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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 .  

S. SCHARPI~, A. LAUWERS a n d  W.  COOREMAN 

Ri]hsuniversiteit Gent, Laboratorium voor algemene 
13iochemie, Wolterslaan 72, t3-9000 Gent (Belgium), 
30 March 7973. 

a j .  THOMA and D. KOSaLAND, J. Am. chem. Soc. 82, 3329 (1960). 
H. RINDI~RKNECHT, P. WILDINO and B. I-tAVERBACK, Experientia 
23, 805 (1967). 

7 M. CESKA, E.  HULTIV[AN and E. INGELMAN, Experientia 25, 555 
(1969). 

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 
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Table II. Detection of hippurate hydrolase by identification of benzoic acid 

EXPERIENTIA 29/12 

Organisms tested benzoic acid shown by 
UV-viewing (Rf = 0,15) spray number 1, 2, 3, 4 or 5 

Pseudomonas mendodna ATCC 25411 -- 

Ps.  stutzeri ATcc 17588 -- -- 

Ps.  stanieri ATCC 17591 -- -- 

Ps.  testosteroni ATCC 11996 -- -- 

Ps. / luorescens CCM 2115 -- -- 

Ps.  aeruginosa CCM 1960 -- -- 

Ps.  saccharophilia CCIk{ 1980 + + 

Pseudomonas sp. (No. 15, 16, 17, 19) + + 

Enterobacter aeroge~es - -  - -  

Serratia marcescens --  - -  

Proteus vulgaris + + 

Escherichia coli B - -  - -  

Bacil lus brevis SMG 298 + + 

B.  macerans ATCC 8244 -- -- 

B. psychrosaccharolyticus ATCC 23296 

B. cereus var. myeoides CCM 48 -- -- 

B. l i t m u s  CCM 37 + + 

B. lentus CCM 35 -- -- 

B. pumi lus  ATCC 7061 + + 

ATCC, American Type Culture Collection; SMG, Sammlung ffir Mikroorganisluen, G6ttingen; CCM, Chechoslovak ColIection of Microorga- 
nisms, Brno. 

layer  (0.1 mm) pla tes :  a) Cellulose TLC a lumin ium sheets  
(20 • 20 cm), w i thou t  f luorescence indica tor  (Merck AG, 
D a r m s t a d t ,  Germany,  article n u m b e r  5552) or b) S I F  
silica gel sheets  (9.5 • 18 cm) wi th  f luorescence indica tor  
(Riedel-de-Haen,  Hannover ,  Germany,  article n u m b e r  
37350). 

As a reference,  on each sheet  4 ~zl amoun t s  of a 1 ml  
ch lo roform-ex t rac ted  sample  of an aqueous  benzoic acid 
solut ion (6.0 g/l) were spot ted .  Ascending  one-d imens ional  
ch roma tog rams  were run  wi th  a so lvent  sys tem of n- 
hexane /ace t ic  acid (96/4) for 30 min,  a i r -dr ied and  the  
f luorescence indica tor  t r ea t ed  plates  observed under  
UV-Iight  for deep-purple  benzoic acid spots.  The cellulose 
sheets  were sprayed  e i ther  wi th  p -d i aminobenza ldehyd  
ace t ic -ac idanhydr ide  ~ (specific red-orange  spots  wi th  
h ippur ic  acid) or wi th  one of the  reagents  l is ted in Table I. 

R e s u l t s .  In  Table  I, the  de tec t ion  of benzoic-  and  
h ippur ic  acid by  several  sprays  is given. W i t h  the  solvent  
sys tem used, h ippur ic  acid r emained  at  the  po in t  of 
spot t ing,  whereas  benzoic acid moved  di f ferent ly  on silica 
gel sheets  (Rf = 0.15) and  on cellulose (Rf = 0.72). 
The unequivocal  evidence as well as the  comple te  correla- 
t ion of results  (Table II) be tween  bo th  UV-viewing  and the  
var ious  sprays  war ran t  a clear-cut  de tec t ion  of h ippu ra t e  
hydrolys is  under  tile condi t ions  given. 

Among  the  sprays  tes ted,  the  FeSO4/H~Q/MnSO ~- 
reagen t  of GOSSLI~ and  SREBRNIK-~'RISZMAN 14 p roved  to  
be mos t  sensi t ive  on benzoic acid.Therefore,  if a great  nun> 
be t  of organisms are to  be compared  for the i r  abi l i ty  to 
hydrol ize  h ippur ic  acid, e i ther  p recoa ted  silica gel sheets  
wi th  f luorescence indica tor  or cellulose a lumin ium sheets  
sp rayed  wi th  FeSOJH202/MnSO4 reagen t  are recom- 
mended  15. 

Z u s a m m e n / a s s u n g .  Zum Nachweis  von H i p p u r a t  
Hydro lase  bei Mikroorganismen wlrd  die Di innschicht -  
ch roma tograph ie  auf Si l icagel -Fluoreszens- Indikator  
Fe r t i gp l a t t en  oder  auf Cellulose-Alufolien mi t  H e x a n /  
Essigs/iure (96/4) als Laufmi t t e l  zur T rennung  yon  
Benzoe-  und  Hippurs / iure  empfohlen.  Benzoesgure  g ib t  
auf D C - K a r t e n  S I F  Kieselgel mi t  F luoreszens ind ika tor  
un te r  UV viole t te  Flecken, w g h ren d  sic anf  DC-Alufolien 
(Cellulose) mi t  FeSO4/H2OJMnSO, -Reagenz  ~4 empf ind-  
liche, dunke lb raune  Flecken gibt  (Rf = 0.72). H ippur -  
sgure ble ibt  mi t  H e x a n / E s s i g s i u r e  als Laufmi t t e l  am 
Auf t ragungsor t  zurtick. Beide Nachweisver fahren ,  ge- 
prt if t  an versch iedenen  Bakter ien ,  s t i m m e n  vollstXndig 
in den Ergebnissen  i iberein (Table II) .  Fiir  Rou t ineun te r -  
suchungen  gentigt  infolgedessen eines der  be iden  Ver- 
fahren.  
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