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The kinetics of the deuterium exchange of insulin with DsO. 
An amendment 

In  cont inuat ion of previously reported exper iments  1 it has been found tha t  P2Oa is unfit for 
drying deuterium-loaded insulin. However  fast P20~ is t ransferred from bott le to desiccator, it will 
have time to absorb sufficient water  tronl the air to enable it to replace a considerable quan t i ty  of 
deuter ium a toms in the frozen-dried protein by ordinary hydrogen a toms during the subsequent  
drying process (5 days). The amorphous  character  of the solid insulin in conlbination wi th  its extremely 
light and spongy s t ruc ture  is favorable for the exchange process. The problem of the deuter ium 
exchange of insulin in aqueous solution has therefore been reinvest igated using the improved drying 
technique indicated below. I t  was consistently found (~6 estimations) tha t  ahnos t  all exchangeable 
hydrogen atoms, viz., 89 ± i out  of 91 per  mole pork insulin (Mw 5777), exchanged in the course of 
12-2o hours at  380 . Special control exper iments  combining determinat ions of the nitrogen content  
and weight of the dry  protein have secured tha t  the higher  value obtained does not  originate in 
insufficient drying of the samples. 

In  view of these findings our previous exchange-curve nmst  be re-interpreted, i.e., it does not  
represent  the n u m b e r  of hydrogen a toms  which dissolved insulin will exchange with deuter ium a toms 
from D20, bu t  ra ther  the num ber  of deu- 
te r ium a toms in the dr>, protein which will 
not  exchange back wi th  H20 from P205. 
Since the figure 46 a toms per mole is quite 
reproducible (oh 2 atoms) if the drying is 
performed with  P~O5 as described, our pre- 
vious exper iments  do reveal something 
about  the stabil i ty of the 48 hydrogen a toms 
in the backbone of solid, amorphous  insulin, 
and show the extreme react ivi ty of the hy- 
drogen a toms  in the side chains even when 
water  is vir tual ly absent.  

The quest ion of the t rue rate  of ex- 
change of dissolved insulin was approached 
in the following way  : 2oo #1 of a 2 % insulin 
solution, p H  3, were lyophilized and dried 
over P2Oa. Next  2oo #l 99.7% D20 were 
added to the dry protein and allowed to 
react  wi th  it for 2o hours  at  38 °, after which 
t ime D20 was distilled off in  vac*~o at low 
tempera ture  (cryodistilled) using a cold t rap 
( - -6o  ° to ---8o '). \Vhen the protein was al- 
mos t  dry it was heated to 6o ° for 2 to 4 hours  
to drive the residual water  over into the 
trap.  Finally the protein was dissolved as 
fast  as possible in 200 #1 H20  (or urea solu- 
tion), and samples of 15 /~1 were taken out  
at  suitable times, frozen to - - -  6o °, and cryo- '~0 5 *0 15 20 25 
distilled. The density of the water  in the r~me, hours 
t rap  was determined in the gradient  tube s . 
Fig. i, curves I I - I V ,  shows the rate of this Fig. i 
back-exchange at different tempera tures .  I t  
is appa ren t  t ha t  about  59 hydrogen a toms  exchange at  a rate which is too high to be measured.  The 
remaining 32 however  are characterized by  much  a smaller reactivity,  especially at o °, and fall in 
different groups wi th  greatly differing rate  constants .  I t  is too early to discuss the significance if 
this observat ion in detail, bu t  we venture  to mainta in  tha t  these slowly exchanging hydrogen a toms 
are s i tuated in the peptide groups and are hydrogen-bonded in the secondary s t ruc ture  of the protein.  
Curve V which represents  exper iments  at  o °, p H  3, 5 .2 molar  urea, s t rengthens  this view in tha t  
it shows the act ivat ing influence of a denatur ing  agent  upon the hydrogen exchange. I t  will be ob- 
served tha t  curve 11, will roughly coincide wi th  curve IV if it is displaced upwards  a distance cor- 
responding to the 45 odd hydrogen a toms  lost in the drying over P2Oa. Therefore the rate measured 
in the first, indeterminate  pa r t  of curve I is p robably  t ha t  of the slow exchange of hydrogen a toms  in 
the backbone of dissolved insulin. The possibility t ha t  the curves in Fig. I represent  rates  of dis- 
solution of insulin and of some "ageing"  processes in the solution (dissociation of higher complexes 
in which hydrogen a toms are "masked")  may  be excluded for several reasons. The following small 
exper iment  is interest ing in this respect:  IOO/~1 aged insulin solution were cooled to o ° and mixed 
with zoo /~1 DsO at  o °. After I min and 60 min 5 ° /21 samples of the mixture  were frozen and 
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lyophi l ized,  and  the  p ro t e in  dr ied  a t  6o ° for 2.5 hours  as descr ibed  above.  Then  25 / ,1HzO were added  
and  a f te r  2 hours  back - reac t ion  a t  38o the  so lu t ions  were c ryodis t i l l ed  and  the  dens i t y  of the  w a t e r  
de te rmined .  E x c h a n g e  va lues  of 60 and 62 r e spec t ive ly  were found, in good a g r e e m e n t  w i t h  curve  II .  

Our  wish  to  correct  our  p rev ious  errors  as qu i c k ly  as possible  had  led us to  o m i t  a d iscuss ion 
of the  b e h a v i o r  of SANGER'S A-cha in  on which  e x p e r i m e n t s  are in progress.  I t  should,  however ,  be 
no ted  t h a t  r enewed  e x p e r i m e n t s  w i t h  the  t e t r a p e p t i d e  l eucy l t r ig lyc ine ,  us ing the  i m p r o v e d  technique ,  
h a v e  shown t h a t  al l  6 labi le  h y d r o g e n  a t o m s  exchange  i n s t a n t a n e o u s l y  if the  pep t lde  is lyophi l ized  
pr ior  to  dissolut ion,  so t h a t  i t  is b r o u g h t  in to  r ap id  c on t ac t  w i th  the  solvent .  The exchange  w i t h  
HeO dur ing  the  d r y i n g  over  P205 is cons ide rab ly  slower t h a n  in the  case of insul in ,  which  m a y  be 
due  to  t he  fact  t h a t  the  lyophi l i zed  pep t ide  is c rys ta l l ine .  A s imi la r  a s s u m p t i o n  m a y  exp la in  w h y  
the  A-cha in  does no t  seem to exchange  w i t h  P2051. 

The  m e t h o d  and  resu l t s  wil l  be descr ibed more  ful ly  elsewhere.  
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Influence of methionine on protein and nucleic acid synthesis 
in Pseudornonas hydrophila * 

The recen t  f indings  of SCHMIDT et al. showed an increase  in  the  b iosyn thes i s  of ac id- insoluble  
and  ac id-so luble  aden ine  a nd  guan ine  f rac t ions  in y e a s t  cells g rown in a s y n t h e t i c  m e d i u m  supple-  
m e n t e d  w i t h  meth ion ine .  The  p r e s e n t  i n v e s t i g a t i o n  deals  w i t h  the  inf luence of DL-methionine on 
nucle ic  ac id  and  p ro t e in  syn thes i s  in  Pseudomonas hydrophila. 

Pseudomonas hydrophila N R C  492 was  g rown a t  th ree  concen t r a t i ons  of DL-methionine in a 
s y n t h e t i c  m e d i u m  ~ for 24 hours  w i t h  c o n s t a n t  shak ing .  The cells, h a r v e s t e d  in a centr i fuge,  were 
washed  four  t imes  w i t h  ice cold water ,  frozen a nd  dried.  

The  fol lowing e s t i m a t i o n s  were m a d e  on the  freeze-dr ied mate r i a l .  
a. Protein: 2o m g  of t i le  f reeze-dr ied m a t e r i a l  was  i n c u b a t e d  wi th  2 mI of 5 % t r i ch lo roace t i c  

acid (TCA) a t  o ° C for 2 hours  a nd  cen t r i fuged  a t  4 ° C. The residue,  washed  twice  a t  4 ° C w i t h  5 % 
TCA, was  t a k e n  up  in  3 % N a O H  and  t he  p ro t e in  in a 4 ml  a l i quo t  was  e s t i m a t e d  by  the  co lor imet r ic  
b iu r e t  m e t h o d  of HILLER et al. ~ I n t e n s i t y  of color was  measu red  in a B e c k m a n  s p e c t r o p h o t o m e t e r  
a t  55 ° m/~. 

b. Total nucleic acid phosphorus (TNA-P) : 3 o mg  of the  freeze-dr ied m a t e r i a l  was  i n c u b a t e d  wi th  
4 ml  of 5 % TCA a t  o ° C for 2 hours  a nd  cen t r i fuged  a t  4 ° C. The res idue  was  washed  four t imes  a t  
4 ° C w i t h  5 % TCA, once w i t h  e thanol ,  th ree  t imes  w i t h  a m i x t u r e  of e thano l :  e the r  (3 : I )  a t  room 
t e m p e r a t u r e .  The washed  res idue  was  e x t r a c t e d  th ree  t imes  w i t h  2 ml  a l i quo t s  of 5 % TCA a t  9 °o C 
for IO min.  The TCA e x t r a c t s  were m a d e  up to  IO ml  and  phosphorus  was  e s t i m a t e d  in an  a l iquo t  
accord ing  to  the  m e t h o d  of KING ~. 

c. Desoxyribonucleic acid (DNA-P) : 80 mg  of the  freeze-dried m a t e r i a l  was i n c u b a t e d  w i t h  5 ml 
of 5 % TCA a t  o ° C for 2 hours  a nd  cen t r i fuged  a t  4 ° C. The res idue  was  washed  w i t h  TCA and  l ipid 
so lven t s  as desc r ibed  above.  The washed  res idue  was  t a k e n  up  in 2 ml  N K O H  and  the  m i x t u r e  was 
k e p t  for 18 hours  a t  37 ° C. I t  was then  chi l led  in an ice b a t h  and  DNA and  p ro t e in  were p r ec i p i t a t ed  
w i t h  o. 4 ml  6N HC1 a nd  2 inl  5 %  TCA. The  m i x t u r e  was  he ld  a t  o ° C for 15 mi n  and  cen t r i fuged  
a t  ~° C. The  res idue  was  washed  a t  4 ° C w i t h  5 % TCA. The  washed  res idue was  e x t r a c t e d  th ree  t imes  
w i t h  i m l  a l i quo t s  of 5 % TCA a t  9o ° C for IO min  and  the  phosphorus  in the  e x t r a c t s  e s t i m a t e d  
accord ing  to  the  p rocedure  of KING 4. 

d. Ribonucleic acid phosphorus (RNA-P) :  R N A - P  was  o b t a i n e d  by  s u b s t r a c t i n g  D N A - P  from 
TNA-P.  

The  t u r n o v e r  of r ibonuc le ic  ac id  phosphorus  as effected by  DL-methionine was s tud ied  by  us ing 
32p. p.  hydrophila was grown in a s y n t h e t i c  m e d i u m  2 w i t h  or w i t h o u t  a d d e d  o.o2 M DL-methionine.  
Labe led  phosphorus  (1. 5 /~c /ml  of med ium)  was  supp l i ed  as H3s2PO 4. Twen t y - fou r  hour  cu l tu res  
were cen t r i fuged  and  the  cells were washed  s ix  t imes  w i t h  ice cold water .  The washed  cells were 
suspended  in  7 % TCA (2.5 ml  TCA per  g of we t  cells) a nd  held  a t  o ° C for two  hours.  The suspension 
was  t h e n  cen t r i fuged  a t  4 ° C a nd  t he  res idue  was  washed  s ix  t i m e s  w i t h  5 % TCA a t  4 ° C and  wi th  
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