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Deuterium exchange a n d  reversible denaturation 
of a-chymotrypsi noflen 

Measurements  of deu te r ium exchange in aqueous solution have demons t ra t ed  
tha t  na t ive  B-lactoglobulinl and  whale myoglobin  ~ each contain a large number  of 
hydrogen  bonds which show no exchange  of hydrogen  a toms  with water .  Bovine 
a -chymot ryps inogen  likewise m a y  be shown to contain hydrogen  bonds  of ex t ra -  
o rd inary  s tabi l i ty .  Hea t  dena tu ra t ion  at  low pH wilt result,  however ,  ip. complete  
exchange of the hydrogen  of these bonds. EISENBERG AND SCHWERT a found tha t  this 
prote in  6xists a t  p H  2 in two forms in equil ibrium, the na t ive  and  the  reversibly 
denatured ,  dis t inguished by the  insolubil i ty of the  la t te r  in i ~,./ NaC1 at  pH  3. The  
purpose of the exper iments  repor ted  here was to  explore the relationship,  if any,  
between the  s tabi l i ty  of hydrogen  bonds in a -ehymot ryps inogen  and  the t ransfor-  
mat ion  between the  na t ive  and reversibly dena tu red  states.  

Calctflations based on de te rmina t ions  of composi t ion 't, molecular  weight  ~, and 
terminal  residues 6 of a -chymot ryps inogen  give 404 as the to ta l  numbe r  of theore t ica l ly  
exchangeable  hydrogen  a toms  per mole of isotonic protein.  Pept ide  l inkages ca r ry  
232 of these atoms.  At pH  3-4 about  I I  addi t ional  hydrogens  are bound.  

The exper imenta l  techniques  by  which deu te r ium exchange  was measured  have 
been described in detail  elsewhere7. 8. At pH  3.4 and  39 °, a - chymot ryps inogen  in 
D20 did not  exchange  all of the theore t ica l ly  exchangeable  hydrogen  even  dur ing  a 
period of 95 h. However ,  when deu te ra t ion  was carr ied ou t  a t  5 o~, the n u m b e r  of 
exchanged deu te r ium a toms  reached 397 with an average devia t ion  of 5 in eight  
exper iments .  

Complete deu te ra t ion  occurred  rapidly  at  39 ° near  pH  2, where  reversible de- 
na tu ra t ion  is appreciable.  Control  tests  confirmed the  s t a t emen t  by  SCHWERT ° tha t  
the t rans i t ion to  revers ibly  dena tu red  protein occurs under  similar condi t ions  in 
H20  and in D20.  In  order  to assess the role of irreversible dena tu ra t ion ,  deu te r ium-  
exchange  measurements  were coupled with measurement s  of solubil i ty in I AI NaCI. 
Table  I presents  typical  exper iments  in which deu te ra t ion  was carr ied out  in 99.78 % 
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D , O  under  condit ions given in column I. :~amples of the  deu te ra ted  protein were 
s tored at  5 ° overnight .  The  percentage of prote in  which then precipi ta ted in I ~r  
NaC1 at pH  3 is given in column 2. Back-exchange was conducted  in o rd inary  water  
buffered near  pH  3.4 wi th  o.oi  5 M glycine. In column 4 the  number ,  *~, of deu te r ium 
a toms  found in the  c ryosubl imate  per mole of prote in  is given for duplicate  experi-  
ments .  Back-exchange  at  5o ° released the total  deu te r ium in the deu te ra ted  protein,  
while back-exchange  at  39 ° gave vahtes of ~ which represent  total  deuter ium less 
t h a t  amoun t  bound  in the most  stable form. The  last column lists the difference 
be tween average  values  for back-exchange at  5 °° and 39 ° . 

The  sharp  t rans i t ion  in deutera t ion  as the pH  is varied from z.o to  z.5 is note-  
wor thy .  A sharp  t empe ra t u r e  t ransi t ion between 39 ° and 5 °0 is evident  ill the da t a  
for  back-exchange.  These  t ransi t ions in deu te r ium exchange occur in tile same regions 
of p H  and  t empera tu re  as the t ransi t ions in equil ibrium between nat ive  and reversibly 
dena tu red  prote in  ~. Irreversible dena tu ra t ion  is not  necessary for complete exchange.  
When  condi t ions  are read jus ted  af ter  deutera t ion  so as to  shift the  equil ibrium far 
to  the  side of na t ive  pro te in  (pH 3-4 and 39°), it is possible to  t r ap  a large number  
of D a toms  in p ro tec t ed  posit ions (column 5)- 

A ppa re n t l y  the  s tab i l i ty  of a t  least 4o hydrogen  bonds in ~z-ehymotrypsinogeu is 
dras t ica l ly  a l tered in a reversible fashion when the protein passes f rom the  nat ive  
to  the revers ibly  dena tu red  state.  I t  .may be recatled tha t  SCI~ELL~IAN x° coutd detect  
no change in optical  ro ta t ion  or  dispersion over  the range of pH  and t empera tu re  in 
which the  t rans i t ion occurs. STAUFF AND RASPER ~, however,  have  recent ly  discovered.  
small bu t  definite changes Lv_ a number  of o ther  physical  propert ies.  
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