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Short Communications 

Tyrosyl-carboxylate ion hydrogen bonding in ribonuclease 

Three  of t he  six ty rosy l  res idues  in r ibonuclease  appear  to be involved in in te rac t ions  t h a t  mod i fy  
the i r  u l t rav io le t  l ight  absorpt ion1,  2 and  ioniza t ion behav ior  3. Since the  ionizat ion of all six tyrosyl  
g roups  is n o r m a l  in concen t r a t ed  urea  4, a h y d r o g e n  bond-b reak ing  solvent ,  it  seems t h a t  the  
modif ied reac t iv i ty  of th ree  ty rosy l s  in the  na t ive  p ro te in  is due to ty rosy l  h y d r o g e n  bonds  r a the r  
t h a n  to hyd rophob i c  a bonds .  I t  becomes  of in te res t  to learn  the  n a t u r e  of the  acceptor  g roups  
i n t e r a c t i n g  wi th  these  tyrosyls .  I n  the  case of ova lbumin ,  CRAMMER AND NEUBERGER 5 sugges ted  
t h a t  one of the  likely acceptor  g roups  m i g h t  be the  ca rboxy la t e  ion since the  sal icylate  ion was 
"one  of t he  few exampl e s  of h y d r o g e n  bond  fo rma t ion  in wa te r  of phenols  wi th  groups  o ther  
t h a n  those  of the  so lven t  molecules" .  HARRINGTON AND SCHELLMAN 2, us ing  th i s  hypo the s i s  of 
CRAMMER AND N E U B E R G E R ,  pos tu l a t ed  t h a t  the  acceptor  group in r ibonuclease  was also a ca rboxy-  
la te  ion. The  p re sen t  c o m m u n i c a t i o n  provides  expe r imen ta l  evidence to suppo r t  the  sugges t ion  
t h a t  t y rosy l - ca rboxy la t e  ion hyd rogen  bond ing  exis ts  in r ibonuclease .  

The  e x p e r i m e n t a l  t e chn i que  involves  the  use  of differential  u l t ravio le t  s p e c t r o p h o t o m e t r y  
p rev ious ly  applied to insul in  6. If r ibonuclease  a t  p H I  .91 is compared  in the  B e c k m a n  D U  spectro-  
p h o t o m e t e r  wi th  r ibonuclease  a t  p H  6.94, the  curves  of Fig. I are obta ined.  E a c h  curve  cor responds  
to a different  p ro te in  concen t ra t ion  in the  pair  of so lu t ions  being compared .  The  peaks  near  
280 m #  and  287 m/* in t he  differential  s p e c t r u m  were p rev ious ly  observed for insul in 6, and  seem 
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Fig. 1. Dif ference in opt ica l  densi ty  a t  room 
t e m p e r a t u r e  be tween  r ibonuclease  so lu t ions  a t  
p H  1.91 a n d  p H  6.94, Curves  A, B, C, D cor- 
respond to  e x p e r i m e n t s  carr ied ou t  wi th  con-  
cen t r a t ions  of 0.59, 1.18, 1.96 and  2.80 m g  

pro te in /ml ,  respect ively.  
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Fig. 2. Difference in opt ical  dens i t y  a t  287 m #  
be tween  a so lu t ion  of r ibonuclease  a t  p H  6.95 
and  a t  t he  p H  indicated .  The  pairs  of shaded  
po in t s  cor respond to the  revers ib i l i ty  t e s t s  dis- 
cussed  in the  tex t .  The  pro te in  concen t r a t ion  

in all so lu t ions  was  1.94 mg/ml .  

T A B L E  I 

CONCENTRATION DEPENDENCE OF DIFFERENTIAL 
ULTRAVIOLET SPECTRUM OF RIBONUCLEASE AT 287 m ~  

(pH 1.91 v s .  p H  6.94) 

Ribonuclease conch., c 
(rag ml)  /JD~8 ~ A D / c  

0.59 0.023 0.039 
1.18 o.o43 o.o36 
1.96 o.o7o o.o36 
2.80 O.ll  5 o.o41 
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characterist ic of the shift  of the tyrosyl  spec t rum toward longer wavelengths  when this residue 
becomes hydrogen-bonded in a protein. This hydrogen bond p resumably  exists at  p H  6.94 where 
the acceptor group is ionized bu t  not  at p H  1.91 where this group has acquired a proton.  

Since ribonuclease does not  show evidence of aggregation 7, such a hydrogen bond would 
be an internal  ra ther  than  an intermolecular  one. The constancy of the ratio dD/c, shown in 
Table I, indicates tha t  Beer 's law holds, in agreement  with this expectation. 

The spec t rum has the same appearance as tha t  of Fig. i at  o ther  p H  values, where the 
acceptor group is partially ionized. The p H  dependence of the optical densi ty difference at  287 mjz 
is shown in Fig. 2, which is essentially a t i t ra t ion curve for the acceptor group. The three pairs 
of shaded points  correspond to results obtained from exper iments  in which the solution was 
b rough t  from the lower to the corresponding higher pH.  Since the points  all fall on the same 
curve, the format ion and rup tu re  of the hydrogen bond is reversible. 

Because of the high optical densities of the solutions, and the small values of ZJD, it is 
difficult to obtain good precision. Hence, whereas the apparen t  p K  of the acceptor group appears  
to be approximate ly  2, the slopes of the curve of Fig. 2 are not  unambiguous ly  established. The 
observed p K  value would identify the acceptor group as a carboxylate  ion. The value of 2 is 
lower t han  the p K  values tabula ted  by COHN AND EDSALL 8 for carboxyl  groups in proteins. Since 
the isoionic point  of ribonuclease in o.I5~,~I KC1 is 9.69, one would expect the observed p K  to be 
lower than  the intrinsic p K  ° because of electrostatic effects in the region of carboxyl ionization; 
the extent  of the lowering would depend on the net charge and protein size and shape. An ad- 
ditional lowering of about  one p K  unit  can arise from hydrogen bonding TM. However,  in order 
to obtain  as much as one p K  unit  f rom hydrogen bonding, the lat ter  cannot  be of the heterologous 
single-bond type TM. A lowering of this size could, however, be obtained from a cooperative hydrogen 
bond involving two tyrosyls  and one carboxylate  ion, the decrease in p K  being equal to logt0 
( i +Krs ) ,where Krs is the equil ibrium cons tant  for the formation of such a hydrogen bond TM. Previous 
est imates  1° of Krs~-~ io  would account  for the observed enhanced acidity of the carboxyl  group. 
I t  is also possible to incorporate steepness into the t i t ra t ion curve by  assuminga°, 11 t ha t  two 
un-ionized carboxyl  groups are involved in a C O O H . . .  HOOC acetic acid dimer- type hydrogen 
bond at  low pH.  Detailed calculations for the changes in the rmodynamic  parameters  accompanying 
the conversion from a COOH. • • HOOC bond to a cooperative tyrosyl-carboxylate  ion bond have 
been given previously n .  The essential poin t  here is t ha t  the curve of Fig. 2 indicates t ha t  a 
carboxylate  ion is the acceptor  group in a hydrogen bond with a tyrosyl  group. The low p K  and 
possibly steep slope are compatible wi th  the more complicated kind of tyrosyl-carboxyla te  ion 
hydrogen bonding s i tuat ion ment ioned above. 

Exper iments  on the effects of proteolytic enzymes on the differential spec t rum m a y  aid in 
the location along the ribonuclease chain of the tyrosyl  and carboxyl  groups involved in the 
hydrogen bond(s). 

I should like to t hank  Professor K. LINDERSTR•M-LANG for his generous hospi ta l i ty  and helpful 
discussions in connection with this work. 
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