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(5-10 min]  15. Af te r  wash ing  in 0.1 M cacody la te  buffer ,  
t he  ceils were r e suspended  in a s tab i l i z ing  p r o t o p l a s t  
m e d i u m  (18 ml  0.55 M D - m a n n i t o l ;  t .5  ml  M c I l v a i n ' s  
c i t r a t e  p h o s p h a t e  buf fe r  p H  5.6; 0.75 ml  MgSO,  7H20 ) s. 
Pur i f ied  f l - (1+3)  g lucanase  (80-100 uni ts)  was  added  to  
1 ml  of cells suspended  in the  p r o t o p l a s t  m e d i u m  an d  
p r o t o p l a s t  f o r m a t i o n  was fol lowed b y  phase  c o n t r a s t  
microscopy.  

A polar  m o d e  of p r o t o p l a s t  fo rmat ion ,  sugges t ing  a 
poss ible  c o n c e n t r a t i o n  of t he  f l - (1+3) g lucan  can  be  ob- 
se rved  in t he  f i rs t  sequence  of a b u d d i n g  cell of W. 
[luorescens (Figure  1). The  cell wal l  has  been  b r o k e n  open  
a t  t h e  oppos i te  pole  to  t h a t  a t  wh ich  b u d  f o r m a t i o n  t akes  
place. As no  s e p t u m  has  ye t  been  f o r m e d  be tween  m o t h e r  
cell and  bud ,  t he  c y t o p l a s m  of b o t h  m o t h e r  cell a n d  b u d  
are i nco rpo ra t ed  in to  t h e  fo rming  p ro top las t .  The  dif- 
f e r en t  s tages  of p r o t o p l a s t  f o r m a t i o n  can  be c lear ly  seen 
(Figure  1, a -h ) .  I t  is i n t e re s t ing  to  no te  t h a t  t he  cell wal l  
is a l m o s t  i n t a c t  a t  t h e  end  of p r o t o p l a s t  fo rmat ion ,  
sugges t ing  t h a t  d e g r a d a t i o n  proceeds  s lowly in t he  pro to-  
p l a s t  med ium.  The  ful ly  re leased spher ica l  p ro top l a s t s  
were o b t a i n e d  a f t e r  5-10 m i n  (Figure 1, h). 

I n  t he  second sequence  (Figure  2), wh ich  shows a bud-  
d ing  cell o t  S. cerevisiae, t h e  p r o t o p l a s t  is fo rmed  f rom the  
c y t o p l a s m  of t he  bud,  as s e p t u m  f o r m a t i o n  b e t w e e n  b u d  
a n d  m o t h e r  cell is a l r eady  complete .  In  th i s  case p r o t o p l a s t  
f o r m a t i o n  is nonpola r ,  wh ich  m i g h t  ind ica te  a r a n d o m  
d i s t r i b u t i o n  of fl-(1-->3) g lucan  in the  cell wall. The  dif- 
f6 ren t  s tages  of p r o t o p l a s t  f o r m a t i o n  are shown in F igure  

2, a -h .  The  ful ly re leased p r o t o p l a s t  (h) is aga in  spher ica l  
a n d  t h e  b u d  r e t a ined  i ts  or ig inal  shape  t h r o u g h o u t  t h e  
sequence  of p r o t o p l a s t  fo rmat ion ,  wh ich  las ted  for t h r ee  
minu tes .  

The  p ro t o p l a s t s  re leased us ing  fl-(1->3) g lucanase  were 
e x a m i n e d  b y  e lec t ron  mic roscopy  to check w h e t h e r  a n y  
wal l  ma te r i a l  s t i l l  a d h e r e d  to  t h e m .  F igure  3 shows a t r ue  
S. cerevisiae p r o t o p l a s t  o b t a i n e d  as p rev ious ly  descr ibed.  
T h e  ar rows ind ica t e  p a r t i c u l a r l y  well  revea led  sect ions 
of the  cy top la smic  m e m b r a n e ,  t h e  whole  of wh ich  is 
shown  to be en t i r e ly  free of a d h e r i n g  cell wal l  f r agments .  
The  fl-(1--~3) g lucanase  is t h u s  capab le  of p roduc ing  t rue  
p r o t o p l a s t s  f rom yeas t  cells, even  a f t e r  t h e y  h a v e  been  
pref ixed  in g lu t a ra ldehyde .  

Discussion. T h e  ap p l i c a t i o n  of t h e  ex t race l lu la r  exo-fl- 
( 1+3)  g lucanase  f rom Basidiomycete QM 806, to  t h e  ana-  
lys is  of yeas t  cell walls  a n d  t h e  f o r m a t i o n  of yeas t  p ro to-  
p la s t s  has  been  d e m o n s t r a t e d .  The  fac t  t h a t  th i s  enzyme,  
in  a pur i f ied  s ta te ,  en t i r e ly  dissolved yeas t  cell walls  m a d e  
i t  a n  ideal  tool  for  ana lys i s  of t h e  ca rbohydra t e s ,  as i t  
caused  changes  on ly  i n i t s  specific s u b s t r a t e  (fl- 1 + 3  glucan).  
I n  add i t i on  i t  gave  i n f o r m a t i o n  on  t h e  a m o u n t  of th i s  sub-  
s t r a t e  p re sen t  in  t h e  walls.  The  e n d o - f l - ( l + 3 )  g lucanases  
of Bacillus circulans is a n d  Cytophaga ]ohnsonii 17 were n o t  
able  to  cause  comple te  so lub i l iza t ion  of t h e  cell walls  of 
S. cerevisiae as did  t h e  Basidiomycete enzyme.  Nor  were 
these  endoglucanases  so effect ive  in p r o d u c i n g  p ro t o p l a s t s  
f rom S. cerevisiae. 

The  m e t h o d s  descr ibed  using Basidiomycete QM 806 
f l - (1+3)  g lucanase  would  be useful  in  a c o m p a r a t i v e  s t u d y  
of the  cell wal l  compos i t i on  an d  p r o t o p l a s t  f o r m a t i o n  in 
d i f fe ren t  yeasts ,  or in  a s t u d y  of t h e  effect  of g r o w t h  con- 
d i t ions  an d  age on  cell wal l  compos i t ion  a n d  p r o t o p l a s t  
fo rmat ion .  In  v iew of t h e  p u r i t y  of t h e  p ro t o p l a s t s  ob ta in -  
ed w i th  th i s  enzyme,  i t  shou ld  also p rove  useful  for s tudies  
on  t h e  p ro top l a s t s  themse lves .  

Rdsumd. L'exo-fl-(1->3) glucanase,  isol6e du  Basidio- 
mycete QM 806 a 6t6 ut i l is6e avec succ~s pou r  ! ' ana lyse  des 
po lysacchar ides  de la pa ro i  cel lulaire  de la levure  Sac- 
charomyces cerevisiae et  pou r  la f o r m a t i o n  de p ro top l a s t e s  

p a r t i r  de Saccharomyces cerevisiae et  Wickerhamia 
[luorescens. 

H. BAUER, D.A.  BUSH a n d  M. HORISBERGER TM 

Research and Development Department, 
Nestld Products Technical Assistance Ltd., 
CH-1800 Vevey (Switzerland), 7 July 1971. 

Fig. 3. Electron micrograph of a true protoplast of Saccharomyces 
cerevisiae. No adhering cell wall material is present. The arrows indi- 
cate regions where the unit membrane structure of the plasmalemma 
is clearly revealed. • 24,500. 
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Inhibition of Mammal ian  Acetylcholinesterase by Phenylmethanesulfonyl  Fluoride 1 

The  su l fonyl  f luor ides  are powerfu l  i r revers ib le  in- 7), us ing  m e t h a n e s u l f o n y l  f luor ide  as i n h i b i t o r  4. The  f i rs t  
a c t i v a t o r s  of m a n y  esterases2-6.  The  m e c h a n i s m  of t h e i r  s tep  is t h e  f o r m a t i o n  of a n  e n z y m e - i n h i b i t o r  complex,  
ac t ion  has  been  well  e s t ab l i shed  in t h e  case of ace ty l -  fol lowed b y  a nuc leophi l ic  a t t a c k  on t h e  sul fur  a t o m  b y  
cho l ines te rase  (ace ty lcho l ine  ace ty l -hydro lase ,  E .C.  3.1.1. the  bas ic  group of t h e  es te ra t ic  site. T h e  f ina l  acceptor  of 
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the  sulfonyl  group, in analogy to w h a t  occurs w i th  chymo-  
t ryps in  7, is p robab ly  the  serine h y d r o x y l  of t he  act ive  site. 
Among  th is  group of compounds ,  pheny lme thanesu l fo n y l  
f luoride (PMSF) has become p r o m i n e n t  because it 
inhib i t s  the  esterase ac t iv i ty  of t r yps in  and c h y m o t r y p s i n  
a t  low concent ra t ions ,  b u t  has  no effect,  even a t  a con- 
cen t ra t ion  of 10 -s M, on the  ace ty lchol ines terase  ob ta ined  
f rom the  ma in  electric organ of Electrophorus electricus 3. 

In  a more  extens ive  s tudy  of t he  proper t ies  of ra t  b ra in  
ace ty lchol ines terase  and  chol inesterase  (acylcholine acyl- 
hydrolase ,  E.C.  3.1.1.8), we have  found  t h a t  phenyl -  
me thanesu l fony l  f luoride is a p o t e n t  inh ib i to r  of the  for- 
mer, b u t  no t  of the  la t ter .  W e  now repor t  these  f indings,  
as well as a discussion of the i r  mean ing  in re la t ion  to  t he  
confo rmat ion  of the  act ive site of ace ty lchol ines terases  
ob ta ined  f rom di f ferent  sources. 

Materials and methods. E n z y m e  prepara t ions .  Acetyl-  
chol ines terase  and  chol inesterase  were par t i a l ly  purif ied 
f rom whole bra ins  of adul t  Sprague-Dawley  rats,  by  the  
procedure  of CLOUET and  WAELSCH s, up to  the  deoxy-  
cholate  stage, b u t  no t  including it. 

E n z y m e  assays. These were based on the  m e a s u r e m e n t  
of t he  acid l ibera ted  by  the  enzyme,  using ace ty lbe ta -  
methylchol ine  or bu tyry lchol ine  as specific subs t ra tes  for 
ace ty lchol ines terase  and  cholinesterase,  respect ively.  The 
acid l ibera ted  was recorded cont inuous ly  by  means  of an 
au toma t i c  recording p H - s t a t  (Rad iomete r  S B R  2 Titr i-  
graph).  The  assay solut ion was  p laced  in t he  reac t ion  
vessel  of t he  p H - s t a t  kep t  a t  37~ and  had  the  following 
final  composi t ion,  in a vo lume of 3 ml  : NaC1 0.1 M, MgCI~ 
1 mM, Tris HC1 (pH 7.5) 10 -~ M,  ace ty lbe t ame th y l -  
choline Or butyrylchol ine ,  3 m M .  Af te r  10 min  incuba t ion  
the  reac t ion  was s t a r t ed  by  add ing  630 ~g of enzyme 
p ro te in  in a vo lume of 0.1 ml. COs-free n i t rogen was 
bubb led  cont inuous ly  th rough  the  solut ion in order  to  
avoid a tmospher ic  CO s enter ing  the  reac t ion  vessel. A 
blank,  f rom which  enzyme was omi t t ed ,  was run  wi th  
each set  of exper iments .  U n d e r  these  condi t ions ,  reac t ion  
ra tes  were l inear for a t  least  40 min.  W h e n  P M S F  was 
used, i t  was p repa red  as a fresh solut ion in 10% isopropa-  
nol. The enzyme p repa ra t ion  was incuba ted  wi th  it a t  the  
concen t ra t ions  indica ted  in t he  Figure,  a t  37~ for exac t ly  
15 rain, and  t h e n  added  to  the  reac t ion  mix ture ,  where  t he  
inhib i tor  was  di luted 300-fold. This  lowered the  inhib i tor  
concen t ra t ion  to  a level of inac t iv i ty .  Control  enzyme  
p repa ra t ions  were incuba ted  in t he  same way  wi th  
equiva len t  concen t ra t ions  of isopropanol .  

Materials.  Ace ty lbe tame thy lcho l ine  chloride and bu ty -  
rylcholine chloride or iodide were f rom Sigma Chemical 

Co. Pheny l rne thanesu l fony l  f luoride w a s ' a  pure  p ro d u c t  
f rom Mann  Research.  I t s  m.p.  (uncorrected) was 91-92~ 
the  same as r epor ted  by  FAHRNEY and GOLD s 

Results and discussion. Acetylchol ines terase  ac t iv i ty  
was measured  af ter  i ncuba t ing  the  enzyme p repa ra t ion  
wi th  P M S F  in the  concen t r a t ion  range 0 to  9 • 10 - t  M 
(Figure). 50% inhib i t ion  is ob ta ined  wi th  4 • 10 -5 M, and  
wi th  9 • 10 -4 M more t h a n  90% of the  enzyme has  been  
inhibi ted.  This was af ter  al lowing the  enzyme- inh ib i to r  
reac t ion  to  proceed for only  15 min.  Longer  react ion t imes  
will lead to  essent ia l ly  comple te  inhibi t ion.  The second- 
order  ra te  cons t an t  for the  enzyme- inh ib i to r  react ion,  
ob ta ined  by  the  procedure  of FAHRNEY and GOLDS, was 
4.7 X 10 ~ (1 mole -~ min-1).  This  is comparab le  to  t he  
reac t iv i ty  of t r y p s i n  w i th  d i i sopropylphosphorof luor ida te  
and wi th  P M S F  (ca. 3 X 10 ~ 1 mole - t  min-~ for bo th  of 
them)  3, and  is at  least  4 orders  of magn i tude  h igher  t h a n  
the  ra te  co n s t an t  for t he  reac t ion  be tween  the  acetyl-  
chol inesterase  of E. electricus and  pheny lme thanesu l fony l  
f luoride s . This  marked  difference in reac t iv i ty  be tween  
the  ace ty lchol ines terases  of r a t  bra in  and E. electricus" 
electric organ indicates  t h a t  the  conformat ion  of t he  act ive  
si te is s o m e w h a t  d i f ferent  in t hem,  and  t h a t  ex t r apo la t ion  
f rom one to  the  o ther  m u s t  be done wi th  caution.  FAHRNEu 
and  GOLD ~ had  a l ready  no ted  t h a t  the  acetylchol ines ter -  
ase of E. electricus was abou t  one order  of magn i tude  less 
react ive  t h a n  the  one presen t  in crude homogena tes  of r a t  
b ra in  ~, t o w ard s  m e t h a n e  and  benzenesul fonyl  fluorides.  
They  a t t r i b u t e d  the  difference to  the  use of a crude homo-  
genate  for the  m a m m a l i a n  enzyme.  The present  resul ts  sug- 
gest  t h a t  these  differences were due to  the  enzyme  per  
s e .  

Cholinesterase,  on the  o the r  hand ,  is comple te ly  insen- 
si t ive to  pheny lme thanesu l fony l  fluoride in the  concent ra -  
t ion range  s tudied  (Figure). This  is an indica t ion  t h a t  
p h e n y h n e t h a n e s u l f o n y l  f luoride is no t  a non-specif ic  
su l fonyla t ing  agent  t h a t  m a y  lead to prote in  dena tu ra -  
t ion.  A similar  conclusion has  been reached w i t h  o ther  
enzymes  ~. The large differences  in reac t iv i ty  towards  th i s  
inhib i tor  be tween  the  two enzymes  s tudied  by  us, indicate  
t h a t  P M S F  is for t h e m  a valuable  different ia l  inhibi tor .  

Resumen. E1 fen i lmetano  sulfonil fluoro (FMSF) 4 • 
10 -5 M inhibe  a la acet i lcol inesterasa  (E.C. 3.1.1.7) de 
cerebro de ra ta  en m&s de 50%, y 9 • 10-4M m&s de 90%. 
La cons t an t e  de reaccidn inh ib idor  enz ima es de 4.7 • 102 
(1 mo1-1 inin-1). La col inesterasa  (E. C. 3.1.1.8) de cerebro 
de ra ta  es insensible a FMSF.  
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Acetylcholinesterase and cholinesterase activities at different PMSF 
concentrations. 1~--O, acetylcholinesterase; O O, cholinesterase. 
Reaction rates were measured with acetylbetamethylcholine and 
butyrylcholine, respectively, in an automatic recording pH-stat as 
indicated under Methods. In the absence of inhibitor, the rate for 
acetylcholinesterase was 70 nmoles of substrate hydrolyzed per min, 
and for cholinesterase 12 nmoles[min. Each point represents 3 inde- 
pendent measurements. 
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