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be  mycop lasm- l ike  o rgan i sms  or p r o d u c t s  of t he i r  m e t a -  
bolism, or bo th .  

If  these  obse rva t ions  are va l ida ted ,  t h e n  t h e y  could 
p rov ide  a s imple  m e t h o d  for p r e l i m i n a r y  screening  of 
in fec ted  tissues,  pa r t i cu l a r ly  over  large areas.  

Rdsumd. Une  m 6 t h o d e  s imple  est  d6cri te  pou r  l ' & u d e  
rad ioscop ique  des t i ssus  du  bois de S a n t a l  (Sanlalum 
album L.) infect6s p a r  u n  o rgan i sme  du t y p e  d i t  myco-  
p lasme.  Les t echn iques  c o m p r e n n e n t  au pr6a lab le  l ' em-  
ploi  de co loran ts  Giemsa  et  Dienes,  pr6c6dan~: l ' & u d e  

microscopique.  Des o rgan i smes  du  t y p e  d i t  m y c o p l a s m e  
et  (ou) des inclus ions  cy top la smiques  d 'o r igne  mycoplas -  
mique  on t  6t6 localis4es darts les t i ssus  con tamin6s  du  
bois de Santa1, s u r t o u t  duns  les r6gions du xyl~me et  du  
phlo6me.  
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The A m y l o l y s i s  of a Subst i tuted Starch Substrate  

A l t h o u g h  a large n u m b e r  of p rocedures  for the  assay  of 
g- or /~-amylase  ar  e r epo r t ed  in t he  l i t e ra tu re ,  t h e  s epa ra t e  
m e a s u r e m e n t  of t he  ac t iv i t i es  of these  enzymes  in t he  
same reac t ion  m e d i u m  sti l l  poses a p rob lem in inves t iga-  
t ions  deal ing  w i t h  t h e  occurrence  of g- a n d  fl-amylase 
isozymes in g e r m i n a t i n g  seeds or w h e n  s t u d y i n g  appl ica-  
t ions  in  b o t h  i ndus t r i a l  f e r m e n t a t i o n  processes a n d  in food 
and  p h a r m a c e u t i c a l  i ndus t ry .  P r e l i m i n a r y  e x p e r i m e n t s  
based  on a con t ro l led  se lect ive  d e n a t u r a t i o n  of one of the  
e n z y m a t i c  p a r t n e r s  in  t h e  r eac t ion  m i x t u r e  h a v e  no t  g iven  
us sa t i s fy ing  results .  

The  difference of rheo logy  1 du r ing  the  g- or /3-amylolysis  
"does no t  al low d i s c r im i na t i on  be t w een  ~- and /3 -amylo ly t i c  
act iv i t ies ,  since v i scos imet r ic  m e a s u r e m e n t s  follow the  
v a r i a t i o n  of t he  we igh t  ave rage  degree of po l ym er i za t i on  
of t h e  s u b s t r a t e  and  t he  r eac t ion  produc ts ,  whi le  t he  
express ion  of t he  h y d r o l y t i c  a c t i v i t y  is a func t ion  of the  
n u m e r i c a l  average  degree of po lymer iza t ion .  I t  is obv ious  
t h a t  t he  v a r i a t i o n  of these  two p a r a m e t e r s  d u r i n g  t h e  
endohydro lys i s  b y  a -amylase  or t he  exohydro ly t i c  a t t a c k  
b y  fl-amylase does no t  proceed  in t he  same m anne r ,  so 
t h a t  i t  is d i f f icul t  to  e s t ab l i sh  in b o t h  cases a r e l a t ionsh ip  
be tween  a drop  in v i scos i ty  a n d  t he  hydro lase -ac t iv i ty .  

W e  found,  however ,  t h a t  b y  coupling,  for ins tance ,  a 
ch romogen ic  molecule  to  s tarch ,  t he  exohydro ly t i c  ac t ion  
of /3-amylase on  th i s  s u b s t r a t e  is inh ib i ted ,  whi le  these  
s u b s t i t u e n t s  on  t he  hel ixes  of t h e  s u b s t r a t e  on ly  func t ion  
as acc iden ta l  ba r r i e r s  for s - amy la se  a n d  do no t  h i n d e r  the  
progress ing  e n d o h y d r o l y t i c  a t t ack .  To f ind a su i ted  
s u b s t i t u e n t  was no t  so diff icult ,  s ince ch romogen ic  sub-  
s tances  which  can  be  b o u n d  c o v a l e n t l y  w i t h  t he  glucose 
monomers ,  were deve loped  for t he  t ex t i l e - indus t ry .  For  
th i s  purpOse t h e  C ibach ron  Blue  F 3 G A  (Ciba), a chromo-  
genic p r o d u c t  of the  monoch l o r o t r i a z i ne  type,  p r o v e d  to 
be indica ted .  

Material and methods. Crysta l l ine  a -amylase  f rom hog 
panc rea s  and /3 -amyla se  f rom sweet  po t a toe s  are p r e p a r e d  
b y  t he  W o r t h i n g t o n  Biochel i l ical  Corpora t ion .  Di lu t ions  
are m a d e  w i t h  a so lu t ion  c o n t a i n i n g  0.1% o v a l b u m i n  
(Sigma Grade  V), 16% NaC1 a n d  0 .05% CaC12.2H20. The  
m e a s u r e m e n t  of t he  t o t a l  g- and  f l -amylolyt ic  a c t i v i t y  is 
pe r fo rmed  b y  means  of a r e d u c t o m e t r i c  m e t h o d  2, w i t h  
s t a r c h  a f te r  Zu lkowsky  (Merck) as s u b s t r a t e  a n d  3,5~ 
dini t rosa l icyl ic  acid as oxyd iz ing  agent .  The  assay  of t he  
g-amylase  a c t i v i t y  us ing  a c h r o m o p h o r e  s u b s t r a t e  
(Phadebas ,  P h a r m a c i a )  is conduc t ed  b y  t h e  co lor imet r ic  
p rocedure  3 or b y  the  p l a t e  di f fus ion t e c h n i q u e  ~ descr ibed 
b y  CESKA. 

Results and discussion. The  inf luence  of a s u b s t i t u t i o n  
s t a r ch  s u b s t r a t e  on t he  exo- a n d  endo-amylo ly t i c  a t t a c k  
can  v e r y  well  be  e v a l u a t e d  s e m i q u a n t i t a t i v e l y  w i t h  t he  
help  of a p la t e  di f fus ion t e c h n i q u e  b y  i nco rpo ra t i on  in t he  
agargel  of a su i t ab le  c h r o m o p h o r e  (Cibachron  F3GA) 
s t a r c h  p repa ra t i on .  W e  f ind t h a t  on ly  a -amylase ,  due to 
i ts  endoamylo ly t i c  ac t iv i ty ,  p roduces  a well  def ined c i rcular  
t r a n s p a r e n t  d iges t ion  zone, whi le  t he  presence  of /3- 
amylase ,  even  in h igh  a m o u n t s  (90% w/w), does no t  give a 
v is ib le  effect. W e  could also d i f f e ren t i a t e  t he  g- a n d  
/%amylolyt ic  ac t iv i t i es  q u a n t i t a t i v e l y  in  t he  same p repa ra -  
t i on  (Table).  The  t o t a l  e- a n d  /3-amylase ac t iv i ty ,  in 
nmoles  glucosidic bonds  hyd ro lysed  pe r  rain,  is m e a s u r e d  
w i th  a r e d u c t o m e t r i c  me thod ,  while  t he  specific colori- 
me t r i c  dosage of t he  ~-amylase  a c t i v i t y  is pe r fo rmed  b y  
m e a n s  of an  inso luble  c h r o m o g e n  coupled  subs t ra t e .  The  

1 S. SCHARP~ and A. LAUWERS, Farm. Tijdschr. Belgi~ d8, 354 (1971). 
2 S. SCttARek, Clin. chim. Acta 37, 301 (1972). 
a M. CESKA, K. BIRATH and B. BROWN, Clin. chim. Acta 26, 437 

(1969). 
4 M. CESXA, Eur. J. Biochem. 22, 186 (1971). 

Differentiation of g- and/~-amylolytic action 

Elazyme per assay a-amylase activity Total g- and fi-amylase /3-amylase 
(ng) (chromophore substr.) activity activity 

(reductometric) 

g-amylase /~-amylase (A6~ o converted to nmoI/min -1 ) (nmol/miu -1) (nmol/min -1 ) 

0 9 0 27 27 
18 9 13 40 27 
36 9 26 53 27 
54 9 39 66 27 

To evaluate the g-amylase activity in nmoI/min -1, the absorbance values measured using the chromophore substrate, are multiplied by 0.23. 
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convers ion  fac to r  to  cor re la te  t h e  a b s o r b a n c e  va lues  
o b t a i n e d  w i t h  t h e  c h r o m o p h o r e  s u b s t r a t e  to  a num}~er of 
nmoles  b o n d s  h y d r o l y z e d  pe r  m i n  can  be  o b t a i n e d  b y  a 
para l le l  assay  of a s t a n d a r d  e -amylase  p r e p a r a t i o n  of t he  
same  or ig in  cal ibra ted"  in  t h e  same  un i t s  of a c t i v i t y  
( n m o l / m i n  1 a t  37~ 

KOS~LAND 5 cons iders  f l -amylase to  be  a n  e x a m p l e  of 
t he  ' i n d u c e d  f i t '  concept ,  wh ich  a c c o u n t s  for t h e  specif ic i ty  
of t h i s  e n z y m e  in  p r o d u c i n g  exclus ive ly  mal tose ,  a n d  t he  
failure,  as opposed  to  ~-amylase ,  to  b y p a s s  b r a n c h  points .  
I n  t h i s  model ,  a n  a d a p t i o n  of t h e  c o n f o r m a t i o n  of fi- 
amy la se  w i t h  r ega rd  to  t he  s u b s t r a t e  is i nduced :  one of 
t he  n o n - r e d u c i n g  ends  of t he  s u b s t r a t e  p e n e t r a t e s  in to  
t h e  e n z y m e  molecule,  c h a n g i n g  i ts  c o n f o r m a t i o n  in  such  a 
way  t h a t  t he  p e n u l t i m a t e  glycosidic  l inkage  can  be  
hydro lyzed .  Th i s  m e c h a n i s m  of i n t e r a c t i o n  be t w een  t he  
s t a r c h  s u b s t r a t e  a n d  f l -amylase m a k e s  conce ivab le  also 
t he  i n a b i l i t y  of t h e  e n z y m e  to  a t t a c k  a n  m-1,4 g lucan  
chain ,  p a r t i a l  subst i tu te~i  in  c a r b o n a t o m  6. 

As s u b s t i t u e n t  ~he C i b a c h r o n  blue  F 3 G A  p r o v e d  to  be 
i nd i ca t ed  for t h i s  purpose .  I t  can  be coupled  in a single 
wayS, 7 to  a po lyg lucan  cha in  b y  a n  e the r  bond .  

If  s t a r c h  is t he  subs t ra t e ,  t h e  p r i m a r y  h y d r o x y l  f u n c t i o n  
of c a r b o n  a t o m  6 of t h e  glucose m o n o m e r s  wilI be a t t a c k e d  
b y  a nuc leophi l i c  s u b s t i t u t i o n .  T he  two o the r  s econda ry  
h y d r o x y l  func t ions  h a v e  no t  on ly  a less acidic cha rac te r ,  
b u t  occupy  also in t h e  he l ix  of amylose  pos t ions  which,  

for s t e reochemica l  reasons,  are di f f icul t  to  subs t i t u t e .  The  
h y d r o x y l  group on  c a r b o n  a t o m  6, on  t h e  o the r  h a n d ,  
e x t e n d s  a b o v e  t he  p lane  of t he  py ranose  r ing  a n d  is also 
s i t u a t e d  on  t he  outs ide  of t he  amylose  helix.  Since ~he 
d i a m e t e r  of t h e  C ibach ron  F 3 G A  molecule  is no t  on ly  
larger  t h a n  t h a t  of t he  amylose -he l ix  (13 A), b u t  also larger  
t h a n  t h e  d i s t ance  b e t w e e n  2 n e i g h b o u r i n g  hel ical  t u r n s  
(8 A), we m a y  a s sume  t h a t  these  ch romogen ie  molecules  
are s i t u a t e d  on  t h e  outs ide  of t h e  hel ix.  

Zusammen/assung. Bet  A n w e n d u n g  eines StXrkesub-  
s t ra fes  in  V e r b i n d u n g  m i t  e inem im K o h l e n s t o f f a t o m  6 
k o v a l e n t  g e b u n d e n e n  Fa rbs to f fmolek t i l  ge l ingt  die diffe- 
rent ie l le  Messung  der  ~- u n d  f l -Amylase A k t i v i t g t  im  
R e a k t i o n s - m e d i u m .  
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Thin Layer Chromatography Methods for Detecting Hippurate Hydrolase Activity among 
Various Bacteria (Pseudomonas, Bacillus, Enterobacteriaceae) 

Hydro lys i s  of t h e  he rb ivo r i c  exc re t ion  p roduc t ,  
h ippur i c  acid (N-benzoyl-glycine) ,  is c a t a lyzed  in  micro-  
o rgan i sms  b y  t h e  specif ic  e n z y m e  h i p p u r a t e  hydro la se  1 
EC 3.5.1. x :  

hippurate 
hippuric acid ~ benzoic acid + glyciue 

hydrolase 

So far, t h e  hydro lys i s  of h i p p u r a t e  b y  mic roo rgan i sms  
was p r o v e d  e i the r  b y  g r o w t h  in a s y n t h e t i c  sod ium 
h i p p u r a t e  b r o t h  ~', or b y  p r e c i p i t a t i o n  of benzoic  acid 
w i t h  ferric chloride,  b y  c rys ta l  f o r m a t i o n  w i t h  sulfuric  
acid 8,4, b y  t he  use of a py r id ine -coppe r  su lpha t e  r e agen t  5 
or b y  a sh i f t  of t he  p H  in a su i t ab le  h i p p u r a t e  aga r  6 in to  
t he  a lka l ine  range.  T he  re l i ab i l i ty  of these  va r ious  
me thods ,  however ,  is qu i te  doub t fu l ,  as has  been  shown  
recen t ly  b y  c o m p a r a t i v e  s tud ies  7, 8. 

W h i l e  cha rac t e r i z ing  a n  un i den t i f i ed  Pseudomonas 
species, t he  fol lowing T L C procedures  were found  v e r y  
c o n v e n i e n t  a n d  re l iab le  in  de t ec t i ng  h i p p u r a t e  hydro lys i s  
a m o n g  var ious ,  n u t r i t i o n a l l y  ve rsa t i l e  bac te r ia .  

Cu l t i va t i on  and  m e d i u m .  E r l e n m e y e r  f lasks  (250 ml), 
c o n t a i n i n g  50 ml  of a complex  sod ium h ippu ra t e - (10  g/t)- 
glucose (1.0 g / l ) -b ro th  8, were  inocu la t ed  a n d  o rb i t  s h a k e n  
for 3 weeks a t  28 ~ 

C h r o m a t o g r a p h y .  F r o m  each  flask, 1 m l  samples  were 
t aken ,  acidif ied w i t h  1 m l  1 N H2SO 4, m i x e d  w i t h  1 ml  
ch lo ro fo rm to  e x t r a c t  benzoic  ac id  a n d  t h e  aqueous  
s u p e r n a t a n t  ( con ta in ing  t he  cells) r e m o v e d  b y  v a c u u m  
suct ion.  The  ch lo roform e x t r a c t  was dr ied  w i t h  Na~SO 4 a n d  
4 ~zl a m o u n t s  appl ied  to t h e  fol lowing p r e c o a t e d  t h i n  
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Table I. Specific colorization of hippuric- and/or benzoic acid by various sprays recommended for organic acids 

Spray-type Hippuric acid Benzoic acid Background 

1. Ferric cyanide/ferric chloride Io 

2. CuSO 4 solution n 

3. Glucose/aniline lz 

4. Bromeresolgreen/bromphenolblue 13 

5. FeSOa/H202/MnS0~ 14 

-- white blue 

white white blue-green 

dark-brown dark-brown yellow-brown 

blue orange grey-blue 

dark-brown dark-brown white 


