
voL. 19 (1956) BIOCHIMICA ET BIOPHYSICA ACTA 545 

Short Communications and Preliminary Notes 

Proton-deuteron exchange in proteins dissolved in heavy water 
I t  has  recen t ly  been shown by  I-[VIDT AND LINDERSTROM-LANG1, 2 t h a t  when insul in  is dissolved 
in D20  a t  p H  3 all the  p ro tons  a t t a c h e d  to n i t rogen  or oxygen  a toms  in the  pro te in  exchange  
wi th  deu te rons  w i th in  48 hours  a t  38° C. Abou t  65 % of these  p ro tons  exchange  ve ry  r ap id ly  
and the  rest  more  slowly.  LINDERSTROM-LANG 2 sugges ts  t h a t  the  l a t t e r  are s i t u a t e d  in the  pep t ide  
backbone,  in t h a t  p a r t  of the  pep t ide  cha in  which is s tab i l ized  by  S - S l inkages.  Simple pept ides ,  
insul in  A-chain,  and  oxidised r ibonuclease,  al l  of which m a y  be assumed  to be in the  form of 
a s ingle pep t ide  chain,  show comple te  and  rap id  exchange  2. 

In f ra - red  absorp t ion  spec t r a  of p ro te ins  dissolved in D~O, t a k e n  at  wave leng ths  near  6 t t 
also give in fo rma t ion  on h y d r o g e n - d e u t e r i u m  exchange3, 4. For  se rum a l bumi n  LENORMANT AND 
BLOUT 3 find t h a t  a ce r t a in  p ropor t ion  of the  pep t ide  backbone  p ro tons  do not  exchange  a t  room 
t e m p e r a t u r e  a t  p H  6, bu t  do exchange  when  the  so lu t ion  is hea ted  to ioo ° C or b rough t  to p H  io. 
PARKER 7 has pub l i shed  the  spec t rum of ke r a t i n  in the  3/* region af ter  exposure  to an a tmosphe re  
of D20  for 14 days.  The ke r a t i n  has  become p a r t i a l l y  doutera ted ,  l eav ing  a r e l a t i ve ly  sharp  
absorp t ion  band  near  3300 cm l which shows a h igher  dichroic  ra t io  t h a n  t h a t  of the  u n d e u t e r a t e d  
mate r i a l .  

If  a dry  pro te in  fihn is formed from D20  solu t ion  w i t h o u t  any  exposure  to  a tmospher i c  
wa te r  vapour ,  the  infra-red spec t rum th rough  the  region 37oo cm -1 to 2ooo cm -1 should  give 
a re l iable  s e m i - q u a n t i t a t i v e  p ic tu re  of the  H ~ D exchange.  This  resu l t  wil l  refer to the  H ~ D 
exchange  in so lu t ion  p rov ided  there  is no d e n a t u r a t i o n  and fur ther  exchange  on drying.  If i t  
can  be assumed  t h a t  there  is no r e d i s t r i bu t i on  of deu te rons  in the  pro te in  dur ing  drying,  the  
s p e c t r u m  can  p o t e n t i a l l y  give in fo rma t ion  abou t  which p ro tons  are free to exchange  in so lu t ions  
a t  different  t e m p e r a t u r e s  and  pH values.  

Fig. 1. A. Dr ied  insul in  film. 
- - -  from H 2 0  so lu t ion  a t  
p H  4; . . . .  from D20 solu- 
t ion  a t  p H  4 af ter  48 h a t  
2o ° C; . . . . . .  from D20  solu- 
t ion at  p H  4 af ter  48 h at  38 °. 
B. Bovine  se rum a lbum in  
film from D20  solu t ion  a t  
p H  7 . - - - -  a f ter  48 h a t  
38o C; . . . .  a f ter  a fu r the r  
2 m inu t e s  a t  Ioo ° C. C. Seal 
n lyoglobin .  - - - - -  dry  c rys t a l  
a f te r  exposure  to D20 
v a p o u r  for 4 days ;  . . . .  
dr ied film from D20 solu t ion  

af ter  48 h a t  38~ C. 
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The spec t r a  in Fig. I were t a k e n  on a Perk in  E lmer  I 2C  spec t rome te r  f i t ted wi th  a ca lc ium 
fluoride pr ism,  a ref lect ing microscope and a lead te l lur ide  detector .  A rock ing  mi r ro r  a r r a n g e m e n t  
wi th  e lect ronic  r a t io  record ing  was  also inc luded  to give a double  beam t h rough  the  microscope.  
These modi f ica t ions  wil l  be descr ibed in de ta i l  in a subsequen t  publ ica t ion .  The range  37oo cm -1 
to 3ooo cm 1 corresponds  to N - H  and O - H  s t r e t ch ing  v ibra t ions ,  the  range  31oo cm -1 to  28oo 
cm - I  to C H s t r e t ch ing  v ibra t ions ,  and  the  region a round  2400 cm 1 to D-stretchingS, 6. 

The dr ied p ro te in  films were p repa red  in the  fol lowing w a y :  a smal l  vo lume of p ro te in  so lu t ion  
in D20  (o.1 ml) a t  a concen t r a t ion  of 2 %, p repa red  wi th  m i n i m u m  exposure  to a tmospher i c  

w a t e r  vapour ,  was  sealed in a ph ia l  w i th  a long d rawn  
~ = )  ou t  neck of f la t tened  cross-sect ion (Fig. 2). Af ter  48 

N 3.-_--_-__ hours  a t  20 ° C or 38° C the  ph ia l  was  t i pped  so t h a t  a ] -  / 
smal l  drop of the  so lu t ion  was t r ans fe r red  to a po in t  

Protel~'_'S~tion Cross-section be tween  two r e - en t r an t  bulges  in the  neck. The body  
Fig. 2. Sample  tube.  of the  ph ia l  was t h e n  immersed  in a b a t h  a t - - 7 o ° C ,  

the  neck r e m a i n i n g  a t  2o ° C un t i l  t he  drop had  dr ied  to  
a film. Vv'hile the  body  of the  ph ia l  was s t i l l  a t  - - 7  ° °  C the  neck was sealed off and  a s p e c t r u m  
s u b s e q u e n t l y  t a k e n  on the  d ry  film in the  sealed tube.  
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For the spectra of myoglobin crystals  a small drop from a suspension of crystals in sa tura ted  
ammon ium sulphate  (in H20 ) was deposited in the neck of the phial while the body contained 
a relatively large volume of D20, sa tura ted  with NaC1 to bring its vapour  pressure to approxi-  
mately tha t  of the crystal  suspension. After 4 days at 380 C the crystals were dried by the method 
described above. 

Insul in shows virtually complete exchange after 48 hours at 38 C. The snlall absorpt ion 
band remaining in the N H and O H stretching region could be due to dilution of the D~O 
with atmospheric  H20 during the prepara t ion of the solution and addition of DC1 to bring the 
pH to 4" After 48 hours, or longer, at  2o '  C a pronounced band remains at 329o cm 1. HvlDX 
AND LINDERSTROM-LANG'S 1, 2 results for insulin also show incomplete exchange under these con- 
ditions. 329 ° cm 1 is the main H-st re tching frequency associated with the peptide bond 6, aml 
these results are therefore consistent  with the view tha t  the less readily exchangeable protons 
are si tuated in the peptide backbone. For bovine serum albumin (Armour) after 48 hours  at 38~ C, 
or 4 days at 2o ° C, there is considerable bu t  not complete exchange, and the 329o cm 1 band 
may be fur ther  reduced if the droplet in the neck of the phial is heated to IOO ° C for 2 minutes  
before drying. The different results for insulin at 2o C and 38'~C mus t  be due to a different 
exchange in solution, ra ther  than  during drying, since in both cases the dry fihns were prepared 
at 20':' C. Dry fihns formed from solutions of serum albumin which have been kept at 20 '  C or 
38 : C may be readily redissolved. 

In  myoglobin crystals, exposed to D20 vapour,  a band remains  at 329 ° cm-1  and also 
a much less intense band at 3o7 ° cm 1. These bands show no dichroisnl either in the dry crystals 
or before drying, a l though there is X-ray  diffraction evidence for an overall a l ignment  of the 
peptide chains in seal myoglobin in the crystal form and (~rientation at which the spectra were 
taken s. This throws some doubt  on the interpretat ion of the 329 ° cm-1 band as being due to 
non-exchanging protons in peptide bonds. Possibly the crystals of the present  sample were not 
identical with those on which the X-ray diffraction measurements  were made. 

A weak absorpt ion band at 3o7 ° cm 1 is characteristic of proteins and peptides, bu t  has 
not been satisfactorily interpreted 6. I t  could be due to interaction between peptide chains in 
the crystalline state, or to salt linkages of the type N + - H  ..  .O . In  dry films prepared from 
myoglobin in DeO solution the band at 3o7 ° cm I disappears, and there is a fur ther  reduction 
in the absorpt ion at 329 ° cm 1. 

I am very grateful to Professor K. LINDERSTROM-LANG and Dr. J. C. KENDREW for samples of 
insulin and myoglobin,  to the Director, R. R. E. MALVERN, for the loan of a lead telluride 
detector, and to Sir CHARLES DODDS for permission to use one of the spectrometers  in the 
Courtauld Ins t i tu te  of Biochemistry.  
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Pathways of 91ucose utilization in the mammary 91and of the rat 

We have shown previously I tha t  levels of activity of enzymes of the hexose n lonophosphate  
oxidative pa thway  of glucose metabol ism in the rat  m a m m a r y  gland vary  considerably according 
to the physiological s tate  of activity of the gland. I t  was found tha t  levels of activity of bo th  
glucose 6-phosphate  (G 6-P) dehydrogenase and 6-phosphogluconate (6-PG) dehydrogenase 
increase rapidly from the end of pregnancy to the end of lactation, these increases being approxi-  
nlately 60 fold for G 6-P dehydrogenase and 2o fold for 6-PG dehydrogenase,  and then fall to 


