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S U M M A R Y  

[. T h e  l~ :a l i za t ion  of  some pho:;phata~e~ h,L,, i,,,en s tud ied  in yeas t  cell.~ tha t  
were: e i t h e r  f r a g m e n t e d  by  shak ing  in tac t  cells with gta~,; heads  ,~r by" [r~-potonic r,r 
i so ton ic  d i s r u p t i o n  o f  p r o t o p l a s t s  p r epa red  fr,~m in tac t  cPIIx. 

z. The  non-sp~-i f ic  acid pho~ph,tta_~t, with on t i r rmm a c t i v i t y  a t  p H  be tween  
3 and  4 wa.~ shown  to ~mcur in the  cell wall of  c o m m e r c i a l  bake r ' s  yea_~t. As s,,;ne 
s u b s t r a t e s  o f  the  e n z y m e  can on ly  en t e r  t ha t  p a r t  of  the  cell v t f lume co r r e sp o n d in g  
to  the  cell wall  a n d  the act :v i ty  is no t  increased  b y  frt'Pzing and t h a w i n g  the  yeas t ,  
it was  c o n c l u d e d  t h a t  all the  e n z y m e  ix loca ted  here.  

3. T h e  h igh ly  specific a-glyccrophospi~tl~t-~, i~ en t i r e ly  p resen t  in the uns t r ac -  
t u r e d  c vtopla.sm o f  a i7 -h  c u l t u r e  o f  Saccharottu'ces carlxbergensis (No. 74}. 

4. S. carlsbergensis ~No. 74) con ta ins  ~mlv one non-specif ic  a lkal ine  phospl~atasc.  
T h e  d i s t r i b u t i o n  d e p e n d s  ut~m tl|t~ age of  the  c u l t u r e :  In ,t cu l t u r e  aged 17 h two-  
t h i r d s  o f  the  e n z y m e  is b o u n d  to par t ic les  s ed im en t in g  f rom 3900 × g to  roo ooo :~" g. 
a n d  o n e - t h i r d  is s~luble. In  a c u l t u r e  ; tgttd 24 h 7o--85'.'.,~ o f  the  e n z y m e  is fouml  in 
the  soluble  f rac t ion ,  and  on ly  a small  a m o u n t  ix p , . . t ic le  bound .  

INrt~oDUCT~ON 

M a n y  p h o s p h a t a s e s  have  been  r e p o r l e d  to  ot : t ' l l r  in  ~'<'iL~,t, c n z y m e . ~  o f  Ioxv a s  ~,vPll 
~..~ t~f high sub~tr,~te sp t~i f ic i ty .  B u t  it is n~t at  atl c lear  f r o m  th e  l i t e r a tu re  w h e t h e r  
e ach  e n z y m e  will a l w a y s  I~  found  in eve~"  t y p e  o f  yeas t  aml u n d e r  all c i r c u m s t a n c e s  
o f  c u l t u r e  and  age. 

Vp~,  l i t t le  is alxo k n o w n  a b o u t  the loca t ion  o f  p h o s p h a t a s c s  xcJthin t h e  yeas t  
ceU. Such  kno;v ledge  wou ld  secrn to  be  o f  p r ime  im lx , r t an ce  for  a b e t t e r  under -  
s t a n d i n g  o f  t he  role t he  d i f fe ren t  phosphatm~es p l a y  in the  m e t a b o l i s m  of  the yeas l  
cell. T h e r e f o r e  we h a v e  a t t e m p t e d  to  loc,Miz~ so m e  o f  t h e  b e t t e r  d e ~ r i h e d  phos-  
p h a t a s e s  b y  m e a n s  o f  f r a c t i o n a t i o n  a n d  analys is  o f  y ea s t  ceU c o m p o n e n t s .  

I t  is still v e ~ ,  diff icult  to  ach i eve  a s a t i s f a c t o r y  f r ac t iona t ion  tff t he  c o m p o n e n t ~  
o f  t he  y e a s t  cell b y  a p p l y i n g  t he  pro~:edure which  has w o r k e d  m well for  arAmal 

A b h r e v i a t i o n s :  ~-GP.  a -g lyce rophosph~ te ;  ~-GP.  B-g lycerophospha te ;  p :qPheP ,  p -n i t ro -  
p h e n y l  ph _c,~rh~_te ; PheP.  phony:  p h ~ p h a t e ;  T P P .  t h i a m i n e  py rophospha t e .  
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t i t u s ,  namely  desintegrat ion of  the  cells, followed by  differential centrifugation.  To  
begin with.  rough t r ea tmen t  is needed to d is rupt  the  yeas t  cell wi th  its tough we.n, 
rigging damage  to some particlc.-,. Recen t ly  this problem has been successfully 
c i rcumvented  by  EDDy ^ ~ D  W I L L I A M S O N  1, who made  use of  a discovery b y  GIA2A I 
in x9z3 that  the gut  juice of  the  snail Helix pomaaia contains enzymes  capable  of  
dissolving the yeas t  cell wall. Under  sui table  osmotic conditions,  and  using sus- 
ceptible yeast  strains in the  logari thmic phase  of  growth,  nearly all the  cells can thus  
be  conver ted  into intact  f rotoplasts ,  which desintegrate  very  easily. S tar t ing  from 
such protoplasts ,  a t tempt~ have  been made  to  separa te  various particles of  the  
yea_st cell, bu t  here our  very  incomplete  knowledge of  the  propert ies  of  these part icles 
has been a hindrance,  making  it difficult to  ascertain their  in tegr i ty  and the  pur i ty  
of  the fractions obtained.  

Witlfin the ' imitat ions imposed b y  these  c i rcumstances  we have  examined the  
location in the  yeas t  cell o f  two phospha tases  of  low subs t ra t e  specificity: the acid 
phospha tase  with o p t i m u m  ac t iv i ty  a t  a p H  be tween  3 and 4 and the alkaline phos- 
p h a t a m  (opt imum act iv i ty  at  a p H  be tween  9 and zo), and one highly specific phos- 
phatase :  the  u-glycerophosphatase.  

MATEIqIALS AND METHODS 

The yeast~ 

For  the  exper iments  concernhlg the acid phospha tase  a commercial  baker ' s  
yeas t  (Saccharomyces cerevisiae) rich b._ this enzyme  was used ("Koningsgis t" ,  
D,:lft). The other  exper iments  were performed with Sacclmromyces carlsberg~sis, 
No. 74 from the British Nationai  Collection of  Yeas t  Cultures. This  yeas t  was grown 
in Wickerhaan's  mal t  e~tract  m e d i u m  s, ix, x-I bot t les  each containing 5oo ml medium,  
inoculated with o.2 m! of  a ma tu re  cul ture  and s~.,:ken overnight  during z7 h a t  
z6 to  2 6 5  *. The cells were collected b y  centrifi~gation and washed  three  t imes with 
distilled water .  

Yeast preparations 

l:'rotoplas~s: Protoplas ts  w e t .  prepared from a x7-h cul ture  of $. cawls6etgcnsiz 
according to EDDY AND VV'ILLIA~:.'-O~ t, bu*...,sing XO% manni to l  ins tead  of  o.55 M 
rh~annose. ~" ~ xo mg/ml of  the  snaii enzyme  pregarat ion.  The  la t te r  was  obta ined 
b y  centrifuging, diaiysing, and freeze-dr-~frJg the gut  juice of  Helix pomalia. After  
abo~ t  z h in a wa te r -ba th  of  3 °0 all the  ceils are conver ted  into protoplasts .  These  
axe centr i fuged (5 rain at  zooo × g) and washed  three t imes wi th  ice-coltl o.ox M 
ace ta te  buffer (pH 6.o) containing xo$/o manni tol .  

The  pro toplas t s  can be  kel== .n this  m e d i u m  at  o - 4  ° for 48 h w i thou t  microsco- 
pical ly vLsible changes or changes in phospha tase  con ten t  and dis t r ibut ion.  The  
n u m b e r  o f  p ro top las t s  in a suspensior, was  ei ther  deteraf ined turbidimetr ical ly ,  
using a ~ ! i b r a t i o n  curve  previous ly  ob ta ined  b y  measur ing the  tu rb id i ty  of  sus- 
pensions in which ".he n tunber  of  ceils had  been de tecmined b y  count ing  t hem in a 
count ing chamber ,  or, when greater  accuracy  w ~  desired, b y  direct  count ing  in a 
count ing  chamber .  

Frozen and thawed y t ~ :  A suspension of  in tact  cells, in a th in  layer  in an 

B~,~ldm. B,~.pAys. Acta. 67 (x~s3) 4 5 3 - 4 ~  



I.OCALIZATION oF I'HO%I'.~INFASI'~S IN YEAST 4 ~  

a l u m i n i u m  b e a k e r  (Io--2o ml , ,pread ou t  o v e r  a b o t t o m  9 cm  in d i ame te r )  was ~.m- 
m er se d  in a m i x t u r e  o f  d r y  :ce and  acetcme ( t e m p e r a t u r e  ap p ro x .  - B o " )  for 45 sec, 
a n d  t h a w e d  b y  r u n n i n g  t ap  w a t e r  akmg  the  wall of  the  beaker .  Th i s  t r e a t m e n t  wa.~ 
r e p e a t e d  4 to  5 t imes .  

Des'integrated cdl~: I n t a c t  " ~t'" ¢cu., ",:'ere , l e s ln tegra ted  b y  shak ing  z~ y ea s t  su~- 
pens ion  w i t h  gl&~s beacL,~, ,.-ither in the  a p p a r a t u s  tJf NOSSAf. 4 o r  t h a t  <~f MERKI';N- 
SCHLAGER n. In  t h e  first  case  a ~ m t  9 g o f  yea s t  {wet. p ack ed  weight)  were  suspended  
in  w a t e r  t o  x5 ml ,  x7 g o f  Bal lo t in i  beads  No. Iz  added ,  the  m i x t u r e  c<~le<l to  o" and  
s h a k e n  in a s teel  caps tqe  for 20 ~ a n u m b e r  of  t imes,  w i th  i n t e r m i t t e n t  ctxfling. 
b e c a u s e  t he  t e m p e r a t u r e  rose to  x3" in 20 sec. In the ~ t : o n d  ca_~e, the  ye~mt har-  
ve s t ed  f r o m  x ! o f  g r o w t h  m e d i u m  was  s u s p e n d e d  to  io  ml in the  de_sired m e d i u m  
in a 50-ml  glass  bo t t l e ,  25 g o f  Ba i ; o t im  beads  No. q were  ad d ed ,  t h e  m i x t u r e  cooled  
to  x ° a n d  sha ke n  for  2 rain.  In th is  t ime  the  tevnper: t turv rose 5* and  6o °,~, of  the  cells 
were  d i s r up t e d .  I n t a c t  cells were  r e m o v e d  b y  cent r i f i tg ing  for 3 ° m':n a t  io,vo × g. 

Desintegvated p,'otoplasts: P r o t o p l a s t s  were  e i the r  d e s in t eg ra t ed  h .vpotnnical ly :  
b y  s u s p e n d i n g  t h e m  in a h y p o t o n i c  buf ie r ,  in which  t h e y  swell and  burs t ,  or  i~- tonic-  
a l ly ,  b y  h o m o g e n i z i n g  a suspens ion ,  in a mer l i am c o n t a i n i n g  xo°/ ,  m a n n i t o L  in a 
P o t t e r - E l v e h j e m  t issue h~naogenizer  w i t h  d o s e - f i t t i n g  p e r s p e x  pest le .  "Fhr~2 m~ve-  
m e n t s  u p  a n d  d o w n  wi th  the  t u b e  a long  the  r o t a t i n g  pes t le  (5o0 r ev . /min ,  each  
t a k i n g  a b o u t  z rain) sufficed to  d i s rup t  p r ac t i ca l l y  all t h e  protopla_~t m e m b r a n e s .  
A n y  i n t a c t  p r o t o p l a s t s  r e m a i n i n g  could  be  r e m o v e d  b y  cen t r i fug ing  a* 250 × g 
for  t o  rain.  Also a f t e r  hy l ro ton ic  d e s i n t e g r a t i o n  the  suspens ion  was  h o m o g e n i z e d  in 
t h e  P o t t e r - E l v e h j e m  a p p a r a t u s ,  m o v i n g  the  t u b e  u p  a n d  d o w n  once,  to  suspend  the  
cel l  pa r t i c l e s  wh ich  h a d  chxraped tuge the r .  T h e  t u b e  of  the  a p p a r a t u s  was  a lw ay s  
s u r r o u n d e d  b y  it j a c k e t  w i th  c r u s h e d  ice du r ing  h o m o g e n i z a t i o n .  

DeteTmination,~ of enzyme activity 

F o r  e a c h  phusphata_~e tile o p t i m u m  co n d i t i o n s  were  d e t e r m i n e d  u n d e r  which  
t he  a m o u n t  o f  s u b s t r a t e  hydrt}iy~sed w;Lg a m e a s u r e  for the  a m o u n t  o f  enz~'rne p resen t .  
All d e t e r m i n a t i o n s  were  p e r f o r m e d  in 12 ml cen t r i fuge  t u b es  t h a t  were  shaken  in a 
w a t e r  b a t h  o f  3o °. 

Acid phosphatase: React icm m i x t u r e  :~f o .o  5 M /q-GP in o . r  M a c e t a t e  (pH 3-5), 
0. 3 m l ;  o.x M a c e t a t e  ( p H  3.5), x.5 ml ;  y e a s t  p repar t t t ion ,  *~.5 rnl. I n c u b a t i o n  for 
30 n J n ;  r, c t ion  s t o p p e d  b y  adding 2.5 n-! xo°:g t r i¢ ldoroace t i c  acid.  A f t e r  cen t r i -  
fuging,  Pt  was  d e t e r m i n e d  accord i : lg  to  SU.',iNER s in an a l iquo t  o f  t h e  , u l ~ r n a . t a n t .  
T h e  va lue  o b t a i n e d  wag c o r r e c t e d  b y  .~ubtract ing the  Pt f o u n d  in b l an k  dete,-rnina- 
t ions,  l ack ing  e i t h e r  s u b s t r a t e  :~r y e a s t  p r e p a r a t i o n .  

a-Glycerophospha:a.se: R~ac t ion  m i x t u r e  of  o.2 bI a - G P  in M/35 ve rona ! - - ace t a t e  
buf fe r  ( p H  6.5),  x.o n i l ;  0 . , 5  M MgSG~ in the  same  buffer ,  0.4 ml ;  a m i x t u r e  o f  o.x °,,~ 
T r i t o n  X - z o o  and  o .o t  M E D T A  in t he  s am e  buffer ,  o . I m i ;  ;,,east p r e p a r a t i o n ,  
0.5 nil: .  A f t e r  incuba t i r ,  g fo r  20 ra in  t he  reac t ion  wag s t o p p e d  b y  a d d i n g  2 ml x o %  
t r i c h l o r o a c e t i c  acid.  Pt  was  d e t e r m i n e d  in the  superna ta ,u t  a f t e r  centri_'fugin$, a n d  
c o r r e c t e d  fo r  b l a n k  va lue s  a_g a b e v e .  

Alkaline phosphatase: Three di f fe ren t  subst~'ates were  u.-~xt : f l - g iyce rophospha te ,  
p - n i t r o p h e n y l  p h o s p h a t e  a n d  p h e n y l  phosph a t e .  

W i t h  ~fikglyeerophosphate t he  r eac t ion  m i x t u r e  was  as  fol lows,  o.08 M ~ G P  in 
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o . t  M g l y c i n e - N a O H  ( p H  9.z) ,  0.5 mL: g l y c i n e - N a O H  ( p H  9.a) ,  x . o m l ;  y e a s t  t)re- 
p a r a t i o n ,  o.5 ml.  Af t e r  i n c u b a t i n g  for  zo  ra in  t h e  r e a c t i o n  w a s  s t o p p e d  b y  a d d i n g  
~, ml  xo°,Q t r i ch lo roace t i c  ac id .  PL xv:ts d e t e r m i n e d  i~. t h e  s u p e r n a t a n t  a f t e r  c en t r i -  
fug ing  a n d  c o n ' e c t e d  a.~ m e n t i o n e d  a b o v e .  

W i t h  p - n i t r o p h c n y i  p h o s p h a t e  t h e  r e a c t i o n  m i x t , l r e  c o n t a i n e d  o.x M p N P h e P  
in o.o5 M TrL~-H~SO 4 ( p H  zo.o}, o . t  m l ;  o . o s M  T r i ~ - F I , S O ,  ( p H  to .o) ,  o . 3 m l ;  
y e a s t  p r e p a r a t i o r , ,  o.x mL I n c u b a t i o n  l a s t ed  x S n ) i n ;  t h e n  8 ml  2N N a O H  werc 
a d d e d  to  s t o p  *.he r eac t ion .  A f t e r  c e n t r i f u g i n g ,  free p - n i t r o p h e n o I  was  m e a s u r e d  m 
the  c lea r  ye l low sg ix , . rna tan t  in ~ B e c k m a n  D U  s p e c t r o p h o t o m e t e r  a t  40o m / t  (~ec 
ref.  S), and  c o r r e c t e d  for  b l a n k  va l ue s  a s  m e n t i o n e d  a b o v e ' .  

\Vi th  p h e n y t  ph~xgphate t h e  r e a c t i o n  m i x t u r e  c o n t a i n e d  o. r a  M P h , ' P  in o.025 M 
e t h a t ~ u l a m i n e - v e r o n a l  bu f f e r  ( p H  9-4), o 5 m l ;  o .o25 M c t h a n o l a m i n e - v e r o n a l  
{ p H 9 . 4 ) .  z . ' , m l ;  y e a s t  p r e p a r a t i o n ,  o . 3 m l .  I n c u b a t i o n  d u r i n g  t s m i n ;  r e a c t i o n  
s t o p p e d  by a d d i n g  2 ml  o f  t h e  r e a g e n t  o f  FOLII¢ A.N'D CIOCALTEU ~ in a t h r e e - f o l d  
d i lo t ion .  Af t e r  c e n t r i f u g i n g ,  free p h e n o l  w a s  de te rminec i  a c c o r d i n g  to  KtNG ^~t> 
ARMS'gRO,~G ~° b y  a d d i n g  3 ml  5 %  Na-aCOs to  2 m l  o f  *-he s , ~ p e m a t a n t ,  h e a t i n g  in a 
~ ' a t e r  b a t h  of  6o:  for xo ra in  a n d  rr~eaguring t h e  a b s o r b a n c y  o f  the  b l u e  co lo r  in t h e  
t~eckmat~ D U  s p e c t r o p h o t o m e t e r  h t  760 m~ .  

WLth al} t h r e e  s u b s t r a t e s  t h e  r e l a t i o n s h i p  be tweer ,  tLc r a t e  o f  s u b s t r a t e  h y d r o -  
]vgig Rnd the  . '~mount of  e n z y m e  w a s  not  l i nea r  o v e r  t h e  w h o l e  r a n g e  o f  ~ n z y m e  con-  
c c n t r a t i o n s  tc.gtcd: a t  t he  lowes t  c<)~-,centrations t h e  i n c r e m e n t  o f  a c t i v i t y  p e r  u n i t  
o f  e a z v n , e  i n c r e a s ~ l  g r a d u a l l y ,  un t i l  a t  h i g h e r  c o n c e n t r a t i o n s  a linea~ c e l a t i o n s h i p  
was  r e a c h e d  (see Fig. U.  Thi~ p r o v e d  t~  be  d u e  to  a ct,-fact<,r t.f t he  alkaline: p h o s -  
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i:ig. i. Rclationshi i) lnJtween enzyme concentration and activity of alkMine phosp lmta~  in 
S.  ca4"st~argen~,s. S u b s t r a t e :  p h e n y !  phosphate. Enzyme prcpe.ration: dL-~integr~tefl intact cei ls  

or protopi0.sts .  A c t i v i t y  d e t e r m i n e d  aa descr ibed  zLbove. 

" T h i s  ~ubs trate  w a s  n o  longer  used  after  w e  d iacovered  t h a t  in i*a presence  vnxieus  amlous, 
0.g. C | - ,  h a v e  an  a n o m a l o u ~  effe¢~ u p o n  t h e  a c t i v a t i o n  o f  a l k a l i n e  p h u G p h ~ t ~ e  b y  Mg '+. 
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pha t a se ,  p resen t  in the  y~a.,,t p repara t lon~,  which becomes  l imi t ing  in high d i lu t ions .  
In  d i a lysed  p r e p a r a t i : m s  this  co-factc)r can  he rep laced  b y  Mg -~+, and  t h e  r e l a t i onsh ip  
i.q t h e n  l inear  o v e r  She v+,h¢)t,-, ra,~ge o f  ,-nzym¢+ c , , , t e n t r a t i o n s  u.~d.  ~-~'hex~ Mg ~" is 
addexi to  und ia ly~ed  prel),,:atio~+~ the  rolati~m~liip a : ~  beconw~ l inear  w i th  low 
e n z y m e  c o n c e n t r a t i o n - ,  b u t  a t  h igher  con,.,:nrrati(~n> Mtz ~- ha.s an i n h ib i t o ry  ac t ion .  
U nd ta lv se d  prepar~tioz~s wer(r alway~ t e s t ed  with,,,.,i -*.b~e-I M s "  ", am tht" re la t ion-  
sh ip  b e t w e e n  enz, y m e  c<mcentr .- t ion and  ac t i v i t y  pr~)~e~l te he e x t r e m e l y  repro-  
due ib le ,  a n d  the  mea.~ured act~x.~tic.~ ,,ew" tra~l-+tted mt~> (a rb i t r a r i ly  ch<~r+etx) unit.~ 
o f  ~tlRaline lnt~()-;ph:~ln~+ • wi th  the  aid ~)f a carefulb.- :'~taldi.~hed colibrnti~,n ~ s:r..-t:, a:, 
~howo i~: Fig. z. 

Chemicals an,l ~,ther materiat.~ 

All cherqica ls  tLSC(I ~ver(" -)f a n a l y t i c a l  rcag~'~;t grade,  l ) i sod ium a-glycerol)h,>s- 
p h a t e  was o b t a i n e d  f rom Lit~ht attd £7,. 0+~rt'at Br i t a in t ;  d i sod ium f l -g lycer t -phuspha ie  
(max .  c o n t e n t  o f , t - i s o m e r  0. I"/o) f , um Ea~t tnan  K¢,zl;tk Co., New Y o r k ;  p h en y l  ¢l~- 
s o d i u m  u r t h o p h o s p h a t e  f rom Merci:. l)armst:,ctt; p - n i t r o p h e n y t  dis~×lium o r tho -  
p h o s p h a t e  f r o m  Br i t i sh  l)r+ae Ftou..~s, Lond;>~; t h i am in e  pyr()l)h~,sphate f r o m  
H o f f m a n n - l . a  Roche ,  Bas le ;  ma t t  e x t r a c t  an d  yeas t  e x t r a c t  f rom Dif¢o Lab . ,  Detr()i t  ; 
p e p t o n e  f rom O x o  l . td . ,  ( ,~reat  Br i t a in ) ;  R.allotint b ead s  f rom Engl ish  {;la~s Ct,.. 
Le ices te r .  

]-:xv!.:rJ.~lv:xas ,~xt~ r~zsct z~ 
Acid phosphalasc: 

I t  is v e r y  l ike ly  t ha t  tht~ n(~n-specific acid phosph~>mo.aoester~.~e wi th  o p t i m u m  
a c t i v i t y  b e t w e e n  p H  3 a n d  4 will be loca ted  in the  cell wall. as in tac t  yeas t  cells possess 
th is  a c t i v i t y  n-t'~, a n d  all t he  radioacti~'<: phosp)-,at," l i be ra ted  f rom [32P[ATP by 
i n t a c t  cells is recovered in the m e d i u m  ~8. 

A corn[  a r i son  o f  the  acitI ph()sl)hatase a c t i v i t y  t>f fresh b a k e r ' s  y ea s t  and  frn<of 
a n d  t l ;~wed y e a s t  showed  t h a t  l~>th preparat i0t~s  h v d r o l y s e  ~ - G P  a t  the same  race 
(34.c ~ g  P , / z o  m g  y e a s t / 3 o  rain v~sus  33.2 ,ug). T h e r e f o r e  in i n t ac t  cells t h e  s u b s t r a t e  
h a s  access  to  all t h e  enzborne. This  o b s e r v a t i o n  is in f a v o u r  o f  the  co ; lcep t ion  ()f a-" 
exc lu s ive  loca t ion  (,f tht~ e n z y m e  in the  cell wall ,  as p b o g p h a t e  es te r s  can  o n ly  pene-  
t r a t e  i n to  : he  in t e r io r  -~f a yeas t  cell a f t e r  it ha_s been  frozen anti  t hawed .  

Th is  c o n c e p t i o n  m i g h t  be  con f i rmed  b y  transfi>rrning y e a s t  cells int¢) pr.tc,plzL~ts 
a c c o r d i n g  t o  EDDY A~I) WILLIA31SON1: as the  cell waU dissolves  t h e  enzymae will 
pass  i n to  so lu t ion .  

H o w e v e r ,  n e i t h e r  ou r  c o m m e r c i a l l y  ava i l ab le  bake r ' s  yea_st, no." a ZT-n c u l t u r e  
o f  t h e  .¢~'ne, b o t h  I tch  in th is  ac id  p h o s p h a t a s e ,  p r o v e d  to  be suscep t ib le  to  the  
t r e a t m e n t  w i th  snail  e n z y m e .  The  i n t a c t  cells o f  a ~7-h c u l t u r e  of  S. carlsbergensis 
(No.  74), wh ic h  can  eas i ly  be convertc~.! in+.:: protopla- , ts ,  d o  n o t  y e t  show a n y  acid 
p h o s p h a t a s e  a c t i v i t y .  T h e  e n z y m e  is p resen t  in a 4o-h  cu l t u r e  o f  th is  yeas t ,  b u t  
t h e n  t h e  cell wal l s  c a n n o t  be  d isso lved  w i t h o u t  :dte,+'ting the  i n t e g r i t y  of  the  p ro lo -  
plp.sts. :k 17-h c u l t u r e  o f  a h y b r i d  o f  severa l  species  of  Sacckaromyces (No. 303-3 
f r o m  t h e  Car l sbe rg  , ' t)llection), f r om which  the  wall  c~an be " p e e l e d  off" ,  does  po~,:ess 
ac id  p h o s p h a t a s e  a c t i v i t y ,  bu t  is less su i t ab le  because  a p H - a c t i v i t y  c u r v e  o f  t h e  

1 3 ~ D n .  ~tiopk}.s. At~a, 67 I ' t~3) 453-469 
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in tact  cells show.~ a second opt imum,  close to the first, a t  pH 4.7. So we had  tc con- 
fine our experiments  to mechanical ly  d ~ i n t e g r a t e d  commercial  baker 's  yeast.  

When a suspension of  baker 's  yeas t  was shaken in the NOSSA;. apparatus ,  even 
for short  periods of  t ime (xo-4o sec), in which m a n y  cells still remain intact ,  a con- 
siderable part  ,~f the enzyme was no longer sedimentable upon oent~ ifuging for z h 
at  zoo ooo × g. Thus,  even if all the  acid phosphatase  were oriignzlly located io the cell 
wall, the greater  part  would seem to be so loosely bound tha t  it is easily dislocated 
when the cell breaks up. 

I t  wa.~ possible to demonst ra te  t ha t  the enzyme is indeed presenx in the cell 
wall by  preparing a fairly pure cell wall fraction from the desintegrated yeast .  To 
carry out an adequate  fract ionat ion we had  to s ta r t  wi th  a yeast  preparat ion con- 
sisting most ly  of large cells. The smaller cells ~-,ere removed from a sample of fresh 
baker 's  yeast  by suspending the  yeast  in 20% glycerol and centr ifuging for 3 rain 
at  600 × g. The sediment,  mainly  comprising the larger cells, was t reated twice 
more in the same manner .  I t  was then  desintegrated in the NuSSAL apparatus ,  The 
material  sedimenting from the desintegrate  af ter  xo mi~ at  zooo × g was suspended 
in zo~.~, glycerol and a fraction main ly  composed nf large cell wall f ragments  col- 
lected by a l ternate  centrifuging a t  z5o × g (5 rain) and 600 × g ~3 rain), seven 
tiv,.cs in all. Final ly  the  glycerol was removed by wasl, ing the cell walls several 
t imes with water,  the number  of fr~.~..grnent~ and in tac t  cells in the fraction were 
ccunted and its arid phosphatase ac t iv i ty  determined.  The resa|lts <~htained with 
varying limes of desintegration are shox~n in Table I. 

TABLE I 

A C I D  PIIO.C;PH. '~TASE A{~I~IVITY O F  C E L L  "d~'ALL-'~ I~ZOLA'I 'ED 
I~'ROM BAKER'S  YEP.~Y 

P r e l , a r u t i ~ , n  o f  c , : l l  w a l l  f r a c t i o r t s  d e s c r i b e d  i n  t e x t ;  a c t i v i t y  d e t e r m i n e d  w i t h  f f - ( ~ P  (wee t~. 4 5 5 ) -  

r:t! u, ati~ 

¢, E . z  • l o  ° - -  4 ~  7 4 o f ~ '  

z o  z.  3 • 1 o  ~' z . 7  " z ° J  x 7 - 9  t ° - 5  
3 <> ~5. I • I o  ~ 4 . I  - 1 o "  4 6 , 3  t I . ~  
• I t> 6"~J"  l ° ~ '  Z - 3  " I O I  2 1 - 7  9 - ~  

As can be seen, all cell wall fractions possess acid phosphatase  act ivi ty .  The 
contr ibut ion to this ac t iv i ty  from in tac t  cells still present can be c a l c u i a t d  and is 
at  most  o.2/~g Pt. Assuming tha t  the  size of the f ragments  corresponds to a more 
or tess "comple te"  cell wall, the figures show tha~ at¥,ut 25°/o of the tota l  enzyme 
act ivi ty  remains bound in the cell wall upon desintegl ation of the y ~east cell. 

Addit ional  evidence tha t  not only a part ,  bu t  all the acid phosphatase act~.vity 
is present in the walt of  the in tac t  yeast  cell was obta ined  in an entirely different 
manner ,  by  determining the "appa ren t  free space" of baker 's  yeast  for two sub- 
s t r a t ~  of  the enzyme,  f l-glycerophosphate and  th iamine  pyrophosphate ,  according 
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to  CoNwa~" A.~i) DOW,XE~"S m e t h o d  t ' .  T h e  " a p p a r e n t  free s p a c e "  R is ti~at ;*.art o f  
the  vo lu ine  o f  t h e  y e a s t  ceLl i n to  which  a sub=t~mce can  r ead i l y  p e n e t r a t e .  

W e  d e t e r m i n e d  R for  v a r i o u s  pI-{ va l ue s  ~tt 27 ' ,  t~.,ing w a s h e d  a n d  c e n t r i f u g e d  
b a k e r ' s  yea.st. Vv'hen T P P  wa~s the  s u b s t r a t e  u n d e r  inves t iga t io t ;  I o  s M .x~dium 
m o l y b d a t e  w a s  a l ~  added  to  inh ib i t  the  plto.~I:hat,,:~e t~,tn. W i t h  ~3-GP .~ome o f  t h e  
a d d e d  s u b s t r a t e  w a s  d e c o m p o s e t l  b v  phosphata_se ac t ion  d u r i n g  i n c u h a t i o n ,  bt~t as 
t he  r e ac t i on  p r o d t t c t s  we t ,  i nc luded  in our  t l e t t ' ro f ina t ion  o f  f l -GP  the  e r r o r  t h u s  
intr~'~duced p r o v e d  to  be  v e r y  smal l .  -| he result.~ are ¢iv~.n in Fig.  2. 

02 

o 

I ._ . 

2 3 ~ 5 6 7 8 9 
pH 

Fig. 2. !¢el&tiort~hipbetw~en p | l  and R valu-" in fr,-~h bal:~r's yea_st_ H ,  fl-GP. 5 g b.~.ker's 
yeast, washed and c¢ntrifuged, mixed ~-ith 5 ml o.2 :,I fl-Gl', itJcubated t5 rain; fl-GP determined 
L ~. dry  wei~ht ~-fore and after ;nixing with .he yeast. :_'~-~_~. TPP.  5 g baker'~ yeast mixed 
*¢tth 5 ml o.oo47 ,,1 TPP, containing zo-* M sodium m~dyt~dute, ir:cubated 5 mira: TPP  determaned 

manometrically befi~r..- a:~ .I at't~.r mixing t~. 

A t  a p H  o f  a b o u t  4 the  v a l u e  o f  R is 0.zq fi,r b o t h  s u b s t r a t e s .  T h i s  m e m s  t h a t  
t h e y  c a n  r a p i d l y  o c c u p y  a t  mo.~t a b o u t  rg'?/o o f  t im to t a l  ceil vo lume .  A c c o r d i n g  to  
C O N W A Y  AN D D O W N E Y  17 dt ntmxLmr o f  substano~-q r ead i l y  e n t e r  a Sl~tCe corre_¢ponding 
to  Xo--zo~,o o f  t h e  ceil v o l u m e  b u t  do xtot or  on ly  v e r y  s lowly  p e n e t r a t e  f u r t h e r  i n to  
t a r  ceil. T h e y  h a v e  ca l led  th is  s p a c e  the  "r, u t e r  r e g i o n "  o f  t he  yea_st cell, a n d  ad-  
v a n c e d  r e a s o n s  for  the  v i ew  t h a t  t h i s  reg ion  i , ay  "t~e identifieA ~*5th *.he cell wall .  
As  the  s u b s t r a t e s  ~¢-GP a n d  T P P  d o  no t  p e n e t r a t e  a,ay f u r t h e r  in to  t h e  cell, aatd t h e  
ac id  p h o s - p h a t a s e  a c t i v i t y  c a n n o t  be  a u g m e n t e d  b y  f reez ing  a n d  t h a ~ 5 n g  t h e  y e a s t ,  
w e  m a y  c o n c l u d e  t h a t  a l l  ac id  phosphata~se  i ,  loca ted  e x c l u s i v e l y  in the  ceLl wal l .  

¢x-Glycevol, hosphatase 

a - G l y e e r o p h o s p h a t a s e  is a h igh ly  specific p h o s p h o m o n o e s t e r a s e  w i th  a s h a r p  
o p t i m u m  o f  a c t i v i t y  a t  p H  6. 5 (see re£  20). I t  is p r e ~ n t  in a h igh  c o n c e a t c a t i o n  in 
S.  c a w / s b ~ e n s / s  (No.  74) as  c o m p a r e d  to  t h e  n0n-spec i f ic  p h o s p h a t a s e s  t h a t  a r e  a lso  
r a p a b l e  o f  d e c o m p o s i , , g  t ~ - g l y c e r o p h o s p h a t e  (bu t  w i t h  d i f fe ren t  p H  o p t i m u r n J .  T h e  
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rate of  l ihecation of  P, from this  substrate by  this  yeast  at pH 0. 5 can them'efore l>e 
le.earded as an exclus;.ve measure o f  a-glycerophosphatase act ivity .  

The o-glyceroph~rsphatae, e act iv i ty  of intact  ceils is less th a n  xo/,, o f  that  o f  the 
same amount  of yeast  after freezing and t h a ~ s n g  (Table II). Neither can intact  
p,'ctoplast.~ decompose  o-g lycerophosphate ,  in contrast  to  frozen and thawed pro- 

T A B L E  11 

¢~..,C.L'~CEROPI~C~I"IIATA~IE A C T I V I T Y  O F  i N T A C T  ClCLL.~; A N D  F R O Z E N  
A,~D rT~Awv.t).s" C a ~ l . ~ b e r g e n s i $  

t 7 - h  x'ea-~t ~:ult, re, s u s p e n d c J  in  M ! 3 5  v c r o t ~ a t - a c e t a , e  ( p l ]  0 .5) ,  f roz , .n  a n d  t h a w e d  4 time.~. 
A v t l v i t y  d e t e r m i n a t i o n s  d e s c r i b e d  o n  p. 455-  V a l u e s  xefer  t o  zo  m g  yea.~t {d ry  w t . ) .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P~ hhttal td Ntut¢ ~¢ )¢,.~f cells ¢~g/j,u mi~J 

l t x t a c t  (~ 

topht.~ts ('Fable III). Thus,  removal  of  the  cell wall d o ~  not  make the  cell accessible 
to the  suostrate:  it cannot  pass the protoplast  membrane.  Ev id en t ly  the  en zy me  
mu._t be located i l s ide  the protopla.~t membrane.  

~'o i'utt|tcr l,,~alize the cnz3.,,,e, protnplasts  of .~. carlsbergensis weie  desinte-  
grzttec;, ".,ith~.r hypotonical ly  or isotonicaLly, in media var~Sng in composi t ion  and 
pH, and the distr ibution of  u-g lycerophosphatase  ascertained between supernatant  
and sediment after centrifuging at xoo ooo  × g for 45 rain. The results o f  these  ex-  
perime,t.~ are assembled in Table  IV. 

T A B L E  ] ! I 

¢ ~ ' ~ ; L % ' t ~ I ' * I C ( I P H t 3 S P H / k T A , q E  A I " r l V I T V  (;F I N T A C T  AND FROZE.~ I  AND T I I A ~ ' I ' ~ D  I'ROTOPLAST5 

OF S. carlsberg~n~i~ 
R e a c t i o n  m i x t u r e :  o . i  M a - G P  in  M t 3 5  v e r u n a l  a c e t a t e  IDH 6.5) ,  x t n l :  0 . 0 7  M .M8.%O 4 in  s a m e  
buf f er ,  a l s o  c o n ? a i n t n g  o o03.5 M E D ' r A ,  0 .3  m l ;  o .45  M m a n n i t o l ,  o. 7 rn l :  ~,.~si~,nsion o f  p r o t o -  

p la~t~  it~ o . o l  .~.1 a ~ : e t a t e  (pl-I e re ) ,  a l~3  c o n t a i n i n  8 o~55 M m a n n l t o l ,  o. 5 m l .  
. . . . . . . . . . . . . . . . . . . . .  

Pc h ~t ra/*4 
~la~ ~t ptotoplasl~ (~'¢15 w~intto I 

pro~upl,+sts) 

InLaet o 

F r o z e n  a n d  t h a ~ , e d  i i 7 

The figures show that  at pH (i ar_d 7 practi"cally all the  en zy me  is recovered in 
the supernatant ,  irrespective of  the  mode  o f  de ,  integrati0n or compusi t ion  of  the 
meditma. The small  amount  of  e n z y m e  found in the  sediments  m a y  largely be attri- 
buted t:: the  supernatant  ~-ith which t h e y  were still saturated,  as the  sediments  
were not  washed prior to  the  determinat ion o f  e n z y m e  act iv i ty .  Only  at pH 5 
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T A B L E  I V  

I ) I ~ , r R I R L I [ O = ~  O F  .II-f; ,I+'YcFRI)I*HO.~,PIqlAT.4.h,I." kJI-."I'+.~/EEN ZOO O,LI¢,.I ~ I~ ~ l ' ; t J l ~ t t ~ N T  

A N D  R L ' P l ; R P - A T A N T ~  O B T A [ . ' q I - _ | )  I-'!{OM DI-'+51+~ITE(;R,~'fI-~[) P R O T O P L A . ~ ' f s  O l  -+ .~" c (4}*[$~¢ tg6" t l++.g  

D u f f e r s :  o . o t  M a < : ~ t a t e  ( p l l  5+o ~tntI <Lo.~; 0 . 0 2 . 5  M m a h - a t ~ "  ( p l l  7+o1. l~>trJni<~ m ~ l i a  a lw~xy: /  c o t t -  
t a i n c ~ t  ~o° ,b  n m a t m i t o l .  C ~ n c < y n t r ~ t i , m ,  , , f  n d < t i t i o n . ~  ,Mg =" ~ ) o 0 o . 3  0 . 0 0 8  M ;  C a  ~ '  o + o 0 3  M ;  P S D ' F A  
0 . 0 0 0 3  M .  C c n t r i f u g e , l  fox" 4 5  r a i n  a t  ,<~o ,~bo × g .  A c t i v i t , . -  < l c t v r m i n a t i < , n s  d e s c r i b e d  o n  p .  4 5 5 -  

- b e t w r , , n  f i g u r e s :  m o r ~ ,  tha=~ z e x p e r i m c n t . ,  ; I H , t w e c n  f igtar~m: +" e x p e r i m e n t s .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  

. 4¢ | l©~tv .  prF ¢c ,~  ~] logag ~r~int¢.TF,~te 
T a n b  I t v  at~,d ,4dd~#a,,.n~ ..  

p.l;t a,f *,'tc'd+',m In, ~n='drum Ncdone. . . t t  
.~ ed ;  ~ / t ,  ~ '4. ; i t .  ¢ Fn+~lal~l . .% tl~¢JeJ hJl.C~.;'J [ 

H y t ~ t o n i c  .5+o .Mg* ' t - ' - - t  ' i t 7 ° . 1 3 - ~ . ,  
M g  ~" i C a  a"  ~ t - - ' ;  1 7 - o 4  7 ;  7 ~ 
3 t g  2°  -{- E I ) ' 7 . .~  ~ 7 3 5  7-" 

I ~ , t o n i c  5 0  3 I g  z '  t O  3~1 z,)  4G ~ 3 - - 7  o 
M g  z" I L'a'-+ ¢.1 7~ 8 0  

; . Iga  - $ .~ 9 9 z 
Mg ' - ' "  ~ C a ~ '  3 : t '~3 . 9 1  8+> .<)2 
M g  ~" • E I ) [ ' A  l ~)6 t o o  

I .'-~o t o n i c  t , , o  --  3 <~5 q 8  
M g  = ; E D T A  t) o=  ~r~) 

H . ' ¢ p o t t ,  n i c  7 . o  ~ ;~8 q ;  
M g :  4 ~13 9 7  

I ~ o t o n i c  7+o M g  a" ~' ().~, q 3  

appreciable but  varying amounts  of  enzyme are found in tile sedimeht. Also at  this 
pH  the  recovery of  total  ac t iv i ty  is pox)r, but a-glyeerophosphatase is known to be 
fairly labile at  pH 5. 

I f  the dis t r ibut ion found at pH 6 and 7 would reflect the true si tuat ton,  the 
different di,~trlbuti0n found at  pH 5 might be caused by iso-electric precipitation 
of  the enzyme and/or  adsorption of ,,~)luble en.',yme t, nto sxedimentable particles. 
Fur the r  exper iments  showed tha t  this is indeed the caxe. When a suspension t)f 
desintegrated protoplasts  prepared at  pH 6.o is brought  to pH 5.0 the sedimentable 
a-gi3 : , " rophospha ta~  i n c r e a ~  and at ta ins  the same values as when d~ in te~-a t ion  
takes place at pH 5 o  (20-.400/. of total  act ivi ty) .  Also. when a superna tan t  obtained 
by  desintegrat ing protoplasts  and centrifi]King at  pH 7.0 is adjusted to pH 5+o, 
some protein precipitates, carrying a-glycerophosphatase act ivi ty ,  which can be 
separated from the superna tan t  by a second centrifugation.  So tx)th cau,~s men- 
t ioned a b . v e  can cont r ibute  to the part ial  .~edimentation of  the enzyme obserwrd 
at pH  5+o. which is therefore an art ifact .  

Thus we m a y  conclude tha t  all the  a-glyceruphosphata,-;e is locatod in the 
soluble fraction (. : the yeast  cell, 

Alkaline phosphatase 

S. car!sberge~six (No. 74) contains at least one non-specific phosphomonu- 
esterase with op t imum ac t iv i ty  in the alkaline region at  pH 9 to xo. judged from 
the pH-ac t iv i ty  curves e<~al)l~hed with various substrates  and u.sing either frozen 
and thawed  yeast  or typed yeast  protopla~ts (Fig. 3). 

B h , ~ h l m  R = o p h y s .  .4 e t a ,  6 7  [ tq¢-:3)  4 5 3  " 4 ( ~  
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Fig.  3. D e p e n d e n c e  u p o n  p H  o f  t h e  ~ ¢ t i v i t y  of  a l k a l i n e  p h o s p h a t ~ q e  in  S.  ca r l ~b t rgens i s .  A. s u b -  
s t r a f e  ~ - G | ' ,  f rozen,  t h a w e d  a n d  w a s h e d  y e a s t ;  B, s u b e t r a t e  p N P h e ]  >. f rozen  and t h a w e d  y e a s t ;  
C. ~ubs t ra t ( :  l ' h c l  >. h y p o t o n i c a l l y  d e s i n t e g r a t e d  p r o t o p l a n t s .  A c t i v i t y  determined ~m d e s c r i b e d  on 
P-4 .  T h e  a c t i v i t i e s  t o w a r d s  t h e  d i l f e r c n t  s u b s t r a t e s  a r e  n o t  c o m p a r a b l e  an d i f f t r ren t  g r n o u n t s  

o f  y e a s t  were  usecL 

It is not likely tha t  ttlere will be more than  one alkaline phosphatase,  as wi th  
each of three different substrates  (fl-glycerophosphate, ~-ni trophenyl  phosphate  and  
phenyt  phosphate) op t imum ac t iv i ty  is reached at  the same subst ra te  concent ra t ion  
(appr~)x. o~o 3 M), and an identical non-linear relationship is observed between 
enzyme concentrat ion and ac t iv i ty  {Fig. z). Also. with two substrates  (pNPheP and 
Phet ')  low concentrat ions of  cyanide and E D T A  inhibit  the enzyme markedly ,  
wi:;.le in,,r~ar~i,: ph,,gphate has n~J effe~:t (hut see ref. 2x). 

Th~ alkaline phosphata.~e is located entirely within the protoplast  membrane ,  
as nei ther  intact  ,cease cells nor intact  protoplast-~ exhibit  any  ac t iv i ty  towards  
phenyl ph<z~phate at :alkaline pH. it, contrast  *.o fro-e~, 8-,cl th~..,w~d ce~s or proto- 
plasts (Table V). Moreover, frozen and thawed cells t reated with the snail enz','me 

T A B L E  V 

D / - : P E N I ) E N I S E  O F  ALIKALI lqP .  P H O S P H A T A H E  A C " F I V I T Y  U P O N  T H E  S T A T F .  

O F  Y E A S T  C E L L S  A N D  P R O T O P L A S ~  

Y e a s t  cc | l s  (z7-h  c u t t u r c  o f  5i .¢arLsbz ,ge~s is l  s u s p e n d e d  in o.o2 5 M m a l e a t e  ( p l !  7 .o) ;  p a r t  o f  sus-  
p e n s i o ,  f r o z e ,  a n d  t h a w e d  s e v e r a l  t i m e s .  P r o t o p l a s t s  s u s p e n d e d  i n  n a m e  buf fe r ,  b u t  c o n t a i n i n g  
lo°,.o m a r m i t o l ;  p a r t  of  s u s p e n s i o n  f rozen  a n d  t h a w e d  once .  A c t i v i t y  d e t e r m i n e d  w i t h  p h e n y l  

p h o s p h a t e  as  a s u b s t r a t e  (,~,e p. 4561. 

Pk,~,ol lib~ated 
call ~.r,~pata.liaa .4 a,.~.K~" ( ~1~o ~ ) 

I n t a c t  celia 2 I m g  d r y  wt .  o 
F r o z e n  a n d  t h a w e d  ceils  2 . t  m g  dary wt .  ]4 .2  
I n t a c t  p r o t o p l a a t a  5 , 5 '  t o '  o 
F r o t e n  a n d  t h a w e d  p r o t o p l a s t a  5-5" t o '  4o.o 

B i o t h i m .  B i o p ~ y s .  At ,  I s .  67 I t963)  4 3 3 - 4 6 q  
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prepara t ion  appeaxed to  have the same act iv i ty  a~ hozen and thawed  pro toplas ts  
[6o.8 and b3.31~g phenol  l iberated/go minl xos celb, respectively),  go there  is indeed 
no alkaline phosph:t ta .~ in the cell wall. 

P ro top las t s  of  .5". ¢arlsbo,ge~sis were d~.'integrat~:d ei ther  hypotonica l ly  or iso- 
tonical ly  at  vary ing  pH and the  distritr,~.i-m of "he enzyme a~ccrtaincd between 
supe rna t a n t  and sediment  a f te r  centrifltgir~g for 45 t<) hu rain at zoo ooo ;< g. As 
Table  VI ~hmv.% ¢x)-75%, of the enzyme  i~ ahvay~ f,,und in the ~xtim,_,nt, irrestk~ctive 
of  the manne r  of desinte~:ration'.  

T A I U , E  VI 

D I ~ ' [ ' R I I ~ , U T I O N  O [  t A L ~ A L I N I R  P H O S I * I I A T h K [ - -  I I F . T ~ , V E F ~  l~t .~  O O U  ;K ,~ S ~ ' . D I . ' M E N I "  

A N D  g l . r p F . R S A f h N T ,  9 B T A I . ~ E I ~  F'},bCIM IIF;SINTffGR,~T|f,D PROTI~'P'L~..*-;TS 
O R  C R I . L ' ~  ~)1-" ,%'. ct~vlsberge~,,¢;.~ 

l qu f l 'e r~ :  o . o s  M a c e t a t e  I p H  5 .o  a - d  6 - l ;  t ) .oz5  M m a l c a t e  (t, t t  7.~> a n d  7-51, [.qott)ni¢: u l e 0 i a  
a lwa ,  y s  c o n t a i u d  ~ o %  m a n n i t o l .  I ' r ~ t , w l a s t . ~  d.er, i n t c R r , t t e d  in P o t t e r  E l v e h l e m  t issm. .  ]u~lllt~- 
g e n i z v r ;  c e l l s  d e n i n t e g r a t e d  In  ~ | R F 1 K I - ' ~ N " A ~ ' I - I L h G H R  x p p a r a t u ~ .  ( _ ' c n t r i f u g e d  fo r  4 5 - ¢ ~ o m i n  a t  
I o o  o o o  x g .  A c t i v i t y  d e t e r m i n e d  w i t h  p h c n y l  phosF,  hi~te a~ s u b - ~ t r a t e  (see p. 456 ) .  - b e t w t ,  e n  f i gu re5  : 

luor t ,  tha~ .  z e x l x ' r i t n e n t ~  ; hetv, 'e t ,  n f l gu rc~  2 u x p t : r i m c . t H  

l ' m z R i l  v , z a d  I n ; t ~ a t  
p H  '~f ww,~hr,~ pvr~awat~nm 

H y p ~ t ~ n i c  5.¢~ 
[ a o t o n i c  5 . o  

H y p o t o n i c  o .o  
l ~lotorltic 6 . o  
h m t o n i c  6 ,0  

Hypotonic 7.0 
7 5  

I s o t o n i c  7-5 

i ~ t o n i c  7 .o  
7.3 

.4 CJl~,ilv, per ~ en" ,~f loCal d¢.a~.C¢.Cwalt 

~iedimott ", u/ :  O ~ atCd'ht N . j ~ a n !  

l ' r o t o p l a s t s  7.5 " 75 
l ' ro topla . ,~ ts  7 g l o g z 

Protop! : ' : : t~:  ~'4 73 3 4 : 3 5  98  ; m 8  
t ' r o m p l a ~ s t s  50 7 ° z+~-.lo 9z  11o 
CelL-J i>8 -75 : [ -3z  , '~t- Io7  

t [ ' r~t,~pl:L'cts C~o 7 z 35"-1.~ 9.$ t o 6  

] ' r o t o p l a M s  ~p I 3.1 9.5 

¢_'clI.~ +,¢J 70 ,4.~I ~l.l.',q~¢ 

I t  has not  been l×)ssible ~) far to charac ter ize  tho particles containing alkaline 
phosphatase  by  thei r  s ed i m en t a t o ry  behaviour .  The enzyme a l ready  s tar ts  sediment-  
ing at  forces between zooo and  500o -~ g, ~tncl .~edimentation is not  complete  before 
centr i fuging 45 rain at zoo ooo × g (Table VII).  When a des integrate  of  prot,.>pD_sts 
is cent r i fuged in a disctmtinuous sucrose gradient  (xu ho%),  the ac t iv i ty  is spread 
diffusely over  the length of tlae tube. Expe r imen t s  performed in a medium suitable 
for the prepara t ion  of  riboaomtm u gave the usual sed imenta t ion  pa t te rn .  A prepara-  
tion rich in pro top las t  membranes  aa con ta ined  ha rd ly  any alkaline ph(mphatase. When  
pro toplas t s  were des in tegra ted  in a medium suitable fi)r the isolation of  in tac t  
nuclei ~ (o.oz M ace ta te  (pH 5.0) c o ,  taJning m s M Mg l *  and zo -4 M C a t - ) ,  600/0 

" T h e  poor  recovery  at  p H  5 wil l  p r o b a b l y  be  d u e  ~ ,  in s tab i l i t y  o f  the  so lub le  a l k a l i n e  
phoaphataae  a t  thia pl-i; the  r~asons for thv  poor recovery  up~)n tic.integrating wholv  cel ls  a t  
p H  7.o-7.5 a r e  n o t  c l e a r .  

l~iochim+ l~iophys..4eta. I~ 7 ( I q ~ 3 ) 4 . ~ 3 - 4 6 9  
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T A B L E  V I I  

s t :n l lq t~ .s ' rATIO~ OF ^LI~ALISV: ~;COSPltATA.~t+. OF .~. ca~lsberge}tsis 
* A * i T H  I B ' C ~ E A % I N f i  C E N T i t l F I ~ G A L  F O R C E  

PLOtopla+~ts t-btain~'d f rom 17-h cu l tu re  d e , i n t e g r a t e d  h y p o t o n i c a l i y  in  o+ol M ace ta te  I p H  6+o)+ 
C c n t r i f u g a t i o n  t i m e  4~ i'r'~in l l t  .'~Ach f o r c e  i n d i c a t e d .  A c t t w i t y  d e t e r m i n e c t  w;.*!: ~t~cn~+l p h o s p h a t e  

~ , , t U s t r ~ t e  (see |7. 45C~). 

+4P4~fiL'lly, ~ c r ~ r  o/ 
{_'i'll I l i J t l l c i l  t l~l~ 1 i J l l  i l it¢llli.%¢" 

]t~rc.~ t × I }  

3 o o o  27 6~ 
25 O00 57 42 

of  tl,e enzyme a l ready  sed imented  at  30oo × g. Buc this  did not  mean  tb~.t mos t  
of  the  enzyme  is lock, ted in the  nuclei, as subsequent  exper iments  showed t ha t  Mg ~* 
and (:a2+ ac t iva te  the par t ic le-bound enzyme  when added af te r  p repar ing  the  des- 
in tegrate ,  and reduct ion of  the pH  f rom 6 o  to 5.o increases the a m o u n t  of  enzyme  
scdiment ing (ef. a-glyeerophty~phata~e). Final ly,  it  was no t  possible to  corre la te  the 
sedimenta t ion  pa t t e rn  of  alkaline phospha tase  wi th  tha t  of the  exclusively  mitn- 
ch. .dr i~, l  e . z y m e  succ[nic dehydrogenase ,  as our  cu l tu re  of  S. carlsbergensis did not  
yet  contain measurable  amoun t s  of the  la t te r  enzyme  af ter  z7 h, a l though  it d id  
appear  in . l d e r  cul tures  (see also ref. 24)- 

.A number  of exper iments  were per fo rmed  to  a ~ e r t a i n  whe the r  the ~edimentable 
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Fig+ 4÷ I n f l u e n c e  o f  d i a l y s i s  u p o n  p a r t i c l e - b o u n d  a n d  s o l u b l e  a l k a l i n e  p h o i p k . ' L t a s e  a f t e r  d e o x y -  
c h o l a t ~  t r e a t m e n t .  Cel l  f r a c t i o n s  o f  S .  6art.~frgcRsi$ c o n t ~ i n i n  8 a l k a l i n e  p h o s p h a t a ~  p r e p a r e d  
a~ d e s c r i b e d  i n  T a b l e  V I I  i .  S u b s t r ~ t e "  P h e P .  A c t i v i t y  ~ l e t e rmincq l  a s  d u s c r i b ~ x |  o n  p .  456 .  ~ O ,  
o . o I  M M g  z* a d d e d  b e f o r e  d e t e r m i n a t i o n ;  H ,  n o  M g  t÷ a d d e d ,  - - ,  s e d i m e n t  eolubtlL~eq! 

tt"~t!~ d e o x y c h o l a t e  ; . . . .  , s u p t ,  r n a t a n t  w i t h  a d d e d  d e o x y c h o l a t e .  

~io~Aim. 13iopltys. Acta, 67 |t ,~3) 453-469 
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and  soluble  a lkal ine  p h ( ~ p h a t a s e  are ident ical  .'l'o this purpose, t he  fol lnwing p roper t i e s  
were c o m p a r e d  of  the  e n z y m e  in the l~ J  ~yoo × g sed imen t  and  the  s u p e c n a t a n t :  
p H - a c t i v i t y  curve ,  h e h a v i o u r  du r ing  dialysis ,  a c t i v i t y  t o w a r d s  different  subs t r a t e s ,  
a nd  t h e r m o s t a b i l i t y  1"- ach ieve  the  fairest  c o m p a r i s o n  possible the  e n z y m e  in the  
s ed imen t  was  solubi l ized w i t h  s o d i u m  deoxvcho la t e .  [t  could  then  no longer  he 
s e d i m e n t e d  by  cen t r i f i ]ga t ion  a t  zoo ooo  × g. The  e n z y m e  t h u s  golubilized a p p e a r e d  
to  be m u c h  m o r e  s t r o n g l y  a c t i v a t e d  by  Mg 2+ t h a n  tha t  in the  s u p e r n a t a n t  (5o--zoo'!/o 
r2eesus 2 o %  increase  in ac t iv i ty ) .  To  eompenmt te  for this  d i f ferenre  the  xoo ooo × g 
s e d i m e n t  o b t a i n e d  f rom the  or iginal  des in teg ra te  o f  p ro top laMs was  re.~uspend~xt 
to the  or iginal  v o l u m e  in s u p e r n a t a n g  i n a c t i v a t e d  by  hea t ing  hcfore  a p p l y i n g  the 
d e o x y c h o l a t e  t r e a t m e n t .  The  s u p e r n a t a n t  was  al.-a) t r ea t ed  wi th  d e o x y c h o l a t e .  

W i t h  b o t h  .~dutions p H - a c t i v i t y  cut-~'es were obtaine~l wi th  ident ica l  shape  
b e t w e e n  p H  8. 5 a n d  to .5 .  a n d  a m a x i m u m  at pH 9-4 0-5. us ing  pheny l  phu .p i t a t e  
as a subs t r a t e .  B o t h  p r e p a r a t i o n s  lost the i r  a c t i v i t y  a t  e x a c t l y  the  .,,ame ra te  d u r i n g  
dia lysis  aga ins t  o.o2 5 M male~ate (pH 7.ol at  5 ° ;tnd could  be r e a c t i v a t e d  to  the  
same  e x t e n t  b y  a d d i n g  o.ox M Mg i" (Fig. 4)- The  ra t io  of  the  ra tes  in which  each 
p r e p a r a t i o n  h y d r o l y s c d  two  different  subs t ra tes ,  P h e P  and  fl-GP, was  the  s a m e  in 
b o t h  cases  (Table  V I I I ) .  

TABI.E VIII  

R E L A T | V E  A C I I V I T | L %  T O q . V A H l ) S  t ' ~ v t )  [ ) | F F E R E N T  SL 'BSTR.%TF; .~ t  O F  P A ) t T I t + L E - B O U N D  

A l q O  S O L U I I L E  A L K A L I N E  P H O S P I E A T A S } :  A F T E R  D P ; o X Y C M O  ~,TE T R E A T M E N T  

Protopla-sts from a IT-h culture of .q. c~d,b¢rgensJs de,integrated hypotoniualiy ill oo25 M 
rnaleate (pH 7.0) anti separated into sediment anti SUlra'nlata'at be centrifuging t h at zqo ~mo y. g. 
.qediment resuspended to original v<dume in supernatant inat:t~'vated by heating 20 rain at 0o ~. 
Both fractions mixed with t~iual volume.q of o.5% strtlium dt, uxychotate in o.o25 M maleate 
(pEt 7÷o1, incubated i 5 rain at 3o ~. cooled, centrifuged I h at too ooo x g. l~qth supernatants 
dia|ym-d 5o It against 0.025 hi malt:ate (pH 7.o); tested after adding Mg a" (o.oi M}. For activity 

d~ te rm ina t ions  see p. 4.3¢*. 

Soluble  e'alvm¢ l 11 l fa l to  
P.~tP k ~ f r M y ~ , t  ~J G P  IJ'edrolt, t t : t  1 : I I  

.q~tlimunt ¢~ 74 o 27 z,7 

.~uLg~rnatttnt o ft> o o4 2.¢~ 

T h e  e x p e r i m e n t s  on t h e r m o s t a h i l i t y  were pe r fo rmed  w i t h  a suspens ion  of  de~- 
i n t e g r a t e d  whole  cells (MERKE.N'RCFILAGER a p p a r a t u s ,  o.ox M ace t a t e  (pH ~.ol) a n d  the  
s e d i m e n t  a n d  s u p e r n a t a n t  o b t a i n e d  the re f r~m b y  cen t r i fug ing  for t h a t  zoo 000 × g, 
w i t h o u t  a p p l y i n g  the  d e o x y c h o l a t e  t r e a t m e n t .  All th ree  p r e p a r a t i o n s  r e t a ined  thei r  
a lka l ine  p h o s p h a t a s e  a c t i v i t y  up  to and  inc lud ing  hea t ing  for  t o  min  at  50°: t h e y  
all lost  a l i t t le  a c t i v i t y  a f t e r  xo m i n  ~-t (m °. T h e r m o - i n a e t i v a t i o n  fol lowed ti,c s ame  
course  in all t h ree  eases  a t  h igher  t e m p e r a t u r e s ,  resul t ing  in a c o m p l e t e  i nac t i va t i on  
a f t e r  zo  r a i n  a t  8o  °. 

F r o m  all these  e x p e r i m e n t s  we m a y  c o n c l u d e  t h a t  S.  carL~bergensis (No. 74) 
contailLg o n l y  one  a lkal ine  phospha ta~e ,  in p a r t  solubie,  in p a r t  b o u n d  to  cell p a r t i c l e .  

The  age  o f  the  y e a s t  cu l tu re  has  a p r o f o u n d  influence u p o n  the  loca t ion  o f  t he  
alkaldne p h o s p h a t a s e .  Th i s  b e c a m e  a p p a r e n t  u p o n  a compar i son  o f  the  d i s t r ibu t ion  

BZoctlim. Biopllys..4¢t~, 67 (t963) 453-469 
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of  the  e n z y m e  bet~-~en xoo ooo  x g , ~ l i m e n t  a n d  s u p e r n a t a n t  o b t a i n e d  f rom des- 
i n t eg ra t e s  o f  xo, 17 and  ~'4-h cu l tu r e s  o f  S. carlsbe~gcn~ds. T h e  e x p e r i m e n t s  were  
p e r f o r m e d  w i t h  b o t h  hy lx ) ton ica l ly  d e s i n t e g r a t e d  p ro top l a s r s  and  cells d i s r u p t e d  
b.v shak ing  wi th  gla_~s beads .  "Fo o b t a i n  p r o t o p l a s t s  f r o m  the  24-h old y e a s t  t he  
cells h a d  to  be i n c u b a t e d  for 3 i n s t ead  o f  x h w i t h  the  snail  e n z y m e  p repa ra t i on .  
A b o u t  ha l f  t he  n u m b e r  o f  ceils are t h e n  c o m p l e t e l y  lysed,  the  o t h e r  h a l f  are. in t h e  
p r o t o p l a s t  s tage,  l ' nese  p r o t o p l a s t s  were w a s h e d  r e p e a t e d l y  w i t h  ice-cold i so tonic  
ma t e a t e  buffer  to  free t h e m  f rom the  c o n t e n t s  of  the  lysed cell.~ before  d i s r u p t i n g  

TABLE IX 

D I S T R | B t I T t t ' ) N  O F  A L K A L | N I ~  PTIORPIrlKTA~IE OV£1~ l O o  O o o  X ,~ S E D I M E N T  
A N t )  S U P E R N A T A t ~ T  AT VARIO1JS  AGF.S OIP" X C t I L T U R E  O F  .-%'. Car~$~evRt~L~13 

Pr0toplasts and celts d,,_.~ategr~tted in (~.o~ 5 M rr, aleate (pH 7.o) ; centrifuged for z h at loo ooo x g. 
Protoplasts d¢.~integ~rat~d in Pottcr-Elvehjem ti,,suc homogenizer, ce l ls  in ~ERKENSCRLAGER 
~tpparatus. Enzyme acttx-ity determined with phenyl phosphate a.s a .qubstrate (see p. 456). 

- helween figures: more than 2 expe_riments. ; between fiffure~: 2 eXl>cr/rnents. 

AaitJtl~, ~ ¢.,tta o/ 
A l e  oi  cuSw¢ Itldi*d ~ d4r~d~ri~rat~ 

[ o Protop]asts 65 32 
i 7" Protoplasts 60 -Tt 3~-43 

Cells bo 7 ° t 4 -zt 
"4 1-~otopla~ta t 5 8~ 

Cells to ; 23 84 ; 67 

" Taken from Tabl~ VI. 

t h e m  h y p o t o n i c a l l y .  F r o m  the  resul ts ,  a m e m b l e d  in Tab le  I X ,  it (:an be seen t h a t  
the  d i s t r i bu t ion  of  a lkal ine  p h o s p h a t a s e  was  the  s a m e  for  the  t o - a n d  I7 -h  cu l tu r e s  
( two- th i rds  in "sediment, o n e - t h i r d  in s u p e r n a t a n t ) ,  b u t  t h a t  a t  24 h the re  wag a 
c o m p l e t e  c h a n g e :  7o-85°{~ of  the  enz~-me was  now found  in t he  s u p e r n a t a n t  a n d  
the  r e m a i n d e r  in the  xo<J ooo × g sed imen t .  

DISCUSSION 

The  e x p e r i m e n t s  ret~)rted ab{~ve ind ica te  t h a t  the  ac id  p h o s p h a t a . ~  wi th  o p t i m u m  
ac t i , - i ty  be tween  p t l  3 a n d  4 is en t i r e ly  loca ted  in t he  wal l  o f  t h e  y e a s t  cell. SUOm^- 
LAINEN el al. 16 r eached  a d i f ferent  conclus ion,  n a m e l y  t h a t  3O~/o o f  the  e n z y m e  
would  be loca ted  wi th in  .'_he F 'o to r ) las t  membra tae ,  as the  acid p h o s p h a t a s e  a c t i v i t y  
o f  their  b a k e r ' s  y e a s t  inc reased  3 o %  af te r  f reezing a n d  thawing .  P e r h a p s  n o t  all 
b a k e r ' s  yeas t s  are  al ike in th i s  respect ,  d e p e n d i n g  u p o n  the  s t r a in  a n d  c i r c u m s t a n c e s  
o f  cu l ture .  

I n  our  b a k e r ' s  y e a s t  2 o - 3 0  % o f  t he  e n z y m e  is f i rmly b o u n d  to  tile cell wall ,  
a n d  t h e  r e m a i n d e r  mo ,  e loosely.  P e r h a p s  t he  e n z y m e  is .¢,ituated in two di f ferent  
a reas  o f  t h e  cell wal l ;  cons ider ing  the  fac t  t h a t  t he  cell wal l  l a rge ly  cons is t s  o f  t w o  
p o l y s a c c h a r i d ~  l ayers :  an  o u t e r  g l u c a n  l aye r  a n d  an  inner  m a n n a n  l aye r  ~ .  i ts  
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s t ruc tu re  offers possibiliti~-~ in this respect.  This h3-pothe~L~ might  be tes ted  with a 
yca~t conta in ing  acid[ phusphata.~e and convertible, into nr,>toplasts, by  compar ing  
the  ra tes  of  l iberat ion of  acid phosphata.¢~ and ,li~solution o f  the cell walls. 

There  is a s tr iking parallelism between the delmnttent~e upon the pH  of  tile R- 
value  for phospha te  esters anti the  acid phospiiata_~e ac t iv i ty  (:f our baker ' s  ye~,_st. 
One might  be inclined to think tha t  the  pH-ac t i v i t y  curve  reflects the variat ion 
~-ith pH  of  the abi l i ty  of  the subs t ra te  to reach the enzyme ra ther  t han  tha t  ~)f the 
react ion rate,  were it not  tha t  a similar pH-ac t iv i t y  curve is also obt~tilte(1 with 
dr ied yeas t  ~*. where pene t ra t ion  of subs t ra te  is no longer a problem. 

I f  one were to speculate  up~m the physiological function of  the  acid phosphatiL~e, 
one could, in view of its location in the cell wall, th ink in term~ of  the pr~Ktttction of  
subs t ra tes  able to  en te r  the ,:ell from surrounding ph(ssi~hate esters in the medium. 

T he  a-glyceroph[Jsphatase in S.  carlsbergensi.~ (No. 74) bears a close reser, fl~lance 
to  the e nz yme  descr ibed in baker ' s  yeas t  7.*u. This could be ascer ta ieed  it- a s t udy  of  
i ts propertie~, not  described here, preceding the exper iments  on localiz;ttion. For 
instaJlce we found the same Km of  al)prox, o.ox mole,'l as Tst:r~o] A.~r) l t t toSoX did 
for the  b~,~ker's yeas t  e0z~lite "-~. I t  is ent i re ly  located m the uns t ruc tu red  pro top lasm 
of  the  cell. F rom immunological  expe r imen t s  with drted yeas t  .qEVAG et al. :n con- 
c luded  t ha t  the enzym e  would be l,,cato.d in the cell wall. alth~mgh this was incon- 
s i s tent  wi th  the lack of  ac t iv i ty  of  in tac t  cells itlso observed by  them.  The most  
plausiL'.e exp lana t ion  would seem to De tha t  the o-glyceropt tosphatase  is ltJcated 
inside the  protoplas t  memhxane  but  can leave the cell in a suspension of  dried yeast  
(with its d i s rup ted  membrane~) ,  to react  with an anti-enzy'me in solution. 

I t  is l ikely tha t ,  physiological ly speaking, a -g lycerophosphatase  will be involved 
in the  regulat ion of  the  level (:f a -g lycerophospha te  in the ceU, an imp(~rtant intt'r- 
med ia t e  in the  .~xmthesis of t r iglycerides and ph().spholipids, Under  certain con- 
dit ions larger amoun t s  of  a -GP can aE~o he torrne.d by  reduct ion of  d ihyd roxy -  
ace tone  ph~mphate when this react ion i~ s t imula ted  as an a l te rna t ive  for the regenera-  
t ion of D PN  from D P N H .  It  is imp~.~sib!e to s ta te  whether  such a regulat ion of the 
¢t-GP level is an exclt~sive funct ion o f  this enzyme or to what  ex t en t  non-.~I~-~cific 
phosphata.~es also capable  o f  hydro lys ing  a -GP  par t ic ipate ,  until  we know more  
abou t  the  re la t ive  sites o f  the l a t t e r  cozy,meg and (x-GP in the yeast  cell. 

S .  carl.~bergensis (No. 74) conta ins  only one non-specific alkaline ph(~phatase.  It 
is ac t iva t ed  by  Mg t+. In some respects it resembles the alkaline phosphata.~e of  b o t t o m  
yeas t  s tudied  by  HO~rMAsx-OsT~.xHOV et al. ar (inhibition by  CN-,  pH  of  op t imum 
ac t i v i t y  towards  phenvl  phosphate) .  But  our  enzyme  differs in tha t  it is not  inhibiteC 
by  Pt amJ can be comple te ly  reac t iva ted  hy Mg n- af ter  dialysis. I t  is qui te  possihle 
t ha t  alkal ine phosphata-~es are not  alike in all yeasts ;  sometimes it is not  found at  
all in b o t t o m  yeast ,  more  than  one has been found m baker 's  yeas*, and its cnntent  
in this yea~gt depends  upon the  phospha te  concen t ra t ion  of  the med ium of  cul ture  *'~. 

I t  has not  been possible to  designate one par t icular  kind o f  cell part icles as the 
locat ion o f  the  sedimentable  por t ion of  the alkaline phosphatase.  There  seem to be 
two pos.~ibiLities: e i ther  the enzyrr~ is conta ined in more than  one kind of  part ic le;  
as such nuclei,  mi tochondr ia ,  ribo.~omes and vacuole  walls could come under  con- 
siderat ion,  or, should only  one type  o f  part icle be the  carr ier  o f  the enzyme,  nuclei 
and  vacuole  walls could not  qual i fy  for this role. I f  mi tochondr ia  would be the  sole 
carrier,  the observed  pa t t e r n  of  sed imenta t ion  could be explained if t hey  were to 
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occur  in v a r i o u s  sizes ( y o u n g e r  cells w i th  l igh te r  m i t o c h o n d r i a ) ,  a n d  s o m e  m i t o -  
chorJdr ia  wou ld  be  f r a g m e n t e d  d u r i n g  t h e  dem'n tegxa t ion  o f  y e a s t  cells or  p r o t o p l a s t s .  
In t he  case of  r i b o s o m e s  b e i n g  t h e  .~ole car r ie r ,  one  w o u l d  h a v e  to  a~sume  an  e x -  
t en s ive  a g g r e g a t i o n  o f  t h e s e  part ic le .s  u p o n  d e s i n t e g r a t i o n .  

T h e  c h a n g e  in t he  p a t t e r n  o f  d i s t r i b u t i o n  o f  t he  a lka l i ne  phospha t a . s e  in the  
a g i n g  c u l t u r e  is q u i t e  su rp r i s ing .  I t  w o u l d  a p p e a r  t h a t  the  age  o f  t h e  c u l t u r e  c a n  
n o t  o n l y  d e t e r m i n e  the  a m o u n t  o f  e n z y m e  f o u n d  in the  y e a s t  cell t6, b u t  aLst~ i ts  
lee-alien. V a r i o u s  poss ib i l i t i e s  can  b e  c o n c e i v e d  for  th is  shif t  in l o c a t i o n :  as  the  cell  
g r o w s  older ,  t h e  phosphata~c,e F~tS.c, es f r o m  t h e  p a r t i c l e s  in to  the  c y t o p l a s m ,  or ,  
.~econd, the  a m o u n t  o f  e n z y m e  in t h e  c y t o p l a s m  increases ,  whi le  t h a t  in t h e  pa r t i c l e s  
r e m a i n s  c o n s t a n t ,  o r  inc reases  to  a lesser  degree ,  or,  t h i r d ,  the  e n z y m e  b e c o m e s  
m o r e  loosely  b o u n d  to  t h e  particle-s,  so t h a t  s o m e  p a ~ e s  in to  t h e  so lub le  f r a c t i o n  
u p o n  d e ,  i n t e g r a t i o n .  

B e c a u s e  n e i t h e r  the  e x a c t  l oca t ion  of  t h e  a lka l i ne  p h o s p h a t a s e  nor  i ts  p h y s i o t o -  
g-teal s u b ~ t r a t e  is k n o w n ,  it  is no t  ye t  poss ib le  to  s p e c u l a t e  u p o n  i ts  f u n c t i o n  in t h e  
m e t a b o l i s m  o f  t he  y e a s t  cell. As a n u m b e r  o f  a l k a l i n e  p h o s p h a t a s e s  po~es,~ phos -  
p h o t r a n s f e r a s e  p r o p e r t i e s ,  i t  cx)uld be  t h a t  o u r  e n z y m e  in p a r t  alsf) a c t s  as  a t r a n s -  
fe rase  in r ive.  

A genera l  impre~.~ifm g a i n e d  f r o m  t h e s e  e x p e r i m e n t s  is t h a t  t h e  non-spec i f ic  
p h o s p h a t a ~  e x h i b i t  a c o n s i d e r a b l e  v a r i a b i l i t y  in y e a s t .  Th i s  r e g a r d s  t he i r  p re~ence  
in a cer , - - in  s t ra in ,  a n d ,  i f  p r e s e n t ,  t h e i r  c o n c e n t r a t i o n  a n d  loca t ion  in t h e  cell. T h e  
d e t e r m i n i n g  f ac to r s  seem to  he:  the  t y p e  of  the  y e a s t ,  t he  age  tJf t h e  c u l t u r e ,  a n d  t h e  
c o m p o s i t i o n  o f  t h e  g r o w t h  m e d i u m  (see also ref.  I5}. 

A n o t h e r  gene ra l  conc lus ion  w e  c a n  d r~w is t h a t  f u r t h e r  e x p e r i m e n t s  on t h e  
l~calizat*.'on o f  e n z y m e s  in y e a s t  c a n n o t  be  e x p e c t e d  to  y ie ld  u n e q u i v o c a l  r e su i t s  
un t i l  m o r e  is k n o w n  r e g a r d i n g  t h e  iden t i f i ca t ion  a n d  p r e p a r a t i o n  cff t h e  s t r u c t u r a l  
c o m p o n e n t s  of  the  yea.~t cell. 
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