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d ime thy lpy r ro l e  and la ter  revised the  s t ruc ture  to the  
c~-hydroxy isomer, 5-hydroxy-  3, 5-dimethyl-3-pyrrol in-2-  
one. The only r epor ted  p roduc t  of au toox ida t ion  of kryp-  
topyr ro le  is a d imer  7. We were thus  qui te  surpr ised to  
discover  5 as a p h d t o p r o d u c t  of 1, especially because no- 
ne of the  equiva len t  was p roduc t  de tec ted  following photo-  
ox ida t ion  of the  re la ted  3, 4 -d ie thy l -2-methy lpyr ro le  ~s. 
At  p resen t  the  only o ther  ins tance  of a s imilar  p roduc t  
or ig inat ing f rom p h o t o o x y g e n a t i o n  of a pyrrole  m a y  be 
found in t he  pho toox ida t i on  of 3 -methy lpyr ro le  ill 
me thano l  8 f rom which  low yields of b o t h  3-hydroxy-3-  
methyl -4-pyrro l ine-2-one  and 3 -methoxy-3-methy l -4 -pyr -  
rol in-2-one were isolated a m o n g  o ther  products .  For  
k ryp topyr ro l e  as well as 3-methylpyrro le ,  we propose  a 
d ioxe tane  in t e rmed ia t e  (e.g. 8) arizing f rom 1, 2-cyclo- 
addi t ion  of ~O~ to one of the  enamine- l ike  double  bonds  ~s 
of the  pyrrole.  We could f ind no analogous p roduc t s  
arizing f rom a t t ack  of ~O 2 at  the  o ther  double  bond  of 1, 
nor  could we de tec t  a m e t h o x y l a c t a m  corresponding  to 5. 
We  p resume  t h a t  an in t ramolecular  r e a r r angemen t  in 8 
leads to  5. Such a reac t ion  course is abnorma l  in t h a t  
s imilar  d ioxe tane  in te rmed ia tes  lead ma in ly  to carbonyl  
p roduc t s  af ter  C-C bond  clevage ~9, and a p p a r e n t  solvolysis 
p roduc t s  are usual ly minor  components19, 2~ F u r t h e r  
work  on the  mechanis t i c  detai ls  of these  react ions  and  
s tudies  on the  pho toox ida t i on  of o ther  a lkyla ted  pyrroles  
are cur ren t ly  under  inves t iga t ion  in our laboratories.  

Zusammen/assung. Die d u t c h  Rose Bengal  sensibili-  
s ierte  Pho tooxygen ie rung  des K ry p t o p y r ro l s  in Methanol  
ergab Athy lme thy lma le imid ,  4 -~ thy l -5 -me thoxy-3 ,5 -d i -  
methyl-3-pyrrol in-2-on,  4-)kthyl-5-hydroxy-3,  5-dimethyl-  
3-pyrrol in-2-on und  4 -Athy l -3 -hydroxy-3 ,5 -d imethy l -4 -  
pyrrol in-2-on.  
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A ~ C h o l i n e s t e r a s e  f r o m  Bean  R o o t s  and i ts  Inhib i t ion  by  P l a n t  G r o w t h  R e t a r d a n t s  

Acetylchoi ine  (ACh) levels have  been  shown to be 
re la ted  to  p h y t o c h r o m e - m e d i a t e d  processes in several  
p l an t  sys tems  ~,2, which  sugges ted  t h a t  a chol inesterase  
(ChE) migh t  p lay  a regula tory  role in p l an t  deve lopment .  
The occurrence of ACh-hydro lyz ing  ac t iv i ty  of p l an t  
ex t rac t s  has been repor ted  in several  works 3-~, bu t  a 
detai led charac te r iza t ion  of the  enzyme(s)  involved is 
still  missing, and the  ques t ion  of whe the r  or no t  ChE and 
especially acetylchol ines terase  (ACHE) exist  in p lan t s  has 
no t  ye t  been  answered.  The p resen t  pape r  describes the  
pur i f ica t ion and  charac te r iza t ion  of a ChE wi th  high 
aff in i ty  for ACh f rom m u n g  bean  (Phaseolus aureus) roots  
and  the  effects of var ious  p l an t  g rowth  r e t a r d a n t s  on the  
ac t iv i ty  of the  bean  ChE. 

Materials and methods. The ChE was purif ied f r o m  
roots  of 12-day-old l ight -grown seedlings. The roots  were 
first  ex t r ac t ed  wi th  10 m M  po tass ium p h o s p h a t e  buffer,  

p H  7.0, to remove  soluble pro te ins  and  the  ChE was then  
ex t r ac t ed  f rom the  p l an t  residue wi th  4% (NH4)2SO 4 
(w/v) i n  p h o s p h a t e  buffer. Af ter  concen t ra t ion  wi th  
(NH4)2SO ~ at  80% sa tura t ion  followed by  dialysis, t he  
enzyme was fu r the r  pur i f ied on a Sephadex  G-200 
column. Overall  pur i f ica t ion was 36-fold. 

ChE ac t iv i ty  was  de t e rmined  by  the  me t h o d  of ELL- 
~AN et al.6 using th iochol ine  esters  as a subst ra te ,  and  
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Table 1. Properties of bean root ChE 

Characteristics Bean ChE 

Localization 
Rate of hydrolysis of choline esters 
Hydrolysis of non-choline esters 
pH optimum with acetylthiocholine and ACh 
Shape of activity curve (ACh or acetylthiocholine as a substrate) 

Km with ACh and acetylthiocholine (JIM) 
Moi. Wt. 

Concentration of eserine causing 50 % inhibition (raM) 
Concentration of neostigmine causing 50% inhibition (tzM) 
Effect of choline. 

Membrane-bound 
Acetyl ~ propionyl = butyry] 
+ 
8.5, 8.7 
Bell-shaped (inhibition by 
excess substrate) 
72, 84 
2> 200,000 (evidence for 
smaller tool. wt. forms) 
0.42 
0.60 
Stimulation 
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the  m e t h o d  of REED et al. 7 using 1-~4C-acetylcholine 
(New E n g l a n d  Nuclear) as a subs t ra te .  

For  m e a s u r e m e n t  of g rowth  r e t a r d a n t  act ivi ty ,  mung  
bean  seeds were soaked overn igh t  in runn ing  t ap  wa te r  
and  p l an t ed  in pe t r i  dishes on W h a t n l a n  No. 1 paper  
we t t ed  wi th  5 ml  of t e s t  solut ion and  adding  2 ml  of the  
same solut ion on the  3rd day. The seedlings were grown 
under  con t inuous  l ight  a t  25~ The n u m b e r  of secondary  
roots  was de t e rmined  on the  6th day. 

The g rowth  r e t a r d a n t s  used were : t r ibutyl -2 ,  4-dichloro- 
b e n z y l p h o s p h o n i u m  chloride (Phosfon-D);  2-isopropyl-4- 
d ime thy l am ino -  5 -me thy lpheny l -  1-piperidine ca rboxy la te  
m e t h y l  chloride (AMO-1618); (2-chloroethyl) t r ime thy l -  
a m m o n i u m  chloride (CCC); 1-p-mentanol ,  2-dimethyl-  
amino-4 -b romobenzy l  b romide  (Q76) and  1-p-mentanoI ,  
2-d imethylamino-2 ,  5 -d imethy lbenzy l  chloride (QS0). 

Results and discussion. The proper t ies  of the  bean  ChE 
are summar ized  in Table  I. The da t a  in th is  table  represen t  
only  one ChE, as conf i rmed by  the  s imi lar i ty  in t he  
effects of a n u m b e r  of inhib i tors  on tile ra tes  of hydrolys is  
of several  chol ine esters  by  the  enzymat i c  p repa ra t ions  
used.  Table  I shows t h a t  t he  bean  enzyme is no t  ident ical  
w i th  any  animal  ChE. However ,  i t  is s imilar  in some 
i m p o r t a n t  proper t ies  to  ACHE. Al though  the  physiologi-  
cal role of th is  enzyme  is no t  ye t  clear and the re  is no 
evidence  t h a t  ACh is t he  na tu ra l  subs t r a t e  of t he  enzyme,  
p re l imina ry  observa t ions  (M. J. JAFFe, unpubl ished)  in- 

Table II. Effect of plant growth retardants on the in vitro activity of 
bean root ChE and on the production of secondary roots of mung 
bean seedlings 

dicate  t h a t  it  p ro b ab l y  funct ions  as AChE to regulate  
the  con ten t  of ACh in the  root  sys tem.  

NEWI~ALL s' ~ repor ted  an excel lent  pos i t ive  correla t ion 
be tween  the  abi l i ty  of q u a t e r n a r y  a m m o n i u m  der ivat ives  
of ( + ) - l i m o n e n e  to  inh ib i t  h u m a n  se rum-ChE and  the i r  
abi l i ty  to r e t a rd  the  g rowth  of var ious  p l an t  seedlings. 
Fol lowing his observat ions ,  we s tudied  the  effects of 
recognized p l an t  g rowth  r e t a r d a n t s  on the  ac t iv i ty  of 
bean  ChE in compar i son  to the i r  r e t a rda t ion  of the  pro-  
duc t ion  of secondary  bean  roots.  Table  I I  shows t h a t  
there  was a s ignif icant  posi t ive  correla t ion be tween  the  
two effects s tud ied  ; the  more  effect ive a c o m p o u n d  was a t  
r e t a rd ing  root  product ion ,  the  more  i t  inh ib i t ed  the  
enzyme.  At  present ,  tile mean ing  of these  observa t ions  is 
still obscure, bu t  two  possible exp lana t ions  m a y  be 
offered:  1. Endogenous  ACh m a y  be a na t ive  g rowth  
r e t a r d a n t  and  inhib i t ion  of t he  ChE allows its accumula-  
t ion  in t he  root  sys tem.  2. The enzyme or enzymes  which  
are responsible  for root  g rowth  are biochemical ly  similar  
to  the  ChE and  the  ChE is ac t ing  as a r ep resen ta t ive  
model  when  in vi tro.  More research is needed to clarify 
the  observa t ions  repor ted  10,1~. 

Rdsumd. Une  nouvelle  cholinest@rase des racines des 
har icots  a 6t@ isol6e et  pa r t i e l l ement  purifi@e. L 'aff ini t6  
de la cholinest6rase des har icots  pour  l 'ac@tylcholine est  
comparab le  ~ celle de l 'ac6tylchol inest6rase  animate,  
mais  elle diffgre de ce t te  derni~re par  sa r6act ion aux 
inhib i teurs  e t  pa r  d ' au t res  propri6tgs.  Une  corr61ation 
posi t ive  ent re  l ' inhib i t ion  de la p roduc t ion  des racines 
des har icots  par  plusieurs r e t a r d a n t s  de la croissance 
v@g6tale et  leurs efiets  inhibi toi res  sur la cholinest6rase a 
6t6 6tablie darts cet te  6rude. 

Growth retardant I50 ~ (M) 

ChE activity~ Secondary root 
production ~ 

Phosfon-D 3.3 • 10 -5 2.0 • 10 -s 
Q80 2.3 • 10 -4 6.6 • 10 -4 
AM0-1618 2.1 • 10 -~ 7.6 • 10 -4 
Q76 3.5 • 10 -2 1.2 • 10 -3 
CCC 9.0 • 10 -2 4.3 • 10 .2 
Coefficient of correlation (r) + 0.99 a 

15o = 50% inhibition, b ChE activity was assayed by the method of 
ELL~AN et al. 6, using acetylthiocholine as a substrate, o Each datum 
of root production represents the average of 5 replicates, 10 plants 
per replicate, a p < 0.01. 
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A d r e n e r g i c  M e c h a n i s m  in Tetrahyrnena. I. C h a n g e s  in M o n o a m i n e  O x i d a s e  Act iv i ty  D u r i n g  G r o w t h  

JANAKIDEVI et  al.~, 2 f i rs t  found  biogenic amine,  such 
as noradrenal ine ,  adrenal ine  and  serotonin,  in the  ci l iated 
pro tozoan ,  Tetrahyme~za pyri/ormis W. Recent ly ,  we 
repor ted  t h a t  th is  p ro tozoan  possesses monoamine  oxidase  
(MAO) and  d iamine  oxidase3. I t  was sugges ted  previous-  
ly 1-6 t h a t  ca techolamine  (CA) m a y  pa r t i c ipa te  ill me tab -  
ol ism in Tetrahymena as i t  does in mammals ,  t hough  i ts  
precise role in the  g rowth  of the  p ro tozoan  is still  unknown.  
This  pape r  repor t s  t he  re la t ionship  be tween  MAO ac t iv i ty  
and  cell prol i fera t ion  and  the  influence of adrenal ine  on 
enzyme  act iv i ty .  

Materials and Methods. Tetrahymena pyri/ormis W, was 
cul tured  in a m e d i u m  conta in ing  2% p o l y p e p t o n  and  
0.1% yeas t  ex t r ac t  a t  p H  7.2, 26 ~ Af te r  g rowth  for 96 h 

in th is  medium,  cells were inocula ted  in to  f resh med i u m 
and the  g rowth  ra te  was de t e rmined  turb id imet r ica l ly ,  as 
descr ibed previous ly  6. Synchron iza t ion  was carr ied out  
by  the  hea t  shock m e t h o d  of SCHERBAUM and  ZXUTI~eN ~, 
w i th  a sl ight  modif ica t ion:  cells were sub jec ted  to  8 hea t  
shocks, each of 30 mill hea t  shocks a t  32~ sepa ra ted  b y  
in terva ls  of 30 rain a t  26~ The t rans fe r  to  inorganic  
m e d i u m  (50 m M  NaC1, i m2Vf MgSO4.7H20 and  10 m M  
KH2PO4) was done  by  cen t r i fuga t ion  pr ior  to  the  7th 
shock by  wash ing  the  cells 3 t imes  in inorganic  medium.  
The synchronized  cul tures  were t h e n  incuba ted  wi th  and  
w i t h o u t  L-adrenaline (5 • 10 .5 M) at  26~ and  samples  
were r emo v ed  f rom the  m e d i u m  by  p ipe t t e  every  15 min  
for 2 h. The procedures  used for enzyme  p repa ra t i on  and  


