ra te d  by th e  method deve loped  in  t h i s  

107la b o r a to r y  u s in g  a (4x210cm.) column of M a l l in c k ro d t  S i l i c i c  a c id  

(100 mesh) em ploying a g r a d i e n t  e l u t i o n  o f  m ethanol in  ch lo ro fo rm  (3 -1 5 ^ ) .  

F r a c t i o n s ,  30 m in u te s ,  were c o l l e c t e d  u s in g  an L.K.B. U l t r o r a c  f r a c t i o n  

c o l l e c t o r  and m on ito red  by T .L .C . (1 : 9 v /v  m e thano l,  c h lo ro fo rm ) .

R ou tine  y i e l d s  o f  th e  h ig h e r  p e r a c e ty l a t e d  o l ig o s a c c h a r id e s  ( t e t r a ­

m e te r  and pen tam er)  o f  1 - 1 . 5g . each were o b ta in e d  from a c e t o l y s i s  m ix tu re s  

which had been r e c r y s t a l l i s e d  two o r more t im es  from m e thano l.

The p e r a c e t y l a t e d  o l i g o s a c c h a r id e s  were r e c r y s t a l l i s e d  from m ethanol 

and r a n  a s  one s p o t  on T .L .C . in  th e  s o lv e n t  system  above.

I .R .  s p e c t r a  showed bands co r re sp o n d in g  to  th e  amide I  and I I  and 

to  th e  (^ -a c e ta te s  •
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M .P ts .

(a )  A c e ty la te d  NAG  ̂ 300°C ( d e c . )

(b) A c e ty la te d  NAG  ̂ 320°C ( d e c . )

(c )  A c e ty la te d  NAG  ̂ 300°-305°C (d e c . )

A n a ly s is

C a lc u la te d  f o r  (a )  £C, 4 9 .8 4 ;  %H, 5 .9 6 1 ; 4 .3 6 ;

Found, Jfc, 4 9 .5 6 ;  $H, 6 .0 8 ;  £N, 4 ,1 3 .

C a lc u la t e d  f o r  (b) C52H74°31N4 ; t  49 .9 2 ;  %H, 5 .9 6 ;  $ J ,  4 .4 8 ;

Found, 56c ,  4 8 .6 5 ;  %H, 6 .1 1 ;  %N, 4 .3 0 .

C a lc u la t e d  f o r  (c )  C ^ H ^ O ^ N ^  %C, 4 9 .9 7 ;  JgH, 5 .9 6 ;  $N, 4 .5 5 ;

Found, Jfc, 4 9 .2 0 ;  JgH, 6 .0 7 ;  $N, 4 .2 6 .

D e -O -a c e ty la t io n  o f  th e  p e r a c e ty l a t e d  o l ig o s a c c h a r id e s

104D e - O -a c e ty la t io n  was accom plished  by th e  method o f  Zemplen •

The compounds were p u r i f i e d  by chrom atography u s in g  a (1 .5x15cm .) column

o f  Sephadex G-15 e l u t i n g  w ith  w a te r .  F r a c t i o n s  were m onito red  by T .L .C .

( 3 : 6 : 2  v / v / v  ammonia, r^ -propanol, w a te r ) .  Those c o n ta in in g  the  d e -

(D -ace ty la ted  m a t e r i a l  were combined, f r e e z e  d r i e d  and then  d r i e d  in  vacuum.

I .R .  s p e c t r a  showed amide I  and I I  bands a t  1660-1620cnT* and 1565-

1550cm * r e s p e c t i v e l y .

The o l i g o s a c c h a r i d e s  were shown to  be pu re  by  T .L .C . in  th e  s o lv e n t

system  above and had i d e n t i c a l  R f .  v a lu e s  to  a u t h e n t i c  o ligom ers  p rep a red

109by Capon and F o s t e r  • The m o le c u la r  w e igh t  o f  th e  t e t r a m e r ,  NAG^, was 

d e te rm in e d  u s in g  a M ecrolab  vapour p r e s s u r e  osmometer, model 301A, and 

was e s t im a te d  a s  870 ( c a l c .  8 3 0 ) .



-  56 -

M .P ts .

NAG2 205-208°C ( l i t .  206-212°C)

NAG3 305°C ( d e c . )  ( l i t .  309-311°C)

NAG4 285-295°C ( l i t .  290-300°C)

NAG5 280-290°C ( l i t .  285-295°C)

O p t ic a l  R o t a t i o n s .

K'aG2 [ « ] 2 5  = +16.1  ( l i t . [ o t ] D 14 .9  to  17 .2 )  

NAGg [  0 t ] £ 5 = + 2 .0  ( l i t J o t ] D 1 .8  to  2 .2 )  

NAG4 [ 0 C | 5  = _ 2 .5  ( l i t . M p  - 1 . 9  to  - 4 .1 )

NAG5 [tX .]p 5 = - 7 . 2  ( l i t . f o t j p  - 6 .1  to  - 9 .1 )
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2 - A c e ta m id o - l ,3 ,4 ,6 - te tr a -0 - a c e ty l-2 -d e o x y -y 5  -D -g lu co p y ran o se  (XVII)

T h is  compound was p rep a red  a c c o rd in g  to  th e  method o f  F in d la y  e t  

a l 101. R e c r y s t a l l i s a t i o n  from m ethanol gave compound (XVII) in  28^ 

y i e l d .  M .p t .  186°C ( l i t . 101 185-186°C)

2 -A c e ta m id o -3 ,4 ,6 - t r i -0 -a c e ty l -2 -d e o x y -{ > (  -D -g lu co p y ran o sy l  C h lo r id e  (XVIIl)

T h is  compound was p re p a re d  in  69%  y i e l d  from compound (XVII) a c c -

113o rd in g  to  th e  method o f  Leaback • R e c x y s t a l l i s a t i o n  from e t h y l  a c e t a t e -  

hexane gave m a t e r i a l ,  M .p t .  127°C + 115° (C, 1, CHCl^) £ l i t . 110

133°C + 118° (C, 1, CHC13 )] which was used  w ith o u t  f u r t h e r  p u r i ­

f i c a t i o n .

2 - M e th y l -4 ,5 - ( 3 ,4 ,6 - t r i - 0 - a c e ty l - 2 -d e o x y - D - g lu c o p y r a n o )  -/ \ ^ ~ o x azo lin e  

(IXX)

T his  compound was p re p a re d  from compound (X V IIl)  by th e  method of  

102K h o r l in  e t  a l  and i s o l a t e d  as  a g l a s s .  A m o d i f ic a t io n  of the  p ro ce ­

dure u sed  in  r e f e r e n c e  (1 0 2 ) ,  namely washing th e  r e a c t i o n  m ix tu re  w ith  

s a t u r a t e d  aqueous cadmium c h lo r id e  s o l u t i o n ,  proved h e l p f u l  in  removing 

the  c o l l i d i n e  from th e  r e a c t i o n  s o l u t i o n .

I>R. (thin film ).

3020(ra), 2960(m), 1740(s), 1675(s), 1432(m), 1370(s), 1315(m), 

l220(s), 1125(m), 1030(s), 938(s), 750(s).
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N.M.R. (CDC13 ) .

<f = 5 .9 3  p .p .m . ,  (1 p r o to n ) ,  d o u b le t ,  H - l ,  J ,  0 = 7cps*
Xy Z

= 5 .2 6  p.p.m., (1 proton), t r ip le t  

cl= 4 .9 3  p.p.m., (1 proton), doublet

4 .2 0  p.p.m., (3 protons), doublet 

<5= 3 .2 - 3 . 8  p.p.m., (1 proton), multiplet  

($ = 2 .0 3  p.p.m., (12 protons), broad s in g le t .

I d e n t i c a l  m a te r i a l  to  the  above was p rep a red  from 2 -a c e ta m id o -  

2 -deoxy-D -g lucopy ranose  by the  method o f  P ra v d ic  e t  a l 11^ .

A ttem pted  s a p o n i f i c a t i o n  o f  compound (IXX)

D e -O ^ a c e ty la t io n  o f  (IXX) u s in g  t r i e th y l a m in e  a c c o rd in g  to  the

102method o f  K h o r l in  e t  a l  proved u n s u c c e s s f u l .  An o i l  was o b ta in e d  

which had th e  c h a r a c t e r i s t i c  amide I  and I I  bands a t  1650cm 1 and 

1540cm*”1, and hence th e  o x a z o l in e  r i n g  had been opened d u r in g  s a p o n i­

f i c a t i o n .

2-Methy1 -4 ,5 - 4 - 0 - ( 3 , 4 , 6 - t r  i -O -a  ce t y 1- 2 - a  cetam i do-2-deoxy-y# -D -g lu  copy-

r a n o s y l ) -3 ,6 , - d i - 0 - a c e ty l -2 - d e o x y - D - g lu c o p y r a n o ]  - / ^ - o x a z o l i n e  (XX)

102Compound (XX) was p re p a re d  a c c o rd in g  to  th e  method o f  K h o r l in  e t  a l

w i th  th e  m o d i f i c a t io n  in  th e  work up p ro ced u re  m entioned f o r  compound (IXX). 
M .p t .  185°C ( l i t . 102 189-190°C)

I .R .  (nu .i o l ) .

3240(m), I 7 4 5 ( s ) ,  1 6 7 3 (s ) ,  1 6 5 5 (s ) ,  1 5 6 0 (s ) ,  1310(m), 1 2 4 0 (s ) ,

1160(w), 1130(m), 1 0 3 5 (s ) ,  935(m), 900(w ), 885(w ).
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N.M.R. (CDC13 ) .«

6 = 6 .20 p .p .m . , 1 p r o to n ) ,  d o u b le t  N-H, J = 9 c p s .

II
'“

O 5 .9 2 p .p .m . , 1 p r o to n ) ,  d o u b le t , J = 7 c p s .

C
U

,
II 5 .6 6 p .p .m . , 1 p r o to n ) ,  d o u b le t , J = 3 c p s .

«J= 5 .1 4 p .p .m . , 1 p r o to n ) ,  q u i n t e t

' I
I 4 .7 8 p .p .m . , 1 p r o to n ) ,  d o u b le t J = 8 cp s .

<f= 3 . 3 - 4 . 5  p .p .m 9 (9  p r o to n s ) ,  m u l t i p l e t s »

11
’■

'O 2 .0 8 p .p .m . , 3 p r o t o n s ) ,  s i n g l e t .

o-
> II 2 .0 5 p .p .m . , 9 p r o t o n s ) ,  b road  d o u b le t »

IIo 1 .99 p .p .m . , 6 p r o t o n s ) ,  b road  d o u b le t •

II 1 .9 2 p . p .m . , 3 p r o t o n s ) ,  s i n g l e t .

A n a ly s is .

C a lc u la t e d  f o r  C26H36°15N2 J ^  5 0 .6 4 ;  5 .8 8 ;  %N, 4 .5 9 ;

Found, $3 , 4 9 .9 4 ;  $ H 9 5 .6 5 ;  £N, 4 .2 6 .

A ttempted s a p o n i f i c a t i o n  o f  compound (XX)

102D e -O -a c e ty la t io n  was a t te m p te d  v ia  th e  method o f  K h o r l in  e t  a l  • 

0 .6 g .  o f  th e  a c e t y l a t e d  o x a z o l in e  (XX) was d i s s o lv e d  in  30ml. o f  d ry  

m e thano l.  5ml. o f  t r i e th y l a m in e  was added and th e  s o l u t i o n  a l low ed  

to  s ta n d  f o r  3 days a t  room te m p e ra tu re  a f t e r  which th e  s o lv e n t  was 

removed by e v a p o ra t io n  u n d e r  red u ced  p r e s s u r e  a t  30°C. The s o l i d  p ro ­

d u c t  o b ta in e d  was r e c r y s t a l l i s e d  from m e th a n o l /c h lo ro fo rm /e th 'e r ,  M .p t .  

180 -  190°C. The i n f r a r e d  spec trum  o f t h i s  s o l i d  showed t h a t  i s  was 

n o t  f u l l y  d e - O - a c e ty la t e d ,  and th e  amide I  band was n o t  s p l i t  i n t o  two 

peaks a s  f o r  th e  s t a r t i n g  m a t e r i a l .  F u r th e r  a t te m p ts  to  f u l l y  de-O -
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a c e t y l a t e  t h i s  m a t e r i a l  u s in g  m ethanol and t r i e th y l a m in e  r e s u l t e d  in  

th e  fo rm a tio n  o f  NAG  ̂ as  was confirm ed  by the  m e l t in g  p o in t  o f  210°C 

found f o r  th e  r e s u l t i n g  s o l i d  ( c . f .  M .p t .  210°C), by com parison of

th e  I .R .  s p e c t r a  f o r  th e  two compounds and th e  T .L .C . c h a r a c t e r i s t i c s  

in  (2 ,  1, 1, v / v / v ,  m e thano l,  e t h y l  a c e t a t e ,  benzene)*

3 , 4-D i  n i  t r  ophen y l £ -NAG^.

T h is  compound was s u p p l ie d  by F. W. B a l l a r d i e * ^  to  whom th e  a u th o r  

acknowledges h i s  g r a t i t u d e .

Source of o th e r  compounds used  in  t h i s  study*

The compounds shown below were purchased  from K och-Light L a b o r a to r ie s  

L td ,  P r i o r  to  u se  th ey  were r e c r y s t a l l i s e d  from aqueous e th a n o l  and d r ie d  

un d er  vacuum*

£ -N i t ro p h e n y l  2 -ace tam id o -2 -d eo x y ^ # -I) -g lu c o p y ran o s id e .  M .p t .  205-208°C 

j^ -N itro  phenyl  ̂ - ID -x y lo p y r  a n o s id e .  M.pt* 157-158°C.

£ -N it ro p h e n y ly 5 -D -g lu c o p y ra n o s id e .  M .p t .  161-165°C.

Methyl 2 -a c e ta m id o -2 -d e o x y -# - I ) -g lu c o p y ra n o s id e .  M .p t .  192°C. 

N ^ace ty l-D ^ g lu co sam in e ,  M .p t .  205°C.



-  61 -

Form ation  of  o l i g o s a c c h a r id e s  by t r a n s g l y c o s y l a t i o n .

Sm all s c a le  ex p er im en ts  u s in g  £ - n i t r o p h e n y l  2 -a c e ta m id o -2 -d e o x y -  

yS -D -x y lo p y ra n o s id e  in c u b a te d  w ith  lysozyme in  th e  p re sen ce  o f  NAG^,

NAG  ̂ o r  NAG  ̂ showed th e  p re sen ce  o f  h ig h e r  m o le c u la r  w eigh t compounds 

c o n t a in in g  a £ - n i t r o p h e n y l  g ly c o s id e  a s  de te rm ined  by T .L .C . ( 3 : 6 : 2 ,  

v / v / v ,  ammonia, ja -p ro p a n o l ,  w a t e r ) .  The T .L .C . p l a t e  shown in  f i g .  2 

i l l u s t r a t e s  a t y p i c a l  r e s u l t  fo r  th e  in c u b a t io n  o f  1.5mg. o f  £ - n i t r o p h -  

e n y l  2 - a c e ta m id o -2 -d e o x y -^  -D -x y lo p y ran o s id e  w i th  0.62mg. o f  NAG  ̂ and 

0 .54m g. o f  lysozyme in  250 u l  o f  c i t r a t e  b u f fe r* * ^  pH 5 .1  and 2 5 y j l

o f  s p e c t r o s c o p ic  d ioxan  a t  40°C. From th e  T .L .C . i t  was e s t im a te d  t h a t

th e  optimum tim e o f  in c u b a t io n  was 30 m in u te s .

S im i l a r  sm a l l  s c a l e  e x p e r im en ts  were perform ed u s in g  NAG  ̂ and NAG^.

In  th e  p re se n c e  o f  NAG  ̂ the  optimum tim e o f  in c u b a t io n  f o r  fo rm a t io n  o f  

t r a n s g l y c o s y l a t i o n  p ro d u c ts  was 20 h o u r s .  With NAG  ̂ t r a n s g l y c o s y l a t i o n

p ro d u c ts  were observed  on T .L .C . a f t e r  in c u b a t io n  f o r  one m in u te .  F ig .  3.

P r e p a r a t i v e  s c a l e  r e a c t i o n s ,  a l lo w in g  s e p a r a t io n  o f  th e  t r a n s g l y ­

c o s y l a t i o n  p ro d u c ts  by column chrom atography, e s t a b l i s h e d  t h a t  on incub ­

a t i o n  o f  £ - n i t r o p h e n y l  2 -ace tam id o -2 -d eo x y -y 5 -D -x y lo p y ran o s id e  w ith  NAG4 

and lysozyme a s i g n i f i c a n t  amount o f  NAG-NAX-PNP was form ed. I n c u b a t io n  

u s in g  NAG  ̂ was p r e f e r r e d  f o r  fo rm atio n  o f  NAG^-NAX-PNP and NAG^-NAX-PNP. 

P r e p a r a t i v e  s c a l e  r e a c t i o n s  a l s o  e s t a b l i s h e d  t h a t  when u s in g  NAG  ̂ in  th e  

t r a n s g l y c o s y l a t i o n  r e a c t i o n  l a r g e r  amounts o f  p ro d u c ts  were formed by 

u s in g  an e q u a l  amount by w e ig h t o f  r e d u c in g  su g a r  and monomer g ly c o s id e .

F or e ac h  o f  th e  t r a n s g l y c o s y l a t i o n  r e a c t i o n s  d e s c r ib e d  below  sm all  

s c a l e  T .L .C .  ex p er im en ts  were perform ed to  e s t im a te  the  optimum c o n d i t i o n s .

S e p a r a t io n  o f  th e  g ly c o s id e s  formed by t r a n s g l y c o s y l a t i o n  was a c h iev ed
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by  chrom atography on a ( l ,5x210cm .)  column o f  Sephadex LH20 e l u t i n g  w ith  

w a te r  a t  a flow  r a t e  o f  12ml. pe r  h o u r .  The e f f l u e n t  was m onito red  f o r  

g ly c o s id e s  u s in g  a C e c i l  In s t ru m e n ts  C .E .212 V a r ia b le  W avelength U l t r a ­

v i o l e t  M onito r  s e t  a t  th e  w aveleng th  f o r  maximum a b s o r p t io n  o f  th e  g ly ­

c o s id e ,  The m on ito r  was l in k e d  to  a S e rv o s c r ib e  p o te n t io m e t r i c  r e c o r d e r ,  

p ro v id in g  a co n t in u o u s  t r a c e  o f  th e  e f f l u e n t .  F r a c t i o n s  c o n ta in in g  a 

g ly c o s id e  were combined, s t i r r e d  w ith  A m berli te  M .B .l .  r e s i n  to  remove 

any t r a c e s  o f  re d u c in g  s u g a r s ,  f i l t e r e d  and f r e e z e  d r i e d .  A f te r  d ry in g  

in  vacuo  th e  e x t i n c t i o n  c o e f f i c i e n t  o f  th e  g ly c o s id e  was measured and 

compared w ith  t h a t  o f  th e  monomer g ly c o s id e .  I f  th e  e x t i n c t i o n  c o e f f i c ­

i e n t  was l e s s  than  ex p ec ted  th e  g ly c o s id e  was d i s s o lv e d  in  the  minimum 

amount o f  w a te r  and rechrom atographed  on a (1 .5x60cm .) column o f Sephadex 

G-15. B o i le d  o u t d i s t i l l e d  w a te r  was used  when e l u t i n g  from Sephadex 

colum ns.

T ra n s g ly c o s y la t i o n  r e a c t i o n s  w ith  £ -N i t ro p h e n y l  2 -a c e ta m id o -2 -d e o x y -  

yS -D -x y lo p y ra n o s id e

0 .1 5 g .  o f  £ - n i t r o p h e n y l  2 - a c e tamido-2-deoxy-yS -D -x y lo p y ra n o s id e ,  

0 .1 5 g .  o f  NAG  ̂ and 0 .0 2 4 g .  o f  lysozyme were d i s s o lv e d  in  30ml. o f  c i t r a t e  

b u f f e r  pH 5 .1  and 3ml. o f  s p e c t r o s c o p ic  d io x a n .  A f t e r  in c u b a t io n  a t  

40°C f o r  20 hours  th e  m ix tu re  was chrom atographed as  d e s c r ib e d  above .

12mg. o f  NAG-NAX-PNP, 4mg. o f  NAG2-NAX-PNP and 2mgs. o f  NAGg-NAX-PNP 

were i s o l a t e d .

0 . 3 g .  o f  £ - n i t r o p h e n y l  2 - a c e tam ido-2-deoxy-^S -D -x y lo p y ra n o s id e ,

0 . l 5 g .  o f  NAG,, and O . l l g .  o f  lysozyme were d i s s o lv e d  in  50ml. o f  c i t r a t e
V

b u f f e r  pH 5 .1  and 5ml. o f  s p e c t r o s c o p ic  d io x a n .  A f t e r  in c u b a t io n  a t  

40°C f o r  30 m inu tes  th e  r e a c t i o n  was te rm in a te d  by  th e  a d d i t i o n  o f  d i -
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sodium t e t r a b o r a t e  b u f f e r  pH 9 . 7 .  A f te r  chrom atography 5mg. o f  NAG- 

NAX-PNP, 6mg. o f  NAG^-NAX-PNP and 4mg. of NAG^-NAX-PNP were i s o l a t e d .

The g ly c o s id e s  i s o l a t e d  were pure  by T .L .C . ( 3 : 6 : 2 ,  v / v / v ,  

ammonia, rv -propanol, w a te r ) .

C h a r a c t e r i s a t i o n  o f  the  t r a n s g l y c o s y l a t i o n  p r o d u c t s .

NAG-NAX-PNP

M .p t .  206-212°C ( d e c . )

N.M.R. (D^O) (8mg. in  0 .5 m l,  C.A.T. 16 t im e s ) .

The spec trum  showed c h a r a c t e r i s t i c  re sonance  s ig n a l s  f o r  the  a ro m a tic

p ro to n s  w i th  a c o u p l in g  c o n s ta n t  J  = 9 c p s . ,  th e  anom eric p ro to n ,  a d o u b le t ,

w i th  c o u p l in g  c o n s t a n t  J ,  0 = 6 cp s ,  and two sh a rp  s i g n a l s  c o r re sp o n d in g
1,2

to  th e  N^-acetyl m ethyl p ro to n s  a d i s t a n c e  o f  4 c p s .  a p a r t .

I .R .  ( n u jo l )

The spec trum  showed c h a r a c t e r i s t i c  bands a t  1635-1660cm amide I ;  

1540-1570cm“ 1',  amide I I ,  and bands due to  the  a ro m a t ic  group a t  1610,

1595, 1520 and 1498cm~1 .

U.V.

8.03mg, o f  NAG-NAX-PNP was d i s s o lv e d  in  1 .5 m l.  o f  d i s t i l l e d  w a te r .

50 j i l m of  t h i s  s o l u t i o n  made up  to  2 .5 m l.  w i th  w a te r  had an ab so rb an ce  

o f  1 .6 7  a . u .  a t  300nm. g iv in g  a c o n c e n t r a t io n  by  U*V. o f  8 .35x10  M f o r
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t h e  o r i g i n a l  s o l u t i o n .  500 j i l .  o f  N / l  sodium h yd rox ide  was added to

th e  s o l u t i o n .  A f t e r  in c u b a t io n  o f  th e  s e a le d  s o l u t i o n  a t  80°C f o r

t h r e e  hours  th e  s o l u t i o n  had an absorbance  o f  2 .5 6  a . u .  a t  400nm. l e a d -

-3in g  to  a c o n c e n t r a t i o n  by U.V. o f  8.52x10 M f o r  the  o r i g i n a l  s o l u t i o n .
o

C o n c e n t ra t io n  o f  th e  o r i g i n a l  s o l u t i o n  by w e ig h t was 10.4x10 M.

nag2- nax- p n p .

M .p t .  255-260°C 

N.M.R. (D20)

The anom eric  p ro to n  cou ld  n o t  be c l e a r l y  d i s t i n g u i s h e d .  Three 

sh a rp  s i g n a l s  in  the  r e g io n  expec ted  f o r  N ^ace ty l m ethyl groups (ap p ro x ­

im a te ly  (f= 2 p .p .m .)  were p r e s e n t .

U.V.

1.47mg. o f  NAG^-NAX-PNP was d i s s o lv e d  in  lm l.  o f  d i s t i l l e d  w a te r .  

0 .2m l. of t h i s  s o l u t i o n  made up to  2 .5m l.  w ith  w a te r  had an abso rbance  

o f  0 .1 3  au a t  300nm., Expected ab so rb an ce  f o r  t h i s  s o l u t i o n  c a l c u l a t e d  

on th e  m o le c u la r  w e igh t f o r  NAG2-NAX-PNP was 0 .1 5  au .

nag3- nax- p n p .

1.33mg. was d i s s o lv e d  in  lm l.  o f  a c e t a t e  b u f f e r  pH 5 . 2 .  0.1ml'. o f

t h i s  s o l u t i o n  in  2 .5 m l.  o f  b u f f e r  had an abso rbance  o f  0 .4 6 3  au .  a t  300nm. 

Expected ab so rb an ce  f o r  t h i s  s o lu t i o n  c a l c u l a t e d  on th e  m o le c u la r  w e ig h t  

f o r  NAG3-NAX-PNP was 0 .5 7 .
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T r a n s g ly c o s y la t i o n  r e a c t i o n  w ith  3 , 4 -D in i t ro p h e n y l  2 -ace ta ra id o -2 -d e o x y -  

^ j -D -x y lo p y ra n o s id e .

0 . l 5 g .  o f  3 , 4 - d i n i t r o p h e n y l  2-acetam ido-2-deoxy-yl3-I>-xylopyranoside, 

0 .1 5 g .  o f  NAG,. and 0 .0 2 4 g .  o f  lysozyme were d i s s o lv e d  in  30ml. o f  c i t r a t e  

b u f f e r  pH 5 .1  and 3ml. o f  s p e c t r o s c o p ic  d io x an .  A f te r  in c u b a t io n  a t  40°C 

f o r  2 h ou rs  th e  m ix tu re  was chrom atographed on a (1 .5x60  cm) column of 

sephadex G-15 and th e  e f f l u e n t  was m onito red  a t  284nm. This  sm a ll  Sephadex 

column was used  due to  the  h ig h  spontaneous  r a t e  o f  h y d r o ly s i s  o f  th e

3 ,4 - d i n i t r o p h e n y l  g ly c o s id e s  which would have r e s u l t e d  in  a p p r e c ia b le  

h y d r o ly s i s  o f  th e  t r a n s g l y c o s y l a t i o n  p ro d u c ts  d u r in g  th e  time r e q u i r e d  fo r  

s e p a r a t i o n  u s in g  th e  l a r g e r  Sephadex column. The sm all  column d id  n o t  

however g iv e  a com ple te  s e p a r a t io n  o f  th e  t r a n s g l y c o s y l a t i o n  p r o d u c ts .

T hree  f r a c t i o n s  w ere ta k e n  c o n s i s t i n g  m ain ly  o f  t r i m e r ,  monomer and dimer 

g ly c o s id e s  r e s p e c t i v e l y .  These were s t i r r e d  f o r  ten  m inutes w ith  A m berli te  

M .B . l .  r e s i n  to  remove red u c in g  s u g a r s ,  f i l t e r e d  and f r e e z e  d r i e d .  The 

f r a c t i o n s  were th e n  each  d i s s o lv e d  in  th e  minimum amount o f  w a te r  and 

rech rom atog raphed  s e p a r a t e l y  on th e  column o f  Sephadex G-15, m o n i to r in g  

fo r  g ly c o s id e s  a s  b e f o r e  a t  284nm. This second s e p a r a t io n  gave th e  pure  

d im er and t r im e r  a f t e r  f u r t h e r  t r e a tm e n t  of the  r e s p e c t i v e  s o l u t i o n s  

e l u t e d  from th e  column w ith  A m b er li te  M .B .l .  r e s i n  and f r e e z e  d r y in g .

The compounds s e p a ra te d  were pu re  by T. 3 ,  v/ v /v ,  n - ^ i u -  

p a n o l ,  ammonia, w a t e r ) .  The f a s t e s t  ru n n in g  compound was i d e n t i f i e d  a s  

th e  monomer, 3 ,4 - d i n i t r o p h e n y l  2 -a ce tam id o -2 -d eo x y -^ -D -x y lo p y ran o s id e  

by com parison w i th  an a u t h e n t i c  s t a n d a r d .

NAG-NAX-DNP. 1.4mg. was d i s s o lv e d  in  0.1M a c e t a t e  b u f f e r  pH 5 .2 3 .

0 .010m l. o f  t h i s  s o l u t i o n  made up to  2 .5 m l.  w ith  b u f f e r  had an abso rbance  

o f  0 .0 4  a u .  a t  284nm. Expected abso rbance  a t  t h i s  w av e len g th ,  0 .0 5  a u .
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NAG2-NAX-DNP. 1.9mg. was d i s s o lv e d  in  0.1M a c e t a t e  b u f f e r  pH 5 .2 3 .  

0 .0 1 0 m l.  o f  t h i s  s o l u t i o n  made up to  2 .5m l. w ith  b u f f e r  had an abso rbance  

o f  0 .0 4  au .  a t  284nm. Expected abso rbance  a t  t h i s  w ave leng th , 0 .0 5  au .
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T r a n s g ly c o s y la t i o n  r e a c t i o n  w ith  £ -N it ro p h e n y l /3 -D -g lu c o p y ra n o s id e .

0 .8 g .  o f  j> -n i t ro p h e n y ly § -D -g lu co p y ran o s id e ,  0 .3 5 g .  o f  NAG  ̂ and

0 .3 5 g .  o f  lysozyme were d i s s o lv e d  in  60ml. o f  c i t r a t e  b u f f e r  pH 5 .1  and 

6ml. o f  s p e c t r o s c o p ic  d io x a n .  A f te r  in c u b a t io n  a t  40°C f o r  20 hours  

t h e  m ix tu re  was chrom atographed. Three g ly c o s id e s  were s e p a ra te d  and 

shown to  be pure  by T .L .C . (6 ,  3, 2 ,  v / v / v ,  n -p ro p a n o l ,  ammonia, w a te r ) .

The l a s t  g ly c o s id e  to  be e lu te d  from the  column was th e  monomer, j a - n i t r o -  

p h e n y ly J -D -g lu c o p y ra n o s id e .  20mg. o f  NAG-Glu-PNP was i s o l a t e d  and c h a r ­

a c t e r i z e d  as  shown below . The f i r s t  g ly c o s id e  e l u t e d  from th e  column, 

(3m g .) ,  appea red  from T .L .C . to  be NAG^-Glu-PNP.

NAG-Glu-PNP.

M .p t .  253-260°C ( d e c . )  ( l i t . 57 256-258°C ( d e c . ) )

U.V.

l . IS m g .  o f  NAG-Glu-PNP was d i s s o lv e d  in  2ml. o f  w a te r  and h y d ro ly sed  

by ad d in g  2ml. o f  3N h y d ro c h lo r ic  a c id  and h e a t in g  a t  100°C f o r  30 m in u te s ,  

lm l .  o f  th e  s o l u t i o n  was n e u t r a l i s e d  by th e  a d d i t i o n  o f  5N sodium hydro­

x id e  s o l u t i o n  and th e  r e s u l t i n g  s o l u t i o n  was made up to  10ml. w i th  0.1N 

sodium h y d rox ide  s o l u t i o n .  This  s o lu t i o n  had an abso rbance  o f  0 .1 1  au .  

a t  400nm. The c a l c u l a t e d  absorbance  f o r  t h i s  s o l u t i o n  was 0 .1 0 4  a u .

I n  a s e p a r a t e  e s t im a t io n  1.26mg. o f  NAG-Glu-PNP was d i s s o lv e d  in  

lm l .  o f  c i t r a t e  b u f f e r  pH 5 .2 .  0 .1 m l.  o f  t h i s  s o l u t i o n  d i l u t e d  to  2 .5 m l.

w i th  c i t r a t e  b u f f e r  pH 5 .2  had an absorbance  o f  1 .1  a u .  a t  300nm. The

c a l c u l a t e d  ab so rb an ce  f o r  t h i s  s o l u t i o n  was 1 .2  a u .
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N.M.R. (H20)

The N.M.R. spec trum  of NAG-Glu-PNP showed one N - a c e ty l  m ethyl 

re so n an ce  a t  the  e x p ec ted  f req u e n c y .

I .R .  ( n u j o l ) .

The I .R .  spec trum  showed bands a t  1625 cm * and 1570 cm  ̂ c o r r e s p ­

onding  to  amide I  and I I  f r e q u e n c ie s ,  a s  w e ll  as  s t r o n g  a ro m a tic  bands

• a t  1610 crrf^, 1595 cm"’*’ and 1505 cm



-  71 -

T ra n s g ly c o s y la t i o n  r e a c t i o n s  w ith  £ -N i t ro p h e n y l  2 -ace tam ido-2 -deoxy-yQ -  

D -g lu c o p y ra n o s id e .

0 .4 8 g .  o f  £ - n i t r o p h e n y l  2 -ace tam id o -2 -d eo x y -  ^ -D -g lu c o p y ra n o s id e ,

0 .1 3 g .  o f  NAG  ̂ and O . l l g .  o f  lysozyme were d i s s o lv e d  i n  50^ 1 . o f  c i t r a t e  

b u f f e r  pH 5*1 and 5ml. o f  s p e c t r o s c o p ic  d io x a n .  A f te r  in c u b a t io n  a t  40° 

f o r  20 h o u rs  th e  m ix tu re  was chrom atographed . 15mg. o f  £ - n i t r o p h e n y l  p>

-NAG^ and 2mg. o f  £ - n i t r o p h e n y l  p-NAG^ were i s o l a t e d  and c h a r a c t e r i s e d  

by com parison  w i th  c h e m ic a l ly  s y n th e s iz e d  m a t e r i a l  p re p a re d  a c c o rd in g  to  

t h e  method o f  Osawa1^ * 111 . Due to  th e  e a se  o f  p r e p a r a t i o n  o f  a c e t y l a t e d  

NAG^, p r e v io u s l y  d e s c r ib e d ,  i t  was more co n v e n ie n t  to  p r e p a re  £ - n i t r o -  

pheny l p-NAG^ c h e m ic a l ly  th a n  e n z y m a t ic a l ly .

£ -N i t ro p h e n y l  p-NAG^

Enzym atic s y n t h e s i s  Chemical s y n t h e s i s  

M .p t .  220°C ( d e c . )  222°C ( d e c . ) ( l i t . 103 226-227°C)

N.M.R.(D„0)

The spec trum  showed c h a r a c t e r i s t i c  re so n a n c e  s i g n a l s  f o r  t h e  N -a c e ty l  

m e thy l p r o to n s  a  d i s t a n c e  o f  7cps .  a p a r t .

1 .R . (nu .jo l)

The spec trum  showed c h a r a c t e r i s t i c  bands a t  l 630- l 660cm \  amide 1;

1540-1570cm"1 , amide 11, and bands due to  th e  a ro m a tic  group a t  1605,

1595 ,1515 , end 1500cm"1

U.V.

lOjal o f  a  4 .13x10" s o l u t i o n  o f  £-n itrophenylyS-N A G ^ added to  3^1. o f  

c i t r a t e  b u f f e r  pH 5 .2  had an abso rbance  o f  0 .1 3  au .  a t  30Cnm. E xpected  

abso rbance  was 0 .1 3 7 a u .
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jo -N itropheny l -NAG^

M .p t .  236-238°C ( l i t 1.11 238-240°C)

The m a t e r i a l  p re p a re d  ch e m ic a l ly  by th e  method o f  Osawa was i d e n t i c a l  

by T .L .C . ( 6 , 3 , 2 , v / v / v ,  n -p ro p a n o l ,  ammonia, w a te r)  to  th e  m a te r i a l  

p rep a red  e n z y m a t ic a l ly .

. U.V*

-40 .1 m l.  o f  a s to c k  s o l u t i o n  o f  5x10 M in  2 .5m l.  o f  w a te r  had an 

abso rbance  o f  0 .1 8  au .  a t  300nm. C a lc u la te d  absorbance  f o r  t h i s  s o l u t ­

ion  was 0 .2 0  au .
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T r a n s g ly c o s y la t i o n  r e a c t i o n  w ith  ja -N itropheny l j i -D -x y lo p y ra n o s id e .

0 . 9 g .  of £ -N i t ro p h e n y l  ^ - D - x y lo p y r a n o s i d e ,  0 .4 8 g .  o f  NAG  ̂ and 

0 .2 g .  o f  lysozyme were d i s s o lv e d  in  75ml. o f  c i t r a t e  b u f f e r  pH 5 .1  and 

7 .5 m l.  o f  s p e c t r o s c o p ic  d io x a n .  A f te r  in c u b a t io n  a t  40°C f o r  20 hou rs  

th e  m ix tu re  was chrom atographed . The e f f l u e n t  showed th e  p re se n c e  o f  

fo u r  g ly c o s id e s  a s  s e p a r a t e  peaks from th e  U.V. m o n i to r .  The s e p a r a t e d  

g ly c o s id e s  were t r e a t e d  w ith  A m berli te  and f r e e z e  d r i e d .  T .L .C . (3 : 

6 : 2 , v / v / v ,  ammonia, in -propanol, w a te r)  showed t h a t  the  f i r s t  two 

g ly c o s id e s  e l u t e d  from th e  column each c o n s i s te d  o f  two compounds which 

r a n  v e r y  c lo s e  t o g e th e r  in  the  s o lv e n t  system  u s e d .  The t h i r d  g ly c o s id e

r a n  as  one sp o t  and th e  f o u r th  g ly c o s id e  was shown by T .L .C . to  be jo - n i t -  

ro p h en y l  y 3 -D -x y lo p y ra n o s id e .  By com parison w ith  T .L .C .  d a ta  from

t r a n s g l y c o s y l a t i o n  r e a c t i o n s  w ith  o th e r  monomer g ly c o s id e s  the g ly c o s id e  

which was e l u t e d  t h i r d  from Sephadex LH20 was su sp e c te d  to  be the  dim er 

NAG-XYL-PNP, th e  c o n f ig u r a t io n  o f  th e  g ly c o s id ic  l in k a g e  between the  

su g a r  r e s i d u e s  b e in g  unknown. The f i r s t  th r e e  g ly c o s id e s  e l u te d  from 

the  Sephadex LH20 column were rechrom atographed  s e p a r a t e l y  on Sephadex 

G-15. The f i r s t  and second g ly c o s id e s  from the  LH20 column were n o t  

r e s o lv e d  i n t o  t h e i r  s e p a r a t e  components and s t i l l  showed two s p o ts  each  

on T .L .C .  S in ce  s e p a r a t io n  by Sephadex i s  by m o le c u la r  s i z e  i t  was 

c o n s id e re d  t h a t  th e  f r a c t i o n s  c o n s i s t i n g  o f  two s p o ts  on T .L .C . in v o lv e d  

th e  same number o f  s u g a r  r e s i d u e s ,  b u t  c o n s i s t e d  o f  two compounds d i f f ­

e r in g  i n  th e  p o s i t i o n  o f  l in k a g e  between th e  NAG and th e  XYL r e s i d u e s .
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The dim er s u sp e c te d  to  be NAG-Xyl-PNP had a m e l t in g  p o in t  of 

230-235°C ( d e c . ) .  2.3mg. of t h i s  compound was d i s s o lv e d  in  0.1M

a c e t a t e  b u f f e r  pH 5 .2 3 .  0 .1 m l.  o f  t h i s  s o lu t i o n  in  2 .45m l. had an

a b so rb an ce  o f  0 .325  a u .  a t  300nm., le a d in g  to  an e s t im a te d  v a lu e  o f
_3

0 .8x10  M f o r  th e  c o n c e n t r a t io n  o f  th e  o r i g i n a l  s o l u t i o n .  The ex p ec ted  

c o n c e n t r a t i o n  of  the  o r i g i n a l  s o l u t i o n  c a l c u l a t e d  f o r  th e  m o le c u la r  

w e ig h t  o f  NAG-Xyl-PNP was 0 .97x10 ^M.
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T r a n s g ly c o s y la t i o n  r e a c t i o n  w ith  £ - n i t r o p h e n y l  2-deoxy-y5 -D -g lu c o p y ra n -  

o s i d e .

0 . 4 g .  o f  j> -n i t ro p h e n y l  2 -d e o x y -^ -D ^ g lu c o p y ra n o s id e ,  0 .2 g .  o f  NAG  ̂

and 0 .2 g .  o f  lysozyme were d i s s o lv e d  in  200ml. o f  c i t r a t e  b u f f e r  pH 5 .1  

and 20ml. o f  s p e c t r o s c o p ic  d io x a n .  Complete s o l u b i l i t y  o f  th e  g ly c o s id e  

was n o t  a c h ie v e d .  A f t e r  in c u b a t io n  a t  40°C f o r  16 hours  no h ig h e r  g ly ­

c o s id e s  were observed  by T .L .C . S e p a ra t io n  by chrom atography on Seph­

adex LH20 y ie ld e d  o n ly  th e  monomer g ly c o s id e .

In  a s e p a r a t e  exp e r im en t 0 .1 4 g .  o f  jo -n i t ro p h e n y l  2-deoxy-y5-D-gluco- 

p y ra n o s id e ,  0 .1 4 g .  o f  NAG  ̂ and 0 .0 2 0 g .  o f  lysozyme, were d i s s o lv e d  in  

30ml. o f  a 10 : 4 v /v  m ix tu re  o f  a c e t a t e  b u f f e r  pH 5 .2 5  and s p e c t r o s c o p ic  

d io x a n .  A f te r  in c u b a t io n  a t  40°C f o r  th r e e  hours  th e  m ix tu re  was f r e e z e  

d r i e d .  The s o l i d  o b ta in e d  showed no ev idence  o f  t r a n s g l y c o s y l a t i o n  p ro ­

d u c ts  on T .L .C . I t  was d i s s o lv e d  in  d i-sod ium  t e t r a b o r a t e  b u f f e r  pH 9 .7  

and chrom atographed on Sephadex LH20 y i e ld in g  on ly  th e  monomer g ly c o s id e .  

The T .L .C . o f  the  r e a c t i o n  m ix tu re  showed ev idence  o f  h y d r o ly s i s  o f  the  

NAG  ̂ hence th e  enzyme was a c t i v e .
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Lysozyme's a b i l i t y  to  c a t a ly s e  t r a n s g l y c o s y l a t i o n  r e a c t i o n s  w ith

a c c e p to r  m o lecu le s  o th e r  than  w a te r  has been used  to  s tu d y  th e  n a tu re

86  87o f  s u b s i t e s  E and F o f  th e  enzyme 9 , and by u s in g  v a r io u s  a r y l  g ly ­

c o s id e s  as  a c c e p to r  m olecu les  to  de te rm ine  i f  th e  p ro d u c ts  o f  th e  t r a n s -

88  89g l y c o s y l a t i o n  r e a c t i o n  a re  s u b s t r a t e s  fo r  th e  enzyme 9 •

I s o l a t i o n  o f  the  p ro d u c ts  formed from t r a n s g l y c o s y l a t i o n  r e a c t i o n s  

w ith  a r y l  g ly c o s id e  a c c e p to r s  p ro v id es  a sou rce  o f  o l i g o s a c c h a r id e s  con­

t a i n i n g  2 -a c e ta m id o - 2-deoxy  sugar  r e s id u e s  w ith  d i f f e r i n g  te rm in a l  su g a r  

r e s id u e s  which would be d i f f i c u l t  to  s y n th e s iz e  c h e m ic a l ly  by a K oen igs-  

K norr type  o f  r e a c t i o n ,  o r  v ia  th e  2-m e th y l-g ly c o  £ 1 ' , 2 *; 4 , 5 j  - 2 -o x a z -  

o l in e *  U t i l i z i n g  th e  t r a n s g ly c o s y l a s e  a c t i v i t y  o f  lysozyme f o r  th e  

p r e p a r a t i o n  o f  o l i g o s a c c h a r id e s  does however have two m ajor l i m i t a t i o n s  

in  th a t , ,  (a )  th e  p o s i t i o n  o f  th e  l in k a g e  formed between the  s u g a r  r e s id u e s  

and i t s  s t e r e o c h e m is t r y  i s  n o t  unam biguously d e f in e d  u n le s s  chem ica l 

t e s t s  o r  com parisons w ith  c h e m ic a l ly  s y n th e s iz e d  m a te r i a l  a r e  perform ed 

w i th  th e  i s o l a t e d  o l i g o s a c c h a r i d e ,  and, (b) i s o l a t i o n ,  on a p r e p a r a t iv e  

s c a l e ,  i s  on ly  f e a s i b l e  f o r  th o se  o l i g o s a c c h a r id e s  which a r e  poor sub­

s t r a t e s  f o r  lysozyme*

N a tu r a l  s u b s t r a t e s  f o r  lysozyme have th e  o l ig o s a c c h a r id e  su g ar  

r e s id u e s y j  ( 1- 4 ) l i n k e d ,  and f o r  v a l i d  com parisons o f  th e  enzymic a c t i v i t y

to  be made t h i s  l in k a g e  p a t t e r n  must be shown in  th e  p ro d u c ts  o f  th e

89 112t r a n s g l y c o s y l a t i o n  r e a c t io n *  R a f te ry  and D a h lq u is t  have shown t h a t

f o r  th e  h y d r o ly s i s  o f  d i - N - a c e ty l  c h i to b io s e  by lysozyme in  th e  p re s e n c e

o f  m e th an o l ,  th e  p  c o n f ig u r a t io n  i s  r e t a i n e d  in  the  p ro d u c t  m e th y l p ~NAG

to  a t  l e a s t  99*9$ co n f irm in g  th e  o b s e rv a t io n  o f  o th e r  workers* I n d i r e c t

ev id en ce  t h a t  th e  l in k a g e  formed in  th e  t r a n s g l y c o s y l a t i o n  r e a c t i o n  has

th e  B  (1 -4 )  c o n f ig u r a t i o n  was p re s e n te d  by th e  f in d in g  o f  Chipman t h a t
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th e  h ig h e r  m o le c u la r  w e igh t  o l i g o s a c c h a r i d e s  i s o l a t e d  from th e  r e a c t i o n  o f

(NAG-KAf/Og w i th  lysozyme were a l so  s u b s t r a t e s  f o r  lysozym e. £ - n i t r o p h e n y l

yS-NAG^ c h e m ic a l ly  s y n th e s i s e d  from d i - N - a c e t y l  c h i to b io s e  h as  been  shown

to  be i d e n t i c a l  to  th e  d i s a c c h a r id e  g ly c o s id e  i s o l a t e d  from th e  t r a n s g l y -

56c o s y l a t i o n  r e a c t i o n  u s in g  £-n itrophenylyS-N A G  and NAG  ̂ . The l i n k a g e

between th e  s u g a r  r e s id u e s  i n  e n z y m a t ic a l ly  s y n th e s iz e d  NAG-Glu-PNP h as

a l s o  been  shown to  be a  ( 1 - 4 ) l i n k a g e .

Even i f  r e t e n t i o n  o f  c o n f ig u r a t io n  o b ta in s  i n  th e  lysozym e c a t a ly s e d

t r a n s g l y c o s y l a t i o n  r e a c t i o n  th e  p o s i t i o n  o f  th e  l in k a g e  may depend on th e

n a t u r e  o f  th e  a c c e p to r  m o lecu le  and th e  o r i e n t a t i o n  w ith  which i t  i s  bound

in  th e  a c t i v e  c l e f t .  The o b s e r v a t io n  t h a t  £ -n i t r o p h e n y ly S - P - x y lo s e  forms

h ig h e r  m o le c u la r  w e igh t  a r y l  g ly c o s id e s  by th e  t r a n s f e r  r e a c t i o n  w i th o u t

r e l e a s e  o f  £ - n i t r o p h e n o l  was confirm ed  by th e  r e s u l t s  from t h i s  s tu d y  i n

agreem ent w i th  th e  r e s u l t s  o f  o t h e r s .  I t  seems a l s o  p o s s i b l e  t h a t  th e

m ix tu re  o f  p ro d u c ts  o b ta in e d  from t r a n s g l y c o s y l a t i o n  cou ld  c o n s i s t  o f

homologues h a v in g  d i f f e r e n t  l i n k a g e s  a t  th e  t e rm in a l  s u g a r  r e s i d u e .

That t h e  i s o l a t i o n  o f  th e  o l i g o s a c c h a r i d e s  formed by th e  t r a n s f e r

r e a c t i o n  i s  o n ly  p o s s i b l e  i f  t h e i r  r a t e  o f  h y d r o ly s i s  by lysozym e i s

r e l a t i v e l y  s low  has  been  shown by th e  o b s e r v a t io n  t h a t  £ - n i t r o p h e n y ly 5 -
/

NAG  ̂ was n o t  o b ta in e d  i n  any a p p r e c ia b le  amounts from th e  t r a n s g l y c o s y l a t i o n

r e a c t i o n  w i th  £ -n i t ro p h e n y l^ -N A G  and NAG^. £-N itrophenyly$-N A G ^, which

107
would be  e x p ec ted  to  be  a  p ro d u c t  o f  th e  r e a c t i o n ,  h a s  a  s p e c i f i c i t y ,

k  .fix  , o f  0 . 951Nol~*3 ec~* f o r  h y d r o ly s i s  by lysozyme which co u ld  th u s  be 
c a  v m

ta k en  a s  t h e  u p p e r  l i m i t  o f  s p e c i f i c i t y  a t  which s u b s t r a t e s  f o r  t h e  enzyme 

can be  i s o l a t e d  from th e  t r a n s f e r  r e a c t i o n .  Even £ - n i t r o p h e n y l  yS-NAG^ 

which h a s  a  poor  s p e c i f i c i t y  f o r  ly s o z y m e * ^ ,  kc a t ' V ° ' 201Mol" l s e c " 1 - 

was n o t  i s o l a t e d  i n  s i g n i f i c a n t  q u a n t i t i e s  from th e  t r a n s g l y c o s y l a t i o n  

r e a c t i o n .
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U sing  t r a n s g l y c o s y l a t i o n  r e a c t io n s  fo r  th e  s y n th e s i s  o f  a r y l  g ly co ­

s id e s  i s  a l s o  d i f f i c u l t  i f  the  g ly c o s id e  has a h ig h  spontaneous  r a t e  of 

h y d r o ly s i s  under th e  c o n d i t io n s  used  f o r  the  t r a n s g l y c o s y l a t i o n  r e a c t i o n .  

Thus th e  amounts o f  th e  h ig h e r  o l ig o s a c c h a r id e s  i s o l a t e d  from the  t r a n s ­

g ly c o s y l a t i o n  r e a c t i o n  w ith  3 ,4 -d in itrophenylyS-N A X  was much l e s s  than  

t h a t  i s o l a t e d  u s in g  jo-nitrophenylyS-NAX. This  d i f f i c u l t y  cou ld  be over­

come by u s in g  NAG^ in s t e a d  o f  NAG  ̂ o r NAG,. in  th e  t r a n s g l y c o s y l a t i o n  

r e a c t i o n  which would le a d  to  the  fo rm a tio n  o f  th e  h ig h e r  o l ig o s a c c h a r id e s  

by t r a n s f e r  a t  a much f a s t e r  r a t e .

U n le s s  com parisons o f  the  o l ig o s a c c h a r id e s  can be made w ith  chemi­

c a l l y  s y n th e s iz e d  m a t e r i a l  c h a r a c t e r i s a t i o n  becomes d i f f i c u l t  s in c e  

o l i g o s a c c h a r id e s  in  g e n e ra l  do n o t  g iv e  good a n a l y t i c a l  d a ta  due to

s t r o n g l y  bound w a te r  m olecu les  b e in g  p r e s e n t .  O ther  methods o f  c h a r a c t -
56

e r i s a t i o n  can be  t e d io u s ,  i . e .  p e r io d a t e  o x id a t io n  o f  NAG-Glu-PNP , and 

do n o t  always g iv e  unambiguous ass ignm en ts  o f  s t r u c t u r e .

In  s p i t e  o f  th e se  l i m i t a t i o n s  however th e  t r a n s g l y c o s y l a s e  a c t i v i t y  

o f  lysozyme has  a l lo w ed  i n v e s t i g a t i o n s  to  be made o f  some of the  p ro p e r ­

t i e s  o f  th e  enzyme w hich would have been  d i f f i c u l t  u s in g  o th e r  m ethods.

E x t in c t io n  C o e f f i c i e n t s .

E x t i n c t i o n  c o e f f i c i e n t s  f o r  the  £ - n i t r o p h e n y l  g ly c o s id e s  s tu d ie d  

were m easured a t  40 °C u s in g  a Cary 16 s p e c t ro m e te r .  S tock  s o l u t i o n s  o f  

th e  s u g a r s  were v a r i o u s l y  p re p a re d  u s in g  d i s t i l l e d  w a te r ,  0.1M a c e t a t e  

b u f f e r  pH 5 .1  to  5 . 5 ,  and 0.1M c i t r a t e  b u f f e r  pH 5 . 5 .  A l iq u o ts  o f  th e s e  

s o lu t i o n s  were added to  2 . 5m l. o f  th e  same s o lv e n t  i n  1cm. s p e c t r o s i l  

q u a r tz  U.V. c e l l s  and th e  abso rbance  ta k e n .  £ - N i t r o p h e n y l p -NAG r e ­

c r y s t a l l i s e d  from aqueous e th a n o l  and d r i e d  a t  40°C u n d e r  vacuum had a
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m easured e x t i n c t i o n  c o e f f i c i e n t  o f  10,000 a t  300nm. f o r  an aqueous 

s o l u t i o n .  O ther £ - n i t r o p h e n y l  g ly c o s id e s  s tu d ie d  were a l s o  found to  

have an e x t i n c t i o n  c o e f f i c i e n t  o f  10,000 a t  300nm. un d er  th e  above con­

d i t i o n s .  The n o rm ally  a c c ep ted  v a lu e  f o r  th e  e x t i n c t i o n  c o e f f i c i e n t  of

56a jo -n i t ro p h e n y l  g ly c o s id e  a t  300nm. i s  12,000 • S in ce  su g a rs  a r e

h y g ro sc o p ic  and th e  t i g h t l y  bound w a te r  m olecu les  can on ly  be removed by 

f a i r l y  s t r o n g  h e a t in g  un d er  vacuum, th e  d i f f e r e n c e  found in  th e  v a lu e  f o r  the  

e x t i n c t i o n  c o e f f i c i e n t  was more than  l i k e l y  due to  th e  p resen ce  o f  one or 

more m o lecu le s  o f  w a te r  bound to  th e  su g ar  m o lecu le .  S tro n g  h e a t in g  o f  

th e  g ly c o s id e s  was avo ided  and the  e x t i n c t i o n  c o e f f i c i e n t  o f  1 0 ,0 0 0  a t  

300nm. was used  f o r  th e  e s t im a t io n  o f  s o lu t i o n s  c o n ta in in g  £ - n i t r o p h e n y l  

g ly c o s i d e s .
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a  22-Methyl-ZA - o x a z o l in e s .

The p r e p a r a t i o n  o f  the  o x a z o l in e s ,  2 -m e th y l-4 ,5 - (2 -d e o x y -D -g lu c o -  

a  2p y r a n o ) - A  - o x a z o l in e  and 2 - m e th y l - 4 ,5 -  4 -0 - (2 -a c e ta m id o -2 -d e o x y -^ -D -
p

g lu c o p y ra n o sy lJ -^ -d eo x y -D ^g lu co p y ran o  - / ^ - o x a z o l i n e ,  was a t tem p ted  as 

i t  was c o n s id e re d  p o s s i b l e  t h a t  th e  i n t e r a c t i o n  of th e s e  compounds, and 

more p o s s i b ly  th e  h ig h e r  o l ig o m e rs ,  w i th  lysozyme could  have p rov ided  

in fo rm a t io n  on th e  mechanism o f  a c t i o n  o f  lysozyme. P a r t i c i p a t i o n  by 

th e  ace tam ido  group of  the  sugar  r e s id u e  undergo ing  g lu c o sy l-o x y g en  f i s s ­

ion  has been  p o s tu l a t e d  a s  a p o s s ib le  mechanism fo r  th e  lysozyme c a t a ly s e d  

h y d r o ly s i s  o f  g ly c o s id e s  and s in c e  th e  o x a z o l in e  in te r m e d ia te  formed by 

t h i s  pathway would be e x p ec ted  to  e x i s t  w ith  th e  su g a r  r e s id u e  in  a con­

fo rm ation  n e a r e r  to  th e  h a l f  c h a i r  than  th e  normal c h a i r  c o n fo rm a tio n ,  a 

c h e m ic a l ly  s y n th e s iz e d  o x a z o l in e  of the  type shown above cou ld  be c o n s id ­

e red  to  be a t r a n s i t i o n - s t a t e  analogue  f o r  lysozyme h y d r o ly s i s  by t h i s  

mechanism# I t  was hoped to  t e s t  th e s e  p o s t u l a t e s  by s tu d y in g  the  b in d in g  

o f  th e s e  compounds to  lysozyme and by m easuring the  r a t e  o f  h y d r o ly s i s  o f  

th e  o x a z o l in e  r i n g  in  the  p resen ce  o f  enzyme# U n fo r tu n a te ly  i t  was n o t

found p o s s i b l e  to  p re p a re  the  compounds as  s a p o n i f i c a t i o n  o f  th e  c o r r ­

esponding  Q - a c e ty la te d  d e r i v a t i v e s  r e s u l t e d  in  the  opening o f  th e  o x a z o l in e  

r i n g , ( s e e  p r e p a r a t i v e  e x p e r im e n ta l ) .

The N.M.R# spec trum  o f  the  O ^-acetyla ted  o x a z o l in e  d e r i v a t i v e  p re p a re d  

from NAG shows a d o u b le t  a t  (3= 5 .9 3  p .p .m . hav in g  a c o u p l in g  c o n s ta n t  

J  = 7 c p s .

From th e  chem ica l  s h i f t  v a lu e  t h i s  d o u b le t  i s  most l i k e l y  due to  th e  

H -l r e s o n a n c e .  The most l i k e l y  confo rm ation  f o r  the  su g a r  r i n g  o f  t h i s  

compound i s  th e  h a l f  c h a i r  co n fo rm a tio n .  T h is  would r e s u l t  i n  th e  p ro ­

to n s  a t t a c h e d  to  C ( l )  and C(2) b e in g  in  an e c l i p s e d  c o n fo rm a tio n ,  o r
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n e a r l y  s o .  The K arp lu s  eq u a t io n  p r e d i c t s  a c o u p l in g  c o n s ta n t  o f

a p p ro x im a te ly  8 c p s .  f o r  c i s - c o p l a n e r  v i c i n a l  p r o to n s .  The e x a c t  mag-

132-134n i tu d e  o f  t h i s  c o u p l in g  c o n s ta n t  has  been  shown to  be dependen t

on the  e l e c t r o n e g a t i v i t i e s  o f  th e  s u b s t i t u e n t s  a t t a c h e d  to  the  carbon  

a tom s. The v a lu e  found f o r  J ,  0 = 7 cp s ,  f o r  th e  O -a c e ty la te d  o x a z o l in e  

d e r i v a t i v e  o f  NAG would th e r e f o r e  seem c o n s i s t e n t  w i th  the  su g a r  r e s id u e  

e x i s t i n g  in  the  h a l f  c h a i r  co n fo rm a tio n .  S i m i l a r l y  the  O ^ a c e ty la te d  

o x a z o l in e  d e r i v a t i v e  o f  NAG  ̂ would a l s o  appear  to  e x i s t  w ith  th e  o x a z o l in e  

su g a r  r e s id u e  in  th e  h a l f  c h a i r  confo rm ation  from th e  c o u p l in g  c o n s ta n t  

J  s  7 c p s .  found f o r  th e  d o u b le t  a t  S- 5 .9 2  p .p .m . which was a s s ig n e d  to  

H -l  o f  th e  o x a z o l in e  su g a r  r e s i d u e .
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In  o rd e r  to  d e te rm in e  the  c o n f ig u r a t io n  and o b ta in  some id e a  of 

th e  con fo rm ation  o f  the  a r y l  g ly c o s id e s  of NAX and 2 -deoxy-D -g lucose  

th e  N.M.R, s p e c t r a  of the  O ^-acetylated  d e r i v a t i v e s  were s t u d i e d .  The 

N.M.R. spec trum  o f  2 - a c e t a m i d o - l , 3 ,4 - t r i - 0 - a c e ty l - 2 - d e o x y - y 3  -D -x y lo p y ra -  

nose  was a l s o  s tu d ie d  fo r  com parison w ith  th e  a r y l  g ly c o s id e s  and to  

p ro v id e  f u r t h e r  p ro o f  o f  i t s  s t r u c t u r e .  The 0_ -ace ty la ted  compounds 

were chosen f o r  s tu d y  as  the  N.M.R. s p e c t r a  o f  the  d e -O -a c e ty la te d  com­

pounds a r e  u n s u i t a b l e  s in c e  the  r i n g  p ro to n s ,  w i th  th e  e x c e p t io n  o f  H - l ,  

r e s o n a t e  c lo s e  t o g e t h e r .  The O ^ a c e ty la te d  d e r i v a t i v e s  of su g a rs  g en e r ­

a l l y  have the  r i n g  p ro to n s  sp read  over a w ider energy  range  and t h e i r  

s o l u b i l i t y  in  o rg a n ic  s o lv e n t s  a id s  th e  r e c o rd in g  and i n t e r p r e t a t i o n  of 

th e  s p e c t r a .  Numerous 0 _ -ace ty la ted  sugars  have been s tu d ie d  by t h i s  

method and t h e i r  con fo rm a tions  in  th e  s o lv e n t s  used  de te rm ined^"*  

Comparison o f  th e  c o u p l in g  c o n s ta n t s  J ,  0 c p s .  f o r  th e  O ^-acetyla ted  and 

de-O ^-acety la ted  d e r i v a t i v e s  e n a b le s  com parisons to  be made a b o u t t h e i r  

co n fo rm a t io n s .

The N.M.R. s p e c t r a  f o r  th e  compounds shown in  th e  ta b le  were re c o rd e d  

on a V arian  HA-100 s p e c t ro m e te r .  The r i n g  p ro to n s  were a s s ig n e d  by de­

co u p l in g  e x p e r im en ts  and the  N-H resonance  by D20 exchange which took up 

to  two h o u rs  f o r  com plete exchange . The a c c u r a t e  co u p lin g  c o n s ta n t s  f o r  

th e  NAX compounds were de te rm in ed  from th e  220MHz s p e c t r a  which s p re a d  o u t 

th e  r i n g  p r o to n s .



-  83 -

N.M.R. D ata f o r  O -A ce ty la ted  G ly c o s id e s .

Chem ical S h i f t s ,  S p .p .m .

Compound N-H H -l H-2 H-3 H-4 H-5 H-5»

A 5 .9 4  5 .7 2  4 .2 5  5 .0  4 .9 5  4 .1 5  3 .75

B 6 .1 6  5 .4 3  4 .38  5 .0 6  4 .9 3  4 .2 0  3 .6 9

H -l H - 2  H -2  H-3 H-4 H-5 H0- 6________ a_______e_______________________________2____

C 5 .21  2 .3 7  2 .60  3 .9 7  5 .04  3 .9 7  4 .1 7

C oupling  C o n s ta n t s ,  J c p s .

S SPJPPMPl _______ J l , 2  J 2 ,3  J 3 ,4  J 4 ,5  J 4,5» J 5,5*

A 6 8 8  4 6 .25  -1 2 .2 5

B 4  4 6 2 3 -13

J l , 2 a  J l , 2e J 2 e ,2 a  J 2 e ,3  J 2 a ,3  J 4 ,5

c 8  2 -1 3  5 12 9

Note A = 2-A cetam ido - l ,3 ,4 - t r i - 0 - a c e ty l - 2 - d e o x y - ^ S - D - x y lo p y r a n o s e

B = £ - n i t r o p h e n y l  2- a c e ta m id o - 3 ,4 - d i -O - a c e ty l -2 -d e o x y -^ -D -x y lo -  

p y ra n o s id e .

C = j w i i t r o p h e n y l  3 ,4 ,6 - t r i - 0 - a c e t y l - 2 - d e c x y - ^ - D ;-g lu c o p y r a n o s id e .
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From th e  d a ta  found fo r  th e  coup ling  c o n s ta n t s  2 - a c e t a m i d o - l , 3 ,4 -  

tr i -O -ac e ty l-2 -d e o x y -y B -D -x y lo p y ra n o se  appea rs  to  e x i s t  in  th e  Cl con­

fo rm a t io n  in  CDClg s o l u t i o n .

A c  
NHAc

OAc
AcO

C I

OAc NHAc
I  c

yS -E -x y lo

The -N.M.R, r e s u l t s  con firm  t h a t  th e  compound indeed  has  they5-D ^xylo

c o n f i g u r a t i o n .  I t  was f e l t  n e c e s s a ry  to  unam biguously  co n f irm  t h i s ,

even  a l th o u g h  th e  observed  m e l t in g  p o in t  f o r  th e  compound co rresponded

t o  t h a t  p r e v io u s ly  r e p o r te d  ( s e e  e x p e r im e n ta l ) ,  s in c e  the  a d d i t i o n  of

n i t r o s y l  c h l o r i d e  to  u n s a tu r a t e d  su g a rs  and th e  su b se q u en t r e d u c t io n  o f

97th e  a c e t y l a t e d  oxime has been r e p o r t e d  a s  g iv in g  r i s e  to  su g a rs  having  

d i f f e r e n t  c o n f ig u r a t io n s  a t  th e  carbon atom c a r r y in g  th e  11- a c e t y l  group. 

Had t h i s  o c c u r re d  d u r in g  th e  c o u rse  of t h i s  e x p e r im e n ta l  work i t  cou ld  

have g iven  r i s e  t o  a su g ar  hav ing  th e  yS -D ^lyxo c o n f ig u r a t io n  which could  

e x i s t  in  th e  co n fo rm a tio n s  shown below .

A cO  
A c O

AcH N

Ac

C I
A cO

I  C

n
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Approximate c o u p l in g  c o n s ta n t s  expec ted  f o r  the p o s s ib le  conforma­

t i o n s  t h a t  ay3-D.-xylo and a ^ - D - l y x o  sugar  r e s id u e  cou ld  ad o p t  a r e  shov/n 

b e lo w . Comparison o f  th e se  v a lu e s  w ith  th e  observed  c o u p l in g  c o n s ta n t s

f o r  th e  su g ar  r i n g  p ro to n s  o f  2 - a c e t a m i d o - l , 3 ,4 - t r i - 0 - a c e t y l - 2 - d e o x y - y 8 -
%

D -xy lopy ranose  confirm s i t s  con fo rm a tio n .

J l , 2 J 2 ,3

M-•%CO J 4 ,5 J 5,5*

-D -xy lo Cl 7 7 7 3 7

IC 3 3 3 3 3

-D -ly x o Cl 3 3 7 3 7

IC 3 3 3 3 3

In  c o n t r a s t  to  th e  above f in d in g ,  th e  co u p l in g  c o n s ta n t s  found fo r  

p - n i t r o p h e n y 1 2 -a c e ta m id o -3 , 4 -d i-O -a c e ty 1 -2 -d e o x y -^ -D p x y lo p y ra n o s id e  

s u g g e s t  t h a t  t h i s  compound e x i s t s  p red o m in a te ly  in  th e  IC confo rm ation  

w ith  a l l  th e  groups on th e  su g ar  r i n g  a d o p t in g  an a x i a l  co n fo rm a tio n .

T h is  i s  somewhat s u r p r i s i n g  s in c e  fo r  a l l  t h e ^3-D -xy lopyranose  d e r i v a t i v e s  

which have been  s tu d ie d  by N . M . R . o n l y  th e  ̂ - c h l o r i d e  has  been shown 

to  fav o u r  th e  IC c o n fo rm a tio n .

The c o u p l in g  c o n s ta n t  J .  0 measured f o r  th e  d e -O -a c e ty la t e d  g ly c o s id e ,  

£ - n i t r o p h e n y l  2- a c e ta m id o -2 -deoxy-y5 -D -x y lo p y ra n o s id e ,  in  d^ p y r id in e  was 

6 c p s . ,  c o n s i s t e n t  w ith  th e  compound e x i s t i n g  to  a l a r g e r  e x t e n t  in  the  

Cl co n fo rm a t io n .

The c o u p l in g  c o n s ta n t s  found fo r  j> -n i t ro p h e n y l  3 , 4 , 6 - t r i - O - a c e t y l -  

2 -d eo x y -y S -D -g lu co p y ran o s id e  a r e  c o n s i s t e n t  w i th  t h i s  compound e x i s t i n g  

p re d o m in a te ly  in  th e  Cl co n fo rm ation  as ex p ec ted  f o r  a hexopyranose  su g a r  

due to  th e  p r e f e r e n c e  o f  the  hydroxymethyl group fo r  th e  e q u a t o r i a l  con­

fo rm a t io n .  The N.M.R. s tu d y  a l s o  con firm s  t h a t  t h i s  compound i s  th e  

p  - g l y c o s i d e .
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K i n e t i c  E xperim en ta l

The r a t e s  o f  h y d r o ly s i s  o f  th e  a r y l  g ly c o s id e s  were de te rm ined  by 

fo l lo w in g  th e  r e l e a s e  o f  £ - n i t r o p h e n o l  o r  3 ,4 - d i n i t r o p h e n o l  by th e  

fo l lo w in g  m ethods.

Method (a )

R e a c t io n  m ix tu re s  c o n ta in in g  a d ro p  o f  to lu e n e  to  i n h i b i t  b a c t e r i a l  

g row th were in c u b a te d  a t  40°C in  s to p p e re d  v i a l s .  lOOpl. a l i q u o t s  o f  

th e  r e a c t i o n  m ix tu re  were removed a t  v a r io u s  time i n t e r v a l s ,  added to  

3ml. o f  0.1M d i-so d iu m  t e t r a b o r a t e  b u f f e r ,  pH9*35, in  10mm. s p e c t r o s i l  

q u a r t z  c e l l s  and the  ab so rb an ce  o f  th e  r e s u l t i n g  s o l u t i o n  was measured 

a t  400nm. u s in g  e i t h e r  a Z e is s  PMQ11 s p e c tro p h o to m e te r  o r  a Cary Model 14 

s p e c t ro p h o to m e te r .  The e x t i n c t i o n  c o e f f i c i e n t  of 18,000 was used  f o r  

th e  q u a n t i t a t i v e  e s t i m a t io n  o f  th e  j> -n i t ro p h e n o l  r e l e a s e d .

Method (b)

A l l  o th e r  r a t e  measurements were perform ed u s in g  a Cary Model 16 

s p e c t ro p h o to m e te r .  The te m p era tu re  o f  th e  c e l l  b lo c k  was m a in ta in e d  

c o n s t a n t  a t  40°C by means of a th e r m o s ta t t i n g  b a t h  f i t t e d  w i th  an e l e c ­

t r o n i c  r e l a y  system  and was measured u s in g  an N .P .L . c a l i b r a t e d  therm om eter.

10mm. and 2mm. s p e c t r o s i l  q u a r t z  c e l l s  were u s e d .  In  th e  c a se  o f  

e x p e r im e n ts  where 10mm. c e l l s  were employed th e  c e l l  p lu s  the b u f f e r  

s o l u t i o n  was a l lo w ed  to  e q u i l i b r a t e  in  th e  c e l l  compartment f o r  30 m inu tes  

b e f o r e  a d d i t i o n  o f  th e  enzyme and s u b s t r a t e  s o l u t i o n s .  A f t e r  a d d i t i o n  

th e  c e l l  was shaken ,  r e p la c e d  in  th e  c e l l  compartment and a l lo w ed  to  r e ­

e q u i l i b r a t e  f o r  a s h o r t  time ( th e  le n g th  o f  tim e v a r i e d  w i th  th e  s u b s t r a t e ,  

b u t  f o r  th e  £ - n i t r o p h e n y l  g ly c o s id e s  was o f  th e  o rd e r  o f  a few m in u te s ) .

I n  th e  c a se s  where 2mra. c e l l s  were u sed  th e  b u f f e r  s o l u t i o n  p lu s  th e  sub­

s t r a t e  was a l lo w ed  to  e q u i l i b r a t e  f o r  30 m inu tes  b e f o r e  a d d i t i o n  o f  the
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enzyme, then  a l low ed  to  r e - e q u i l i b r a t e  f o r  one minute*

The abso rbance  d a ta  o u tp u t  from th e  Cary 16 was le d  d i r e c t l y  i n t o

a d i g i c o  m icro  16P computer l in k e d  on l i n e  to  th e  s p e c t ro m e te r .  The

d a t a  was a n a ly se d  u s in g  a program w r i t t e n  by D r, B. Capon which f i t t e d

th e  abso rbance  r e a d in g s  to  th e  e q u a t io n ;  y=a+bx+cx^ u s in g  a g e n e r a l i s e d

118l e a s t  s q u a re s  method a c c o rd in g  to  th e  method o f  Wentworth , a l lo w in g  

c a l c u l a t i o n  o f  th e  i n i t i a l  r e a c t i o n  r a t e s .

For th e  jp -n i t ro p h e n y l  g ly c o s id e s  an e x t i n c t i o n  c o e f f i c i e n t  o f  2680 

f o r  the  change in  abso rbance  a t  350nm* was u s e d .  For th e  3 ,4 - d i n i t r o p h e n y l  

g ly c o s id e s  th e  e x t i n c t i o n  c o e f f i c i e n t  f o r  3 , 4 - d i n i t r o p h e n o l  a t  400nm. a t  

th e  b u f f e r  pH used  in  the  ex p er im en t was d e te rm in ed  p r i o r  to  th e  experim en t 

and over th e  b u f f e r  pH range  used  v/as c a .  5 ,500 -6160 .

S o lu t io n s  and B u f f e r s

*Analar* g rade  r e a g e n ts  were used  f o r  th e  p r e p a r a t io n  of b u f f e r  

s o l u t i o n s .  S o lu t io n s  were p re p a re d  u s in g  d eg assed ,  d i s t i l l e d  w a te r .

Merck ^ p e c t r o g r a d e *  d ioxan  v/as used  fo r  s o l u t i o n s  c o n ta in in g  d ioxan .

pH Measurements

The pH o f  th e  b u f f e r  s o l u t i o n s  v/as m easured a t  th e  te m p e ra tu re  o f  

th e  exp er im en t u s in g  a R ad iom eter  Model 26 pH M eter hav in g  an e x t e r n a l  

te m p e ra tu re  com pensa to r .  The pH m eter in c o rp o r a te d  a R ad iom eter  type  

G202C g la s s  e l e c t r o d e  and a type  K401 ca lom el e l e c t r o d e .  The m e te r  was 

s t a n d a r d i s e d  a g a i n s t  commercial s ta n d a rd  b u f f e r s  complying to  BS 1647,

1961.

Lysozyme C leavage o f  p -N itro p h e n y l  p y ra n o s id e s

S to c k  s o l u t i o n s  o f  lysozym e, NAG4  and a r y l  p y ra n o s id e  were f r e s h l y  

made up  p r i o r  to  u s e  i n  0.1M c i t r a t e  b u f f e r  pH 5 .3  c o n ta in in g  10%  v / v
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of s p e c t r o s c o p ic  d io x a n .  A l iq u o ts  o f  th e  s to c k  s o l u t i o n s  were mixed 

and made up  to  a f i n a l  volume of 1 .6  m l. w i th  b u f f e r  s o l u t i o n  to  g ive  

th e  f i n a l  c o n c e n t r a t i o n s  shown in  t a b l e  1 .  The r a t e  o f  r e l e a s e  of 

j> -n i tro p h e n o l  v/as fo llow ed  by method ( a ) .  The r e s u l t s  a r e  shown g raph ­

i c a l l y  in  f i g u r e s  1-5  and th e  g r a p h i c a l l y  e s t im a te d  i n i t i a l  r a t e s  

(M sec"”'*’) and r a t e  c o n s ta n t s  a r e  shown in  t a b l e  1.

S to c k  s o l u t i o n s  were p rep a red  a t  th e  fo l lo w in g  c o n c e n t r a t i o n s :

Lysozyme 1.6xlO~3M

NAG,

£ -N i t ro p h e n y l  j3-NAG 

£ - N i t ro p h e n y l  ^-NAX 

£ - N i t ro p h e n y l  yS-Glu

1.2x10“^

1.25x10” ^  and l.O x lO ^M  

1 .2 5 x10-2 M and l .O x lO ^M  

1 .2 5 x10-2 M and 1.0x10 -1M
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T ab le  1 .

H ydro lys is -  o f  jo -N itropheny l p y ra n o s id e s

Run Compound
M ”

M NAG.4 M R ate Msec” ^ ,  -1k , secobs

1 jo -N itro  phenyl yS -NAG 3 .1 2 x l0 ” 3 - 44x10 6x 10*-3 4 .1 x l0 ”9 1 .3 x l0 ~ 6

2 it 3 .1 2 x l0 ~3 4X10- 4 6x10 -3 3 .3 x l0 ~9 l . l x l O - 6

3 it 3 .1 2 x l0 ~3 4X10- 4 6x 10*-3 3 .9 x l0 ”9 1 . 2 x l 0 ” 6

4 n 3 .1 2 x l0 "3
-4

4x10 - 4 .6 x l0 “ 10 1 .5 x l0 ~7

5 n 2 .5 x l0 ”2
_4

4x10 6x10*-3 3 .5 x l0 ~8 l . l x l O ” 6

6 ^ -N i t ro p h e n y l  j l  -NAX 3 .1 2 x l0 ~3
-4

4x10 6x 10*-3 0

7 it 3 .1 2 x l0 ”3
- 4

4x10 6x 10*-3 3 .3 x l0 ” 10 lx lO ”7

8 it 3 .1 2 x l0 ”3 4X10- 4 6x10"-3 6 . 8x l 0-1 0 2 . 2x l 0~7

9 n 3 .1 2 x l0 ~3 4X10"4 - 7 .1 x lo ” 10 2 .3 x lo ”7

10 it 3 .1 2 x l0 ""3 - 6x10"-3 8 .3 x lo ” 10 2 .5 x l0 ~7

11 it 2 .5 x l0 ”2
-44x10 6x10"

Om*j
2 . 6x l 0*"9 l .O xlO "*7

12 n 2 .5 x l0 ”2 4 x lo ”4 6x10 -3 3 .7 x l0 "*9 1 . 2x 10 7

13 jo -N itropheny l ^S-Glu 3 .1 2 x l0 ”3
- 4

4x10 6x10"-3 1 . 6x l 0 “ 10 O.SxlO - 7

14 n 3 .1 2 x l0 ” 3
-4

4x10 - -

15 n 3 .1 2 x l0 ” 3 - 6x 10”-3 -

16 it 2 .5 x l0 ” 2 4X10- 4 6x10 -3 2 . 6x l 0 ”9 l x l o ” 7

17 n 2 .5 x l0 ~2 4x10”* 6x 10"-3 2 . 6x l 0 ” 9 l x l o ”7

18 it 2 .5 x l0 ”2 4X10”4 6x10"'3 2 .9 x lo ”9 l . l x l O ”7

19 it 2 .5 x l0 ”2 4X10”4 — —

Note The r a t e s  were m easured from th e  g r a p h ic a l  d a ta  and r e p r e s e n t  th e  

maximum r a t e  o bse rved  fo r  th e  c a s e s  where an in d u c t io n  p e r io d  was found. 

The g r a p h ic a l  r e p r e s e n t a t i o n  p ro v id e s  a b e t t e r  i l l u s t r a t i o n  o f  th e  r e l a ­

t i v e  h y d r o ly s i s  r a t e s  and th e  above d a ta  can o n ly  be c o n s id e re d  sem i-  

q u a n t i t a t i v e .

A lthough  e x p re ssed  as t h e  r a t e  c o n s t a n t s  f o r  h y d r o ly s i s
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i n  t h e s e  system s .a re  n o t  s im p le  f i r s t  o r d e r  r a t e  c o n s ta n t s  s in c e  th e  

h y d r o ly s i s  i s  com p lica ted  by t r a n s g l y c o s y l a t i o n  r e a c t i o n s .  The above 

r e p r e s e n t a t i o n  m ere ly  a l lo w s  some com parison to  be  made betw een d i f f e r e n t  

c o n c e n t r a t i o n s  o f  th e  a r y l  g ly c o s id e s  used  i n  th e  s tu d y .
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T a b le  2

H y d ro ly s is  o f  jo -N itro  phenyl p y ra n o s id e s

Run Compound
[So ]M [?o]“ pAG4‘ M R ate  Msec *

1 p~ N itro p h en y l i3 -NAG 3 .1 2 x l0 ”3 — 3 .6 x l0 ” 10

2 it 3 .1 2 x l0 ”3 4x1(T4 6x10 '-3 3 .5 x l0 - 9

3 p - N i t r o p h e n y l 13 - nax 3 .1 2 x lC f3
-44x10 6x 10 -3 3 .0 x l0 ” 10

4
/

« 3 ,1 2 x l0 “ 3
-4

4x10 — 8 . 0 x l 0 ‘ 10

5 it 3 .1 2 x lc f 3 6 .9 x l0 ” 10

N ote The r a t e s  were measured by method ( b ) . Runs 2 and 3 had long 

in d u c t io n  p e r io d s  o f  one and s i x  hours  r e s p e c t i v e l y  hence th e  r a t e s  

m easured  n e c e s s a r i l y  have a h ig h  e r r o r .
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H y d r o ly s is  o f  £ -N it r o p h e n y l  p y r a n o s id e s  from T a b le  1

2 . 3

2.2

2.1

2.0

1 .9

1.8

1 .7

1.6
Run 2

1 .5

1 .3

1.2

1.1

1.0

0 .9

0.8

0 .7

0 . 6

Run 40 .5

0 . 4

0.2

0.1

4  6 8 10 32 14  16  18 20  220 2
Time (hours)

F ig  1 .
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H y d r o ly s is  o f  j> -N itr o p h en y l p y r a n o s id e s  from  T a b le  1

2 .3

2.2

2.1

2.0

1 .9

1.8

1 .7

1.6

1 .4

1 .3

1.2

1.1

1.0

0 .9
Run 10

0 .8

0 .7

0.6

0 .3

Run 7

0 .3

0.1

4 6 8 10 12 16  18 20 22 26 280 2
Time (h o u r s ) 

F ig  2 .
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H y d r o ly s is  o f  ja -N itro  p h e n y l p y r a n o s id e s  from  T a b le  1

2 .3

2.1

1 .9

1 . 6

1 .3

1.1

1.0

0 .9

0 .8

0 .7

Run 90 . 6

0 .3

0.1
Runs l k  &

6 8 10  12 l i f  16  18 202 ko

Time (h o u r s ) 
F ig u re  3
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H y d r o ly s is  o f  £ -N it r o p h e n y l  p y r a n o s id e s  from T a b le  1

6,0 Run 5

^ .0

2 .5

Run 122 . 0

Run 11
1.0

Time (hours)
F igure k



H y d r o ly s is  o f  £ -N it r o p h e n y l  p y r a n o s id e s  from T a b le  1

>-NitrophenolJ xlO^M

if.O

3 .5

3 .0

2 .5

2.0

Run 18 

Run 16

0 .5
Run 19

12 13
Time (h o u rs)

( f > i  » * o
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H y d ro ly s is  o f  NAG-NAX-PNP

The lysozyme c a t a ly s e d  h y d r o ly s i s  o f  NAG-NAX-PNP was s tu d ie d  under 

th e  c o n d i t io n s  l i s t e d  in  t a b l e  3 .  For runs  1 to  8 t h e r e  was no observ ­

a b l e  h y d r o ly s i s ,  and a f i n i t e  r a t e  cou ld  n o t  be computed. The r e a c t i o n s  

were fo llow ed  a t  350nm by method ( b ) .

T ab le  3

Run ’So ]M N m
I n i t i a l  R ate .M sec ^ B u f f e r

1 1 .0 9 x l0 " 5 2 .5 x l0 "4 0.1M c i t r a t e

2 2 .2 5 x l0 ” 5 2.5XK T4 — f!

3 6 .7 x l0 "5 2.5X10- 4 — It

4 8 .4 x l0 ”5 2.5X10- 4 — ft

5 l.O xlO ”4 2.5X10"4 — II

6 1 . 0 x l 0~4 2.5X10"4 — II

7 l . O x K f 4 2.5X10”4 — 11

8 S .b x U T 4 2 .5 x l0 ~4 - n

9 7.5X10”4 l .O xlO "4 3.6X10"11 0.1M a c e t a t e

1 0 U O xK T 3 1 .5 x l0 "3 4.17X 10"11 tt

F o r  ru n  9  th e  i n i t i a l  r a t e  was c a l c u l a t e d  from th e  c h a r t  and r e p ­

resents th e  maximum p o s s i b l e  r a t e .

F o r  r u n  10 th e  computed r a t e  shown had a s ta n d a r d  d e v i a t i o n  o f  2 0 % .

The h y d r o ly s i s  o f  j> -n i tro p h e n y l  ^-NAG^ was perfo rm ed  under  e n z y m e /s u b s tra te  

c o n d i t io n s  u sed  in  ru n  10 g iv in g  an i n i t i a l  r a t e  o f  3 .2 6 x l0 ~ * °  Msec~* 

and  a s ta n d a rd  d e v i a t i o n  o f  1.9y&* The s o l u t i o n s  used  i n  ru n s  1 to  4  

w ere r u n  on T .L .C . ( u s in g  n -p ro p a n o l ,  ammonia, w a te r ,  6 : 3 : 2 ,  v  : v  : 

v )  a g a i n s t  NAG and D H nitrophenyl ^5-NAG s t a n d a r d s .  A f t e r  24 hou rs  no 

d e t e c t a b l e  h y d r o ly s i s  o f  NAG-NAX-PNP was o b se rv ed .
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H y d ro ly s is  o f  NAG0 -NAX-PNP

The lysozyme c a t a ly s e d  h y d r o ly s i s  o f  NAG^-NAX-PNP was s tu d i e d  

u n d e r  the  c o n d i t io n s  l i s t e d  in  t a b l e  4 .  For ru n s  1 to  4 a f i n i t e

r a t e  cou ld  n o t  be computed and th e  r a t e s  shown were e s t im a te d  from

th e c h a r t  r e c o rd in g  a t  350nm.

T a b le  4 .

Run
[So ]M [ Eo ]M I n i t i a l  R ate  Msec ^ B u f f e r

1 2 .5 x l0 - 5 2.5X10- 4 0 . 6x l 0-1 1 0.1M a c e t a t e  pH5.:

2 l .O x lO "4 l .O x lO - 4 U 5 x lO -1 1 ii

3 l . O x K f 3 l .O x lO - 4 8  xlO -1 1 ii

4 l.O xlO - 4 — 2 xlO-1 1 it

5 2 .4 x l0 - 3 — 1 .5 x l0 -1 0 ii

6 1 . 8 x l 0 - 3 1 .2 5 x l0 -3 1 . 2x l 0 -1 0 it

For th e  c o n d i t io n s s tu d ie d  in run  5 an a l i q u o t  method (method ( a ) )  was

perform ed g iv in g  a maximum i n i t i a l  r a t e  o f  1x10 ^ M sec  

A r e p e a t  scan  over 13 hou rs  f o r  JsJj=5xlO~4M, Je ^ J= 2 x 10  3M was perform ed 

on a SP800 U.V. s p e c t ro m e te r .  No h y d r o ly s i s  was o b se rv ed .
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H y d ro ly s is  o f  NAG3~NAX-PNP

The lysozym e c a ta ly s e d  h y d ro ly s is  o f NAG^-NAX-PNP was s tu d ie d  

u n d e r th e  c o n d i t io n s  l i s t e d  in  ta b le  5 . F or ru n s  1 to  4 th e re  v/as 

no o b se rv a b le  h y d ro ly s is  a t  350nm u s in g  2mm. c e l l s  and a f i n i t e  r a t e  

co u ld  n o t be computed*

T ab le  5 .

Run

1

2

3

4

5

N
M

3.7x10 -5

5 .0x10

5.0x10

-4

1.0x10

2 .6x10 -3

F M0

1x10

1x10-5

-51x10

2.5x10"

5 .8x10 -3

I n i t i a l  R ate  Msec-1

1.8x10 -8

B u ffe r

0.1M a c e ta t e  pH5.23 

u
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H y d ro ly s is  o f  3 ,4 -D in i t ro p h e n y l  g ly c o s id e s

H y d ro ly s is  was fo llow ed  a t  400nm. in  O.lM a c e ta t e  b u f f e r  pH5.23 

by  method ( b ) ,  u s in g  an e x t in c t io n  c o e f f i c i e n t  o f 6160 fo r  3 , 4 - d i n i t r o -  

p h e n o l.

T a b le  6 . H y d ro ly s is  o f  3 .4 -^ in i t r o p h e n y l  j3-NAX,

Run

1

2

3

4

5

6

s M0 I n i t i a l  R ate  Msec-1

3 .1x10

1 .56x10

1 .56x10

3 .3x10 -8

1.06x10 -9

4x10-5 1.38x10 -9

1 .56x10 ' 4x10-5 1.47x10 -9

1.56x10 -4

1 .56x10 -4

0 .8x10

-44x10

-5 1.07x10

1 .7 x l0 - 9

-9

% S ta n d a rd  Dev.

0 .6

1 3 .0

9 .0

8 .3

1 2 .7

8 .9

U nder the  c o n d i t io n s  u sed  in  ru n  4 a ru n  c o n ta in in g  |NAG ĵ = 1.2x10 

was p erfo rm ed , g iv in g  an i n i t i a l  r a t e  = 1.69x10 ^ (%  S ta n d a rd  d e v ia t io n  

=  9 .1 )

Due to  th e  h ig h  sp o n tan eo u s r a t e  o f  h y d ro ly s is  o f 3 ,4 -d in i t r o p h e n y l  

jB-NAX th e  r a t e s  were computed from a r e a c t io n  tim e o f 20 m iru te s ,  hence 

a p p re c ia b le  t r a n s g ly c o s y la t io n  would n o t be ex p ec ted  in  th e  p re sen ce  o f  

NAG4 d u r in g  t h i s  tim e i n t e r v a l .  From a ru n  w ith  Ĵ SJJ = 4.7xlO ~4M,

JeJJ = 4xlO*”^M and Ĵ NAĜ j = 3x10”^  th e r e  appeared  to  be a s l i g h t  in c re a s e  

in  r a t e  a f t e r  two h o u rs  p ro b a b ly  due to  th e  fo rm atio n  o f t r a n s g ly c o s y la t io n  

p ro d u c ts .
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T ab le  7.

Run S0 M

H y d ro ly s is

Teo1m

o f NAG-tiAX-DMP 

I n i t i a l  R ate Msec * % S tan d a rd  Dev

1 ~41x10 _ 2 .1 9 x l0 ~ 10 19 .2

2 -41x10 - 2 .2 0 x l0 ~ 10 1 3 .3

3 lx lO -4
-4

1x10 2 .8 7 x l0 ~ 10 13 .4

4 lx lO -4
-4

1x10 1 .6 5 x l0 ~ 10 14 .9

T ab le  8 .

H y d ro ly s is o f NAG2-NAX-DNP

Run > a M [Eo > I n i t i a l  R ate  Msec” *1 % S tan d a rd  Dev

1 -41x10 1 .4 7 x l0 " 10 14 .0

2 l x K f 4 — 1.60xl0*“10 1 5 .7

3 lx l0 ~ 4 lx lO -5 1 .8 8 x l0 " 10 15 .4

4
-4

1x10 lx lO -4 1 .9 0 x l0 ” 10 17 .8

5
-41x10 lx lO - 4 1 .8 0 x l0 “ 10 15 .5
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The I n te r a c t io n  o f I n h ib i to r s  w ith  Lysozyme as S tu d ie d  

by N.M.R. E x p erim en ta l Method.

(a )  The p ro to n  N.M.R* s p e c tr a  w ere m easured u s in g  a V a rian  HA-100 

s p e c tro m e te r  o p e ra t in g  in  th e  freq u en cy  sweep mode. The w a te r  re so n an ce  

was used  f o r  th e  f ie Id - f r e q u e n c y  lo c k . Chem ical s h i f t s  w ere d e term ined  

u s in g  .a H ew le tt Packard  e l e c t r o n i c  c o u n te r .

(b ) S p e c tra  were re c o rd e d  a t  3 3 .5 °  -  0 .5 °C , u n le s s  o th e rw ise  s t a t e d .  

Sam ples w ere e q u i l ib r a t e d  a t  35°C in  a th e rm o s ta t te d  b a th  b e fo re  b e in g  

t r a n s f e r r e d  to  th e  p ro b e .

(c )  A ll  m easurem ents w ere made u s in g  0.1M c i t r a t e  b u f f e r * ^  pH 5.5.

J o  a c h ie v e  s o l u b i l i t y  o f  th e  a r y l  g ly c o s id e s  15%  v /v  o f  s p e c tro s c o p ic  

d io x a n  was added to  the  b u f f e r  s o lu t i o n .  T e r t i a r y  b u ta n o l ,  0 .2 £ , was 

added to  sam ples as  an i n t e r n a l  r e fe re n c e  s ta n d a rd ,  ex ce p t f o r  NAG.

(d ) B o e h rin g e r lysozym e (b a tc h  no . 7471123/1) was u s e d . The enzyme 

S o lu tio n s  w ere p re p a re d  im m ed ia te ly  p r io r  to  u s e ,  f i l t e r e d  th ro u g h  c o tto n  

wool to  remove any in s o lu b le  m a te r i a l ,  and th e  c o n c e n tra t io n  m easured on 

8 C ary  l& U .V . S p ec tro m e te r  u s in g  th e  e x t in c t io n  c o e f f i c i e n t  o f 36 ,000  

fo r  lysozym e ab so rb an ce  a t  280nm*

(e )  Weighed sam ples o f  th e  su g a r  w ere d is s o lv e d  in  0 .5 m l. o f  enzyme 

s o lu t io n  u s in g  a m i c r o l i t r e  s y r in g e ,  t r a n s f e r r e d  to  th e  N.M.R. sam ple 

tu b e s  and e q u i l ib r a t e d  a s  above. C o n c e n tra tio n s  o f th e  j> -n itro p h e n y l 

g ly c o s id e s ,  b e fo re  and a f t e r  th e  s p e c t r a  w ere r e c o rd e d ,  w ere m easured by
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rem oving  10pl o f th e  N.M.R. sam ple, d i l u t i n g  to  2 .5 m l. and m easu ring  

th e  ab so rb an ce  o f t h i s  s o lu t io n  a t  350nm. u s in g  an e x t in c t io n ,  c o e f f i c i e n t  

o f  1760. R e s u lts  b e fo re  and a f t e r  th e  exp erim en t w ere in v a r i a n t .

F or each  compound a s e t  o f sam ples c o v e rin g  th e  c o n c e n tra t io n  ran g e  

s tu d ie d  was p re p a re d  w ith o u t enzyme p r e s e n t .

For NAG-NAX-PNP and £ - n i t r o p h e n y l^  -NAG^ a sam ple c o rre sp o n d in g  to  

th e  h ig h e s t  su g a r  c o n c e n tr a t io n  s tu d ie d  was p re p a re d . T h is  was th en  

used  to  o b ta in  th e  c o n c e n tra t io n  range  s tu d ie d  u s in g  a s e r i e s  d i l u t i o n .  

F or th e  enzyme ex p erim en ts  th e  lysozym e c o n c e n tra t io n  was k e p t c o n s ta n t  

by u s in g  a s to c k  enzyme s o lu t io n  fo r  th e  s e r i e s  d i l u t i o n .

( f )  S p e c tra  w ere re c o rd e d  im m ediate ly  a f t e r  in s e r t io n  in  th e  probe 

and a t  f iv e  m inu te  i n t e r v a l s  u n t i l  r e p ro d u c ib le  r e s u l t s  were o b ta in e d .

The chem ica l s h i f t  o f th e  s ta n d a rd  was c a l ib r a t e d  fo llo w ed  by t h a t  o f th e  

su g a r  re so n an ce  o f  i n t e r e s t .  C hem ical s h i f t  v a lu e s  a re  e x p re s se d  in  Hz.

T rea tm e n t o f  R e su lts .

F o r each  compound s tu d ie d  th e  chem ical s h i f t s  r e l a t i v e  to  th e  

s ta n d a rd  o f  th e  ace tam ido  m ethyl reso n an ce  ( s )  o f  i n t e r e s t  in  th e  absence 

o f  enzyme w ere p lo t t e d  a g a in s t  su g a r  c o n c e n tr a t io n  to  g iv e  a s t r a i g h t  

l i n e  g rap h  w hich was u sed  to  c a l c u la t e  th e  chem ica l s h i f t  v a lu e  in  th e  

ab sen ce  o f  lysozym e a t  th e  su g a r c o n c e n tra t io n s  u sed  in  th e  enzyme exp­

e r im e n ts .  As can be seen  from th e  fo llo w in g  ta b le s  some compounds 

showed a sm a ll c o n c e n tr a t io n  dependence fo r  th e  chem ica l s h i f t  v a lu e s  

o f  th e  ace tam ido  m ethy l re s o n a n c e s .

F o r th o se  compounds fo r  w hich th e  ace tam ido  m ethy l re so n a n c e  ( s )  

e x p e r ie n c e d  a c o n c e n tr a t io n  d ep en d en t chem ica l s h i f t  in  th e  p re se n c e  o f
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lysozym e, th e  change in  th e  chem ical s h i f t  cThz in  th e  p re se n c e  o f 

enzyme r e l a t i v e  to  the  i n t e r n a l  s ta n d a rd  was m easured over th e  concen­

t r a t i o n  ran g e  s tu d ie d  and a n a ly se d , a c c o rd in g  to  th e  method o f D a h lq u is t  

55and R a f te ry  , d is c u s s e d  in  th e  in t r o d u c t io n ,  to  g ive  th e  bound chem ical 

s h i f t  v a lu e A p .p .m . and the  d i s s o c ia t io n  c o n s ta n t  K̂ M from th e  g raph 

o f  i n i t i a l  s u g a r  c o n c e n tr a t io n ,  M ,vs. ~  (Hz’"* ).

For the  d is a c c h a r id e s  w hich showed a change in  chem ica l s h i f t  o f 

th e  ace tam ido  m ethyl re so n a n c e s  in  the  p re se n c e  o f enzyme b u t  f o r  w hich 

• th e  v a lu e  o f K^M was such t h a t  th e  enzyme was s a tu r a te d  w ith  in h i b i to r  

o v e r th e  c o n c e n tr a t io n  ran g e  s tu d ie d ,  th e  bound chem ical s h i f t  v a lu e  

Ap.p ,m. v/as c a lc u la te d  from  th e  unm odified  e q u a t io n : -

A L in e a r  L e a s t S q u ares  program  (L .L .S Q .) w r i t t e n  by D r.B . Capon 

was u sed  to  c a lc u la te  th e  s lo p e  o f th e  g raph  and th e  i n t e r c e p t .

S ta n d a rd  d e v ia t io n s  on th e  computed s lo p e  o f th e  g raph  w ere c . a .  10$ 

and fo r  th e  in t e r c e p t  c . a .  20$.
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T a b le  9

C hem ical S h i f t  Data f o r  the  I n t e r a c t i o n  of the  Acetamido Methyl P ro to n s

o f  ja -N itropheny l 2 -ace tam ido-2-deoxy-^8-D -g lucopyranoside  w ith  Lysozyme.

Sugar Enzyme Chem ical S h i f t  Change in  S h i f t
C o n c e n tra t io n  C o n c e n tra tio n  from T e r t i a r y  £ (Hz) i(H z - ^)

p j  xlO M (E j  x lO ^  B u tan o l (Hz) &

3 .9  3 7 4 .6  2 .7  0 .371

5 .0  3 7 4 .3  3 .0  0 .3 3 3

7 .0  3 7 4 .6  2 .8  0 .3 5 7

1 4 .4  3 7 5 .4  2 .2  0 .4 5 5

2 0 .0  3 7 5 .7  2 .0  0 .5 0 0

2 5 .0  3 7 5 .9  1 .9  0 .5 2 7

2 8 .3  3 76 .1  1 .8  0 .5 5 5

3 1 .8  3 7 6 .3  1 .6  0 .6 2 5

3 4 .5  3 7 6 .9  1 .4  0 .7 1 5

5 0 .0  3 7 6 .9  1 .4  0 .7 1 5

8 .4

1 5 .8

20.2

2 9 .7

4 1 .0

5 0 .0

7 7 .4

7 7 .6

7 7 .7  

7 7 .9

7 8 .3

7 8 .3
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T a b le  10

Chemical S h i f t  Data fo r  th e  I n t e r a c t i o n  o f  th e  Acetamido Methyl P ro to n s

o f  j> -N itrophenyl 2 -ace tam id o -2 -d eo x y -^ -D -x y lo p y ran o s id e  w i th  Lysozyme.

Sugar
C o n c e n tra tio n

f o ]  x l0  M

Enzyme
C o n c e n tra tio n

[Eo] *1C™

Chem ical S h i f t  
from T e r t ia r y  
B u ta n o l (Hz)

Change 
J  (Hz)

in  S h if- 
i ( H z “ r  
6 .

6 .9 3 7 1 .8 5 .5 0 .1 8 3

7 .2 3 7 2 .2 5 .1 0 .1 9 6

9 .8 3 7 2 .5 4 .8 0 .2 0 8

1 4 .4 3 7 3 .2 4 .2 0 .2 3 8

1 8 .6 3 7 3 .2 4 .4 0 .2 2 7

1 9 .6 3 7 3 .3 4 .3 0 .2 3 3

2 1 .5 3 7 3 .1 4 .5 0 .2 2 2

2 4 .8 3 7 3 .5 4 .1 0 .2 4 4

2 9 .8 3 7 4 .2 3 .5 0 .2 8 6

3 8 .7 3 7 4 .5 3 .4 0 .2 9 4

4 9 .5 3 7 4 .6 3 .4 0 .2 9 4

15 — 7 7 .4

18 - 7 7 .6

25 - 7 7 .6

30 — 7 7 .8
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T a b le  11

Chem ical S h i f t  Data fo r  the  I n t e r a c t i o n  o f  th e  Acetamido M ethyl P ro to n s

o f  M ethyl 2 -ace tam ido-2-deoxy-0C -D -glucopyranoside  w ith  Lysozyme.

Sugar
C o n c e n tra tio n

p o ] Xl0 M

Enzyme
C o n c e n tra tio n

p o ]  X l °  H

Chem ical S h i f t  
from T e r t i a r y  
B u ta n o l (Hz)

Change 
6 ( h z )

in  S h i f t  
■^Hz"1) 
0

1 .8 6 3 7 6 .4 3 .2 0 .3 1 2 5

3 .0 6 3 7 7 .2 2 .4 0 .4 1 6 7

4 .0 3 3 7 7 .3 2 .3 0 .4355

4 .9 9 3 7 7 .4 2 .2 0 .4 5 4 5

5 .9 9 3 7 7 .7 1 .9 0 .5263

6 .9 9 3 7 7 .7 1 .9 0 .5263

8 .9 8 3 7 8 .0 1 .6 0 .6250

2.01

2 .9 4

3 .9 7

5 .0 6

6.00

7 .0 4  

7 .9 1

9 .0 4

7 9 .7

7 9 .4

7 9 .7

7 9 .7  

7 9 .6

7 9 .8

7 9 .5

7 9 .6
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T a b le  12

Chemical S h i f t  Data f o r  th e  I n t e r a c t i o n  o f  th e  Acetamido Methyl

P ro to n s  o f  2-A cetam ido-2-deoxy-D _-glucopyranoside w i th  Lysozyme

Sugar Enzyme Chem ical S h i f t  Change in  S h i f t
C o n c e n tra tio n  C o n c e n tra tio n  from Lock S ig n a l <T(Hz ) I^H z- ^) 

r i l x l 0 2M fE lx l0 3M (Hz ) J
I  J L J  ^  <

1 . 1 ' 2

2.2  2

3 .1  2

4 .0  2

5 .9  2

8 2

1 .1  2 6 7 .4

2 .2  2 6 7 .6

3 .1  2 6 7 .7

3 .9  2 6 7 .7

5 .9  2 6 7 .8

8 .0  268 .1

1 0 .4  2 6 8 .6

anomer CC anomer
■ h

OL
+ -

PC

2 69 .7 2 7 2 .9 2 .3 5 .5 0 .4 3 5 0 .1 8 2

2 69 .5 2 7 1 .7 1 .9 4 .1 0 .5 2 7 0 .2 4 4

2 6 9 .4 2 7 1 .2 1 .7 3 .5 0 .5 8 9 0 .2 8 6

2 69 .5 27 0 .9 1 .8 3 .2 0 .5 5 5 0 .312

2 69 .4 2 7 0 .5 1 .6 2 .7 0 .6 2 5 0 .3 7 2

269.1 2 6 9 .9 1 .0 1 .8 1 0 .5 5
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T a b le  15

M ethyl P ro to n s  o f NAG-Glu-PNP w ith  Lysozyme.

Change 
i  (Hz)

in  S h if  
-k H z -1: 
0

Sugar 
C o n c e n tra tio n  

[ I  j  x 1 0 3 M

Enzyme 
C o n c e n tra tio n  

[E j  xlO M

Chem ical S h i f t  
from T e r t i a r y  
B u ta n o l (Hz)

5 .1 3 7 9 .7 3 .4 0 .2 9 4

9 .6 3 8 0 .2 3 .0 0 .3 3 4

1 5 .6 3 81 .1 2 .2 0 .4 5 5

2 0 .3 3 81 .1 2 .3 0 .4 3 5

2 4 .4 3 8 1 .5 2 .1 0 .4 7 7

3 0 .6 3 8 1 .7 2 .0 0 .5 0

3 5 .4 3 82 .1 1 .7 0 .5 9

1 0 .5

18 .3

3 4 .3

8 3 .2

8 3 .4

8 3 .8
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T a b le  14

C hem ical S h i f t  Data fo r  th e  I n te r a c t i o n  o f th e  A cetam ido 

M ethyl P ro to n s  o f NAG-NAX-PNP w ith  Lysozyme.

T em oera tu re  3 3 •5 ^ 0 •5°C

S ugar
C o n c e n tra tio n

M  * l °

1.6

1.8

2.0

2 .3

2 .7

3 .2

4 .0

Enzyme 
C o n c e n tra tio n  

[Eg] XlQ »

3

3

3

3

3

3

C hem ical S h i f t  from 
T e r t i a r y  B u ta n o l (Hz) 

A B1

8 4 .3

8 2 .8

8 2 .7

8 3 .0

8 2 .9

8 4 .5

8 3 .7

7 9 .8

d

d

d

8 0 .2

8 0 .3

8 0 .6

4 .1 3 °

4 .1 3

T em pera tu re  55~1°C

4 .1 3

4 .1 3

8 3 .6  8 0 .1

8 3 .3  8 0 .0

8 3 .0  7 9 .8

82.5^  74.1 ê̂
N o te : ( l )  A and B r e f e r  to  th e  ace tam ido  m ethy l re so n a n c e s  o f  th e

s u g a r  r e s id u e s  d i s t a l  and p rox im al to  th e  ag ly co n e  r e s p e c t iv e l y .

(c )  R e s u l ts  from a s e p a ra te  experim en t

(d ) B oth  ace tam ido  m e th y l re so n an ces  b ro ad en ed  on th e  a d d i t io n  

o f  enzym e. The re so n a n c e  o f  th e  ace tam ido  m ethy l group o f  th e  NAX 

r e s id u e  s u f f e r e d  th e  m ost b ro a d e n in g , and a t  th e s e  c o n c e n tr a t io n s  i t  was 

n o t p o s s ib le  to  m easure th e  c e n t r e  o f  th e  re so n a n c e  w ith  any g r e a t  a c c u ra c y .

(e )  D i f f i c u l t  to  a s s e s s  th e  c e n tre  o f  th e  peak due to  i t s  b r e a d th .

( f )  From th e  spec trum  p o s s ib le  t h a t  a n o th e r  peak i s  p r e s e n t  2 

c . p . s .  u p f i e ld  from  A.



-  I l l  -

lafrls 15

Chemical S h i f t  Data f o r  the  I n t e r a c t i o n  o f  th e  Acetamido

Methyl P ro to n s  o f  jo -N itrophenyl yS-NAG^ w ith  Lysozyme.

Sugar C o n c e n tra tio n  Enzyme C o n c e n tra tio n  C hem ical S h i f t  from 
x102M p oj x l 0 3M T e r t i a r y  B u tan o l (Hz)

3 3 .5 -0 .5 °C

3 .5 5  -  8 4 .5  7 7 .8d

3 .5 5  3 8 3 .7  7 3 .8 a,C

55~1°C

3 .5 5  -  8 4 .3  7 7 .2

3 .5 5  3 8 4 .2  7 7 .8b

N ote

(a )  The ace tam ido  m ethy l re so n an ce  p ro x im al to  th e  ag ly co n  b road en s 

c o n s id e ra b ly  on a d d i t io n  o f  enzyme. T here was v e ry  l i t t l e  b ro ad en in g  

o f  th e  d i s t a l  ace tam ido  m ethy l re so n a n c e .

(b ) The d i s t a l  ace tam ido  re so n an ce  was b roadened  c o n s id e ra b ly  and 

th e re  a p p e a rs  to  be s l i g h t  s p l i t t i n g  in  th e  re so n an ce  a t  77 .8H z.

(1 )  A and B r e f e r  to  th e  ace tam ido  m ethyl re so n an ces  o f  th e  su g a r 

r e s id u e s  d i s t a l  and p rox im al to  th e  ag lycone  r e s p e c t iv e l y .

(c )  Changes in  £ lQJ over th e  c o n c e n tra t io n  ran g e  (3 .5 5 - 2 .2 ) x l0  

d id  n o t  change th e  re so n an ce  p o s i t i o n s .

(d )  Changes in  M  over th e  c o n c e n tra t io n  ra n g e  (3 .5 5 -1 .0 )x l0 ~ ^ M  

d id  n o t  change th e  re so n an ce  p o s i t i o n s .
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T a b le  1 6

C hem ical S h i f t  D ata fo r  th e  I n te r a c t i o n  o f  th e  

A cetam ido M ethyl P ro to n s  o f D i-R -a c e ty l c h i to b io s e

S ugar C o n c e n tra tio n  Enzyme C o n c e n tra tio n  Chem ical S h i f t  from 
x102M |E 0J x103M T e r t i a r y  B u ta n o l

1 .0 2  -  8 1 .5  7 9 .0

2 .0 4  -  8 1 .9  79 .1

3 .5 5  -  8 2 .2  7 9 .4

4 .2 5  -  8 2 .0  7 9 .6

6 .1  -  8 2 .0  8 0 .2

2 .1 4 3 8 1 .5 7 2 .8

2 .7 5 3 8 1 .4 7 2 .3

4 .0 5 3 8 1 .6 7 2 .3

4 .8 2 3 8 1 .1 7 2 .2

5 .9 4 3 8 1 .9 7 2 .8

( l )  A and B r e f e r  to th e  ace tam ido  m ethyl re so n a n c e s o f th e

su g a r  r e s id u e s  a t  th e  n o n -re d u c in g  end and re d u c in g  end r e s p e c t iv e l y .
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T a b le  17

D is s o c ia t io n  C o n s ta n ts , K^M, and Bound C hem ical 

S h i f t  V a lu es , A p .p .m . , o f Lysozyme I n h i b i t o r s .

Compound K̂ M A p .p .m .

£ -N itro p h e n y l ^3-MJAG 2 .76x10"^  0 .3 4

£ -N itro p h e n y l ^-D-NAX 5 .2 1 x lo “2 0 .1 1

M ethyl 06-D-NAG 5 .7 8 x l0 ~ 2 0 .7 9

NAG-Glu-PNP 2 .3 3 x l0 ~ 2 0 .3 5

D i-4 [-a c e ty l C h ito b io s e  -  0 .5 1

NAG-NAX-PNP -  0 .8 3 3
y.

£ -N itro p h e n y l d-NAG^ -  0 .5 1

*f* o
N o te : (a )  From th e  r e s u l t s  a t  55-1  C. T h is  may r e p r e s e n t  an u p p er

l i m i t  u s in g  th e  c o n c e n tra t io n  o f  i n h i b i t o r  j l ^  =4 .13x10 2M. A lso  

p o s s ib le  t h a t  even a t  t h i s  te m p e ra tu re  the  system  i s  n o t  in  th e  f a s t  

exchange l i m i t .

(b )  From th e  r e s u l t s  a t  3 3 .5 ^ 0 .5 °C . D i f f i c u l t  to  m easure 

a c c u r a te ly  due to  th e  w id th  o f  th e  re so n an ce  s ig n a l .
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The I n t e r a c t i o n  o f  I n h i b i t o r s  w ith  Lysozyme
as S tu d ie d  by F lu o re sc e n c e  S p ec tro sco p y

E x p e rim en ta l Method

(a )  M easurem ents were perform ed u s in g  a P e rk in -E lm er MPF-2A 

f lu o re s c e n c e  sp e c tro p h o to m e te r .

(b )  B o eh rin g e r lysozym e (b a tc h  no . 7482325/1) was u sed ; s o lu t io n s  

w ere p re p a re d  and c o n c e n tra t io n s  d e te rm in ed  a s  fo r  N.M.R. e x p e rim e n ts .

( c )  A ll  m easurem ents were made u s in g  0.1M a c e ta te  b u f f e r  pH 5 .2 5 .

(d ) E x c i ta t io n  w aveleng th  was 285nm. The f lu o re s c e n c e  em iss io n  

i n t e n s i t y  was m easured a t  th e  w aveleng ths quoted  in  th e  ta b le s  o f r e s u l t s .

( e )  S to ck  s o lu t io n s  o f enzyme and i n h i b i t o r  were p rep a red  in  0.1M 

a c e ta t e  b u f f e r .  M easurem ents were made on 2 .5 m l. sam ples in  1cm. sq u a re  

q u a r tz  f lu o re s c e n c e  c e l l s  p rep a red  by ta k in g  a l iq u o ts  o f th e  s to c k  s o lu ­

t i o n s  u s in g  a m i c r o l i t r e  sy r in g e  and making th e  f i n a l  volume up to  2 .5 m l. 

w ith  b u f f e r .

( f )  The f lu o re s c e n c e  em issio n  i n t e n s i t y  o f a s o lu t io n  c o n ta in in g  

enzyme a t  th e  c o n c e n tr a t io n  used  in  th e  experim en t was m easured a t  th e  

em iss io n  w aveleng th  u sed  in  th e  e x p e rim en t, which was p re v io u s ly  d e term ­

in e d , from p re lim in a ry  ex p erim en ts  u s in g  enzyme in  th e  p re sen ce  and ab sen ce  

o f i n h i b i t o r ,  a s  th e  w aveleng th  g iv in g  th e  l a r g e s t  change in  th e  r e l a t i v e  

f lu o re s c e n c e  e m is s io n .

The f lu o re s c e n c e  em iss io n  i n t e n s i t y  fo r  s o lu t io n s  c o n ta in in g  b o th  

i n h i b i t o r  and enzyme was th en  m easured over th e  c o n c e n tr a t io n  ran g e  s tu d ie d ,  

and c o r r e c te d  f o r  an enzyme em issio n  i n t e n s i t y  o f  lOO^S.
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T rea tm e n t o f  R e s u l t s

The d a ta  was a n a ly se d  u s in g  th e  tr e a tm e n t d e s c r ib e d  by L e h re r  and 

76Fasman as  fo llo w s

F or th e  f lu o re s c e n c e  em issio n  i n t e n s i t y  o f  an e n z y m e /in h ib ito r  

s o lu t io n  to  be p ro p o r t io n a l  to  th e  c o n c e n tra t io n  o f f r e e  enzyme p re s e n t  

in  th e  s o lu t io n ,  th e  ab so rb an ce  o f  th e  s o lu t io n  a t  th e  e x c i t a t io n  and 

em iss io n  w aveleng ths  m ust be le s s  th an  O . l a .u .  I f  t h i s  h o ld s  th en  th e  

d eg ree  o f  a s s o c ia t io n  p  can be ex p re sse d  a s ,

■ p  = f ~f e

f e s- f e

and th e  a s s o c ia t io n  c o n s ta n t  K M * a s ,a

K = - 6 —  • 1
a l - p

w here [ i j  = [ \ ]  - p p 0]

i . e .  p

H

= f r e e  s u b s t r a te  w here 

= t o t a l  s u b s t r a te  p r e s e n t ,

= t o t a l  enzyme p r e s e n t ,

F =  f lu o re s c e n c e  o f  th e  m ix tu re ,

F_ = f lu o re s c e n c e  o f th e  uncom plexed enzyme,
E

and Fw, = f lu o re s c e n c e  of the e n z y m e -su b s tra te  com plex. ES

A p lo t  o f v e rs u s  - J - j  was a n a ly se d  u s in g  a l i n e a r  L e a s t
L 9 1 _1

S q u a re s  com puter program  to  f in d  F^ a t  = ^ a^  was ca^cu^“

a te d  from ,

Ka = ’ Whe" P = h

from  a knowledge o f  the o r ig i n a l  enzyme c o n c e n tra t io n  and th e  c o n c e n tra t io n  

o f  s u b s t r a t e  a t  ^
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The d a ta  was a l s o  a n a ly se d  from a com puter f i t  o f F^-F v e rs u s  

J l oJ w hich p ro v id ed  A (Fg-F ) maximum and K^M by an an a lag o u s  method to  

t h a t  u sed  to  d e te rm in e  M ic h a e lis  Menten p a ra m e te rs , th u s  av o id in g  th e  

e r r o r s  in v o lv e d  in  d e a l in g  w ith  r e c ip r o c a l  p l o t s .  S u r p r is in g ly  good 

ag reem en t was found fo r  th e  r e s u l t s  d e te rm in ed  by b o th  m ethods.



-  117 -

T a b le  18

I n t e r a c t i o n  o f  jg-N itro  phenyl yS-NAĜ , w i th  Lysozyme as S tu d ie d  by F lu o re s c e n c e

F lu o re sc e n c e  em iss io n  w aveleng th  325 nm.oJ =4x10” 7M. F luo ri

o] x i 0 6M V F
2 1 .6

4 4 .8

. 6 8 .0

8 1 1 .4

10 1 4 .5

12 1 7 .8

14 1 9 .4

16 2 2 .6

24 .1

20 2 5 .8

L .L .SQ . a n a ly s i s  o f  — L_ v e rs u s  g iv e s  a n e g a t iv e  i n t e r c e p t  and th e
fe- f p g r

graph  o f v e rs u s  1 ^  shows t h a t  s a tu r a t io n  o f th e  enzyme by th e

i n h i b i t o r  was n o t  n e a r ly  a c h ie v e d . Hence th e  v a lu e  o f  K^M fo r  j> - n i t r o -  

p heny l -HAG2  i s  such  th a t  i t  can n o t be d e te rm in e d  by f lu o re s c e n c e  due 

to  th e  a b so rb a n c e  o f th e  i n h i b i t o r  a t  th e  c o n c e n tra t io n  ran g e  r e q u ire d  

f o r  i t s  d e te rm in a t io n .
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T a b le  19

I n t e r a c t i o n  o f  NAG-NAX-PNP w ith  Lysozyme as  S tu d ie d  by F lu o re sc e n c e

F lu o re sc e n c e  em issio n  w aveleng th  325 nm.J"E0J =4x10 7m

Run 1 Run 2 Run 3 Run 4

•F I 1 x106M Fc-F It x106M f c- f T x106M Fc-F_ oj E L°- E 0 . E

2 10,0 2 9 .4 2 7 2 7

4 ' 18 .5 4 1 5 .6 4 15 4 15

5 2 2 .5 6 2 1 .9 6 19 6 20

6 2 6 .5 8 2 8 .1 8 26 8 26

8 3 0 .6 10 3 3 .8 10 32 10 31

10 3 6 .7 12 3 7 .5 12 36 12 36

12 3 9 .8 14 4 1 .6 14 40 14 40

14 4 2 .8 16 4 4 .5 16 43 16 44

16 4 7 .0 18 4 8 .5 18 45 18 47

18 5 1 .0 20 5 0 .0 20 48 20 51

20 5 3 .0 22 5 3 .2 22 53

24 5 6 .4 24 55

26 5 9 .4 26 58

1 1
-.SQ . FE-F  v e rs u s  [ q

Run I n te r c e p t S ta n d a rd  D e v ia tio n K M” 1 a

1 9 .6 7 x l0 ” 3 4 .3 % 5 . 62xl04

2 1 0 .4 x l0 ~ 3 6 .1 % 5 . 62x l04

3 5 •64xl0~ 3 2 3 .0 % =. 5 x l0 4

4 5 •7 x l0 ~ 3 1 6 .0 % =. 5 . 3 x l0 4
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F -F  v e rs u s  E M

Run KpM S ta n d a rd  D e v ia tio n

1 1 .7 x l0 “ 5 8 .5 x lC f7

2 2 .3 x l0 -5  1 .2 x l0 “ 6

3 3 .3 x l(T 5 4 .7 x l c f 6

4  3 .4 x l(T 5 2 .3 x l0 “ 6
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T a b le  20

I n t e r a c t i o n  o f  NAG^-NAX-PNP w ith  Lysozyme as S tu d ie d  by F lu o re sc e n c e

E^J =  1x10 IA F lu o re sc e n c e  em issio n  m easured a t  325 nm.

Run 1 Run 2 Run 3

o] x1° 7m f e- f [i J xxo7m f e - f I J  x107M f e- f

3 .2 4 .3 3 .2 5 .7 3 .2 5 .0

6 .4 7 .2 6 .4 9 .3 6 .4 12 .5

9 .6 1 1 .6 9 .6 11 .4 9 .6 18 .6

1 2 .8 1 5 .2 16 .0 17.1 1 2 .8 2 3 .7

16 .0 1 6 .6 2 2 .4 2 0 .0 16 .0 2 6 .2

1 9 .2 1 8 .8 2 8 .8 2 2 .1 19 .2 3 0 .0

2 2 .4 2 0 .3 3 5 .2 2 5 .0 2 2 .4 3 2 .5

2 5 .6 2 2 .4 4 1 .6 2 7 .2 2 5 .6 3 5 .0

2 8 .8 2 5 .4 4 8 .0 2 9 .2 2 8 .8 36 .2

3 2 .0 2 7 .6 64 .0 32 .1 3 2 .0 37 .5

3 5 .2 2 8 .3 8 0 .0 3 4 .2 4 1 .6 4 0 .0

4 1 .6 3 0 .4 9 6 .0 3 6 .4 4 8 .0 4 3 .7

4 8 .0 2 9 .7 64 .0 4 7 .5

5 6 .0 3 3 .3

6 4 .0 3 5 .5

8 0 .0 3 7 .7

9 6 .0 3 9 .1

112 .0 4 2 .0



I n te r c e p t

0 .0169

0 .0 2 6 2

v e rs u s  Jl^j

i y «

3 .6 6 x l0 ” 6

2 .5 1 x l0 “ 6

2 .7 9 x l0 ” 6

S ta n d a rd  D e v ia tio n

6 .9 7 %

6 .2 4 %

g r a p h ic a l ly

S tan d a rd  D e v ia tio n

1 .7 8 x l0 ” 7

2 .0 5 x l0 ” 7

3 .2 8 x l0 “ 7

K M 1a

2.53x10'

4 .5 x l0 5

5 .5 x l0 5
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T a b le  21

I n t e r a c t i o n  o f  j^ -N itrophenyl^-N A G ^ w ith  Lysozyme as  S tu d ie d  by F lu o re sc e n c e

"i —8E l  = 8x10 M F lu o re sc e n c e  em issio n  w aveleng th  325 nm.

Run 1 Run 2

o] x1° 7m F -F  E I o]  x l0 7M FE-F

4 2 .9 4 4 .4

8 5 .2 8 6 .7

12 8 .9 12 1 0 .5

16 1 0 .5 16 1 2 .6

20 1 3 .5 20 1 4 .8

24 1 6 .4 24 1 5 .6

28 1 7 .8 28 1 8 .6

32 1 9 .4 32 2 0 .1

36 2 1 .6 36 2 1 .6

40 2 4 .6 40 2 4 .6

50 2 6 .2 50 2 7 .6

60 2 9 .8 60 2 9 .8

70 3 1 .3 70 3 2 .1

80 3 4 .3 80 3 4 .3

90 3 7 .3 90 3 5 .8

100 3 7 .3 100 3 7 .3

120 3 9 .6 120 4 1 .3
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L .L .SQ . yr* % v e rsu s  *
V

Run

1

2

I n te r c e p t

0 .0103

0 .0214

Fg-F v ersu s

Run

N

9 .1x10

6.1x10

-6

-6

S ta n d a rd  D e v ia tio n

16%

9 . 62%

K M a
-1

^ > 8 .3 x l0 4

2 .66x10 '

S ta n d a rd  D e v ia tio n

8 .7x10
-7

3 .5x10 -7
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T a b le  22

I n t e r a c t i o n  o f  NAG  ̂ w ith  Lysozyme as S tu d ie d  by F lu o re sc e n c e

|E Ĵ = 5x1(T7M F lu o re sc e n c e  em issio n  w av e len g th  340nm.

Run 1 Run 2

xlO^l V F I  J x lO  M F -F  E

4 3 .3 2 1 .2

6 4 .1 4 2 .4

8 5 .0 6 3 .6

10 5 .8 8 4 .9

12 6 .6 12 6 .2

16 7 .5 16 7 .3

31 1 1 .6 24 8 .6

40 1 3 .3 32 9 .7

70 14 .1 3 8 .6 11.1

5 6 .7 1 2 .4

L .L .SQ .

Run

F -F  E
v e rs u s

I n t e r c e p t

0 .0 6 1 0

0 .0 3 9 7

S tan d a rd  D e v ia tio n  

9 .9 $

18.0y£

KMa
-1

0 .4 x 1 0 '

0 .2 x 1 0 '

Fc-F  v e rsu s  b

Run w

2 .1x10

2 .5x10

-5

-5

S tan d a rd  D e v ia t io n

2 .2x10 -6

2 .3x10 -6
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T a b l e  23

I n t e r a c t i o n  o f  NAG  ̂ w i th  Lysozyme a s  S tu d ie d  by F lu o re s c e n c e

M
-  5x10"7M F lu o re s c e n c e  e m iss io n  w av e le n g th  340 nm.

Hun 1 Run 2 Run 3

L .L .S Q .  v e r s u s  1

R un

1

2

3

I n t e r c e p t

0.035

0.062

0.052

S ta n d a rd  D e v ia t io n

10?
e%

20%

1o~Jx106M fe~f Î J x106M V F I ĵ x106M Fe-F

2 5 1 2 .8 2 2.2

4 11 2 4 .3 4 5.0

6 12 3 6.4 6 6.5

8 15 4 7.1 7 8 .6

10 16 5 8 .6 9 8 .6

12 16 7 8 .6 14 9.3

18 18 10 10.0 20 10.0

25 20 15 12.8 30 10.6

35 20 20 14.2 40 11.5

45 21 25 14.2 50 12.2

55 22 35 14.2 60 12.2

KMa
-1

1.3x10'

1.5x10'

5.6x10'
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F^-F v e rsu s

Run V

1 6 .5 x l0 ” 6

2 5 .5 x l0 “ 6

3 7 ,8 x l0 ~ 6

S ta n d a rd  D e v ia tio n

7 .2 x l0 ” 7

5 * lx l0 ~ 7

1 .2 x l< f6
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T a b le  24

I n t e r a c t i o n  o f  NAG  ̂ w ith  Lysozyme as s tu d ie d  by F lu o re sc e n c e

[Eo] =
= 5x10 ?M

Run 1

i j  x 1 0 6 M F-F,

3 1 1 .9

6 1 7 .9

9 2 1 .3

12 2 2 .7

15 2 5 .3

18 2 2 .7

48 2 2 .7

F lu o re sc e n c e  em issio n  w aveleng th  320 nm.

Run 2

J  x io 6M
f ~f e

0 .6 2 .8

1 .2 4 .6

3 .0 7 .5

4 .2 9 .3

5 .4 1 0 .9

7 .2 1 2 .2

9 .0 1 4 .3

12 .0 1 4 .8

15 .0 1 6 .1

18 .0 1 7 .5

2 1 .0 1 7 .5

L .L .SQ .

Run

F-F,
v e rs u s

F-F_ v e rs u s  E

Run

I n te r c e p t

0 .0 2 9

0 .0 5 6

5 .5 x 1 0 '

5 .8x10 -6

S tan d a rd  D e v ia tio n

2 .5 $

10.0$

S tan d a rd  D e v ia t io n

0 .37x10

0.98x10

-6

-6

KMa
-1

5 .89x10 '

2.67x10*
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T a b l e  25

I n t e r a c t i o n  o f  NAG  ̂ w ith  Lysozyme as  S tu d ie d  by F lu o re s c e n c e

[E°] = 5x10~7M

Run 1

£
x 1 0 6 M F-F.

F lu o re sc e n c e  em iss io n  w aveleng th  320 nm« 

Run 2

I  J x l O  M F-F,

0 . 4 1 .3 0 .8 2 .7

0 .8 2 .7 1 .6 3 .9

1 .6 4 .8 2 .4 6 .7

2 .4 6 .7 3 .2 7 .9

3 .2 9 .2 4 .0 9 .2

4 .0 1 0 .6 6 .0 1 0 .6

6 .0 12 .8 8 .0 11 .8

8 .0 14 .7 10 .0 1 4 .4

lQvO 1 8 .7 12 .0 1 3 .2

12 .0 18 .7 14 .0 13 .2

3 4 .0 2 2 .8 16 .0 13 .2

L.L.SQ. — —  v e r s u s  1
F-F,

Run

1

2

F-F_ v e r s u s  
c

Run

1

2

I n t e r c e p t

0 .0 1 9

0 .0 4 9

N

v
8.0x10

5.8x10

- 6

-6

S ta n d a rd  D e v ia t io n

36%

16%

S tan d a rd  D e v ia t io n

7x10

9x10

- 7

- 7

K M a
-1

1.6x10*
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I n t e r a c t i o n  o f  I n h i b i t o r s  w i th  Lysozyme as  S tu d ie d  by th e  I n h i b i t i o n  

o f  the  h y d r o ly s i s  o f  3 ,4 -D in i t r o p h e n y l

The i n h i b i t i o n  o f  th e  lysozyme h y d r o ly s i s  o f  3 ,4 - a i n i t r o p h e n y l  

^iS-NAG^ was s tu d ie d  by m easuring  the  r a t e  o f  r e l e a s e  o f  3 ,4 - d i n i t r o p h e n o l  

from th e  g ly c o s id e  under  M ic h a e l is  Menten c o n d i t io n s  in  the  p re se n c e  and 

ab sen ce  of i n h i b i t o r .

The r a t e s  o f  h y d r o ly s i s  were measured a t  40°C in  0.1M a c e t a t e  b u f f e r  

by fo l lo w in g  th e  change in  abso rb an ce  o f  th e  s o l u t i o n  a t  400nm u s in g  a 

Cary  16 s p e c t ro m e te r .

The e x t i n c t i o n  c o e f f i c i e n t  f o r  3 ,4 -d i n i t r o p h e n o l  a t  400nm, a t  the  

b u f f e r  pH used  in  th e  e x p e r im en t ,  was de te rm ined  p r i o r  to  each ex p er im en t .  

The data , was a n a ly s e d  by an i n i t i a l  s lo p e s  computer program u s in g  a D ig ico  

M icro  16P computer on l i n e  to  th e  Cary 16 as  p r e v io u s ly  d e s c r ib e d .  The 

M ic h a e l i s  Menten p a ram e te rs  were de te rm in ed  by a computer f i t  o f  th e  ob­

se rv e d  i n i t i a l  r a t e s  Msec-1  v e r s u s  th e  s u b s t r a t e  c o n c e n t r a t io n

The c o n c e n t r a t i o n s  o f  the  s o lu t i o n s  used were de te rm ined  by measure­

ment o f  t h e i r  ab so rb an ce  a t  th e  a p p r o p r i a t e  w ave leng th  a s  p r e v io u s l y  de­

s c r i b e d .

A l l  th e  compounds s tu d ie d  were found to  be c o m p e t i t iv e  i n h i b i t o r s  

f o r  th e  lysozyme h y d r o ly s i s  o f  3 ,4 -d in itropheny iyS -N A G ^, a l lo w in g  th e  

d a t a  to  be a n a ly se d  a c c o rd in g  to  th e  fo l lo w in g  t r e a tm e n t .

k+ l ^+9
E + S <= > ES  ̂ E + p ro d u c ts .

-1

A pp ly ing  th e  B r ig g s  Haldane a n a l y s i s  f o r  th e  system  shown above in  th e  

s t e a d y  s t a t e ,
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T h e re fo re

t e l  .
d t

[ES]

° = k+1 ( [ E]  -  [es]  ) [ s ]  -  (k_1+k+2)[ES]

1 H  .

k- l +k+2 + [ s ]

k+l

and v = k+2

+2

[ES] ,

t l t l , 

[•]k- l +k+2 +

>1

Vmax = k+2

T h e re fo re  v »

where Km

1 + Km

H
k- l +k+ 2

k+ l

A pp ly ing  th e  B r ig g s  H aldane a n a l y s i s  to  th e  case  o f  c o m p e t i t iv e  i n h i b i t i o n  

we h av e ,

k+l
E + S *= = = *■  ES 

-1

E + I  El
-2

E + p r o d u c t s ,
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and fo r  th e  system  in  th e  s te a d y  s t a t e

k+ l  [ S]  ( [ E]  ”  [ ES]  -  [ EI]  )  =  (k- l +k+3) [ES]

k+2 [X] < [E] " [ES] " [EI] > = k-2 [EI]
[ es]v  = k

= k+3 H

1 + k~ l+k+3 

k+ i  [s]
1 + k+2

-2

s u b s t i t u t i n g
k ,+k 0 k 0

K f o r  -T . .... ,  and K. fo r
m k i  kK+1 +2

v =
1 +  Kmm [ i  +  I l L]

Ki

Thus f o r  a c o m o e t i t iv e  i n h i b i t o r  th e r e  i s  an a p p a re n t  in c re a s e  o f

i MK by th e  f a c t o r  m

l i m i t  as

and hence th e  a p p a re n t  K in c r e a s e s  w i th o u tm

in c re a s e s *  For a f i n i t e  i n h i b i t o r  c o n c e n t r a t i o n  the

l i m i t i n g  v e l o c i t y  i s  eq u a l  to  Vmax f o r  th e  u n i n h i b i t e d  r e a c t i o n .

S u b s t i t u t i n g  K f o r  Km (1 +

where Kp i s  th e  a p p a re n t  M ic h a e l is  Menten p a ram ete r  measured f o r  

th e  i n h i b i t e d  h y d r o ly s i s  th e n ,

k _ J V L _
T .  7 -  K

<  - 1ro
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T a b le  26

.H y d ro ly s i s  o f  3 ,4 - D in i t r o p h e n y l f t -NAG^

H == 1x10 6M pH 5 .23

r sixio*M I n i t i a l  R ate  x lO ^M sec  1 % S tan d a rd  Dev

0 .8  

■ 1.2

1 .4  

1.6  

2 .0

2 .4

4 .0

6.0  

8 .0

12.0

16 .0

20 .0

C a lc u la t e d  
S ta n d a rd  D e v ia t io n

2 .91

6.89

7 .6 2

7 .4 2

7 .3 3

8 .1 4

9 .61

10.53

10.92

10.27

11.27 

11 .17

r̂uax Mse£10 
11 .58x10 ,n
0.84x10

12.6

4 . 6

4 .7

2 .9

2 .4

2 .5

4 .4  

4 .1

4 .7

4 .9

4 .4

3 .7

0 .94x10
0.23x10

-5
-5
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T a b le  27

H y d ro ly s is  o f  3 ,4-D initrophenyly§-N A G ^

= 5 x l0“?M

j a
xlO M

5

6

7

8 

9

10

12

14

16

18

20

30

40

50

60

70

100

120

pH 5 ,2 3

I n i t i a l  Rate x lO ^M sec  *

2 .53

3 .2 6

3 .0 6

3 .3 7

3.40

2 .6 2

3 .25  

4 .31  

4 .6 5

5 .2 6  

5 .30  

5 .7 2  

5 .35  

5 .21  

5 .93  

6.60 

6.83  

5 .58

% S tan d a rd  Dev.

10.8

8.1

8 .4

6 .7

8 .7  

10 .5  

10 .3

5 .7

5 .4

4 .7

5 .8

4 .8

5 .2  

6.1

4 .2

3 .2

4 .5

5 .3

C a lc u la t e d  

S ta n d a rd  D e v ia t io n

V Msec” *
max -10  6 .7x10 u

0 .5x10 -10

KMm
8.0x10

1.1x10

-6
-6
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T a b le  28

I n h i b i t i o n  by NAG-NAX-PNP

[i J = lx lO ^ M  [E ] =  5x10"7M pH 5 .23

s l x l 0 6M I n i t i a l  R ate  xlO*^Msec” * % S ta n d a rd  Dev.

7 1 .88 12 .3

8 2 .4 9 10 .2

9 3 .1 2 8 .8

12 3 .2 6 7 .0

14 3 .7 2 5 .5

16 4 .2 2 4 .7

18 4 .0 2 5 .0

20 4 .8 3 4 .0

30 5 .9 6 3 .8

40 5 .7 2 3 .7

50 6 .00 3 .9

60 6 .94 3 .9

^max Msec KpM
-10  -5

C a lc u la t e d  9 .3x10  ™  2 .2x10 _5
S ta n d a rd  D e v ia t io n  0 .87x10 0 .43x10”
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T a b l e  29

I n h i b i t i o n  by NAGg-NAX-PNP

[ i j  = lx lO ^ M  £eJ  = 5 x l0 “ ?M pH 5 .23

j s j j  xlO^M I n i t i a l  R ate  x lO ^M sec  1 % S tan d a rd  Dev.

1 .0 1 .49 9 .3

1 .4 1 .15 10 .6

1 .6 1 .65 9 .5

1 .8 0 .8 3 17 .2

3 .0 1 .69 8 .8

4 .0 2 .9 2 4 .3

5 .0 3 .2 3 6 .6

6 .0 5 .2 5 3 .8

7 .0 4 .9 0 2 .9

8 .0 5 .9 7 2 .2

16 .0 7 .7 4 2 .4

2 4 .0 8 .9 4 1 .9

c a l c u l a t e d

Vmax M s e c " 1  

14x l0” 10 1.5x10
s ta n d a r d  d e v i a t i o n  3x10 0*5x10
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T a b l e  30

I n h i b i t i o n  by NAG^-NAX-PNP

EqJ  = l x l ( T 6M
m -= 1 .1 9 x l0 " 5M pH 5 .23

dS JxlO M I n i t i a l  R ate  xlO*^Msec~* % S tan d a rd  Dev.

. 0 .8 2 .81 5 .1

1 .2 5 .1 2 4 .2

1 .6 5 .3 7 4 .6

2 .0 6 .67 3 .2

2 .4 6 .5 6 4 .4

3 .2 6 .6 4 3 .9

4 .0 8 .51 7 .0

6 .0 9 .5 3 4 .7

8 .0 10.64 4 .3

10 .0 10.92 3 .8

12.0 10 .56 4 .9

16 .0 11 .83 4 .6

C a lc u la t e d

V Msec- * max
13.5x10

KM
-52.5x10

S ta n d a rd  D e v ia t io n 0.69x10 -10 0 .3x10 - 5
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T a b le  31

I n h i b i t i o n  by NAG-Glu-PNP

[¥] = 5x lC f7M |Yj = lx lO ^M  pH 5 .2 3

S IxlO^M I n i t i a l  R ate  xlO*^Msec * % S ta n d a rd  Dev.o

8 2 .4 6  18 .0

10 3 .3 0  9 .6

12 3 .2 9  9 .9

16 3 .4 6  7 .3

30 3 .7 8  12 .5

40 4 .9 2  6 .0

50 4 ,4 6  6 .8

60 5 .4 7  7 .3

70 5 .3 4  5 .7

80 5 .5 0  4 .8

100 6 .7 3  3 .4

V Msec-1  K Mmax p
-1 0  -5c a l c u l a t e d  6.8x10 1.5x10
-10  -5s ta n d a r d  d e v i a t i o n  0.85x10 0 .3x10
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T a b le  52

I n h i b i t i o n  by NAG-Glu-PNP

1x10-6M [*]-= 7.7x10 5M pH 5 .23

JS 1x10 M I n i t i a l  R ate  x lO ^M sec-1  % S tan d a rd  Dev.

1.2

2 .0

3 .2

4 .0  

4 .8

6.0  

8 .0

12.0

16 .0

6 .4 7

7 .5 4

8 .9 2

8 .3 3

9 .6 3

9 .6 8

10 .77

10.45

11 .45

4 .3

5 .6  

3 .0  

2.8  

3 .5  

1.8

2 .3

2 .7

2 .7

C a lc u la te d  

S ta n d a rd  D e v ia t io n

V Msec-1  max
11.68x10

0.42x10 -10

KM 
P -5  

1.12x10 3

0.21X10-5
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I n h i b i t i o n  by NAG-Xyl-PNP

[ e ]  = 1x10~6M £ l j  = l.dx lO ^M  pH 5 .2 3

Under th e se  c o n d i t io n s  the  h y d r o ly s i s  o f  3 ,4 -d in itropheno lyS -N A G ^ 

was n o t  i n h i b i t e d  by t h i s  compound. For | s j j  = 6 .0x10"*^ the  r a t e  of 

h y d r o ly s i s  was 10.93x10 ^ M se c  1 in  th e  absence  o f  i n h i b i t o r  and 

10.53x10 13Msec 1 w i th  i n h i b i t o r  p r e s e n t  a t  th e  c o n c e n t r a t i o n  shown 

ab o v e .

I n h i b i t i o n  by £ -N i t ro p h e n y l  yd-NAX

| e J = 1x10-6 M £ lj  = 3.5x10-3 M pH 5 .23

Under th e s e  c o n d i t io n s  th e  h y d r o ly s i s  o f  3 ,4-D initrophenylyd-N A G ^ 

was n o t  i n h i b i t e d  by t h i s  compound. The r a t e  of h y d r o ly s i s  f o r  j s j  = 

12xlO~^M was 1 2 .6 9 x l0 - l 0 Msec-1  in  th e  p re se n c e  o f  i n h i b i t o r  and 

l2.73xlO*"13Msec-1  w ith  no i n h i b i t o r  p r e s e n t .

*  See e x p e r im e n ta l  s e c t i o n  f o r  a d i s c u s s io n  o f  t h i s  compound.
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I n h ib it io n  by £ -N itrop h en y l 2 -a c e ta m id o -6 -io d o -2 , 6-dideoxy-yS-D  

-g lu co p y ra n o sid e

[ e]  = 1 x10"6M [ i ]  = 2 .0 x l0 ”^M pH 5 .2 3

Under th e se  c o n d it io n s  th e h y d r o ly s is  o f  3 ,4 -d in itr o p h e n y l  

yS-NAG  ̂ was n ot in h ib it e d  by t h i s  compound. The r a te  o f  h y d r o ly s is ,  

fo r  JsJ  = 12xlO~^M was 1 2 .2 9 x l0 “10Msec”1 in  th e  p resen ce o f  

in h ib it o r  and l2 .7 3 x lO ~ ^ H sec~ ^  w ith  no in h ib it o r  p r e se n t.



D I S C U S S I O N
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P o s s ib le  B ind ing  Modes f o r  a NAX R esidue

The b in d in g  o f  a s u g a r  r e s id u e  to  lysozyrne in  s u b s i t e  D has been 

d i r e c t l y  observed  by X -ray  c r y s t a l l o g r a p h y  f o r  th e  jD-glucose r e s id u e  in  

NAG-Glu, f o r  th e  D^xylose r e s id u e  in  NAG—Xyl and has been i n f e r r e d  f o r  

a NAG r e s id u e  from th e  model b u i l d in g  s t u d i e s  as  d is c u s s e d  in  the  i n t r o ­

d u c t io n  to  t h i s  work* T h a t a NAG r e s id u e  m ight b ind  to  lysozyrne in  

su b s i te -  D in  a s i m i l a r  o r i e n t a t i o n  to  the  one found f o r  the  D -glucose  

r e s id u e  in  one o f  th e  b in d in g  modes observed  f o r  NAG-Glu may a l s o  be 

p o s s i b l e  a l th o u g h  from th e  X -ray  model t h i s  mode ap p ea rs  to  le ad  to  app­

r e c i a b l e  s t e r i c  i n t e r a c t i o n  between th e  ace tam ido  group o f  the  NAG r e s id u e  

in  s u b s i t e  D and the enzyme.

A NAX r e s id u e  bound in  s u b s i t e  D could  thus be e x p ec ted  to  b in d  in  

e i t h e r  o f  two ways, (a )  in  a s i m i l a r  o r i e n t a t i o n  to  t h a t  proposed  f o r  a 

NAG r e s id u e  in  s u b s i t e  D from the  model b u i l d in g  s t u d i e s  and, s in c e  th e  

u n fa v o u ra b le  s t e r i c  i n t e r a c t i o n  between th e  C (6)-hydroxym ethy l group and 

th e  enzyme would be a b s e n t ,  th e  NAX r e s id u e  could  e x i s t  in  th e  u s u a l  un­

d i s t o r t e d  c h a i r  co n fo rm a tio n ,  o r ,  (b) th e  NAX re s id u e  cou ld  b in d  in  a 

s i m i l a r  o r i e n t a t i o n  to  t h a t  observed  f o r  a D -g lucose  r e s id u e  bound in  

s u b s i t e  D b u t  a g a in  w i th  l e s s  d i s t o r t i o n  from th e  c h a i r  con fo rm a tio n  than  

was found f o r  th e  D -g lucose  r e s i d u e .  A D -xy lose  r e s id u e  in  t h i s  b in d in g  

mode ap p ea rs  to  undergo  l e s s  d i s t o r t i o n  from th e  c h a i r  co n fo rm a tio n  than  

was found f o r  D -g lu c o se .  I t  may a l s o  be p o s s i b l e  t h a t  th e  absence  of 

t h e  C (6 )-hydroxym ethy l group could  cause  th e  NAX r e s i d u e  to  b in d  in  a 

s i m i l a r  manner to  the  I>-xylose r e s id u e  w ith  s l i g h t  changes in  th e  o r i e n t ­

a t i o n  to  red u ce  any u n fa v o u ra b le  i n t e r a c t i o n s  which m igh t a r i s e  betw een 

th e  ace tam ido  group and th e  enzyme. H o p e fu l ly  th e  X -ray  a n a l y s i s  o f  th e  

ly s o z y m e - in h ib i to r  complex w i th  i n h i b i t o r  m o lecu le s  c o n ta in in g  a t e rm in a l
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NAX r e s id u e  w i l l  r e s o lv e  which b in d in g  modes a r e  p o s s ib le  f o r  th e se  com­

pounds. At p r e s e n t  however, i t  would ap p ea r  re a s o n a b le  to  propose t h a t  

d i s t o r t i o n  o f  a NAX r e s id u e  bound in  s u b s i t e  D towards th e  h a l f  c h a i r  

con fo rm a tio n  i s  l e s s  l i k e l y  to  be a r e q u i s i t e  f o r  b in d in g  than  i t  would 

be fo r  a NAG re s id u e  bound in  a s i m i l a r  o r i e n t a t i o n ,  and t h a t  a NAX r e s ­

id u e  shou ld  be a b le  to  be accommodated in  s u b s i t e  D a t  l e a s t  as  fav o u r­

a b ly  as  a NAG r e s id u e  in  any o f  th e  b in d in g  o r i e n t a t i o n s  a v a i l a b l e  f o r  

th e  l a t t e r  a t  t h i s  s u b s i t e .  Diagrams showing p o s s ib le  b in d in g  modes 

f o r  a NAG and a NAX r e s id u e  in  s u b s i t e  D a r e  shown in  f i g u r e s  1 - 4 .



’ Figure 1 . . . . . . .

B ind ing o f  NAĜ  to  lysozyrne. The b in d in g  o f  sugar r e s id u e s

A,B and C i s  th a t observed  by X -ray fo r  th e  lysozyae-NAG^ com plex.

R esidue D i s  shown bound in  th e p o s it io n  in fe r r e d  from th e model
»

b u ild in g  s t u d ie s .
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Figure 2 .

B inding o f  NAĜ  to  lysozyrne. The b in d in g  o f  sugar r e s id u e s  

A , B  and C i s  th a t  observed  by X -ray fo r  th e  lysozyme-NAG^ com plex. 

R esidue D i s  shown bound in  a s im ila r  o r ie n ta t io n  to  th a t  observed  

by X -ray fo r  a D -g lu cose  r e s id u e  bound in  s u b s i t e  D.
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S7.

F igu re 3 .  .........
B inding o f  NAG -̂NAX to  lysozyrne. The b in d in g  o f  sugar

r e s id u e s  A,B and C i s  th a t observed  by X -ray fo r  th e  lysozyrne

-NAG  ̂ com plex. R esidue D i s  shown bound in  a s im ila r  o r ie n ta t io n

to  th a t  in fe r r e d  from th e  model b u ild in g  s tu d ie s  fo r  a NAG

r e s id u e  bound in  6 u b s ite  D but w ith out any d is t o r t io n  o f  th e

KAX re s id u e  from th e  ch a ir  conform ation .
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F igure 4«

B inding o f  NAG -̂NAX to  lysozyrne. The b in d in g  o f  sugar  

r e s id u e s  A,B and C i s  th a t  observed  by X -ray fo r  th e  lysozyrne 

-NAG  ̂ com plex. R esidue D i s  shown bound in  a s im ila r  o r ie n ta t io n  

to  th a t  observed  b y'X -ray fo r  a D -x y lo se  r e s id u e  bound in  s u b s ite  

D.



-  147 -

N.M.R. Binding Studies

From th e  N.M.R. r e s u l t s  ( t a b l e  3JL7 ) i t  would ap p ea r  t h a t  j o - n i t r o -
to

phenylyS-NAX conforms to  th e  b inding^lysozyrne observed  by o th e r  mono­

s a c c h a r id e  i n h i b i t o r s  hav ing  a 2 -ace tam ido  group , namely b in d in g  in  s u b s i t e  

C, as  would be expec ted  from the  known a f f i n i t y  o f  t h i s  s u b s i t e  f o r  su g a r  

r e s id u e s  hav ing  a 2 -ace tam id o  group . The need fo r  c a u t io n  in  p la c in g  

undue em phasis on what a r e  r e l a t i v e l y  sm all  changes in  th e  v a lu e s  found 

f o r  d i s s o c i a t i o n  c o n s ta n t s  and bound chem ica l s h i f t  v a lu e s  from th e  N.M.R. 

method was emphasized in  th e  i n t r o d u c t i o n  to  t h i s  work, b u t  in  view o f  th e  

good ag reem en t found fo r  th e  boiind chem ica l s h i f t  v a lu e s  f o r  £ - n i t r o p h e n y l  

y^-NAG, m ethyl 0(-NAG and NAG-Glu-PNP in  t h i s  s tu d y  ( t a b l e  3 .17 )  w ith  the  

v a lu e s  found f o r  th e se  compounds by o th e r  w orkers ( t a b l e s  1 .2  and 1 .3 )  i t  

ap p ea rs  t h a t  £ -n itrophenyly£-N A X  b in d s  in  s u b s i t e  D w ith  a somewhat d i f f ­

e r e n t  o r i e n t a t i o n  to  t h a t  o f  methyltX-NAG, f o r  w h i l s t  b o th  compounds e x h i ­

b i t  s i m i l a r  d i s s o c i a t i o n  c o n s t a n t s ,  i  ( 5 -6 )x l0  the  bound chem ica l 

s h i f t  v a lu e  of =  0*11 p .p .m . found f o r  ]>-nitrophenyly0-NAX d i f f e r s  

from t h a t  found f o r  m ethyl OC-NAG, Z \ =  0 .7 9  p .p .m .  The d i f f e r e n c e  in  the  

bound chem ical s h i f t  v a lu e s  found f o r  Oc and J S -N A G  ( t a b l e  1 .2 )  has  been 

i n t e r p r e t e d  as  b e in g  due to  th e  ace tam ido  m ethyl p ro to n s  o f  th e  l a t t e r  

b e in g  f u r t h e r  away from th e  t ry p to p h a n  108 amino a c id  r e s id u e  o f  th e  enzyme, 

which i s  in  acco rd  w ith  the  o r i e n t a t i o n s  observed  f o r  th e se  compounds in  

s u b s i t e  C from th e  X -ray  a n a l y s i s  of t h e i r  b in d in g  to  lysozyrne. Hence 

th e  d a ta  su g g e s ts  t h a t  w h i l s t  jD -nitrophenyl^-N A X  b in d s  to  lysozyrne in  

s u b s i t e  C w ith  an a f f i n i t y  ap p ro x im a te ly  eq u a l to  t h a t  o f  m ethyl OC-NAG 

i t s  o r i e n t a t i o n  o f  b in d in g  in  s u b s i t e  C i s  d i f f e r e n t  such t h a t  i t s  a c e ­

tam ido m ethyl p ro to n s  a r e  f u r t h e r  from t ry p to p h a n  108.

From th e  r e s u l t s  found f o r  the  compounds l i s t e d  in  t a b l e  1 .2  i t  was
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s u g g e s te d  t h a t  e i t h e r  hydrogen bonding  to  lysozyrne v i a  th e  C( 6 ) -oxygen was 

u n im p o r ta n t  f o r  su g a r  r e s i d u e s  bound i n  sub s i t e  C o r  t h a t  any r e d u c t io n  in  

th e  b in d in g  due to  th e  rem oval o f  th e  C( 6 ) -oxygen was compensated f o r  by 

Van d e r  Waals i n t e r a c t i o n s  in v o lv in g  th e  0 (6 )  r e g io n .  From th e  r e s u l t s  

o b se rv ed  f o r  th e  b in d in g  o f  jo -n i t ro p h e n y l  ^ -NAX i t  ap p e a rs  t h a t  hydrogen 

b o n d in g  v i a  t h e  C( 6 ) -oxygen i s  u n im p o r ta n t  f o r  s u g a r  r e s id u e s  h a v in g  a  2 

-a c e ta m id o  group , c o n f irm in g  th e  s t r o n g  i n t e r a c t i o n  o f  t h i s  group w ith  th e  

enzyme a t  s u b s i t e  C.

As w i th  o t h e r  s u g a r  r e s i d u e s  t h e  b in d in g  o b se rved  f o r  jD -n itrophenyl

/3-NAX a t  s u b s i t e  C does n o t  p r e c lu d e  i t s  b in d in g  a t  o t h e r  s u b s i t e s  which may

a l s o  be  a c c e s s i b l e  to  th e  s u g a r  b u t  where th e  ace tam ido m ethy l re so n an ce

d o e s  n o t  e x p e r ie n c e  a  l a r g e  bound chem ica l s h i f t  v a lu e  due to  th e  enzyme 

env ironm en t o f  th e 'b o u n d  s u g a r .

The bound chem ica l s h i f t  v a lu e s  found f o r  NAG  ̂ and £ -n i t ro p h e n y ly S  -  

NAG  ̂ a t  33*5°C i n  t h i s  s tu d y  ( t a b l e  3*17) a g ree  w i th  th e  r e s u l t s  f o r  th e s e

compounds found by  o th e r  w orkers  ( t a b l e  1 .3 )*  These r e s u l t s  have been 

i n t e r p r e t e d  a s  b e in g  c o n s i s t e n t  w ith  th e  b in d in g  o f  th e  NAG r e s i d u e s  o f  th e s e  

compounds i n  s u b s i t e s  BC. From th e  r e s u l t s  found f o r  th e  b in d in g  o f  £ -  

n i t r o p h e n y l  ^J-NAG^ to  lysozyrne a t  55°C, which have n o t  been  p re v io u s ly  r e p ­

o r t e d ,  i t  a p p e a rs  t h a t  a t  t h e  h ig h e r  te m p e ra tu re  th e  f r a c t i o n  bound in  

s u b s i t e s  BC i s  l e s s  th a n  a t  33*5°C. At th e  h ig h e r  te m p e ra tu re  th e  ace tam ido 

m ethy l re so n a n c e  d i s t a l  from th e  ag lycone  was c o n s id e r a b ly  broadened  i n  th e  

maniier u s u a l l y  o b se rved  f o r  a  NAG r e s i d u e  bound i n  s u b s i t e  C,and hence  i t  

a p p e a rs  t h a t  a t  t h i s  te m p e ra tu re  th e  d i s t a l  NAG r e s i d u e  o f  jD -n itropheny l p  

—NAGg i s  bound i n  s u b s i t e  C. From th e  N.M.R. r e s u l t s  i t  i s  n o t  p o s s i b l e  to  

i n f e r  t h e  b in d in g  mode o f  th e  NAG r e s i d u e  p ro x im a l to  th e  ag lycone  a l th o u g h  

t h e  p o s s i b i l i t y  t h a t  t h i s  cou ld  r e p r e s e n t  n - n i t r o p h e n y l p -NAG^ bound CD i . e .  

i n  a  p r o d u c t iv e  mode o f  b in d in g  s u g g e s t s  i t s e l f .  The f a c t  t h a t  t h e  d i s t a l  

ace tam ido  re s o n a n c e  d id  n o t  e x p e r ie n c e  an u p f i e l d  s h i f t  a s  w e l l  a s  l i n e
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b ro a d e n in g  could be due to  th e  c o n d i t io n  of f a s t  exchange between the  

bound and unbound forms of the  i n h i b i t o r  n e c e s s a ry  f o r  o b se rv in g  a chem­

i c a l  s h i f t  change n o t  b e in g  s a t i s f i e d  under the  e x p e r im e n ta l  c o n d i t i o n s .

As s t a t e d  in  the  s e c t i o n  on r e s u l t s ,  t h e r e  was no o b se rv a b le  h y d r o ly s i s  

o f  th e  jo -n i t ro p h e n y l  ^-NAG^, d u r in g  the  tim e taken  to  r e c o rd  the  r e s u l t s ,  

and on c o o l in g  the  sample to  33.5^0»5°C and r e p e a t in g  th e  exp er im en t th e  

sample gave the  same r e s u l t  as  was found fo r  f r e s h ly  d i s s o lv e d  sample a t  

t h i s  te m p e ra tu re .  The s l i g h t  s p l i t t i n g  observed fo r  th e  ace tam ido  methyl 

re so n an ce  prox im al to  th e  ag lycone  could  be due to  d i f f e r e n t  modes of 

b in d in g  b e in g  observed ,  p o s s i b ly  as  a r e s u l t  of d i f f e r e n t  o r i e n t a t i o n s  o f  

th e  bound su g a r  re s id u e *

The b in d in g  o f  NAG-NAX-PNP to  lysozyrne as  observed by N.M.R, fo llow ed  

a more p r e d i c t a b l e  p a t t e r n .  At 33 .5^0 .5°C  th e  resonance  s i g n a l  c o r r e s ­

ponding  to  th e  ace tam ido  m ethyl group prox im al to  the  ag lycone  was b ro ad ­

ened c o n s id e r a b ly  on a d d i t i o n  o f  lysozyrne. At 55 -l°C  t h i s  resonance  

e x p e r ie n c e d  an u p f i e l d  chem ical s h i f t  and l i n e  b roaden ing  s i m i l a r  to  t h a t  

observed  f o r  d i s a c c h a r id e s  bound in  s u b s i t e s  B and C. T h is  r e s u l t  was 

c o n s i s t e n t  w ith  NAG-NAX-PNP b e in g  bound to  lysozyrne in  s u b s i t e s  B and C.

At 33 .5^0 .5°C  the  c o n d i t io n  o f  f a s t  exchange between bound and unbound

forms o f  th e  compound was n o t  a t t a i n e d  r e s u l t i n g  in  l i n e  b ro ad en in g  of  th e

57ace tam id o  m ethyl re so n an ce  s i g n a l  s i m i l a r  to  t h a t  observed  f o r  NAG  ̂ b in d ­

in g  to  lysozyrne a t  35°C* From the  r e s u l t s  a t  55 - l°C  th e  u p f i e l d  chem ical 

s h i f t  observed  a l low ed  th e  bound chem ical s h i f t  v a l u e Z ^ =  0 .8 3  p .p .m . to  

be  c a l c u l a t e d .  T h is  v a lu e  i s  c o n s i s t e n t  w i th  th e  su g ar  r e s i d u e s  b e in g  

bound in  s u b s i t e s  B and C, a l th o u g h  i t  must be n o ted  t h a t  even a t  the  

h ig h e r  te m p e ra tu re  th e  c o n d i t io n  o f  f a s t  exchange between f r e e  and bound 

forms o f  th e  compound, which i s  n e c e s s a ry  to  j u s t i f y  u se  o f  th e  two s i t e  

a n a l y s i s ,  may n o t  have been f u l l y  r e a l i s e d .  As m entioned in  t a b l e  3 .
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th e  ace tam ido  m ethyl re sonance  c o r re sp o n d in g  to th e  NAG r e s id u e  was a l s o  

s l i g h t l y  broadened  on a d d i t i o n  o f  lysozyrne and the  p o s s i b i l i t y  t h a t  mul­

t i p l e  b in d in g  modes a re  b e in g  observed  und er  th e  ex p e r im e n ta l  c o n d i t io n s  

o f  th e  N.M.R. method s u g g e s ts  i t s e l f .  Q u a l i t a t i v e l y  the  r e s u l t s  i n d i c a t e  

t h a t  NAG-NAX-PNP b in d s  more s t r o n g l y  to  lysozyrne than j>-nitrophenyly^-NAG^.

I t  was c o n s id e re d  p o s s i b l e  t h a t  th e  b in d in g  o f  NAG-NAX-PNP to  lysozyrne 

in  s u b s i t e s  C and D might have been observed  by N.M.R. had t h i s  been a 

fa v o u ra b le  b in d in g  mode fo r  t h i s  compound. From the  r e s u l t  f o r  the  d i s ­

s o c i a t i o n  c o n s ta n t  f o r  NAG^-NAX b in d in g  to  lysozyrne as  measured by f l u o r -

69e scen c e  s p e c t ro s c o p y  Chipman has p o s tu l a t e d  t h a t  th e re  i s  a n e t  fav o u r­

a b l e  i n t e r a c t i o n  o f  2.2. K cal/m ole  f o r  the  b in d in g  of a NAX r e s id u e  to  

lysozyrne in  s u b s i t e  D. The N.M.R. r e s u l t s  f o r  th e  b in d in g  o f  NAG-NAX-PNP 

to  lysozyrne i n d i c a t e  t h a t  b in d in g  o f  the s u g a r  r e s id u e s  in  s u b s i t e s  C and 

D was n o t  a m ajor b in d in g  mode under  the  e x p e r im e n ta l  c o n d i t io n s  used as 

no a p p r e c ia b le  u p f i e l d  chem ica l s h i f t  was observed  fo r  th e  ace tam ido  m ethyl 

re so n a n c e  o f  the  NAG r e s i d u e  a t  e i t h e r  33 .5^0 .5°C  o r 5 5 - l°C  a l th o u g h  as 

p r e v io u s l y  mentioned some l i n e  b ro ad en in g  of th e  re so n an ce  d id  o c c u r .

For th e  a r y l  g ly c o s id e s  s tu d ie d  th e  e f f e c t ,  i f  any, t h a t  th e  jo -n i t ro p h e n y l

group cou ld  have on th e  b in d in g  o f  the  compound must be taken  i n t o  a c c o u n t .

56 59From th e  r e s u l t s  o f  th e  h y d r o ly s i s  s t u d i e s  on £-nitrophenylyS-N A G ^ * and

85£ -n i t ro p h e n y l^ -N A G ^  th e  lysozyrne c a t a ly s e d  r e l e a s e  o f  f r e e  £ - n i t r o p h e n o l  

ob se rv ed  f o r  b o th  th e s e  compounds s u g g e s t s  t h a t  th e  a r y l  group can be 

accommodated in  s u b s i t e  E a l th o u g h  f o r  b o th  o f  th e s e  compounds th e  m ajor 

l in k a g e  h y d ro ly sed  was t h a t  between NAG r e s id u e s  which would p la c e  th e  

£ - n i t r o p h e n y l  group e i t h e r  in  s u b s i t e  F o r  o u t  o f  th e  a c t i v e  c l e f t .
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Fluorescence Binding Studies

The d i s s o c i a t i o n  c o n s ta n t s  K̂ M and a s s o c i a t i o n  c o n s ta n t s  K m"^ found 

f o r  th e  i n t e r a c t i o n  w ith  lysozyrne o f  th e  compounds s tu d ie d  by f lu o re s c e n c e  

s p e c t ro s c o p y  ( t a b l e s  3 , 10 - 3 *25) a r e  shown in  t a b l e  4 .1

T ab le  1.

Compound K̂ M K M 1a

NAG-NAX-PNP 2 .6 x lo “ S 3 .8 x l0 4

nag2- nax- pnp 2 .8 x l0 ~ 6 3 .6 x l0 5

£-NitrophenylyS-NAG^ 7 .5 x l0 ~ 6 1 .3 x l0 5

NAG3 2 .3 x l ( T 5 4 .3 x l0 4

nag4 6 .6 x l0 ~ 6 l .b x lO 5

nag5 5 .7 x l0 “ 6 1.8x lO S

NAG, 6.9x10*"^ 1 .5x lO S

For th e  f r e e  s u g a rs  NAG  ̂ to  NAG^ th e  f lu o re s c e n c e  em ission  spectrum  

o f  lysozyrne was enhanced on b in d in g  o f  th e  su g a rs  and the  w ave leng th  o f

maximum em ission  was s h i f t e d  lOnm. to  lower w ave leng th  in  acco rd  w ith  the

r  4.u , 2 ,7 6 ,1 1 9 ,1 2 0o b s e r v a t io n s  o f  o th e r  w orkers  '  •

I n  th e  ex p er im en ts  u s in g  NAG  ̂ and NAG  ̂ b in d in g  to  lysozyrne th e  p e r ­

c e n ta g e  h y d r o ly s i s  of th e se  compounds o c c u r r in g  d u r in g  the  tim e r e q u i r e d  

to  r e c o r d  th e  r e s u l t s  was e s t im a te d  from th e  s p e c i f i c i t i e s  d e te rm in e d  fo r  

th e  lysozyrne c a t a ly s e d  h y d r o ly s i s  o f  th e s e  compounds and was c a l c u l a t e d  

a s  n o t  b e in g  g r e a t e r  than  1 .5 $  and 8% r e s p e c t i v e l y .

F o r  th e  a n a l y s i s  used  f o r  th e  c a l c u l a t i o n  o f  th e  b in d in g  c o n s ta n t s  

from th e  f lu o re s c e n c e  measurements th e  c r i t e r i a  t h a t  a t  b o th  th e  em iss io n
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and e x c i t a t i o n  w aveleng ths  used  in  the  experim en t the  absorbance  o f  the  

s o l u t i o n s  used  shou ld  n o t  exceed 0 ,1  a . u ,  r e s u l t e d  in  the b in d in g  c o n s ta n ts  

f o r  j>-nitrophenylyS-NAG^ n o t b e in g  ab le  to  be de te rm ined  as  s a t u r a t i o n  o f  

th e  enzyme cou ld  n o t  be a t t a i n e d  w i th o u t  exceed ing  th e  ab so rb an ce  l i m i t  

f o r  th e  s o lu t io n *  For NAG-NAX-PNP a p l o t  o f  F^-F v e rs u s  J l J  showed t h a t  

com plete  s a t u r a t i o n  of th e  enzyme was n o t  a t t a i n e d  under th e  ex p e r im en ta l  

c o n d i t i o n s ,  b u t  s u f f i c i e n t  d a ta  p o in t s  'were o b ta in e d  to  a l lo w  th e  r e s u l t s  

t o  be computed w ith  an a c c e p ta b le  s ta n d a rd  d e v i a t i o n .  Comparison of the  

r e s u l t s  f o r  th e s e  two compounds i n d i c a t e s  t h a t  NAG-NAX-PNP was bound more 

s t r o n g l y  to  lysozyrne than  £ -n i t ro p h en y l^ -N A G ^ *

For the  a r y l  g ly c o s id e s  s tu d ie d  the f lu o re s c e n c e  em ission  spectrum  

o f  lysozyrne was d ec re a se d  and th e  maximum e m iss io n  w aveleng th  was s h i f t e d  

5nm. to  lower w aveleng th  on b in d in g  of the  s u g a r .

The changes observed  in  th e  f lu o re s c e n c e  em ission  spectrum  o f  l y s -  

ozyme on the  b in d in g  o f  NAG o l ig o s a c c h a r id e s  have been r a t i o n a l i s e d  as

in v o lv in g  a change in  the  av e rag e  t ry p to p h y l  env ironm ent to  a l e s s  aqueous

76 120s t a t e  9 • The main c o n t r i b u t i o n  to  the  lysozyrne f lu o re s c e n c e  spectrum

comes from th e  s i x  t ry p to p h an  r e s id u e s  in  th e  enzyme, a sm all  c o n t r i b u t i o n  

coming from t y r o s i n e .  Three o f  th e  t ry p to p h an  r e s id u e s  in  th e  enzyme 

have been im p l ic a te d  a s  b e in g  in v o lv ed  in  the  a c t i v e  c l e f t ,  and ,  s in c e  

th e  em iss ion  o f  th e  in d o le  chromophore o f  t ry p to p h a n  i s  s e n s i t i v e  to  i t s  

en v iro n m en t,  f lu o re s c e n c e  s t u d i e s  o f  the  b in d in g  o f  s u b s t r a t e s  and in h ib ­

i t o r s  to  lysozyrne have p ro v id ed  b o th  d e t a i l s  o f  th e  b in d in g  c o n s ta n t s  and 

a l lo w ed  p o s t u l a t e s  to  be made a s  to  the  p o s i t i o n  o f  b in d in g  o f  th e s e  su g a rs  

i n  th e  a c t i v e  c l e f t .  The p o s i t i o n s  o f  th e  t h r e e  t ry p to p h a n s ,  62, 63 and 

108, lo c a te d  n e a r  th e  a c t i v e  s i t e  can be seen  from th e  X -ray  s t r u c t u r e ,  

f i g u r e  4 , 1 ,

F or th e  f r e e  enzyme th e  f lu o re s c e n c e  em is s io n  shows v e ry  l i t t l e
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change w ith  pH up to  th e  b a s ic  r e g io n  whereas the  lysozyrne -  NAG~ complex 
* o

pH p r o f i l e  shows changes between the  pH re g io n s  2 .5  t o  4 .5  and 5 .5  to  7 .5

c o n s i s t e n t  w ith  ca rb o x y l  groups hav ing  pK v a lu e s  o f  3 .5  and 6 .3  i n  th ea

complex b e in g  invo lved  in  quenching th e  f lu o re s c e n c e  e m is s io n .  The change

in  th e  f lu o re s c e n c e  spectrum  due to  the  ca rb o x y l  group w ith  pK = 6 .3  ina

th e  complex has been  shown to  be due to  th e  i n t e r a c t i o n  o f  t h i s  group w ith  

t ry p to p h a n  r e s id u e  108 and from th e  X -ray s t r u c t u r e  o f  lysozyrne showing 

th e  r e l a t i v e  p o s i t i o n s  o f  th e  amino a c id  r e s id u e s  and o th e r  ev idence  b e a r ­

in g  on th e  v a lu e  o f  th e  pK f o r  th e  ca rb o x y l  group of g lu tam ic  a c i d  35  in

92th e  enzyme-NAGg complex , i t  ap p ea rs  l i k e l y  t h a t  t h i s  group i s  th e  one

w i th  a pK = 6 . 3  in v o lv e d .  The c a rb o x y l  group hav ing  a pK = 3 .5  in  th e  a a

enzyme-NAGg complex has n o t  been unam biguously  a s s ig n e d  b u t  from th e  X -ray

92s t r u c t u r e  and th e  s tu d y  done on th e  i o n i z a t i o n  behav ious  of th e  c l e f t  

c a rb o x y ls  o f  lysozyrne i t  a p p ea rs  t h a t  a s p a r t i c  a c id  101 cou ld  be th e  

r e s i d u e  in v o lv e d .  The s tu d i e s  on the  changes in  th e  f lu o re s c e n c e  em ission  

s p e c t r a  o f  th e  f r e e  enzyme and the  enzyme-NAG^ complex w ith  v a ry in g  pH 

a l s o  i n d i c a t e  t h a t  th e  enzyme undergoes  a c o n fo rm a tio n a l  change on b in d in g

NAG o l ig o s a c c h a r id e s  in  acco rd  w i th  th e  r e s u l t s  of th e  X -ray  b in d in g

4. 26 ,31s t u d i e s  9 •

Comparison o f  th e  d a ta  o f  t a b l e s  4 .1  and 1 .5  shows t h a t  good a g re e ­

ment betw een th e  r e s u l t s  found fo r  th e  o l ig o s a c c h a r id e s  NAG  ̂ to  NAG^ from 

t h i s  s tu d y  w i th  th o se  found by o th e r  w orkers  was a t t a i n e d .  The v a lu e

found f o r  th e  d i s s o c i a t i o n  c o n s ta n t  f o r  the  b in d in g  o f  NAG  ̂ to  lysozyrne

-5  -5Kp = 2 .3x10  M d i f f e r s  s l i g h t l y  from the  v a lu e  o f  1x10 M found by o th e r

w o rk e rs .  The d i f f e r e n c e  in  th e s e  v a lu e s  does n o t  a p p e a r  to  be w h o lly  due

to  e x p e r im e n ta l  e r r o r  and im p lie s  t h a t  NAG  ̂ i s  bound somewhat l e s s  s t r o n g l y

th a n  th e  h ig h e r  o l i g o s a c c h a r i d e s .  The a c t u a l  e n e rg y  d i f f e r e n c e  betw een

th e  b in d in g  c o n s ta n t s  found i s  however s m a l l ,  and i s  o f  th e  o rd e r  o f
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o*5 K ca l/m o le .

The b i n d i n g 'c o n s t a n t s  found f o r  NAG-NAX-PNP and NAG2~NAX-PNP a r e  

s i m i l a r  to  th o se  found by Chipman f o r  th e  c o r re sp o n d in g  red u c in g  su g a rs  

( t a b l e  1 .5 )  su g g e s t in g  t h a t  th e  jo -n i t ro p h e n y l  group does n o t  enhance nor 

re d u c e  th e  b in d in g  o f  th e s e  su g a rs  to  lysozyrne, assum ing t h a t  the  a r y l  

g ly c o s id e s  and the  c o r re sp o n d in g  r e d u c in g  su g a rs  b in d  to  lysozyrne in  th e  

same m anner. The d i s s o c i a t i o n  c o n s t a n t  f o r  the b in d in g  o f  NAG  ̂ to  l y s o -  

zyme has been measured by f lu o re s c e n c e  s p e c tro sc o p y ,  u l t r a v i o l e t  d i f f e r e n c e  

s p e c t ro s c o p y  and i n h i b i t i o n  o f  the  h y d r o ly s i s  o f  m icrococcus l y s o d e i k t i c u s ,  

( t a b l e  1 .5 )  and has  been  found to  be 2xlO*~^M. From th e  N.M.R. r e s u l t s  

the  d i s s o c i a t i o n  c o n s ta n t  f o r  the  b in d in g  o f  jc -n i t ro p h e n y l  -NAG^ to
_3

lysozyrne was e s t im a te d  as  b e in g  l e s s  than  1x10 . M. The i n t e r a c t i o n  o f

t h i s  compound w ith  lysozyrne has been  measured by u l t r a v i o l e t  d i f f e r e n c e

123 - 4s p e c t ro s c o p y  g iv in g  a d i s s o c i a t i o n  c o n s ta n t  = 5x10 M and a l s o  by

n 124th e  i n h i b i t i o n  o f  th e  lysozyrne h y d r o ly s i s  o f  3 ,4 - d i n i t r o p h e n y l  B - NAG^

- 4g iv in g  a d i s s o c i a t i o n  c o n s ta n t  = 5 .7x10 M. From th e s e  r e s u l t s  i t  

a p p e a rs  t h a t  NAG2 and £ - n i t r o p h e n y l b i n d  to  lysozyrne w ith  s i m i l a r  

a f f i n i t i e s .  The sm all  d i f f e r e n c e  between th e  v a lu e s  f o r  the d i s s o c i a t i o n  

c o n s t a n t s  found f o r  th e  two compounds cou ld  be due to  th e  a r y l  g ly c o s id e  

b e in g  bound to  lysozyrne s l i g h t l y  l e s s  s t r o n g ly  than  th e  r e d u c in g  s u g a r  

a l th o u g h  such a sm a ll  d i f f e r e n c e  cou ld  be accoun ted  f o r  by d i f f e r e n c e s  in  

th e  e x p e r im e n ta l  c o n d i t io n s  used  and by e x p e r im e n ta l  e r r o r .  B oth  NAG  ̂

and £ -n itrophenyly3-N A G 2 have been shown from th e  N.M.R. r e s u l t s  to  b in d  

t o  lysozyrne in  s u b s i t e s  B and C. The N.M.R. r e s u l t s  a l s o  show t h a t  NAG- 

NAX-PNP b in d s  in  s u b s i t e s  B and C and com parison o f  th e  d i s s o c i a t i o n  con­

s t a n t s  shows t h a t  NAG-NAX-PNP b in d s  more s t r o n g l y  to  lysozyrne th a n  e i t h e r  

NAG2 o r  £-n itrophenyly6-N A G 2 . The en e rg y  d i f f e r e n c e  between th e  b in d in g  

o f  NAG-NAX-PNP and NAG2  i n  s u b s i t e s  B and C i s  th u s  o f  th e  o r d e r  o f
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1 .2  K ca l/m ole ,  and between th e  b in d in g  o f  NAG-NAX-PNP and ja -n i t ro p h e n y l  

^-NAG^ i s  a p p ro x im a te ly  1 .7  K ca l/m o le .  Thus a NAX r e s id u e  can b in d  in  

s u b s i t e  C w ith  a more f a v o u ra b le  energy  o f  i n t e r a c t i o n  than t h a t  f o r  a 

NAG r e s i d u e .  S i m i l a r l y  the  r e s u l t s  i n d i c a t e  t h a t  NAG^-NAX-PNP b in d s  to  

lysozyrne more s t r o n g l y  than  NAG  ̂ w i th  a fa v o u ra b le  energy  d i f f e r e n c e  o f  

a b o u t  1 .3  K cal/m ole  and com parison between th e  b in d in g  o f  NAG^-NAX-PNP 

and ^-nitrophenylyS-N A G g shows t h a t  th e  former b in d s  more s t r o n g ly  to  

lysozyrne by a b o u t 0 .7  K cal/m ole .

X -ray  s t u d i e s  o f  the  b in d in g  o f  sm all  o l i g o s a c c h a r id e s  to  lysozyrne 

i l l u s t r a t e  t h a t  c a u t io n  must be observed  when i n t e r p r e t i n g  th e  b in d in g  

modes o f  th e se  sm a l l  m olecu les  from r e s u l t s  from s o l u t i o n  s t u d i e s ,  however 

i t  does ap p ea r  l i k e l y  t h a t  t h e r e  i s  a  sm all fa v o u ra b le  energy  i n t e r a c t i o n  

o f  a p p ro x im a te ly  1 K cal/m ole  f o r  th e  b in d in g  of  a MAX re s id u e  to  lysozyrne

in  p la c e  o f  a NAG r e s i d u e .

69Chipman has p o s tu la t e d  t h a t  from the  b in d in g  c o n s ta n t s  found fo r  

NAGg-NAX and NAG  ̂ i n t e r a c t i n g  w ith  lysozyrne t h a t  a NAX r e s id u e  cou ld  b ind  

in  s u b s i t e  D w ith  a n e t  fa v o u ra b le  i n t e r a c t i o n  o f  2 .2  K ca l/m o le .  Compar­

i s o n  o f  Chipman*s r e s u l t s  fo r  the  b in d in g  o f  NAG  ̂ and NAG-NAX to  lysozyrne 

shows t h a t  th e  l a t t e r  i s  bound more f a v o u ra b ly  by 1 K cal/m ole  and hence 

th e  fa v o u ra b le  i n t e r a c t i o n  o f  2 .2  K cal/m ole  found f o r  th e  NAX r e s id u e  o f  

NAG«-NAX may n o t  be w holly  due to  th e  NAX r e s id u e  b e in g  bound in  s u b s i t e  D.
v

The r e s u l t s  found f o r  th e  b in d in g  o f  th e  cT - lac to n e  d e r iv e d  from NAG  ̂

( f i g u r e  1 . 4 ) ,  compare fav o u ra b ly  w i th  th e  r e s u l t s  o f  Chipman d is c u s s e d  

above as  t h i s  l a c to n e  b in d s  to  lysozyrne w i th  an energy  o f  i n t e r a c t i o n  

2 .1  K ca l/m o le  more fa v o u ra b le  th a n  t h a t  found f o r  NAG^. As d i s c u s s e d  in  

th e  i n t r o d u c t i o n  to  t h i s  work th e  la c to n e  d e r iv e d  from NAG  ̂ cou ld  be 

ex p e c te d  to  b in d  to  lysozyrne w ith  th e  l a c to n e  m oe ity  occupying s u b s i t e  D 

in  a s i m i l a r  con fo rm a tio n  to  t h a t  e x p ec ted  f o r  a NAG r e s id u e  bound in  t h i s
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s u b s i t e  w ith  th e  su g a r  r i n g  d i s t o r t e d  tow ards a h a l f  c h a i r  co n fo rm a tio n ,

and p r e l im in a r y  X -ray  s t u d i e s  i n d i c a t e  t h a t  t h i s  mode of b in d in g  i s

37observed  in  the  lysozyrne complex of t h i s  compound, Secemski e t  a l

a l s o  e s t im a te d  t h a t  th e  a s s o c i a t i o n  c o n s ta n t  f o r  NAG. bound in  s u b s i t e s4

A to  D would be 2x10^ M and i f  t h i s  were so  then  th e  b in d in g  o f  th e

cT-lactone d e r iv e d  from NAG. in  s u b s i t e s  A to  D would be more fav o u ra b le4

th an  th e  b in d in g  o f  NAG  ̂ by ap p ro x im a te ly  5 K ca l/m o le ,  This  v a lu e  a l s o

c o r r e l a t e s  w ith  the  e s t im a te d  energy  d i f f e r e n c e  o f  5 K cal/m ole between

, th e  b in d in g  o f  a NAX r e s id u e  and a NAG re s id u e  in  s u b s i t e  D c a l c u l a t e d

69from th e  r e s u l t s  o f  Chipman u s in g  the  d i f f e r e n c e  between the  b in d in g  

c o n s ta n t s  found f o r  (NAG-NAM^ anc* NAG-NAM-NAG as  a measure o f  th e  u n fav ­

o u ra b le  i n t e r a c t i o n  fo r  th e  b in d in g  o f  a sugar  r e s id u e  w ith  a 2 -ace tam ido  

and a C (6 )-hydroxym ethy l group in  s u b s i t e  D,

In  a d d i t i o n  to  th e  p o s t u l a t e s  based  on the  observed  b in d in g  c o n s ta n t s  

found f o r  th e  l a c to n e ,  Secemski e t  a l  a l s o  i n t e r p r e t e d  the  changes ob­

s e rv e d  f o r  th e  em iss ion  spec trum  of th e  enzym e-lac tone  complex w ith  pH 

a s  i n d i c a t i n g  t h a t  th e  b in d in g  mode f o r  t h i s  compound was in  s u b s i t e s  A 

to  D, The f lu o re s c e n c e  em iss ion  spec trum  fo r  the  complex d i f f e r e d  from 

t h a t  found f o r  the  lysozyme-NAG^ complex between th e  pH range  3 to  7 ,5  

and th e  change in d i c a te d  t h a t  the  pK o f  g lu tam ic  a c i d  35 was a l t e r e d  

from th e  v a lu e  o f  6 ,3  n o rm ally  a s s o c i a t e d  w i th  t h i s  amino a c id  r e s id u e  

in  th e  lysozyme-NAG^ complex. The v a lu e s  f o r  th e  d i s s o c i a t i o n  c o n s ta n t  

f o r  th e  la c to n e  complex w ith  d i f f e r i n g  pH showed an in c r e a s e  in  th e  b in d ­

in g  o ver  th e  pH range  3 to  6 .2  and was t h e r e a f t e r  c o n s ta n t  up to  pH 8 .

The pH p r o f i l e  su g g es ted  t h a t  g lu ta m ic  a c i d  35 had a pK o f  4 ,7  in  th eQ

complex and t h a t  i o n i z a t i o n  o f  the  ca rb o x y l  group caused  an in c r e a s e  in  

th e  s t r e n g t h  o f  b in d in g  f o r  th e  complex which was th e  converse  o f  t h a t  

o b se rv ed  f o r  the  lysozyrae-NAGg complex. These o b s e r v a t io n s  s u g g e s t
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e i t h e r  t h a t  th e re  i s  an i n t e r a c t i o n  between th e  la c to n e  and g lu tam ic  a c id  

35 w hich, from the  a v a i l a b l e  X -ray  d a t a ,  would presum ably  be due to  the  

b in d in g  o f  th e  la c to n e  r i n g  in  s u b s i t e  D, o r ,  t h a t  in  the  ly so zy m e-lac to n e  

complex io n i z a t i o n  o f  the  ca rboxy l group of  g lu tam ic  a c i d  35 le a d s  to  a 

change in  the enzyme confo rm ation  c a u s in g  s t r o n g e r  b in d in g  o f  the  s u g a r  

m o lecu le .
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I n h i b i t i o n  of th e  Lysozyme C a ta ly s e d  H y d ro ly s is  o f  3 ,4-D initrophenylyd-N A G ^

The i n h i b i t i o n  c o n s t a n t s ,  KJA, found f o r  the  i n t e r a c t i o n  w ith  lysozyme 

o f  the  compounds s tu d ie d  were determ ined  by th e  method d e s c r ib e d  in  the  

r e s u l t s  s e c t i o n  ( c h a p te r  3 ) ,  and a r e  shown in  t a b l e  4 . 2 ,  Those compounds 

f o r  which th e  i n h i b i t i o n  c o n s ta n t s  could  be de te rm ined  u n d e r  th e  e x p e r i ­

m en ta l  c o n d i t io n s  used  were shown t o  be c o m p e t i t iv e  i n h i b i t o r s  o f  the  

lysozyme c a t a ly s e d  h y d r o ly s i s  o f  3 ,4 -d in itropheny lyd-N A G ^ cau s in g  an 

in c r e a s e  in  th e  a p p a re n t  Km v a lu e  f o r  the  h y d r o ly s i s  w i th o u t  a f f e c t i n g  th e

v a lu e  o f  V , a s  was seen  from the  graph of  i n i t i a l  r a t e  (Msec~*) v e r s u s  max

s u b s t r a t e  c o n c e n t r a t i o n  f o r  th e  lysozyme c a t a ly s e d  h y d r o ly s i s  of 3 , 4 -

d in i t r o p h e n y l  p ~ NAG  ̂ in  th e  p re se n c e  o f  a c o n s ta n t  i n h i b i t o r  c o n c e n t r a t i o n ,

and a l s o  from the  Linew eaver-Burk p l o t  o f  th e  r e c i p r o c a l  of th e  i n i t i a l

r a t e  v e r s u s  th e  r e c i p r o c a l  of the  s u b s t r a t e  c o n c e n t r a t i o n  which gave s t r a i g h t

l i n e s  hav in g  a common i n t e r c e p t  on th e  v e r t i c a l  a x i s  = Vv__ f o r  b o th  th emax

i n h i b i t e d  and u n i n h i b i t e d  h y d r o l y s i s .

Those compounds f o r  which th e r e  was no a p p a re n t  in c r e a s e  in  th e  v a lu e

o f  f o r  th e  lysozyme c a t a ly s e d  h y d r o ly s i s  o f  3 ,4 -d in itropheny lyS-N A G ^

a t  th e  i n h i b i to r  c o n c e n t r a t i o n s  u s e d ,  NAG-Xyl-PNP, ]D -n i tro p h en y lp - NAX,

£ - n i t r o p h e n y l  6-iodo-6-deoxy-NAG, d id  n o t  cause any change in  th e  v a lu e

o f  V from t h a t  found f o r  the  u n in h i b i t e d  h y d r o l y s i s ,  
max
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Table 2.

In h ib i t io n  Constants Found From The In h ib i t io n  of the Lysozyme Catalysed

H y d ro ly s is  of 3,4-D initrophenylyS-N A G^.

R e s u l t s  from h y d ro ly s i s  in  0.1M a c e t a t e  b u f f e r  pH 5 ,23  a t  40°C.

Compound K.M

NAG-NAX-PNP 6 x l(T 5

NAG2-NAX-PNP 6x1(T6

NAG-Glu-PNP ( 1 - 4 ) x io ”4

NAG-Xyl-PNP > 3 x lo “4

£-N i t r o  phenyl yS -NAX > 7x lcT 3

£ -N i t ro p h e n y l  6 - io d o -  > 2x10""^

6-deoxy-NAG *

*  £ -N i t ro p h e n y l  2 -ace tam id o -6 - io d o -2 ,6 -d id eo x y -y 5 -D -g lu co p y ran o s id e .

In  o rd e r  to  compare th e  i n h i b i t i o n  c o n s ta n t s  f o r  NAG-MAX-PNP and 

NAG^-NAX-PNP de te rm ined  a t  40°C, w ith  th e  d i s s o c i a t i o n  c o n s ta n t s  found 

fo r  th e  i n t e r a c t i o n  o f  th e s e  compounds w i th  lysozyme a s  measured by 

f lu o r e s c e n c e  sp e c tro sc o p y  a t  25°C ( t a b l e  4 . 1 . ) ,  the  e f f e c t  of th e  d i f f ­

e r e n t  te m p e ra tu re s  used  in  th e  two methods must be a l lo w ed  f o r  in  comp­

a r i s o n  o f  th e  r e s u l t s  from th e  two m ethods. The s t a n d a r d  f r e e  energy

change A  F° = -RT log for the equilibrium, E + S » ES
e -1

125betw een enzyme and s u b s t r a t e  o r  i n h i b i t o r  has been shown to  be c o n s ta n t  

w i th  r e s p e c t  to  te m p era tu re  f o r  most enzyme system s up u n t i l  a c e r t a i n  

c r i t i c a l  te m p e ra tu re  a t  which a change ta k e s  p la c e  p ro b ab ly  due to  d en -  

a t u r a t i o n  o f  t h e  enzyme. Comparison of th e  s t a n d a r d  f r e e  en e rg y  f o r  

NAG-NAX-PNP i n t e r a c t i n g  w ith  lysozyme a t  25°C ( f lu o r e s c e n c e  measurement)
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A F °  = - 6  .2 6  K cal/m ole  w ith  th e  v a lu e  found a t  40° ( i n h i b i t i o n  s t u d i e s )  

o f  A f °  = - 5 .8 1  K cal/m ole and s i m i l a r l y  f o r  NAG^-NAX-PNP f o r  which 

A f° = -7  .62  Kcal/m ole a t  25°C and - 7 .5 4  K cal/m ole a t  40 °C, su g g e s ts  

t h a t  th e  i n t e r a c t i o n  of  th e s e  compounds w ith  lysozyme conforms to  t h a t  

found f o r  most enzyme sy s tem s .  The e f f e c t  of te m p era tu re  on the

e n z y m e /s u b s t ra te  e q u i l ib r iu m  i s  a l s o  r e l a t e d  to  the  e n th a lp h y  change

f  .. 122,131 .f o r  th e  p ro c e s s  7 b y ,

k+ l

A h° = 2.303RT2 k~I >
dT

k+ i
hence  a p l o t  o f  lo g  v e r s u s  i  g iv es  a s t r a i g h t  l i n e  o f  s lo p e

= - A H ° / 2  .303R. Thermodynamic p a ram ete rs  f o r  b in d in g  o f  NAG  ̂ and

73 2NAGg to  lysozyme a t  pH 5 .3  have been c a l c u l a t e d  * , g iv in g  v a lu e s  of 

A h = —i  1 .6  -^0.6 K cal/m ole  fo r  NAG2  and A h° = -14 .3^-0 .6  K cal/m ole  fo r  

NAG^. The r e s u l t s  f o r  the  b in d in g  o f  NAG-NAX-PNP and NAG^-NAX-PNP from 

f lu o re s c e n c e  and i n h i b i t i o n  s t u d i e s  g ive  v a lu e s  f o r  A h 0 f o r  th e se  com­

pounds o f  - 1 2 .2  K cal/m ole and - 1 0 .9  K cal/m ole r e s p e c t i v e l y .

I n h i b i t i o n  s t u d i e s  on NAG-NAX-PNP were perform ed u s in g  an enzyme 

c o n c e n t r a t i o n  JeJ  = 5xlO~*^M and i n h i b i t o r  c o n c e n t r a t i o n  £ l j  = lx lO ^ M . 

F o r  th e  f lu o re s c e n c e  measurements on t h i s  compound th e  enzyme c o n c e n tra ­

t i o n  JeJ  was 4xlO""^M and th e  i n h i b i t o r  c o n c e n t r a t i o n  was 2x10""^ -  2xlO~^M. 

Comparison o f  th e  d i s s o c i a t i o n  c o n s ta n t  measured by f lu o re s c e n c e  s p e c t r o ­

scopy  w ith  th e  measured i n h i b i t i o n  c o n s ta n t  f o r  t h i s  compound s u g g e s ts

—5t h a t  i n c r e a s in g  th e  i n h i b i t o r  c o n c e n t r a t i o n  from ap p ro x im a te ly  10 to  

10"~^A does n o t  cause  any l a r g e  change in  th e  b in d in g  o f  NAG-NAX-PNP to  

lysozym e, th e  d i f f e r e n c e  in  th e  v a lu e s  m easured b e in g  most l i k e l y  due to  

th e  d i f f e r e n t  te m p e ra tu re s  employed in  th e  two m ethods. Thus e i t h e r  th e  

b in d in g  modes observed  by b o th  e x p e r im e n ta l  methods a r e  v e ry  s i m i l a r ,  o r ,
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that since -L = V  JL , where K, represents the d issocia tion  constant for 
kD rT Kb

one o f  s e v e r a l  b in d in g  modes, th e  d i s s o c i a t i o n  c o n s ta n t  measured under

b o th  c o n d i t io n s  i s  dom inated by one s t r o n g  b in d in g  mode*

S i m i l a r l y  th e  r e s u l t s  from the  f lu o re s c e n c e  measurements fo r  NAG2—

NAX-PNP u n d e r  c o n d i t io n s  o f  jjBJ = 1x10~7M and J l J  = 3xl0~7 -  l x l o ” \

compared w ith  th e  r e s u l t s  from the  i n h i b i t i o n  s t u d i e s  on t h i s  compound

u n d e r  C o n d it io n s  £eqJ  = 1x10 and Tl^j = lxlO~^M o r  lx lO ^ M  su g g e s t

t h a t  s i m i l a r  b in d in g  modes a r e  b e in g  observed  by b o th  methods*

The c o m p e t i t iv e  i n h i b i t i o n  o f  th e  lysozyme c a t a ly s e d  h y d ro ly s i s  o f

3 ,4 -d in itrophenylyft-N A G ^ would be ex p ec ted  to  be due to  the  b in d in g  o f

i n h i b i t o r  m o lecu les  in  s u b s i t e s  A to  E of  th e  a c t i v e  c l e f t  o f  lysozyme*

B in d in g  in  th e s e  s u b s i t e s  would a l s o  be ex p ec ted  to  have an e f f e c t  on the

f lu o re s c e n c e  em iss io n  spec trum  of lysozyme and hence be m easurab le  by

f lu o re s c e n c e  spec tro scopy*

The lysozyme c a t a ly s e d  h y d r o ly s i s  o f  3 ,4 -d in itropheny lyS -N A G ^ was

-4n o t  i n h i b i t e d  by NAG-Xyl-PNP a t  a c o n c e n t r a t i o n  of  1 .6x10 M. The d i s -

-  4s o c i a t i o n  c o n s ta n t  f o r  NAG-Xyl-PNP must th e r e f o r e  be g r e a t e r  than  3x10 M

i f  t h i s  compound can a c t  a s  a c o m p e t i t iv e  i n h i b i t o r  o f  lysozyme h y d r o ly s i s .

The i n h i b i t i o n  r e s u l t s  in d i c a t e  t h a t  the i n h i b i t i o n  c o n s ta n t  f o r

£ -n itrophenyly5-N A X  must be g r e a t e r  than  7x10 M. From th e  N.M.R.

r e s u l t s  th e  d i s s o c i a t i o n  c o n s ta n t  found f o r  t h i s  compound was 5 . 2 x 1 0 " ^ .

From th e  r e s u l t s  o f  the  i n h i b i t i o n  s t u d i e s  the d i s s o c i a t i o n  c o n s ta n t

-4f o r  £ - n i t r o p h e n y l  6-iodo-6-deoxy-NAG must be g r e a t e r  th a n  2x10 M as  would 

be  e x p ec ted  f o r  a monomer s u g a r .  The s p a r i n g l y  s o lu b le  n a tu r e  o f  t h i s  

compound in  D2O d id  n o t  a l lo w  i t s  d i s s o c i a t i o n  c o n s ta n t  to  be measured 

by  N.M.R.

The i n h i b i t i o n  c o n s ta n t  o f  (l-4)xlO~^M  found f o r  NAG-Glu-PNP d i f f e r s
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_o
from th e  d i s s o c i a t i o n  c o n s ta n t  o f  2 .33x10 m found fo r  th e  i n t e r a c t i o n  

o f  t h i s  compound w ith  lysozyme by N.M.R. ( t a b l e  3 . ) ,  s u g g e s t in g  t h a t  

th e  compound b in d s  more s t r o n g ly  to  lysozyme than the  N.M.R. r e s u l t s  

i n d i c a t e .

For th e  e q u i l ib r iu m

E + S y  ' ES

th e  N.M.R. method i s  b ased  on th e  assum ption  t h a t ,

*^E “ NES~^ES +

where X n  = th e  observed  chem ical s h i f t  v a lu e  of the  b

re so n an ce  o f  i n t e r e s t  in  th e  p resen ce  o f  enzyme,

X  t-o = th e  chem ical s h i f t  v a lu e  o f  th e  resonance  Eb

f o r  the  compound in  the  bound s t a t e ,

X g  = th e  chem ical s h i f t  v a lu e  o f  th e  re sonance  

f o r  th e  compound f r e e  in  s o l u t i o n ,

Ng and Ngg = th e  mole f r a c t i o n s  o f  th e  compound in  th e  

f r e e  and bound s t a t e  r e s p e c t i v e l y .

For such  a system  th e  d i s s o c i a t i o n  c o n s ta n t  measured by th e  N.M.R. 

method i s  g iven  by ,

th e  t r u e  d i s s o c i a t i o n  c o n s ta n t  f o r  th e  e q u i l ib r i u m .
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I f  however, th e re  a r e  more than  one e n z y m e -su b s t ra te  complexes 

p o s s i b l e  i . e .

E S^=?E  + S c = * E S 1

th e n  th e  observed  chem ica l s h i f t  in  th e  p re se n c e  o f  enzyme o f the  r e s o n ­

ance o f  i n t e r e s t  w i l l  be

T e = NES~^ES + Ns~^s  + NE S ^  e s x

I f  the re so n an ce  has  th e  same chem ical s h i f t  v a lu e  f o r  the  compound

bound in  th e  complex ES^ as  f o r  the  compound f r e e  in  s o l u t i o n  i . e .

T c  = T « , .  a s  has been observed  fo r  a NAG r e s id u e  b in d in g  to  c e r t a i n  o fO C01
57th e  s u b s i t e s  o f  the  a c t i v e  c l e f t  o f  lysozyme , then  th e  N.M.R. method 

w i l l  n o t  d i s t i n g u i s h  between th e  compound f r e e  in  s o l u t i o n  and bound in  

th e  complex ES^. For such  a system  th e  d i s s o c i a t i o n  c o n s ta n t  measured 

by  th e  N.M.R. method w i l l  be g iven  by ,

where K,



-  164 -

Thus th e  measured d i s s o c i a t i o n  c o n s ta n t  w i l l  d i f f e r  from t h a t  found 

f o r  th e  system  where o n ly  one e n z y m e -su b s t ra te  complex i s  p re s e n t*  Thus 

depending on th e  r e l a t i v e  v a lu e s  o f  K^g, ^ eS;l anc* d i s s o c i a t i o n

c o n s ta n t  measured by N.M.R. cou ld  d i f f e r  from t h a t  f o r  th e  e q u i l ib r iu m ,

E + S v ES

T h is  a n a l y s i s  p la c e s  some doub t as  to  th e  d i s s o c i a t i o n  c o n s ta n t s  

measured by N .M.R. r e p r e s e n t in g  t ru e  d i s s o c i a t i o n  c o n s ta n t s  f o r  the  enzyme- 

s u b s t r a t e  b ind ing*

A no ther  p o s s ib le  cause  o f  the  d i s c re p a n c y  between th e  r e s u l t s  found 

f o r  th e  b in d in g  o f  NAG-Glu-PNP by N.M.R* and i n h i b i t i o n  measurements could  

be th e  r e l a t i v e  c o n c e n t r a t i o n s  o f  th e  enzyme and i n h i b i t o r  used  in  the  two
_3

m ethods. For the  N.M.R. measurements th e  enzyme c o n c e n t r a t i o n  was 1x10 M
_ o

and the  i n h i b i to r  c o n c e n t r a t i o n  (5 -3 4 )x l0  M, w h i l s t  f o r  th e  i n h i b i t i o n

—7 —6s t u d i e s  f o r  an enzyme c o n c e n t r a t io n  o f  5x10”  M or 1x10 M the  i n h i b i t o r

—4 —5c o n c e n t r a t i o n  was 1x10 M and 7 .7x10 M r e s p e c t i v e l y .

The b in d in g  c o n s ta n t s  found by N.M.R. f o r  th e  b in d in g  o f  NAG-Glu-PNP

56 59have been  used  as a m easure o f  the  p ro d u c t iv e  b in d in g  f o r  t h i s  compound 9

i n  com parisons o f  th e  r a t e  o f  h y d r o ly s i s  o f  lysozyme found fo r  t h i s  com-

60pound compared to  t h a t  found f o r  o th e r  a r y l  g ly c o s id e s .  Skyes however 

found t h a t  th e r e  was l i t t l e  change in  the  d ih e d ra l  a n g le  between the  

and  p ro to n s  o f  th e  /tf-D-glucose r e s id u e  o f  NAG-Glu-PNP on b in d in g  o f  th e  

compound to  lysozym e. . S in ce  a ^ -D ^ g lu c o s e  r e s id u e  bound in  s u b s i t e  D 

would be expec ted  to  e x i s t  w ith  th e  su g a r  r i n g  d i s t o r t e d  tow ards th e  h a l f  

c h a i r  co n fo rm a tio n ,  i f  th e  N.M.R. method was m easuring  th e  p ro d u c t iv e  

b in d in g  o f  NAG-Glu-PNP to  lysozyme th e  d i s s o c i a t i o n  c o n s ta n t  found from 

t h i s  method would p r e d i c t  a change in  th e  c o u p l in g  c o n s ta n t  betw een th e
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and p ro to n s  o f  th e  /8 -D -g lucose  r e s id u e  fo r  th e  f r e e  and th e  bound 

s u b s t r a t e .  X -ray  a n a l y s i s  o f  NAG-Glu b in d in g  to  lysozyme has a l s o  shown 

t h a t  th e  b in d in g  o f  a NAG re s id u e  in  s u b s i t e  C does n o t  n e c e s s a r i l y  mean 

t h a t  th e  Glu r e s id u e  w i l l  be bound in  s u b s i t e  D ( s e e  i n t r o d u c t i o n  to  t h i s  

w o rk )•

56R a f t e r y  used  th e  s i m i l a r i t y  between the  d i s s o c i a t i o n  c o n s ta n t  fo r

NAG-Glu-PNP found by N.M.R. w ith  the  v a lu e  o f  K a p p a re n t  found f o r  them

lysozyme c a t a ly s e d  h y d r o ly s i s  o f  t h i s  compound to  p o s t u l a t e  t h a t  the  

b in d in g  observed  by N.M.R. was a t  l e a s t  c o m p e t i t iv e  w i th  the  p ro d u c t iv e  

mode o f  b in d in g  fo r  NAG-Glu-PNP. S in ce  however Km a p p a re n t  w i l l  r e f l e c t  

th e  s t r o n g e s t  b in d in g  modes be th e y  p ro d u c t iv e  o r  n o n -p ro d u c t iv e  t h i s  

p o s t u l a t e  does n o t  h o ld  s in c e  th e  p ro d u c t iv e  mode o f  b in d in g  could  be much 

weaker th a n  the  mode o f  b in d in g  observed  by N.M.R* The N.M.R. method may 

a l s o  h o t  r e f l e c t  th e  s t r o n g e s t  p o s s i b l e  b in d in g  mode fo r  the  compound.
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Lysozyme C a ta ly s e d  H y d ro ly s is  o f  G ly c o s id e s .

No d e f i n i t e  mechanism has as  y e t  been proven f o r  any enzyme system 

cap a b le  of c a t a l y s i n g  the  h y d r o ly s i s  o f  g ly c o s i d i c  bonds, b u t  the  s tudy  

o f  th e  k i n e t i c s  o f  the  enzyme c a t a ly s e d  p ro c e s s  would appear  to  be one 

o f  th e  most l i k e l y  methods to  y i e l d  in fo rm a t io n  on th e  f a c t o r s  invo lved  

in  th e  c a t a l y s i s .

The energy  c o n t r i b u t i o n  to  the  lysozyme c a t a ly s e d  h y d r o ly s i s  o f  

g ly c o s id e s  a r i s i n g  from th e  proposed  d i s t o r t i o n  o f  a NAG r e s id u e  in  sub­

s i t e  D towards th e  h a l f  c h a i r  confo rm ation  has  been v a r io u s l y  e s t im a te d  

a s  b e in g  between 6 to  12 K c a l . /m o le ,  and i t  was hoped t h a t  the  r e s u l t s  

o f  th e  h y d r o ly s i s  o f  the  a ry ly 5 - g ly c o s id e s  o f  NAG o l ig o s a c c h a r id e s  having 

a te rm in a l  NAX r e s id u e  cou ld  co n f irm  t h i s  c o n t r i b u t i o n  to  th e  r a t e  enhance­

ment observed  f o r  th e  enzyme c a t a ly s e d  h y d r o ly s i s  o f  NAG o l i g o s a c c h a r i d e s .

The h y d r o ly s i s  o f  jo -n i t ro p h e n y l  yS-NAG, £ -n i t ro p h e n y ly 8 -D -g lu c o s id e  

and ja-nitrophenyly3-NAX was s tu d i e d  in  0.1M c i t r a t e  b u f f e r  pH 5 .3  con­

t a i n i n g  1 0 $  v /v  o f  s p e c t r o s c o p ic  d ioxan a t  40°C, th e  r e s u l t s  o f  which a re  

shown in  t a b l e s  3 .1  and 3 .2 ,  and p re s e n te d  g r a p h i c a l l y  in  f i g u r e s  3 .1  -  

3 . 5 .  A p ar t  from th e  r a t e s  measured f o r  the  spon taneous  h y d r o ly s i s  o f  

th e s e  compounds th e  o th e r  e s t im a te d  r a t e s  r e p r e s e n t  complex h y d r o ly s i s  

. p a t t e r n s  due to  th e  fo rm atio n  o f  h ig h e r  m o le c u la r  w eigh t o l i g o s a c c h a r id e s  

by  t r a n s g l y c o s y l a t i o n  and th e  e x i s t e n c e  o f  m u l t i p l e  b in d in g  modes f o r  the  

g ly c o s id e s  formed. Hence th e  g r a p h ic a l  r e p r e s e n t a t i o n  g iv e s  a c l e a r e r  

i n d i c a t i o n  o f  th e  d i f f e r e n c e s  between th e  compounds.

Comparison o f  th e  h y d r o ly s i s  o f  j>-nitrophenylyff-NAG in  th e  p re sen ce  

and  absence  o f  lysozyme ( t a b l e s  3 .1  and 3 .2 )  showed t h a t  u n d e r  th e  e x p e r ­

im e n ta l  c o n d i t io n s  s tu d i e d  th e  p re se n c e  o f  lysozyme a lo n e  d id  n o t  cause  

an  in c r e a s e  in  th e  r a t e  o f  h y d r o ly s i s  over  t h a t  o f  th e  spon taneous  r a t e .
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In  th e  combined p re se n c e  of lysozyme and NAG  ̂ th e  r a t e  o f  r e l e a s e  of 

jo -n i t ro p h e n o l  in c re a s e d  a f t e r  an in d u c t io n  p e r io d  o f  one hour by a 

f a c t o r  of abou t t e n .  T h is  a p p a re n t  r a t e  in c r e a s e  was due to  th e  form­

a t i o n  o f  h ig h e r  m o le c u la r  w eigh t jo -n i t ro p h e n y l  g ly c o s id e s  by t r a n s g l y -  

c o s y la t i o n  r e a c t i o n s  between NAG  ̂ and j^-nitrophenyly#-NAG, th e  in d u c t io n  

p e r io d  b e in g  due to  th e  time r e q u i r e d  f o r  the  b u i l d  up o f  th e  t r a n s g l y -  

c o s y la t i o n  p ro d u c ts ,  £ -N itropheny lyd -ID -g lucoside  a l s o  showed a s l i g h t  

i n c r e a s e  in  the  r a t e  o f  r e l e a s e  o f  jp -n i t ro p h en o l  when i t  was in c u b a te d  

w ith  lysozyme and NAG^, The r a t e  o f  r e l e a s e  o f  f r e e  jo -n i t ro p h e n o l  was 

s lo w e r  th an  t h a t  found fo r  jp -n i t ro  phenylyd-NAG by ab o u t a f a c t o r  of 10 

b u t  i t  s t i l l  r e p r e s e n te d  an in c r e a s e  in  the  spon taneous  r a t e  which was 

so  sm a l l  t h a t  i t  cou ld  n o t  be e s t im a te d ,

jp -N i t ro p h e n y lytf-N A X  e x h ib i t e d  a s l i g h t l y  f a s t e r  spon taneous r a t e  of 

h y d r o ly s i s  than  £ - n i t r o p h e n y l  y d -N A G . U n lik e  j> -n i t ro p h e n y l  J S - NAG however 

th e  r a t e  o f  r e l e a s e  of ^ - n i t r o p h e n o l  d id  n o t  appea r  to  be in c re a s e d  by th e  

p re se n c e  o f  lysozyme and o r  NAG^, The g r a p h ic a l  r e p r e s e n t a t i o n  o f  the  

h y d r o l y s i s ,  f i g u r e  3 ,5 ,  does however in d i c a t e  t h a t  a t  th e  h ig h e r  sugar  

c o n c e n t r a t i o n  s tu d ie d  th e  r e l e a s e  o f  j^ -n i t ro p h e n o l  in  th e  p re se n c e  o f  

enzyme and NAG  ̂ showed an in d u c t io n  p e r io d  lo n g e r  than  t h a t  observed  fo r  

£ -n i t ro p h e n y l^ -N A G  under  th e  same c o n d i t i o n s .

The r e a c t i o n  m ix tu re s  a l l  showed th e  fo rm a t io n  o f  h ig h e r  m o lecu la r  

w e ig h t  a r y l  g ly c o s id e s  by T ,L ,C , ( 6 : 3 : 2 ,  v / v / v ,  n -p ro p a n o l ,  ammonia, 

w a t e r ) ,

89R a f t e r y  has  a l s o  s tu d ie d  th e  r e l e a s e  o f  £ - n i t r o p h e n o l  from 

£-n itrophenyly tf-N A G  and £ -n i t ro p h e n y ly d - I> -g lu c o s id e  under  s i m i l a r  con­

d i t i o n s  to  th o se  used  in  t h i s  s tu d y  o b ta in in g  s i m i l a r  r e s u l t s  to  the  

ab o v e .
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Due to  th e  complex n a tu re  of the  h y d r o ly s i s  p ro cess  und er  the  

c o n d i t io n s  used  i t  i s  d i f f i c u l t  to  i n f e r  any s t ro n g  c o n c lu s io n s  from 

th e  r e s u l t s  o b ta in e d ,  however th e  f a c t  t h a t  the  h y d r o ly s i s  o f  j s - n i t r o -  

phenylyfi-NAX in  the  p re sen ce  o f  NAG  ̂ and lysozyme showed an in d u c t io n  

p e r io d  s u g g e s ts  t h a t  th e  h ig h e r  m o lecu la r  w e igh t  a r y l  g ly c o s id e s  formed 

by  t r a n s g l y c o s y l a t i o n  were b e in g  h y d ro ly s e d ,  a l b e i t  more s lo w ly  than  th e  

c o r re sp o n d in g  p ro d u c ts  from th e  t r a n s g l y c o s y l a t i o n  r e a c t i o n  w ith  j a - n i t r o -  

phenylyd-NAG.

H y d ro ly s is  o f  (NAG)n-NAX-PNP o l i g o s a c c h a r i d e s .

T a b le s  ( 3 .3  -  3 .5 )  show th e  r e s u l t s  found fo r  th e  h y d r o ly s i s  o f  th e

o l ig o s a c c h a r id e s  p rep a red  from t r a n s g l y c o s y l a t i o n  r e a c t i o n s  w i th  lysozyme

and £-nitrophenylyd-N AX *

The spon taneous  h y d r o ly s i s  o f  j>-nitrophenyly$-NAX had a f i r s t  o rd e r

V X or a t e  c o n s t a n t  = 2 .2x10 sec  a t  40 C and pH 5 .3 .  The spontaneous 

h y d r o ly s i s  o f  th e  h ig h e r  o l ig o s a c c h a r id e s  would be  ex p ec ted  to  be e q u a l ly  

slow  i f  n o t  s lo w e r .

The a t te m p te d  h y d r o ly s i s  o f  NAG-NAX-PNP a t  40°C i s  shown in  t a b le
r ~i -5  _4

3 .3  . For a s u b s t r a t e  c o n c e n t r a t i o n  S I  = 1.09x10 M to  2 .5x10 M in

±he p re se n c e  o f  an enzyme c o n c e n t r a t i o n  | eJJ = 2.5xlO*”̂ M th e re  was no

d e t e c t a b l e  r e l e a s e  o f  f r e e  £ - n i t r o p h e n o l .  The h ig h e s t  r a t e  re c o rd e d

was t h a t  where £sjj was e q u a l  to  lxlO~^M and £eJ  = 1.5xlO~°M which gave

an  observed  r a t e  o f  4.17xlo"~**Msec~ f o r  th e  h y d r o ly s i s  over a p e r io d  o f

24 h o u r s .  Under e x a c t ly  s i m i l a r  c o n d i t io n s  and a t  th e  same enzyme and

s u b s t r a t e  c o n c e n t r a t i o n s  £ -n itrophenylyd-N A G ^ was h y d ro ly se d  g iv in g  an

i n i t i a l  r a t e  o f  3 .26x lo"’10Msec_1, and a t  pH 5 .2  and 35°C th e  s p e c i f i c i t y

k V k f o r  th e  lysozyme c a t a ly s e d  h y d r o ly s i s  of t h i s  compound has  been 
c a r  in
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79  . - 3  -1  -1measured as  b e in g  1 .2x10 M sec  • From the  spon taneous  r a t e  o f

h y d r o ly s i s  found fo r  £-ni-trophenylyS-NAX i t  appea rs  t h a t  th e  h y d r o ly s i s

o f  NAG-NAX-PNP i s  n o t  c a t a ly s e d  by lysozym e, o r  a t  most th e  lysozyme

c a ta ly s e d  h y d r o ly s i s  i s  much s low er than  fo r  the  NAG an a lo g u e .  T .L .C .

o f  th e  h y d r o ly s i s  s o lu t i o n s  showed no ev idence  o f  h y d r o ly s i s  of the

g ly c o s i d i c  bond or  o f  th e  NAG-NAX l in k a g e .

NAG2“NAX-PNP showed a m easurab le  spon taneous  r a t e  o f  h y d ro ly s i s  a t

pH 5 .23  and 40°C ( t a b l e  3 . 4 ) ,  b u t  no in c r e a s e  in  r a t e  was observed  in

th e  p re se n c e  o f  lysozym e. An upper  l i m i t  f o r  the  v a lu e  o f  k . / k f o rca t  m
-4  -1  -1t h i s  compound would th u s  be 5x10 M se c  which i s  c o n s id e r a b ly  l e s s  

th an  the  v a lu e  o f  0.196M ^ sec  * found f o r  th e  lysozyme c a ta ly s e d  hydro­

l y s i s  of £-nitrophenylyS-N A G g0^ .

NAGg-NAX-PNP showed no o b se rv a b le  h y d r o ly s i s  in  0.1M a c e t a t e  b u f f e r

o —5 —4pH 5 .2 3  a t  40 C f o r  a s u b s t r a t e  c o n c e n t r a t i o n  o f  3 .7x1  0 M to  1.0x10 M

- 5  -4and an enzyme c o n c e n t r a t i o n  o f  1.0x10 M to  2.5x10 M. At a s u b s t r a t e

-3  -3c o n c e n t r a t i o n  o f  2 .6x10 M and an enzyme c o n c e n t r a t io n  o f  5.8x10 M, a t

th e  same c o n d i t io n s  o f  te m p e ra tu re  and pH as  above, an  i n i t i a l  r a t e  o f

—8 —1h y d r o ly s i s  o f  1.8x10 Msec was o b se rv e d .  T h is  r e p r e s e n t s  an in c r e a s e

over th e  spon taneous r a t e  o f  h y d r o ly s i s  o f  t h i s  compound, expec ted  f o r

t h i s  s u b s t r a t e  c o n c e n t r a t i o n ,  o f  a p p ro x im a te ly  lxlO~*°Msec~*, le a d in g  to

-3  -1  -1a n  e s t im a te d  s p e c i f i c i t y  f o r  t h i s  compound o f  10 M se c  ag a in  v e ry

much l e s s  th an  th e  v a lu e  o f  0.95M *sec * found fo r  the  s p e c i f i c i t y  o f

107j>-nitrophenylyS-NAG^ h y d r o ly s i s  by lysozyme under  s i m i l a r  c o n d i t io n s  

o f  pH and te m p e ra tu re .

Due to  th e  slow enzymic r a t e  o f  h y d r o ly s i s  o f  th e  j> -n i t ro p h e n y l  

y 8 -g ly c o s id e s  o f  NAX and o l i g o s a c c h a r id e s  hav in g  a te rm in a l  NAX r e s id u e  

th e  h y d r o ly s i s  o f  th e  3 ,4 - d i n i t r o p h e n y l  y 5 -g ly c o s id e s  were s t u d i e d .

The r e s u l t s  f o r  th e  h y d r o ly s i s  o f  3 ,4 -d in itropheny lyd -N A X  a r e  shown
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i n  t a b l e  3 . 6 .  The compound had a r a t e  c o n s ta n t  k , = l x l o ” 5sec~* f o r
ODS

th e  spon taneous  h y d r o ly s i s  a t  pH 5 .23  and 40°C. No in c r e a s e  in  the  

spon taneous  r a t e  was observed  on a d d i t i o n  o f  lysozyme. The h igh  spon­

taneous  r a t e  o f  h y d r o ly s i s  f o r  3 ,4 -d in itropheny lyd-N A X  allow ed  com putat­

io n  o f  the  i n i t i a l  r a t e s  o f  h y d r o ly s i s  over a p e r io d  o f  tw enty  m inu tes  

and as  ex p ec ted  over t h i s  tim e i n t e r v a l  the  compound showed no in c r e a s e  

in  th e  i n i t i a l  r a t e  o f  h y d r o ly s i s ,  over t h a t  found f o r  th e  spon taneous 

r a t e ,  in  th e  p resen ce  o f  NAG  ̂ and lysozym e. However a f t e r  two hours  

th e r e  ap p ea red  to  be a s l i g h t  in c re a s e  in  th e  r a t e  o f  h y d r o ly s i s  p ro b ab ly  

due to  th e  fo rm ation  o f  t r a n s g l y c o s y l a t i o n  p ro d u c ts  which were h y d ro ly sed  

by th e  enzyme.

NAG-NAX-DNP d id  n o t  show any in c r e a s e  in  the  r a t e  o f  h y d r o ly s i s ,

over t h a t  found f o r  the spontaneous r a t e ,  f o r  a s u b s t r a t e  c o n c e n t r a t io n

o f  1x10 M in  th e  p re se n c e  o f  lysozyme a t  a c o n c e n t r a t i o n  o f  1x10 M.

S i m i l a r l y  NAG^-NAX-DNP showed no o b se rv a b le  in c re a s e  in  th e  r a t e  o f  h y d ro -

-4l y s i s  f o r  a s u b s t r a t e  c o n c e n t r a t io n  o f  1x10 M in  the  p re se n c e  o f  lysozyme

- 4a t  a  c o n c e n t r a t i o n  o f  1x10 M. Both  th e s e  compounds had a f i r s t  o rd e r

—6 —1r a t e  c o n s ta n t  kQ̂ s = 10”  sec~  fo r  spon taneous  h y d r o ly s i s  a t  pH 5 .2 3  and 

40 °C.

The d e t a i l e d  i n t e r p r e t a t i o n  o f  th e s e  r e s u l t s  f o r  th e  a r y l  g ly c o s id e s  

o f  NAX i s  hampered by th e  p re sen ce  o f  n o n -p ro d u c t iv e  modes o f  b in d in g  f o r  

th e se  compounds which can  cause  s e l f - c o m p e t i t i v e  i n h i b i t i o n  by  th e  s u b s t r a t e .  

I f  one complex i s  formed more s t r o n g ly  than  th e  o th e r s  th e n  th e  p r o p e r t i e s

o f  t h a t  complex w i l l  dom inate th e  observed  r e a c t i o n  o f  the  compound w ith

28 —1 th e  enzyme . Thus th e  a s s o c i a t i o n  c o n s ta n t  KaM observed  w i l l  be th e

sum o f  th e  a s s o c i a t i o n  c o n s ta n t s  f o r  th e  p ro d u c t iv e  and n o n -p ro d u c t iv e

modes o f  b in d in g ,  i . e .



The observed  r a t e  o f  h y d ro ly s i s  o f  th e  compound w i l l  a l s o  be a f f e c t ­

ed by the  n o n -p ro d u c t iv e  b in d in g

k , = k , --aobs c a t
* K a ' +  £ K a "

where KQ! = a s s o c i a t i o n  c o n s t a n t  f o r  b in d in g  in  a p ro d u c t iv e  mode 

and Ka ” = a s s o c i a t i o n  c o n s ta n t  f o r  b in d in g  in  a n o n -p ro d u c t iv e  mode.

T h is  p r o d u c t iv e  and n o n -p ro d u c t iv e  a s s o c i a t i o n  i s  however p r e s e n t  

f o r  the b in d in g  of a l l  th e  sm all  m o lecu la r  ’w eight s u b s t r a t e s  the  hydro­

l y s i s  o f  which have been s t u d i e d .

The k i n e t i c s  o f  enzymic h y d r o ly s i s  have been a n a ly se d  over a wide

126 127ran g e  of e x p e r im e n ta l  c o n d i t io n s  9 in  o rd e r  to  d e te rm in e  th e  r e l e v ­

a n t  p a ra m e te rs  d e f in in g  th e  h y d r o ly s i s .

For th e  s y s t e m : -

^1 ^2 ^3E + S y ■ N ES -£—> ES» ----------- — > E +
+Pl 2

The s im p le s t  a n a l y s i s  u n d e r  c o n d i t io n s  j ^ q ] ^  L^o] 9 *ves the  

M ich ae lis -M en ten  r e l a t i o n s h i p : -

dP
R ate  o f  h y d r o ly s i s  — -  = v =

d t + [ So]

[EJ [Sp]
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F or the  same system  under  ^ o ] ^ p o ]  conc* i t io n s  the  r a t e  o f  h y d r o ly s i s  

can be  ex p re ssed  a s : -

?!i -..-V M M  ,

1 C\£
w hich  i s  e q u i v a l e n t  to  th e  e x p re s s io n  developed  by Bender assuming 

t h a t  on ly  a sm a l l  amount o f  h y d r o ly s i s  has o ccu rred  and hence ( jjSJJ -P^) 

= [S0]  • T h is  e x p re s s io n  i s  s i m i l a r  to  the  one used  by Lowe e t  a l ^  

when s tu d y in g  th e  lysozyme c a t a ly s e d  h y d r o ly s i s  o f  phenyl yS-NAG^ and the  

c o r re s p o n d in g  t h i o l  analogue*

For b o th  o f  th e se  e x p re s s  io n s ,p r o v id in g  t h a t  j s j j  /K ^  1 o r  [Eo]  /

Km 1, then  th e  s p e c i f i c i t y  o f  the h y d r o ly s i s  kc a j./Km can be found from 

th e  observed  r a t e  o f  h y d r o ly s i s  f ro m :-

R ate  = ^ 2 1  
m

From t h i s  e x p re s s io n  th e  u p p e r  l i m i t  o f  k , / k f o r  th e  lysozymeca t  m

c a t a ly s e d  h y d r o ly s i s  o f  th e  a r y l  g ly c o s id e s  o f  NAX could  be  e s t im a ted *

For NAG^-NAX-PNP, which cou ld  be ex p ec ted  to  b in d  to  lysozyme in  a

p ro d u c t iv e  mode b e t t e r  than  any o f  th e  o th e r  NAX compounds s tu d i e d ,  the

—3 —1 —1v a lu e  found f o r  k ./K = 10 M s e c  i s  1 ,000 t im es  l e s s  th an  t h a t  Co t  m

found f o r  j>-nitrophenylytf-NAG4 * For t h e  s m a l le r  o l ig o s a c c h a r id e s  f l u o r ­

e scen c e  and i n h i b i t i o n  s t u d i e s  have shown t h a t  th o se  compounds hav ing  a 

NAX r e s id u e  b in d  more s t r o n g l y  to  lysozyme th a n  th e  c o r re sp o n d in g  NAG 

ana logues*  S in ce  t h i s  b in d in g  i s  p resum ably  n o n -p ro d u c t iv e  then  th e  

a p p a r e n t  i n a b i l i t y  o f  lysozyme to  c a t a l y s e  the h y d r o ly s i s  o f  the a r y l  

g ly c o s id e s  o f  NAX could  be due in  p a r t  to  th e  p re sen ce  o f  s t r o n g  non -
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p r o d u c t iv e  modes* The energy  d i f f e r e n c e  o f  a p p ro x im a te ly  lK cal/m ole  

found f o r  th e  b in d in g  of  NAG-NAX-PNP and NAG-NAX-PNP compared to  the  

co r re sp o n d in g  NAG ana logues  i s  however n o t  in  i t s e l f  l a rg e  enough to  

a c c o u n t  f o r  the  l a rg e  d i f f e r e n c e  in  th e  r a t e s  of h y d r o ly s i s  found fo r  

th e se  compounds*

£ -N i t ro p h e n y l  2 -deoxy-^ -I)-G lucopyranoside

56The on ly  o th e r  known r e p o r t  o f  t h i s  compound was made by R a f te ry  * 

The o b s e r v a t io n s  made in  t h i s  s tu d y  on t h i s  compound d i f f e r  from th o se  

p r e v io u s ly  r e p o r t e d .

The compound was s y n th e s iz e d  as  d e s c r ib e d  in  th e  ex p e r im e n ta l  s e c t i o n  

from l ,3 ,4 ,6 - te t r a - 0 - a c e ty l - 2 - d e o x y - y S - D - g lu c o p y r a n o s id e  v i a  th e  3 , 4 , 6 - t r i -  

O -a c e ty l-2 -d e o x y -D -g lu c o p y ra n o s y l  c h l o r i d e .  The N.M.R. of th e  a c e t y l a t e d  

g ly c o s id e ,  j> -n i t ro p h e n y l  3 , 4 , 6 - t r i - 0 >-a c e ty l -2 -d e o x y - /£ -D -g lu co p y ran o s id e  

was s tu d i e d  ( s e e  e x p e r im e n ta l  d i s c u s s io n )  and the  r e s u l t s  confirm ed t h a t  

th e  compound had the  c o n f ig u r a t i o n ,  and t h a t  in  CDCl^ s o lu t i o n  i t  

e x i s t e d  m a in ly  i n  the  Cl co n fo rm a tio n .  The d e a c e ty l a t e d  g ly c o s id e ,  

j^ -n i t ro p h e n y l  2-deoxy-^d-D -glucopyranoside showed th e  same m agnitudes f o r  

t h e  co u p l in g  c o n s ta n t s  an<* 2e ^ - p y r i d i n e  a s  were found f o r

th e  O ^ a c e ty la te d  g ly c o s id e .

56R a f t e r y  r e p o r te d  th e  s y n th e s i s  o f  jo^n itropheny l 2 - d e o x y ^ - D - g l u -  

c o p y ran o s id e  u s in g  3 , 4 , 6 - t r i -0 -b e n z o y l -2 -d e o x y -C t -D ^ g lu c o s y l  bromide w ith  

th e  sodium s a l t  o f  j> -n i t ro p h e n o l  in  aqueous a c e to n e .  The a u th o r s  d id  

n o t  quo te  any p h y s ic a l  p r o p e r t i e s  o f  th e  d e -O -b en zo y la ted  compound o th e r  

th a n  a m e l t in g  p o in t  o f  167 -  169°C ( u n c o r r . )  and a m olar  r e l e a s e  o f

]> -n i t ro p h en o l  on a c id  h y d r o ly s i s  o f  the  compound.

128 129P re v io u s  a t te m p ts  9 a t  th e  s y n t h e s i s  o f  a r y l  2-deoxy-y5**l>-
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g lu c o p y ra n o s id e s  u s in g  3 ,4 ,6 - t r i -0 -b e n z o y l -2 -d e o x y -D (  -D -g lu c o s y l  bromide

and phenol in  q u in o l in e  in  th e  p resen ce  o f  s i l v e r  oxide d id  n o t  a f f o r d

any c r y s t a l l i n e  g ly c o s id e .  T rea tm ent o f  pure  DC or p  - t e t r a - O - a c e t y l -

2 -deoxy-D -g lucose  and a phenol w ith  e i t h e r  z in c  c h lo r id e  o r  to luene-j> - 

128su lp h o n ic  a c id  r e s u l t e d  o n ly  in  the  i s o l a t i o n  o f  a c r y s t a l l i n e  a r y l

2 -d e o x y -  DC. -D -g lu co p y ran o s id e  3 , 4 , 6 - t r i a c e t a t e .

The m e l t in g  p o in t  found f o r  j> -n itro p h e n y l 2-deoxy-j5-D -glucopyrano-

s i d e  in  t h i s  s tu d y  was 164°C ( u n c o r r . )  ( c . f .  R a f te ry * ^  167 -  169°C).

The j^ -n i t ro p h e n y l  2-deoxy-D C -D -g lucopyranosides  have been s tu d ie d  by

130S h a f iz a d e h  and S ta c e y  • For th e  t r i - a c e t a t e  they  r e p o r te d  a m e lt in g

p o in t  o f  140 -  141°C. The co r re sp o n d in g  ^ - g l y c o s id e  was found from t h i s

work to  have a m e l t in g  p o i n t  o f  154°C. jo -n i t ro p h en y l  2-deoxy-0C-D-

g lu c o p y ra n o s id e  was q u o t e d * ^  as  having  a m e l t in g  p o in t  o f  173 -  174°C.

The i n v e s t i g a t i o n  o f  th e  lysozyme c a t a ly s e d  h y d r o ly s i s  o f  £ - n i t r o -

phenyl 2-deoxy- yS-D^glucopyranoside was considered to be important since

R a f t e r y ^ * ^  has  concluded  from s tu d ie s  o f  t h i s  h y d r o ly s i s  t h a t  anch im eric

a s s i s t a n c e  by ace tam ido  s id e  ch a in  a t  o f  th e  sugar  r i n g  undergo ing
a

enzym atic  g ly c o s y l  r u p tu r e  was n o t ^ l i k e l y  mechanism f o r  th e  lysozyme

c a t a ly s e d  h y d r o ly s i s  o f  g l y c o s i d i c  l i n k a g e s .

The s y n th e s i s  o f  NAG-Deoxy-Glu-PNP by means o f  a t r a n s g l y c o s y l a t i o n

r e a c t i o n  betw een £ - n i t r o p h e n y l  2-deoxy-yff-D-glucopyranoside and N A G ^  in

56th e  p re se n c e  o f  lysozyme was r e p o r te d  and th e  dimer g ly c o s id e  s e p a ra te d

was found to  be h y d ro ly sed  by lysozyme g iv in g  a v a lu e  o f  3x l0~ ^sec” * f o r

—7 —1
^m ax^m  *n comPa r ^son th e  v a *ue 5 .2x10 se c  found f o r  th e  hydro­

l y s i s  o f  j£ -n i t ro p h e n y l  yS-NAG^*
89In  an e a r l i e r  p u b l i c a t i o n  R a f te ry  found f o r  j> -n i tro p h e n y l  2-deoxy-y8 

-D -g lu c o p y ra n o s id e  in  th e  p re se n c e  of  lysozyme and NAG. t h a t  the  r a t eS3 '

o f  r e l e a s e  o f  j> -n i tro p h e n o l  a t  pH 5 .5  and 40°C was s i x t e e n  tim es  g r e a t e r
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th a n  t h a t  found f o r  £ - n i t r o p h e n y l  yS-D -glucopyranoside u n d e r  th e  same 

c o n d i t i o n s .  The a u th o rs  r e p o r t e d  a c h ie v in g  a s o l u b i l i t y  o f  2 .0 x l0 ” ^M 

f o r  £ - n i t r o p h e n y l  2-deoxy-y3-jD-glucopyranoside in  0.1M c i t r a t e  b u f f e r  

pH 5 .5  c o n ta in in g  lÔ S v /v  o f  d io x a n .  I t  was a t tem p ted  to  r e p e a t  th e s e  

r e s u l t s  b u t  i t  was n o t  found p o s s ib le  to  ach iev e  s o l u b i l i t y  o f  th e  g l y -
_3

c o s id e  a t  a c o n c e n t r a t i o n  g r e a t e r  than  3x10 M under  th e  same c o n d i t io n s

a s  above . At t h i s  c o n c e n t r a t i o n  in  th e  p resen ce  o f  lysozyme and NAG^

no r e l e a s e  o f  j> -n i tro p h e n o l  was observed  under  the  e x p e r im e n ta l  c o n d i t io n s

r e p o r t e d .  The i n s o l u b i l i t y  o f  a r y l  2 -deoxy-D -g lu co p y ran o s id es  was

130commented on by S h a f iz a d e h  •

As r e p o r t e d  in  th e  e x p e r im e n ta l  s e c t i o n  a t tem p ted  t r a n s g l y c o s y l a t i o n  

r e a c t i o n s  w ith  ^ - n i t r o p h e n y l  2-deoxy-yS-ID-glucopyranoside showed no ev idence  

f o r  th e  fo rm a t io n  o f  h ig h e r  m o le c u la r  w eigh t a r y l  g ly c o s id e s .

In  v iew  o f  the  c o n f l i c t  between th e se  r e s u l t s  and th o se  o f  R a f te ry  

and  o f  th e  im portance  o f  the  p ro p o s a ls  based  on th e  l a t t e r 1s o b s e rv a t io n s  

a s  to  th e  mechanism o f  th e  lysozyme c a t a ly s e d  h y d r o ly s i s  o f  g ly c o s id e s  

f u r t h e r  i n v e s t i g a t i o n  o f  t h i s  compound seems a d v i s a b l e .
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C o n c lu s io n s .

The energy  a v a i la b le -  f o r  d i s t o r t i o n  o f  a py ranose  r i n g  in  s u b s i t e  D

o f  lysozyme, e s t im a te d  as  abou t 6K cal/m ole , cou ld  be expec ted  to  le a d  to

4 5a r a t e  enhancement o f  up to  10 -10  depending on w hether o r  n o t  the  d i s ­

t o r t i o n  i s  tow ards a co n fo rm a tio n  d i r e c t l y  on th e  p a th  o f  th e  r e a c t i o n  

tow ards th e  t r a n s i t i o n  s t a t e  in t e r m e d ia te  in v o lv in g  the  fo rm atio n  o f  a 

carbonium  io n .  The f a c t o r  which s u b s t r a t e  d i s t o r t i o n  cou ld  c o n t r i b u t e  

to  th e  enzymic r a t e  enhancement cou ld  a l s o  be dependen t on th e  energy  

# r e q u i r e d ' t o  cause  th e  pyranose  r i n g  to  adop t th e  h a l f  c h a i r  c o n fo rm a tio n .

The b e s t  e s t im a te  fo r  a r a t e  enhancement due to  s u b s t r a t e  d i s t o r t i o n  

from th e  r e s u l t s  o f  t h i s  s tu d y  comes from a com parison o f  th e  s p e c i f i c i t y  

found f o r  th e  lysozyme c a t a ly s e d  h y d r o ly s i s  o f  jo -n i t ro p h en y l  ytf-NAG^ which 

was a t  l e a s t  1 ,000  t im es  g r e a t e r  than  t h a t  found f o r  the  h y d r o ly s i s  o f  

NAG^-NAX-PNP. The s p e c i f i c i t y  however r e p r e s e n t s  a complex m ix tu re  o f  

i n t e r a c t i o n s  betw een enzyme and s u b s t r a t e  which means t h a t  the  f a c t o r  of 

1 ,000  can n o t  be tak en  as  a d i r e c t  measure o f  th e  r a t e  enhancement due 

to  d i s t o r t i o n  o f  a NAG r e s id u e  in  s u b s i t e  D tow ards a h a l f  c h a i r  conform­

a t i o n .

O th e r  f a c t o r s  which cou ld  a f f e c t  th e  h y d r o ly s i s  o f  an o l ig o s a c c h a r id e  

c o n t a in in g  a NAX r e s i d u e  compared w i th  th e  c o r re sp o n d in g  NAG analogue  a r e ,  

d i f f e r e n t  o r i e n t a t i o n  o f  b in d in g  to  lysozym e, d i f f e r e n t  co n fo rm ation  o f  

th e  NAX r e s id u e  and d i f f e r e n c e s  in  b in d in g  s t r e n g t h s  between a NAX and a 

NAG r e s i d u e  le a d in g  to  d i f f e r e n t  r e l a t i v e  p r o p o r t io n s  o f  th e  compounds in  

p r o d u c t iv e  and n o n -p ro d u c t iv e  modes of b in d in g .

D i f f e r e n c e s  betw een the  o r i e n t a t i o n  o f  b in d in g  o f  a NAX and a NAG 

r e s i d u e  in  s u b s i t e  D cou ld  cause  a d i f f e r e n c e  in  th e  enzyme r a t e  enhance­

ment due to  th e  r e l a t i v e  p o s i t i o n s  o f  th e  c a t a l y t i c  groups on th e  enzyme 

w i th  r e s p e c t  t o  th e  g l y c o s i d i c  l in k a g e  u n dergo ing  h y d r o l y s i s .  Thus i f
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th e  o r i e n t a t i o n  o f  a NAX r e s id u e  in  s u b s i t e  D was such t h a t  t h e r e  was l e s s  

ex p o su re  o f  the  g l y c o s i d i c  bond to  th e  c a t a l y t i c  groups on th e  enzyme t h i s  

co u ld  le a d  to  a d e c re a s e  in  th e  r a t e  o f  h y d r o ly s i s  which would n o t  be 

d i r e c t l y  r e l a t e d  to  th e  bound con fo rm a tion  o f  th e  su g a r  r i n g .

S i m i l a r l y  i f  th e  NAX r e s id u e  e x i s t e d  in  a d i f f e r e n t  con fo rm a tion  to  

t h a t  o f  th e  NAG r e s i d u e  the  c a t a l y t i c  e f f e c t  o f  th e  enzyme m ight be r e ­

d u ced .  T h is  i s  e s p e c i a l l y  w orth  n o t in g  in  the  c a s e  o f  a NAX r e s id u e  

s i n c e  th e  N.M.R. s tu d y  of £ - n i t r o p h e n y l  2 - a c e t a m i d o - 3 ,4 - d i - 0 - a c e ty l - 2 -  

deoxy-yS-D -xylopyranoside showed t h a t  t h i s  compound e x i s t e d  m a in ly  in  the  

1C co n fo rm a tion  which has  a l l  th e  groups on the  s u g a r  r in g  in  an a x i a l  

c o n fo rm a tio n .  The d e - O - a c e ty la te d  g ly c o s id e  however appeared  to  e x i s t  

t o  a g r e a t e r  e x t e n t  in  th e  normal Cl co n fo rm a tio n .  The anom eric  p ro to n  

on th e  NAX r e s id u e  o f  NAG-NAX-PNP had a co u p l in g  c o n s ta n t  J ,  0 = 6 cps 

i n  aqueous s o l u t i o n  and thus  i t  would a l s o  be ex p ec ted  to  e x i s t  m ain ly  

w i th  th e  NAX r e s i d u e  hav ing  a Cl co n fo rm a tio n .  The r e l a t i v e  e q u i l i b r i a  

betw een Cl and 1C co n fo rm a tio n s  f o r  a NAX and a NAG su g a r  r e s id u e  may 

however be d i f f e r e n t  a s  th e  l a t t e r  i s  ex p ec ted  to  have a s t r o n g  p r e f e r e n c e  

f o r  th e  Cl con fo rm a tion  due to  th e  C (6)-hydroxym ethy l g roup .

D i f f e r e n c e s  in  th e  s t r e n g t h  o f  b in d in g  to  lysozyme could  a l s o  a f f e c t  

th e  r a t e  o f  h y d r o ly s i s  o f  o l i g o s a c c h a r id e s  hav ing  a NAX r e s id u e  compared 

to  th e  NAG a n a lo g u e s .  The r e s u l t s  o f  t h i s  s tu d y  have shown t h a t  th e  

d i s s o c i a t i o n  c o n s ta n t s  f o r  th e  NAX compounds a r e  s m a l le r  than  th o s e  f o r  

th e  c o r re sp o n d in g  NAG compounds showing th a t  th e  fo rm er b in d  more s t r o n g ly  

t o  lysozym e. T h is  b in d in g  i s  however f o r  th e  sm a l l  o l i g o s a c c h a r id e s  

s t u d i e d  mo6t l i k e l y  to  in v o lv e  n o n -p ro d u c t iv e  com plexes. Thus s t r o n g  

n o n -p ro d u c t iv e  b in d in g  cou ld  a l s o  cause  a d e c re a s e  in  th e  observed  r a t e  

o f  h y d r o ly s i s  fo r  th e  NAX compounds.

The above d i s c u s s io n  shows t h a t  th e  observed  r e s u l t s  f o r  th e
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h y d r o ly s i s  o f  the  o l i g o s a c c h a r id e s  hav ing  a NAX r e s id u e  in  p la c e  of a 

te rm in a l  NAG r e s id u e  w h i l s t  c o n s i s t e n t  w ith  the  p ro p o s a l  t h a t  s u b s t r a t e  

d i s t o r t i o n  in  th e  lysozyme c a t a ly s e d  h y d r o ly s i s  o f  g ly c o s id e s  c o n t r i b u t e s  

to  th e  enzymic r a t e  enhancement do n o t  c o n c lu s iv e ly  prove the  p ro p o s a l .

The com plex ity  o f  a s u b s t r a t e  which would be n e c e s s a ry  to  c o n c lu s ­

i v e l y  show t h a t  s u b s t r a t e  d i s t o r t i o n  on th e  lysozyme c a ta ly s e d  h y d r o ly s i s  

o f  g ly c o s id e s  c o n t r i b u t e s  to  th e  enzymic r a t e  enhancement would make i t  

a d a u n t in g  p ro s p e c t  from th e  p o in t  o f  view  o f  chem ica l s y n t h e s i s .  I t  

a p p e a r s  however t h a t  t h i s  e f f e c t  cou ld  never  be s a t i s f a c t o r i l y  e x p la in e d  

by  any c o n c e iv a b le  model s tu d i e s  and hence i t s  c o n f i rm a t io n  o r  o th e rw ise  

w i l l  depend on s u i t a b l e  s u b s t r a t e s  b e in g  o b ta in e d .
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