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S U M M A R Y  

Thermal inactivation of  acetylcholinester~ese (Acetylcholine acetyl-hydrolase, EC. 
3. I. 1.7) from mammalian erythrocyt~ is accompanied by a decreas,~ in the Michaelis 
conslant Kt, while the substrate inhibition constant Kms remains unchanged. The 
time course involves two first-order process~, suggesting (a)the presence of  two 
enzymes, or (b) the formation of  a second less active enzyme from the native enzyme 
both speci~  inactivating independently. The .~econd suggestion wo~Od explain the 
Ko and K,$ data, if  the difference in th ~_ two enzymes resides in the spacing of  the 
anionic ~md ~teratic  sites. A non-specific salt effect was found, salt stabilL~ing the 
enzyme solution. The pH range for optimum thermostability is 6.5-7. 5, and energies 
and entropie~ of  inactivation were determined from temperature coefficients of  the 
rate constants. 

" Pre tmnt  a d d r ~ .  U n i l e v e r  Rotlearch L a b o r a t o r y ,  C o l w o r t h  H o u r ,  S h a r n b r o o k ,  ]3ed~ord, 
(Grc:tt Brttmi T~), 
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INTRL, i,~CTIGN 

A s t u d y  of  the  t h e r m a l  i nzc t i va t i on  o f  the  ~:,azvme a c e t y l c h o l i n ~ t e r a s e  (Acetyl-  
chol ine a c e t y l h y d r o l a s e  3.X.XT). ha_~ linen u , r ! ,_~akcn  ;t~ pa r t  o f  a gen,.r,d iti~ est iga- 
t ion  of  the  t e m p e r a t u r e  d e p e n d e n c e  of  the e a z y m c  c a t a l y s e d  hydroly.~is of  its specilic 
subs t r a t e ,  ace ty lcho l ine .  As in a p rev ious ly  r ep o r t ed  s t u d y  of  A Ch E  '~h ib i t ion  L, 
mamm~tl ian  er_'.-throeytes h a v e  been  e m p l o y e d  a.~ a ~<mrce of  this  enzyme .  T h e  ilt- 
f luence o f  t e m p e r a t u r e ,  pI-I, and  the  presence  of  var ious  ions on the  i n ac t i v a t i o n  
p r o c ~ s  h a v e  been  e x a m i n e d  a n d  a s t u d y  has  alsc~ b~,,,n m a d e  of  the  effect  of  par t ia l  
i n a c t i v a t i o n  on  the  d issocia t ion  c<mstants of  th~ two  complexes ,  which  A C h E  fi~rms 
w i t h  its subs t r a t e .  

EXPERI.MF. NrA L 

M<derials 
Enzyme preparations 

Haemolysate: The  e r y t h r o c y t e s  of  fre.~h ¢itrateO ox b h ~ d  were t,gIle,-ted hy  
cer, t r i f uga t i on ,  a n d  w a s h e d  t h r ee  tim:~s wi th  a o.-,-"',.~, {w/v) so lu t ion  of NaCI. Th e  
wa-~hed e r y t l t r o c y t e s  were  then  l.vsed wi th  an equal  v<'lume o f  dis t i l led water .  

MENDEL A.~D RUDN~-Y preparation: 500 rrd of  the  haemoly . .a te  p r ep a red  as 
a b o v e  were  a d s o r b e d  on  70 g o f  ac id -washed  kie.selguhr 2, a l lowed to  s t an d  for x h 
a t  o ° ,  a n d  t he  k iesc lguhr  f i l tered oft'. The  re~ult ing cake was disper'~ed in zoo ml  o f  
o , o o !  N .NaOH solu t ion ,  and  a l lowed to  s t an d  at  o= overn igh t .  "I'he so lu t ion  was then  
f i l t e red  free o f  k ieselguhr .  

Slromatal preparation: P a c k e d  h u m a n  c r y t h r ,  cy tes  were  wa.,,hed th ree  t imes,  
b y  c e n t r i f u g a t i o n ,  w i th  0 . 9 %  {w/v) NaCI soluti<m, lysed wi th  4 t imes  the i r  o w n  
v o l u m e  of  dis t i l led wate r ,  and  the  pH  adiuste<t to  5 .5-6  wi th  I N acet ic  acid. Th e  
resu l t ing  s t r n m a t a  were  s e p a r a t e d  by  cen t r i fuga t ion ,  washed  th ree  t im es  wi th  ice- 
co ld  w a t e r  s a t u r a t e d  wi th  CO 2, and  al lowed to  .~ettle overn igh t .  T h e  c lear  super-  
n a t a n t  was s i phoned  oft', a n d  the  residue freeze-drietl .  

F o r  ttse 700 m g  of  thks ma te r i a l  was dt.~.-~)lved in 50 ml of  svater. 

S~JbstyaD solution 

R e a g e n t - g r a d e  ace ty lchol inL b romide  w~s recrys tMl ised  twice f rom abso lu t e  
e t h a n o l ,  a n d  s to red  u n d e r  v a c u u m ,  in a des icca tor .  Fresh  so lu t ions  were  preparcxl 
da i ly  a n d  s to red  in a r e f r i ge ra to r  when  ~t<~ m u~e. 

Bicarbonate buf f~ 

A I~/o (w/v) so lu t ion  o f  A.R.  g r ade  N a H C O  s was used for all d e t e r m i n a t i o n s ,  
e x c e p t  those  c o n c e r n e d  w i th  t he  ef fec ts  o f  pH,  where  a 4 %  (w/v) solu t ion  was used.  

3f  ethods 
T h ~  mal inaaiv~ion 

F o r  mtx~t o f  t h e  work ,  z .o-ml  a l iquo ts  of  the  e n z y m e  p rep a ra t i o n ,  c o n t a i n e d  in 
25-ml conical  flasl~s, s t o p p e r e d  wi th  r u b b e r  bhtigs, a ere i m m e r s e d  in a th~a'mostat  

Bioehim. Bto~h>'s. Rcta. 67 (196.3) 646-'657 
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(controlled to within 4- 0.05 ° of  the  required temperature)  for the required length 
of  time. Immedia te ly  upon removal  from the  the rmos ta t  the flasks were chilled in 
ice-water mid then stored in a refrigerator tmti l  a~t ivi ty  determinat ions  were made.  

To investigate the  effect of  pH, 5.o-ml portions of  the haemolysate  were mixed 
with 5.o-ml portion~ of a series of  Veronal bvLffersa: 2.o-ml samples of  each mix ture  
were incubated for x h a t  55 °. Activities were also determined on the un incuba ted  
mixtures. 

To inve~tigate the effect of  ions, 2.o-ml samples of  a series of  mixtures  o f  the 
Mendel and Rudney  preparat ion with  equal volumes of  various .salt solutions, were 
incubated for 30 min at  55 °. 

The effect of dilution, both with water,  and  with a completely inact iva ted  
enz~me preparat ion,  was s tudied b y  incubat ing z.o-ml samples of the appropria te ly  
di luted material ,  for Io rain at  53 °. 

For the investigation of the effects of  part ial  inact ivat ion on the dis,scx~tion 
constaa~ts of  the enzym.e-substrate complexes, a different technique was used. A 
vessel, consisting of 25o era o f  o.5-cm (internal diameter) glass tubing wound in a 
helix of  nine turns,  was used tG incubate  the  s t romata i  prepaxation. A capi l lary 
jet was a t tached to  the bo t tom ,~f the  helix, and  so bent  t h a t  the  t ip would just  
project over the edge of the thermosta t ,  when the  rest of  the  vessel was immersed. 
A p;~ecc Gf rubber tubing, clo.¢ed by  a Mohr's cup, was a t tached  to the  top  o f  the  
helix. By thLg m,-ans, a sample of  :he vessel's contents  was blown into  a chilled tube,  
a t  the required t ime intervals. Incubat ion was ~a 'r ied out at  5o °. 

Activity m e a ~ u r e n ~ s  

Act~-ities were mea.,~ured by  the WarLurg  manometri(,  method.  The bicax- 
bonatc buffer, the substra te  solution ~ d  the  enzyme preparat ion were sa tu ra ted  
before use, x~th a mixture  of  Ni-COs (95 : 5), the first two by  bubbling the  gas 
mixture  tbroufib them, the th i rd  by agi ta t ing gent ly  in a s t ream of the  g ~ ,  for xo rain. 
The fin',O bicarbonate concentrat ion in each flask was o.75~/o (w/,/), in aB e~cept the 
sample~ concerned with the effect of pH,  where twice this concentrat ion was used. 
The .'i_nai snbstrate  concentrat;.on was 0.03 M in ail cases except those concerned 
with the effects of partial  inact ivat ion on the dissociation c~.nstants, where a range ~=f 
eight  substrate  concentrat ions  (0.05-0.0005 M) was employml. 

Manometers and flasks were flushed with the NI-CO t mixture  for x0 rain, 
before transferring to the Waxburg tSermost~t,  F i n k s  were t ipped a£ter a period of  
xo rain equilibration, and manomete r  readings were made  at  x-rain intervals.  
Activities were determined at  2o °. 

The p re~ure  readings, corrected for thefmobaxometer  changes, were plot ted  
a gains~ t i . le ,  a~d the initial slopes de termined (these plots ate  v i r tual ly  linear for 
a considerable Fefiod when th~ subst ra te  oanceat ra t ion exceeds o.ox hi), After  
m~dtiplying the  initial s]ope3 by  the a p p r o p r ' ~ e  flask factors, the activities were 
ini t ial ly exp r~sed  as tne bee uni ts  of  AUGUSTXNSSOt~*. However,  for convenience in 
subsequent  ~ - n d a t i o n ,  the  activities of  par t ia l ly  inact iva ted  samples have  been 
expr&~.d  az fractions of  the initial ac t iv i ty  (taken ~s uni.~y), for all except  th~ 
stroma~al aamplea. 

B t ~ . # ~  a ~ o p ~ . . 4 ~ ,  67 0963) 646--657 
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R E S U L T S  

The effects of pH,  and  the prt_'-~ence of inorganic ions, ~Lre i l ius t ra t~ l  in lCigg. 1: and 2. 
The effects of dilution,  with water  anti the dena tured  prcparat ion,  are given its Table I. 

0 8  

% ~ ~" - - -  ~ - - - - .  

pH 

F i g .  ~. R e s i d u a l  A C h E  a c t i v i t y  as a f u n t : z l o n  o f  p i t .  i l a t r m o l v ~ ; ~ t e  i n c t t b a t t : d  w i t h  c, xqtz~z| vohzcno 
o f  b u f f e r  a t  55 ~ f~r  ( , , ,  ,~lin 

Figs. 3 and  4 i l lustrate  the course of the inact ivat ion t~f the haemolysate ,  and  the 
Mendel and  R u d g e y  preparat ion,  respectively.  The curv¢_~ show tha t  the inact iva t ion  
is adequa t e ly  represented b y  an expre.~sion of  the form 

where A is the  ob.~rved ac t iv i t y  at  t ime t, and N a. N2. ,~ and  ).~ are cons tan ts  eva lua ted  
b y  the  m e t h o d  indicated by  Jo r tx sox .  E', 'm~c, x x ~  PoLiSSAR~; their  ~igtfificance is 
disc~lc~ed below. 

T A  B L E  I 

EVidEnT OF DTLg'T[ON. ~VlTI! V*'ATI~I~ OR nI--~N.~,ILURED MAI'F.RtAL, 

OIh" T~{IE I N A C T X V A T [ ~ N  OF  : ~ C H E  

"l~ri'*Za~ (~/J A r../u,;"v ,;[* wtu,t f m/; 
R ~  ~ t ~  ¢0 Wlrt~rt~ R e  s t d ~  1 C~ t t t ¢ l c ' . t  

l l ~ y s a c l ~  $1"~l.t~ agti*n'l), ta  t ~ o %  I , * a c ~ 3 ~ t e  l ) ~ a t u x ~ - #  ,~ct*vt¢ 7 to t e o ' ~  
t~ az  o gal 

• .0 O.O 0 . 8 3 9  O.83~) 2 .0  c~ o o . ~ 3 9  0 . 8 3 9  
z .8  o . a  0 . 7 4 0  o , 8 a 2  z ~ o . -  o.7.1o o . 8 - ~  
z . 6  0. 4 o . ( ~ o  0.825 s .¢~ 0. 4 o+OOO .. o.~33 

v .4 0 . 6  0 . 5 7 0  o.R z 5 i -4 o . 6  0 . 5 8 5  o . ~ 3 5  
x .2 0 . 8  0 . 4 9 5  0 . 8 2 5  t..~ o . 8  o..5o~ 3 0 . 8 4 7  
! . o  i . o  0 .  t I z o . 8 2 5  f .<~ ] . o  o . 4 z  3 o P, : , ,  

M e a n  .--,- o.SzZ M e a n  -.-, 0 . 8 3 7  

Table  I I  summari_ses the course of the inac t iva t ion  of  the s t romata l  preparat ion.  
The  act ivi t ies  are e x p r e s ~ l  in the  original be0 units,  and  from these, values for the 
m a x i m u m  veloci ty  V,njx. and  the d i~oc ia t ion  constants ,  h'j and  Ks s m a y  be calculated 
f rom the  veloci ty  expression 

Vgamx 

Biochim. BiopAys. :l~fa, 6? ( z 9 6 3 )  6 4 6 - 6 5 7  
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0.1 0-2 0 3  
stPe~gth 

Fig. 2. Res idua l  A C h E  a c t i x i t y  as  a f u n c t i o n  o f  ionic s t r e n g t h .  Mendel  a n d  R , d n e y  p r e p a r a t i o n  
i n c u b a t e d  wi th  equa l  v o l u m e  of  sa l t  so |ut tox,  a t  55- for  3o mJn. 

48° 

0.6 9 5 t • 
V - -  

~ 0 4  5 3  ¢ 

x_....._~ 57 o 

o I 2 
Tnme (H) 

Fig.  3- T ime  course  for  t h e  i n a c t i v a t i o n  o f  ha~moly~ato .  E x p e x i ~ e n t a l  p o i n t s :  t h e o r e t i c a l  c u r v e s  
c ~ c u l g t e t l  f r o m  e q u a t i o n  in  t e g t .  

- _ _ _ _  , , 

5 5  

! 

Trne (HI 

Fig. 4. T i m e  course  for  t h e  i n a c t i v a t i o n  o f  Mende l  a n d  R u d n e y  1~repara t ion E x p e r i m e n t a [  p o i n t s :  
t heo re t i ca l  c u r v e s  ¢~dcu~.ted f r o m  e q u a t i o n .  
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T P , ~ r  l 7 1!  

A C I I V I ' I ' I E S  OF P A R T I A L L Y  I-~ ,CTIV.~ ' I 'ED HU,tIA.~ STI(O,'-4.~ fAI.  A C H E  "~&XIPI.'F~%, MEASU~.~D 
AGAI.'qST * ~,EttlF.S OI" ~ , ' ] ~ ;TF< . .~ I~ .  k;OX~:I~;."+TR^IIO.-'~ ( b ' ~ l  ISNl~d'l 

Sub-Mfa~ T i m e  of  tn¢uba!'.~n { t u r n /  
~ +  . . 

f,~fJ c ~'~ .c'v io 4 ; 60 7 5 '3q' 

0 . 0 5  16z  9 2  7 4 - 5  "~ ~' 52  4 7  4 z 
0 . 0 2 %  t<),~ t 1l¢0, 9 8  ~[- .5  73-7; 6 4 , 5  .5~.~ 5o.,5 
o . o 1 5  z j ~  14L I t ~ , jo  ~<}-C, 77._5 t~o ¢~2 
o . o !  z 6 2  ~ 5-1 t 25  t o 8  , ~  B4. -3 7 5  6 6 . 3  
O.OC.1;Z_~ "'~.,. ' :  t 6 ~  1 3 3  I [8  103  8"9. 5 80 72  
o . O o l  Z l a .  5 I j 7  I J t . ~ ,  t I 3 .  5 t(>~" 8 7 .  5 7 8 . 5  the. 5 
r ' - o o o 7 5  I 9 8  1 4 6 - ~  I ~5- .5  1':," ~ (.|8 8 3 - ~  7 () 6.5 
,.)~o,o-~5 ~GG.5 135, t t z..5 (~'~ 5 8 ,~ 3 71> ~,g 5 9 . 5  

where  v is the  ob.~erved ve loc i ty ,  a n d  (S) the  ,~ub.~trate c o n c e n t r a t i o n  4. Values  for  
Vm.x,/gT~ a n d  K,~ m a y  be o b t a J n ~ i  b y  an  e x t e n s i o n  of  EA.H: . ' s  m e t h o d  0  ̀ p r e v i o u s l y  
described, t. ] ' a b l e  l l I  gives  the  values  for these three c o n s t a n t s .  

I t  m a y  be  r.r,ted here that  when  the  s t . o r n a t a l  d a t a  are c::pressed a.~ fractions 
o f  the  -'.ctivity a t  ze ro  t ime,  the values  for V,nsx. alld o f  those  samples  mem~tirexl 
against  snbgtrate  concentra t ions  b e t w e e n  o.o 5 and  o.o]: M are v irtual ly  ident ica l .  

T A  13I '1 [ l I  

~ tALLII~ <)F |"m~.x, ~(,~ .~..'ql" ~(~2 DT-IR['~G ~t!1/. COUH-~I- I)l-* rl'lI~. 17¢AC'I'IVATI¢)~" 
OF I'{U-'klAN STROI~I~.'I'Ag..~(~H'~C~. 

(tattOo m r 4 )  / . |  ) ( ,~f )  iew~d~, :i.on 
(mln )  

o 3 3 z  
1o 107 
z o  x 6 3  
3 ° x 3 7  
4 5  t ~ 3  
6 o  vcJ~ 

75  , )6  
9 0  8 5  

2.  7 
z, 3 
2LI 
"z.i 3 - 7  

2 . 2  I 2 . . 2  

2 Z 

for the  same peri(xt of  incubat ion .  For ~amph~ meaxured against  lower subs_trate 
concentra t ions  however ,  the  fraction o f  residual  ac t iv i ty  apparentty  increases wi th  
decreas ing  substrate  concentrat ion .  This indicates  that  the  act iv i t ies  determined 
w i th  0.0 3 M :mbstrate solut ions ,  used t h r o u g h o u t  the  re-;t o f  the  present inves t igat ion ,  
provide  a sat is factory measure  o f  e n z y m e  activity-. 

D I S C  U . ~ S I O ;  

The gregter suscept ib i l i ty  of  A C h L  to thermal  inact ivat ion  at  extreme pH 
values ,  is typical  o f  r,~ost enzy,aes+ It m.c.y be n o t e d  tlmt the  p H  r, mg e  o f  greatest  

t 3 i o ~ h ~  ~.+opi~+'s. . 4 ~ t a .  6 7  { z 9 6 3 ) 6 4 6 - 6 5 7  
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thermostabi l i ty  (pH 6.5-7.5) is na r rower  for ACHE, than  that  (pH 5--8) for bu ty ry l -  
cholinesteraseL Since AUGUST1NSSON s has  repor ted  an isoelectric point  in the acid 
region (pH 4.65-4.7) for ACHE, the observed region o f  greatest  ther rnos tabi l i ty  for 
this enzyme is in agreement  with the  suggestion of JoxNsoN,  EvelNc, A.X'D POLISSAR t 
tha t  e n z y m ~  with an acid isoelcctric point  exhibi t  greates t  s tabi l i ty  at more alkaline 
pH values. 

The  effect of  inorganic ions suggests tha t  the ac t iva t ion  p r o c e ~  of  the dena tura -  
tion involves a decrease in charge on the  enzyme.  No specific ion effects are apparen t ,  
and no effect such as tha t  described by  LAUFFER le for the dena tu ra t ion  of  tobacco 
mosaic virus, where small amounts  of  salt were found to increase the ra te  of dena tu-  
ration,  and !arger amoun t s  to  decrease it. 

It  would be desirable to s tudy  the  inac t iva t ion  of  AChE over  a wide range of  
initial concentrat ions ,  bu t  the  limits set by the initial ac t iv i ty  on the one hand,  and 
the accuracy of  the assay on the  other ,  have precluded an extens ive  s tudy  of this 
point  with the  present  source of ACHE. However ,  over  the small range studied,  the 
variat ions in the activit ies observed axe within the  limits of  exper imenta l  error ,  and 
dilution does not  appear  to affect the inact ivat ion.  

Again, it would be desirable to  employ  a pure enzynme prepara t ion  fiJr a mnre 
extens ive  s tudy of  tiffs pr.:~cess, bu t  the results o f  CuAs~ n,  using a c rude  [uciferase 
prepara t ion  ;tre ve ry  similar to those of KuNIrz  ~z using a highly purified p repara t ion  
of a .~y-bean t ryps in  inhibitor.  I t  seems reasonable tn conclude therefore,  t ha t  the  
present  re_suits, which resemble l×~th of  these, give a meaningful  p ic ture  o f  the  in- 
ac t ivat ion of ACHE. 

The  fact  that  the inact ivat ion of  AChE dues not  futlow simple first-order kinetics 
is i l lustrated by the t ime courses (Figs. 3 and 4) and this is conf i rmed by  the  fact  
tha t  a plot t~f log. ac t iv i ty  against  t ime is not  linear (cf. ref. 24)- 

Al though the da ta  are few. the results for the  dilution expe r imen t  s u g g ~ t  tha t  
the order  with respect to  concent~atitm is unity~ The  order  wi th  respect  to t ime is 
obviously not  unity,  and the falling off of the first-order cons tan ts  m a y  be expla ined 
in variou.~ way~: 

(a) The  inac t iva t ion  is reversible, and an equil ibr ium is reached.  
This explanat ion  is ruled out  by  the fact tha* it is possibte to  inac t iva te  AChE 

prepara t ions  complete ly ,  by prolonged heating.  
(b) The  produc t  of inac t iva t ion  s e r v ~  to  stabilise the  remaining a.~tive material .  
This possibility appeat~ to be e l iminated by  the  results obtainext when incuba- 

tion wa.~ carried out  in the presence of dena tu red  material .  
{c) Two AChE enzymes exist,  having difthrent the r rnos tab i l i t i~  (and differing 

in o ther  respects,  see below). 
There  are qui te  a num ber  of  lines o f  evidence  for the  exis tence o f  two enzymes  

wi th  AChE act ivi ty .  ANDERSOI~ AND PETttlCA :~ have  made  this suggestion to  ex- 
plain their  ob-~ervation tha t  haemolysis  does no t  occur in ageing e ry th rocy tes ,  unti l  
50~h of  the AChE ac t iv i ty  is lost. T h e y  quote  HOWARD AND Gm~G t4 who have  re- 
por ted  tha t  no changes in permeabi l i ty  of  e ry th rocy t e s  occur, unti l  ha l f  of  the AChE 
ac t iv i ty  has disappeared,  l~ERGm^r;,~" AND SEGAL ts f rom a s tudy  of the  ra t io  of  the  
concen t ra t ion  of hexam e t hon i um to f lecamethonium necessary to produce a cer ta in  
level of  AChE inhibit ion in var ious  tissues, have  suggested the presence o f  two AChE 
enzymes.  Co~xN e~ ag. zt have  advanced  a similar hypothes is  to  expla in  their  results  

Biochim. Bwphys. Acta, ~57 (t~53) 646-657 
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of  inhibit ion exper iments  with phy~ostigmine. DAVISC)N 11 ha~s repor ted  evidence for 
the existence of  two AChE enzymes,  differing in the s tabi l i ty  of  their  organo-phnspho~ 
rus derivatives.  HARGREAVE~ xa has recently found that  af ter  Furification an AChE 
prepara t ion  from electric tissue showed two components  in the ultracentrifuge.  I f  
this h y p o t h ~ i s  is accepted,  the thermal  inact ivat ion of AChE may be represented a~: 

k] k ,  
• 4 t - ) ' I  " t - A  2 

(It  m a y  well be tha t  the  inact ive form I, produced from the act ive enzyme A~. 
differs from tha t  produced from the  other  act ive t , rm,  A~, but  in the present instance 
these cannot  be distinguished, st) the simplest formulat ion appears to be roo.~t 
appropriate)+ The expressitm for the  residual act ivi ty ,  A. at t ime t, is given ~ by:  

.-| - -  .4 t t :  'ttz + .-l~ + ~t~ 

where A l and A+ are the initial  concentratbmm of the two active forms, and k I and 
k z are the respective veloci ty constants  for their inactivat ion.  

V a l u ~  for A t, A~, k t and k t are given in "Fable IV. Figs. 3 and 4 sht)w tha t  this 

+l'_.x l J L E  I V  

VP, L U F . ~  O! -+ "~ t ,  ,4~ ,  '/~1 A N D  ~t'~t C A L C U L . ~ T E D  T(J F I T  T i l l :  E X P F . R I M E . N T A f -  D A T A  

)¢, ka 

Temp. . ....... 

48  ~ o . t 5  0 . 8 3  : , 5  o . o z 5  
5 o~ 0 - 3 3  0.67 3 ~'-ob 

5 1 o 0 . 4 o  ,.>.6<:' J 5 t ) - O 7  

53  ° 0 . 5 3  0 . 4 7  4 .5  o+13 
5.5" 0 . 7 2  o . 2 ~  5 5  o~z5  
57  <+ o . q o  o+lO 6..5 ~'4~ 

~|LNU(L~. A~LI RL'D'~t~Y ]}rtl~zfatt~Pl 
~+¢mp. -- . . . . . .  

• ~ ,  A ,  k t  ( ~ " )  ~+ ? ,~ - ' /  
. . . . . . . . . . . . . . . . . . . . . . . . .  

4 5  ~ 0+06 0.¢)4 2 o+o[ 
48~ ° + s 3  ° . 8 7  : - 3  ° - ° 2 5  
5 o'~ °+24 ° ,7h  3 ° -°5  
5n*  o 4 2  0.58 3 o+o8 
53  ° 0 . 7 6  0 . 2 4  3+z5  o . z z  
55  ~ o . 8 4  o + i 0  8 0 . 3 0  

expression provides  a sa t i s fac tory  representa t ion of the exper imental  data.  From a 
plot o f  log. k agai, ,-t  thc  t ' c ~ i p z O c ~ |  Of the -h.~)lute t empera tu re  (see Fig. 5) values 
for the  apparen t  energies of  ac t ivat inn may  be obtained from the slopes. (For this 
purpose., and for sTabseqUent calcuPations, only values obta ined from the inact ivat ion 
of  the  haemolysa te  ha~:e been used, because t | .yse for the MENDEL AND R U I ) N E Y  

prepara t ion ,  whilst general ly  similar, show a wider scatter.)  F rom the apparen t  
ac t iva t ion  energy,  values for the heats, free energies and entropies of  ac t ivat ion may  
be calculated in the usual way m, and  these are listed in Table V. The  values for 
A H "  and  AS" for the  inact ivat ion o f  the less stable form A 1 seem ra the r  low fo rsuch  

B i ~ h l m .  B iapAys . . 4 tha ,  G 7 ( E 9 6 3 )  6 4 6 - 6 5 7  
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T A B L E  V 

VALUt~S FOR /J14", z I G "  ^ND A S "  FOR T~iI~ I N A C T l v A r I o ~  OF A C X E .  
A.c ,S ' ;MING TXlq I~XISTENCI~  OF T W O  A C I I E  E N Z Y M E S  

.t, k. 
.t, l t t , ~ n i s ~  A : - - * -  I * - - A .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

Temp.  
• $ H *  ( c a l l  . 4G*  [ ¢ a l )  

48* 2~ l f ' ~  23 530  
5 o~ 23  t f m  23 540  
5 ~ z3  z 6o  23 550  
53 ° 25 TSO 23 5 I o  
55" 23 I 5 o  23 5 I o  
57 ~ 23 xSo 23 54 ° 

ks 

dS" (tal. dS" {cal. 
d ¢ ~ - ' .  ,lit" (rnl) .46" (tat) 4~g,¢t *. 

. . . . . . . . . . . . . . . . . . . . . . . . .  

-- x 67 3 f ~  2 6  48o  t ~7 
-- I 67 360 26 190 [~7  
-- i 67  3 6 0  26 0 6 0  127 
--  I 67  35o  25  790 1 ,~7 
- -  z 67 215 ° "z5 54 ° 127 
- -  ] 67  .~5 ° ~5 2¢jKJ 178 

a r e a c t , o n  ~1. ' ~ l e  va lues  o f  A H" a n d  AS" for  t h e  i n a c t i v a t i o n  o f  t h e  m o r e  s t a b l e  f o r m  
A 2 a rc  uf  tile e x p e c t e d  m a g n i t u d e ,  as  a re  t h e  va lue s  o f  zIG" for  b o t h  fo rms .  T h e r e  
r e m a i n s  ,)ne o t h e r  e x p l a n a t i o n  o f  t h e  e x p e r i m e n t a l  d a t a  : 

(d} One A C h E  e n z y m e  exis ts ,  b u t  t h e r m a l  i n a c t i v a t i o n  p r o c e e d s  b y  m o r e  t h a n  
o n ~  r o u t e .  

Thi s  e x p l a n a t i o n  h a s  been  a d v a n c e d  in a n u m b e r  o f  cases  of  p r o t e i n  d e n a t u r a -  
t ion,  or  e n z y m e  i n a c t i v a t i o n .  Seve ra l  m e c h a n i s m s  can  acct, a n t  for  t h e  f o r m  o f  t h e  
e x p e r i m e n t a l  r e su l t s  n t h u s :  

k I k ,  
I 4 - A  t m g  

k= 

H e r e  the  a c t i v e  .")rm A g ives  rise. t o  at, i n a c t i v e  m a t e r i a l  I b y  an  i r r eve r s ib l e  process ,  
a n d  a second  prndut- t  X b y  a r eve r s ib l e  process .  X m a y  or  m a y  no t  possess  a c t i v i t y ,  

..J 

/ 

°p 

~2 

3.~,5 3.10 ~15  

VI 
F i g .  5. A x r h e n l u s  p l o t ~  fo r  ha a n d  ks .  H a e m o l y s a t e  a n d  M e n d e l  emd R u d n e y  p r e p a r a t i o n .  

B i o c h i m .  B i o p h y s .  ,4eta, b7 (1963 )  6 4 6 - 6 5 7  
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b u t  the  expres s ion  for the  res idtmI a c t i v i t y  A,  a t  t ime  t. is g iven  b y  the  e q u a t i o n  : 

where  N v N v 2 t a n d  ~ls a re  c o n s t a n t s .  T h e  sigr.ifit:ance o f A  t a n d  2 2 differs a c c o r d i n g  
to  w h e t h e r  g is a n  a<:tive or  an  i nac t i ve  form.  CH.ss~ t~ has  p ~ i n t e d  ou t  t t m t  if  X ~s 
i nac t i ve ,  t he re  shou ld  be  s o m e  recov~.rT¢ o f  a c t i v i t y  in p a r t i a l l y  ir- .activatm! ~arnples, 
on cooling.  No such  r e c o v e r y  w a s  o b s e r v e d  in the  cause nf ACHE. so i t  w<)utd a p p e a r  
t h a t  X is an  a c t i v e  ~orm. T h i s  w a s  th~ conclu.~ion re:x,:hcd b y  WRIGHT ANt) SI[OMAKER a2 
in the  c a m  o f  the  d e n a t u r a t i o n  o f  d~pther ia  , m t i t o x ! n  b y  urea .  "l'ht: lncchanis ln  m a y  
t h e r e f o r e  be  m o r e  a p p r o p r i a t e l y  repre~gented as:  

/~t' ;t..' 
I .t ¢1 t ~ -'1= 

ten" 

a n d  ir thic  C~.~_~ t~!~ ~,el:r¢,-itS- ~'on.~,tant~ ere  g iven  b v:  

a, .v  t . -  ;.,X= 
~ '" - -C.~' ; ----;~,'~ 

~ ; -  ~ .  

• ~" - -  ~.j + .,I~ . h I" k : '  

Since the  e x p r e s s i o n  for the  r~..-~idual a c t i v i t y  has  tile s a m e  f o r m  as t h a t  for the  m e -  
c h a n i s m  i n v o l v i n g  two  A C h E  e n z y m e s ,  the  va lues  for  N t, N~. ~-x a n d  2a are  t h e  s a m e  
as  t hose  for  A v A z, k~ a n d  k~, r e s p e c t i v e l y ,  g iven  in T a b l e  IV. F r o m  the  equati<m~ 
g iven  a b o v e ,  t he  v a l u e s  o f  t h e  th ree  velo~.~+V, con.~tant~, k t ' ,  k , '  a n d  kin' m a y  be cal- 
cu l a t ed ,  a n d  v a l u e s  for t h e  a p p a r e n t  a c t i v a t i o n  encrgScs o b t a i n e d  f r o m  a p lo t  o f  
log. k '  a g a i n s t  t h e  recipr,~cat o f  the  abso lu t e  t e m p e r a t u r e  (see Fig. 6). H e n c e  value~ 
for  t h e  h e a t s ,  free energie~ a n d  e n t r o p i e s  o f  a c t i v a t i o n  m a y  be ca l cu l a t ed ,  and  the~e 
are  l i s ted  in T a b l e  VI .  

I t  m a y  be  n o t e d  t h a t  the  v a l u e  o f  AS" for the  c o n v e r s i o n  o f  the  or ig ina l  a c t i ve  
f o r m  A x to  t h e  o t h e r  A t Ls la rge  a n d  nega t ive .  A c o m p a r a b l e  v a l u e  has  been  c a l c u l a t e d  
b y  Jo}lNso:¢, I~YRING A N D  POLISSAR ~L~ for the  r e n a t u r a t i o n  o f  luci ferase ,  f r o m  the  
d a t a  o f  CH.~stet~. P e r h a p s  m o r e  u n e x p e c t e d  i~ t h a t  the  r eve r s ion  of  A~ :o  .4~ M~ould 
i n v o l v e  a l a rg  ~. p3s l t i ve  va lue  o f  A S ' ,  a n d  ye t  y ie ld  an  a c ' : v e  e n z y m e .  Th i s  .~ugge~t.~ 

TAI6L E VI 
V x L u r : s  o F  A H * ,  ~(_;"  AND ~ '~S"  ~ ' o R  T H e :  r H ~ :  K r : A c + r t o t ~ s  0 ¥  T H £  ~ q ~ ' R I G l i T  

.~ND ~HOMAK]- ;R MI-;CH,%NIS~I 

k,* k I" 
M4rtAi:nJ,cm ! . -4x ~" .4t 

TcmI~ . j IH ,  dL~* (¢¢/. 1. ~;. i~,a" A_S" /c~J, 
(,al l) AG* l'£.,¢|J ~l.tlp'r¢ - '+ ;..fl l" ?'f.¢l~ .JG* t '~.lJ dc6"t¢¢ +" J H *  ¢c.¢.1) .,'lid." [<:eL) ~k'~¢.~-*" 

r~J, r s ) moJ; ' ;  mawr- ' )  

48 ° 6t 76o ~r h 690 [ tG -- 79~" 2} e8o -- c~9 45 xoo 25 zoo 6z 
50 ° 61 7,5o 24 ~4o t x 6  --798o 23 84 ° --<-,~ 45 xOo 25 480 6x 
51 ° 6f 760 24 , llO XtG --7.o8o 239to -=,')8 45 t6o 25480 6! 
.,%3 ° 61 7~0 2 ~ @  I X 6  - - 7 9 ~ 0  " 2 4 @  - - ¢ ~  45  [ 5  ° 2 5 4  ,20 6 [  
5 .S  ° 61 750 ~t 3 720 ] 16 - -  7 9 9 o  2 4  4 ~ °  - -  9 9  4 5  z 50 25 34 ° ~ !  
57 ° 6,X 750 23 7 : ~ o  ] t 6  - -  7 9 9 0  2 4  6 6 o  - -  9 " t  4.;5 t S o  :25 09o  61 

~i~him. /3Ja~hy~..4aa, t~,/ {x963} 640-657 
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tha t  an a l te rna t ive  mechanism,  ment ioned  by  ~,V:¢IGHT ASD SKOMAI{ER 2~i may be 
more appropria te .  

A t  h~' I 

h i '  A I ha" 

Here, ks' : :  o. and ~i~ is t r ans formed  di rec t ly  into an inact ive  form. (Again this m a y  
differ f rom tha t  p roduced  di rec t ly  f rom Aa, bu t  the two forms cannot  be dist inguished 
here.) WRIGHT ^ND SHO~tAKrZR have  pointed  out  t ha t  when k s' = o and ~lt >> ~ ,  
the values tff k a' and k s' are unchanged,  and k4' = 2~. g rhen  log. 2ffi (i.e. log. k, ') is 

K' 

-1 

Fig. 6. Ar rhen ius  plot.q for /~a x, ~t s a n d  ~,: [ I laernoly~ate l .  

plot ted against the reciprocal of the absolute t e m p e r a t u r e  (see Fig. 5). v',dues for 
E~',  A l l ' ,  riG" and AS" m ay  be calculated as before {see T a b l e V I l ) .  I t  will be seen 
tha t  the two inact ivat ion steps both  involves Large posi t ive values o f  A H" and AS ' .  

F rom t h e e  considerat ions it would appear  t ha t  the choice of  the  explana t ion  
of the da ta  lies betwc~en the existence of  two AChE enzymes,  and the  mechanism 
last described : 

.~i I k I At  kl,' 
, or /¢.' 1 "% , 

$ 7  
A I k I A s h , '  

Ei ther  of  these would be consistent with the  observat ion  tha t  KB. the dissociation 
cons tant  of the normal  enzyme- subs t r a t e  complex,  change.~ during the initial stages 
of  the inact ivat ion.  In the first case, the more thermos tab le  form A z would possess 
a lower value of  K,,  whilst in the  second, the  act ive form A 2 produced  f rom the 
na t ive  enzyme At woldd possess a lower value of K,. 

I t  is of  interest  to consider the implications of  this la t te r  possibility. I f  t he  view 
originally advanced by  ADAMS AND Wran-r~.Kv.R u is correct ,  Ks is t he  dissociation 
cons tan t  for a complex in which a single subst ra te  molecule is bound  bo th  at  the  
csterat ic  site (where hydrolysis  occt~rs) and a t  an anionic site (where the  N+ a tom 
of  the subst ra te  is held b y  a negat ive  charge on the  enzyme surface). K ,  1 is the dis- 
sociation cons tant  of a subs t ra te- inhibi ted  complex,  where two molecules are bound ,  
one a t  the esterat ie  and one at  the  anionic site. Since K ,  decreases on par t ia l  in- 
act ivat ion,  b inding is ine,'ea_~ed. I f  the  esterat ie  and anionic sites axe s i tua ted  a t  

~C~i~ " ~ 7 ~  t Acta, b 7 (,963) 646-657 
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48 ° 61 76o 

51"  61 7 6 o  
53"  6 r  750  
55 ~ 61 750 
.$7 ° 61 75 ° 

TABI .E  VII  
VALUES OF A [ [  °, .if.J * .~.ND "'r] S " FOI~T| |E  THREE REACTONS 

OF THE MODIFIF.D %%'RIGIIT AND SHOXTAKER .MECH~.'~IgM 

AS" (EUl + .1%.'* "f,tf ~J$" (col"- 

24 6q~ ~ 1O 7~ 8o  -'3 GS,~ ~ "~'7 360 26 480  ! Z 7 
24 240 i t 6  -- 708o -'3 ,~4 o ,,~ 67 3(  ,o 26  lC~ 1 z 7 
z 4 l t o  z i g  7080 -'~ '3 ;o  08 07 3,Go 2 6 0 0 0  t27  
z3 9~o z ; G 7og~ 24 060 :,8 G7 3~3o z 5 790 t 27 
2 3 720  11(7 7Ot"~ 0 24 4 : 0  0'9 ( '7 35 ° 25 .'~40 127 
23 7-'0 : t o  709o  :'4 66o  c~O G 7 BSO Z 5 290 I28  

o t h e r  t h a n  t h e  o p t i m a l  d i s t a n c e  a p a r t  for  m a x i m a l  b i n d i n g  in t h e  n a t i v e  e n z y m e ,  
b u t  a s s u m e  o p t i m a l  s p a c i n g  in t h e  A ~ f o r m ,  K~ wou ld  dec r ea se  in t h e  w a y  o b s e r v e d .  
S ince  t h e  t w o  m o l e c u l e s  o f  t h e  s u b s t r a t e - i n h i b i t e d  c o m p l e x  a r c  b o u n d  ~ p a r a t e l y ,  a 
s m a l l  v a r i a t i o n  in t h e  s p a c i n g  o f  t h e  t w o  s i tes  need  no t  a f fec t  Ks,,, a n d  th i s  is w h a t  is 
a c t u a l l y  o b s e r v e d .  

A C K . ~ O W L E D G E  51E NTS 

W e  a r e  i n d e b t e d  to  Mr. D. R.  DAWES o f  t h e  ' 0 /a r  Offtce. P o r t - n ,  for  faci l i t ie~ fo r  t h e  
p r e p a r a t i o n  o f  t h e  h u m e n  s t r o m a t a l  e n z y m e .  

R E F E R E N C E S  

1 M. H .  COLEMAN ,'~ND D .  D.  ELI-:V, Ri+~chim. R t o p h y s .  .4 eta. 58 ( I q 6 2 )  231+ 
* B .  MENDEL AND H .  Rf fDNEY,  BiOche~,n. L -  37 (1943)  50. 

L. M1CHAELIS, Blog:h¢~. Z., 234 (x03 |1 :39 .  
* K .  B AuGcs~rz.-,'sso.'% ~tcta PhysioL ~'caP.d, K.5 ( ]9 . lR)  S,H,pI.  5z. 
• F .  H .  JOMt¢SON. H.  EY'R|NG ARD ,~. J .  POLISSAR, Thee KIpIetic R¢$$i$ o f  .~$~olttcul~t~" Rio~og.v, 

J .  W i l e y  & ~ n s .  N e w  Y o r k  a n d  L o n d o n .  1954. P. 24 ° .  
( ; .  %. EADIE.  J ,  Biol ,  Chc:PIx.. 14f) (1042)  85, 

' J .  H .  DAvI~ ,  AND D .  D ELEY. Unl)u l f l i s t lcd  observations. 
* K .  B .  AUC.UST]IbISSON, A r k l v  K ~  i, t S A  (1944)  No .  z 4 
* F.  H .  JoHIqSON. I-[_. EvRI~cG AKD BI. J .  P o L I s s x R ,  The  Ka~ttti¢ Bas i~  o f  ;~tolec,,dm, Biology.  

J .  W i l e y  & So~.s. ~'~lew ~t 'ork a n d  I . o n d o n .  t954 .  P. 2½o,. 
It* [ [ .  A.  LAUYFBtt, J .  A~ t .  Clt~m. Sot=... 65 (1943)  1793 . 
tX A, M.  CIXASe, J .  G~n .  P k y $ ~ o / . ,  33 (nf~5o} .535- 
t l  M. K u ~ ] r z .  J .  Get*. ~Dhy~iol.. Bz (1948)  ' 4 ' .  
!1 p .  j .  ANDJglt.~ON AND B, A+ PKTHIt~A. B w c h i n L  R i t , p h y x . . 4 e t a .  z 7 ( I 955 )  138- 
** W .  C. HOWAieD AND M. E,  GRIIBG. A m .  f .  P h y s i o l . ,  t62  (195o)  61o .  
lid F .  BI':RG.MANN AMB R. SI':C~AL, Bio~h im .  /~lnpk~.',¢. At&z. 16 (10.$5) 513.  
11 j .  A.  COIBIEN. F.  K~L.SBEEK AI~D M .  G. P. XVARRII~CA. Bir~chioz. P, iophy.~. ACIa, 2 (1048) 549, 
ts A. N .  DAVISOt¢, Bioghe~L  J . .  6o {:955} 33~ 
II  A.  El. H^RGRE^VF~S. in  C, (:B^GA,~ AND A. [ ' A ~  13~= CARVALHO. B~olec~',~g,'nesis. Eise~-ier.  

A r n ~ t e ~ l a r n .  1 9 6 t .  p .  307- 
| l  K ,  J .  LAIDLRR. Tge  CIcemi~al K i n e t i c s  o[  E n t y n ~ e  Ac t ion .  O x f o r d ,  1958. p.  4o- 
re S.  GLASS'TONE, K.  j .  LAIDLER AND H.  E Y R I~G .  l'keOr)~ o f  Ra te  P~ocesses. N e w  Y o r k .  1941. 
,1 F.  H .  Joa.~SON, H .  EVRI~cko AND ~I. J. POLXSSA~, The K t , e t i ¢  Ra.sL~ o f  ,~dalecular Biology, 

J ,  XVUey & S o n s .  N e w  3/ 'ork a n d  L o n d o n .  t 0 5 4 ,  p+ 272. 
" G.  G .  WRIGHT A.~llO V÷ S|IO~IAK~'R. J .  ,~m,  C ~ m . . ~ ' 0 ~ . .  70 [I¢)48 ) ].$6. 
Im F.  H .  JOHIqS~N, H .  EYRllqG AND M.  J~ POLISSAR. T l i ¢  K t n t ~ J c  B a s ~ $  o f  ~lVloI¢cular Biology.  

J .  W i l e y  & S o n s ,  .!qew Y o r k  a n d  I , o n d o n .  1054. P- a4o ,  
~* D. H. ADAI~S AND V. P. WtlllrTAl(P,~. f t i och im .  Bi.,;phy:L .4eta .  4 ( ] 95o ,  ~ 543- 
u D .  D .  E L Z Y ,  M .  H .  COLEMAIq AND J.  H .  DAVIF~q. Di~cM~s ; . , . t s  F a t t y  Sot.. 20 (1955) 77- 

Biod*i.). Biopttys..4¢1a, 67 (1963)  6 4 6 - 0 5 7  


