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The a d d  phosphatase of yeast 
Local izat ion and secretion by protoplast$ 

sc  ~ z o 2 8  

Previou.~ s tudie~ on y e a s t  p h o s p h a t a s e s  i nd i ca t ed  t h a t  the  acid  phospha ta .~e  (EC 
3.I.?L2) w a s  l oca t ed  e x t e r n a l l y  on t h e  s u r f a ce  o f  t h e  y e a s t  a n d  t h a t  the  a lka l i ne  
phosphata .~-¢  (F.(" 3. x.3.I} were  i n t e r n a l  t-'~. ~c'gK)L'IMAI.AIN'EN3 found  t h a t  the  phos -  
p h a t a ~  a c t i v i t y  cou ld  be  i n c r e a s e d  b y  pho.~phate  .~tarvat ion.  In  contr, 'kst to  t he  
y e a s t  p h o s p h a t a s e s ,  the  a lka l ine  p h o s p h a t a s e  o f  E s e h e r i c h i a  c o i l  is i nduc ib l e  a n d  
e x t e r n a l ,  the  acid p h o ~ p h a t a s e  in te rna l .  T h e  d e m o n s t r a t i o n  t h a t  t h e  a lka l i ne  phos -  
phata.~e o f  E .  c o i l  is l i b e r a t e d  in to  t h e  m e d i u m  on c o n v e r s i o n  o f  t he  cells t o  p r o t o .  
p l a s t s  ~ is p r o o f  t h a t  t h e  e n z y m e  is l oca t ed  o u t s i d e  t h e  cell m e m b r a n e .  

P h o s p h a t a s e  w a s  a s s a y e d  w i t h  n i t r o p h e n y l  p h o s p h a t e  a c c o r d i n g  t o  TORRIANI r~. 
Acid  p h o s p h a t a s e  w a s  m e a s u r e d  a t  p H  4.o a n d  a lka l ine  p h o s p h a t a s e  a t  p H  8. 9. A 
uni t  o~" a c t i v i t y  is definc.~! as  t h e  c l e a v a g e  o f  I F m o ] e  o f  n i t r o p h e n y l  p h o s p h a t e  
pe r  lx a t  25:. S a c c h a r o m y c e s  cevev i s i e ,  e L K 2 G I 2  v-as g r o w n  in m i n i m a l  m e d i u m  
w i t h  2'~,;~ g lucose  6. ur p h o : ; p h a t e  warn o m i t t e d  a n d  the  m e d i u m  bu f f e r ed  to  p H  5.8 
~ t h  ci tr ic  acid.  P r o t o p l a s t s  w e r e  p r e p a r e d  w i t h  snai l  e n z y m e  ak~ d e s c r i b e d  p r e v i o u s l y  7. 

(:elL~ gro~-n on 4 " x ° - t  M p h o s p h a t e  h a d  less t h a n  o. 5 un i t  o f  ac id  p h o s p h a t a s e  
per  IO ~ cells. M a x i m u m  phospha ta .~e  de rep re s s ioP  wa~ a t  z . 5 - x o  -~ M p h o s p h a t e  
g iv ing  a level  of  4(J unit:; o f  acid  p h o s p h a t a s e  pe r  to* cells. F o r  t h e  e x p e r i m e n t s  
dcs,-ribe.d t h e  c e l l s  were  g r o w n  o v e r n i g h t  in m i n i m a l  m e d i u m ,  w a s h e d  twice  in p h o s -  
p h a t e - f r e e  m e d i u m ,  a n d  t h e n  g r o w n  4 h in t h e  l a t t e r  m e d i u m  ( a b s o r b e n c y  o.z 5 --~ o ,4) .  
P r o t o p l a s t s  were  p r e p a r e d  f r o m  the>e log-pha~e  cells. C o m p l e t e  f o r m a t i o n  o f  p r o t o -  
p l a s t s  cou ld  not  be  o b t a i n e d  if  the  cells we re  a l l owed  to  r e a c h  s t a t i o n a r y  p h a s e  
( n l a x i m u m  pho.-,phata~e}. 
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Acid phosph,xtase Intact  t ~-3" 1.5 
Pr,~topla~t 0. 3 ~, 
Lysed protoplatst t. 3 o. 4 

Alkaline- phosphata~.e t-'rotoplast o.z o. 
].ysed pre, t t~pla~t 7.4 1.8 

" U.iL.~/zu ~ ,x.]l.~. 

"l',,t,le I .shows the  d i s t r i b u t i o n  c~f p h o s p h a t a s e  a c t i v i t y  in r e p r e s s e d  a n d  de-  
r ep re .~ed  cells. T h e  d e t e r m i n a t i o n  of acid  phosphata_~,  w i t h  i n t a c t  cells or  p ro to -  
ph t s t s  m e a s u r e s  o n l y  t h e  s u r f a c e  ph(~sphat,'Lse. T h i s  ac id  phospha ta .~e  w a s  r e m o v e d  
f r o m  tb.e cells ell p r e p a r a t i o n  o f  p r o t o p l a s t s .  ( ] ' he  sma l l  a m o u n t  on  t h e  su r f a se  of  
t h e  prntnplast .~ can  be a c c o u n t e d  fo r  b y  res idua l  i n t a c t  ceils.) T h e  ac id  p h o s p h a t a s e  
r e h a s e d  on lysis  o f  p r n t o p l a ~ t s  is a m e a s u r e  o f  t h e  i n t e r n a l  ac id  p h o s p h a t a s e .  T h e  
a m o u n t  f o u n d  was  the  s a m e  as  t h e  increa.~e in ac id  ph(xsphata.~:  a c t i v i t y  ( a b o u t  
z.o u n i t / z o  B cells) on b r e a k i n g  the  y e a s t  w i t h  a F r e n c h  p r e ~ u r e  cell. 

A lka l ine  p h o s p h a t a s e  is a lso  a n  i nduc ib l e  e n z y m e  (Tab le  I) .  N o n e  was  f o u n d  
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on the  surfal:e o f  the v,:m-.t at'td ~nlv rlegligibh" am,)ut~ts on tl,e surfilce of  the  pro t~-  
plasts .  I t s  a c t i v i t y  wa~ detex:tcd on ly  a f te r  ly~i.'~ of  the protopla~ts .  

I¢.ecovery of  the  ~cid p h o s p h a t a s e  released in p repa r ing  protopl:t..,t~ ".va~ a c c o m -  
pl ished in a _~l,+,r~,-t,. e,<petSment, The  incub~ti ,)n n ' i : . tu re  c~)nt:l~.ned 6-x,)  'J cell~im]. 
5 " I O - - ) M  merca t ) t (mthanol ,  3 " 1 o  z M  i " I ) ' IA .  3 - I o  zM Mg-%().o o.5 M KCi. o.x _'d 
succ ina te  L-uff,.rr (pH 6.t)) and  3o",,  snail enzyme .  P ro top la s t s  were o b t a i n e d  af te r  
4o rain a t  3(> ~. ceiatrifuged ~ttt(l washo& with  0. 5 :Xl KCI ().I M succ ina te  buffer.  The  
cells had  6. 9 un i t s  o f  acid ph,)si)hata_-~, pet" to  a veil-., th(- p ro top l a s t s  0.8 u n i t / I o  s cells. 
Af t e r  co r rec t ing  for the  pho~,ph:tta.~. ~tctix, it," ()f t],c ~t)atl e n z y m e .  8()°.i, o f  the  original  
ac id  phtx~|)hata~,e a c t i v i t y  o f  the  x'('ast wa~ recovered  m the  .~zpernatant .  

A t t e m p t s  were m a d e  t() p repa re  and  pt:rif3 cell walls to de t e rmine  if the pl,t)~- 
p h a t a s e  were  localiz~'d in the  wall. I~,upturv (,I" t~t~-pbase cells hv  3 pas~age~ f iom 
15 " lO a lbt'in z in a F r e n c h  pressure  c e l l  (Antitlct)l t~Hh>wed by  repea ted  eentr i fugat i t ,n  
a n d  wash ing ,  and  finally: ¢entr i fugat i t ,n  in a sorbi tol  gre.dient /gave a go()tl (:ell-wail 
p r e p a r a t i o n  ( judged  microscopica l ly) .  The p,t.p~ratit,rt did not  con ta in  ~tc;.d plat>~- 
pha ta se .  B r e a k a g e  of  cells wi th  glas-, b e a d ,  in an ( )mn imixe r  (Lourdes)  ,,r a _Mini- 
mil l  (Gifford-M,',~)d Co.] or  son ica t ion  a t  to  kcycle5 also libcre, t cd  acid pht>,phata:t~ 
in a -o lub le  tk)rln. These  experinacnt~ ,1o not  e l imina te  a local izat ion ,,f acid pho.~- 
p h a t a s e  on the  wall ,  h(;wever,  bt~:au.-~ its a t t a c h m e n t  to th,: wall could be qu i te  
labile. 

Yeas t  p r o top l a s t s  are capab le  of  syn thes i z ing  acid pho~pha ta .~ ,  and  in the 
aL~en(:e t)f a (:ell wall  this  newly  fi)rrn(~t p h ( ~ p h a t a , e  i~ f o u n d  ~t~ the  med ium.  1 ' rote  
plastn were p r e p a r e d  fr()lll t:~ll.~ g r o w n  tn ph..~phat~'. Ti tey  were wa.~hed free o f  
ph t , spha t e  iliad i n c u b a t e d  at 3o" in phospha t e - f r ee  m e d i u m  con t a in ing  o.~ M KCI. 
2 '  z(, t M glucose,  a n d  4 " I O  = M sucrt~sc. ] ' he  cell c o u n t  wa~ 4" xo" l ~ r  ml. Fig. z 
shows  the  p r o d u c t i o n  (,f acid p h o s p h a t a ~ -  in the med ium.  In 3 h the re  was  a secret ion 
o f  ab~mt 4 unit~ of  acid pha~pha ta~e  per to ~ vt-IIs. There  was  no  acid phospha ta~e  on 
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Fig.  z. S e c r e t i o n  o f  ac id  phosphata ,~e ant |  in~-er tase b y  %'east p t o t o p l a s t s .  2 -- ~ ,  phosphatase; 
~ 0 .  in - , ' ( - r t~e .  T h e  ur t t ts  ¢tr¢ ;*mok~s/b/mo" ~1]~.  
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the surface of the pDotoplasts. The acid phosphatase  inside the protoplast  increased 
from o,3 to o.8 un i t s / to  ~ cells in 2 h and then the level dropped to o.z units  at  3 h. 
The alkaline pi~ospl,atase inside the protoplast  remained at  3.6 units/xoO cells 
throughout  ~he cour.~e of the incubation and none was found in the medium. The 
fact tha t  no alkaline phosphatase was present in the medium confirms the view *hat 
the secreted acid phosifl~atase wus not released by lysis of the protopla-gts. For 
comparison the invertase synthesized and secreted into the medium is shown (Fig. x). 
As invertasc ~,-, the acid phosphatase  of yeast  is external  to the cell membrane,  and 
in the absence of  cell wall newly synthesized enzyme is secreted into the medium. 

Tids work was supported in par t  by  grants  from the Nation-'.'l Science Foun- 
dation (G 9863) and U.S. l 'ublic Heal th  ~ervice (E 4572). 
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s c x  xo2(~. 
Separation of a Tribolium-prote~Lse inhibitor from soybeans 

on a calcium phosphate column 

The preparat ion of a protein fraction (C]) from soybean meal which inhibits growth  
and  proteolytic ac t iv i ty  in vitro of Tribolil tm tariff, sum larvae and t rypsin  h a ,  b ~ n  
reported by LIPKE et al. t. I t  has also been found tha t  C, inhibits  ra-chymotrypsin ~ and 
possesses a strong amylase act[v[%. ~. The  present s t u d y  compr i s~  an a t t e m p t  to 
.separate the Tribolium inhibitor of C t from the accompanying  t rypsin inhibitor and  
soybean amylase.  

Proteolyt ic  and inhibi to~,  ac t iv i ty  was de te rmined  by" the casein d i g h t [ o n  
method*. Amylase  ac t iv i ty  was determined by the me thod  of NOELTING AND BER,'~- 
FELD 5 using the  modified 3,5-dinitrosalicylic acid reagent.  Larva l  enzyme solutions 
were prepared by  dis,~ecting out  midgutz  of  last- instar larvae. The midguts  were 
then homogenized and centr ifuged as described by  BIrK ^UD APPLEBAU~P I. Larva l  
enzyme solutions were freshly prepared before each test. Trypsin and a-chymotryp~in 
were commercial crystall ine preparat ions obta ined from 'd, 'orthington Biochemical 
Corporation. C t was prepared from ether-ext rac ted  s~ybean .~our (Lincoln var.) 
according to  LIPKR a al. x. 

. . . .  : . . . . .  C] % N) a A t i  ;,tt~ttsVt to ,r,,u,.on~,~,. (x4. 4 on DEAE-eelhtlo.~. column r~ml ted  
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