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Dif ferent ia l  u l t rav io le t  spectra of insulin*,  **, ***  

The ultraviolet  absorpt ion spectra of proteins are usually shifted towards  longer wavelengths 
when compared with the corresponding spectra of mixtures  of their component  amino acidsL 
Above 26o m/~, where the ultraviolet  spectrum of proteins arises essentially from their aromatic 
residues 1, this shift is a t t r ibutable  to two effects: 

(a) the involvement  of the aromatic  amino acids in peptide bonds (vicinal effect), and 
(b) the difference in envi ronment  of the aromatic R group in the protein and in the free 

amino acid. 
In  the case of tyrosine the second effect can arise if tyrosyl  residues are hydrogen bonded. 

The involvement  of the phenolic hydroxyl  group in a hydrogen bond should increase the con- 
t r ibut ion of the quinoid form and shift the spect rum to longer wavelengths,  as observed when 
the OH group is ionized I. NAGAKURA AND BABA found such a shift in hydrogen bonded phenols ~, 
and the suggestions tha t  this effect occurs in proteins have been frequent  (see 1 for fur ther  
references). 

In  order to investigate this shift and its implications for the internal s t ructure  of proteins, 
we have used the technique 

Gly ~S-;'S---] 20 AsP(N~2) ofdi~erentialspectrophoto- 
(Achoin) 6 I II ] metry,  and have applied it 

s s to beef zinc-free insulin and 
I I several other  proteins. In- 
i i sulin contains four tyrosyl  

Phe GIu--Arcj-~-Gly--Phe--Phe-- [ ~  --Thr--Pro--Lys@AIo residues in a molecular 
(B ch0in} 7 19 21 29 ; 23 26 29 i 30 w e i g h t  u n i t  o f  6 0 0 0 .  O n e  o f  

Fig. i. Schematic representat ion of the SANGER s t ructure  5 of these (the 26th residue of 
insulin. The two bonds split by trypsin3, 4 are indicated by vertical the B chain) is liberated 

(lashed lines, from the paren t  molecule 

as par t  of a heptapept ide  by the action of t rypsin  3,4 
(see Fig. 1). If  this tyrosyl  residue were hydrogen bonded 
to an acceptor on the remaining port ion of the insulin 
molecule, then trypt ic  hydrolysis should break the 
hydrogen bond and shift the ultraviolet  spec t rum to 
shorter  wavelengths.  This is indeed observed. Fig. 2 
illustrates the differential spec t rum obtained (using 
either a Beckman DU or DK ultraviolet  spectrophoto-  
meter) when native insulin at pH 7 is compared with its 
t rypt ic  digest at the same pH§. The differential spec- 
t r u m  shown in Fig. 2 arises from the spectral shift. 

Since the m a x i m u m  difference between these two 
samples was found at 287 mt~ the shift was not  due 
to a small difference in degree of ionization of tyrosine 
in the two samples. In the latter case the m a x i m u m  
would be observed at 294 m,u ]. The differential spec t rum 
was fur ther  investigated at 287 m/t as a function of 
time of t rypt ic  digestion. The results, expressed as 
difference in optical density, are shown in Fig. 3 and 
are in agreement  with the assumpt ion tha t  the spectral 
shift acconlpanies the t rypt ic  hydrolysis of the arginyl- 
glycyl bond (alanine being liberated much more rapidly4). 
The shift is almost  certainly not due to the vicinal 
effect since the tyrosyl  residue occupies a central posi- 

P }- 

287 

Wavelength 
Fig. 2. Differential ultraviolet spec- 
t r u m  obtained when native insulin is 
compared to a t rypt ic  digest of insulin 

at p H  7 (concentration, o.o25%). 

tion in the heptapept ide  and thus  is insulated by three residues from both  peptide bonds broken. 
The shift thus  appears  to be due to the rup ture  of a tyrosyl  hydrogen bond as proteolysis occurs. 

* This investigation was suppor ted  by a research grant  (A-491) from the National  Ins t i tu te  of 
Arthrit is and Metabolic Diseases, of the National Ins t i tu tes  of Health, U.S. Public Health Service. 

** We are indebted to Dr. OTTO K. BEHRENS of the Eli Lilly Co. for his generous gift of crystal- 
line beef zinc insulin. 

*** Presented before the Division of Biological Chemist ry  at the i28th meeting of the American 
Chemical Society, Minneapolis, Minnesota, September 1955. 

§ In  order to make the overall composit ion of bo th  solutions identical for spectrophotometr ic  
observat ions soybean t rypsin inhibitor and t rypsin were added to the nat ive insulin, and the 
inhibitor  to the t rypt ic  digest. 
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Fig. 3. Decrease in opt ica l  dens i ty  a t  287 nI# of an 
insul in  solut ion as a funct ion  of t ime  of t r yp t i c  

digest ion.  Insul in ,  o .50%;  Tryps in ,  o.oi  % 
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Fig. 4. Difference in opt ica l  dens i ty  at 287 nl// 
be tween  na t i ve  insul in  a t  p H  7 and na t ive  in- 
su l in  a t  the  p H  indica ted .  No poin ts  could be 
ob t a ined  be tween  p H  4 and 6.5 because of the  

inso lub i l i ty  of insul in  in th is  pH  range. 

Since i t  was considered l ikely  t h a t  a car- 
boxy la t e  ion is the  acceptor  for the ty rosy l  
pro ton  in the  hydrogen  bond, the  differential  
spec t rum of native insul in  was ob ta ined  as a 
funct ion of pH. Insul in  a t  pH  7, when com- 
pared wi th  insul in  a t  pH  2, gave  a curve  
a lmos t  ident ica l  wi th  t h a t  of Fig. 2, when 
corrected for the  difference in opt ica l  dens i ty  
of the  solvents ,  thus  sugges t ing  t h a t  in native 
insMin the  hydrogen  bond present  a t  p H  7 
was broken  a t  pH  2. The full t i t r a t i o n  curve 
was ob ta ined  from the  difference in opt ica l  
dens i ty  a t  287 m,t be tween a solut ion of na t ive  
insul in  a t  p H  7 and a s imi la r  one a t  any  
other  pH used as a reference. The t i t r a t i on  
curve  is revers ible  t h r o u g h o u t  the  pH range 
and is shown in Fig. 4. The drop in AD28 ~ as 
the pH is lowered from i to o.5 is as ye t  unex-  
plained.  From a cons idera t ion  of the  region 
at  and above p H i  i t  is seen t h a t  the  p K  of 
the acceptor  group is a p p r o x i m a t e l y  3. Since 
th is  p K  should be lower t h a n  the  in t r ins ic  
pK ° of the  acceptor  group due to hydrogen  
bonding  6 and to e lec t ros ta t ic  effects on the  
acid side of the  isoelectric po in t  (pI  = 5.6o7), 
the  observed va lue  can be t a k e n  as an indi- 
ca t ion t h a t  the  acceptor  group is e i ther  a C- 
t e r m i n a l  ca rboxy l  (pK ° = 3.6 ~) or a side chain  
ca rboxy l  group of a g l u t a m y l  or a s p a r t y l  re- 
sidue (pK ° = 4.77). We can p robab ly  rule out  
the B 3 ° a lan ine  since this  amino  acid is l iber- 
a ted  faster  4 t h a n  the  t y r o s y l . - . c a r b o x y l a t e  
ion bond is r u p t u r e d  (see Fig. 3). 

I t  is thus  concluded t h a t  na t i ve  insul in  
conta ins  a hydrogen  bond be tween  the B 26 
ty rosy l  res idue and an as ye t  unident i f ied  
c a rboxy l a t e  ion acceptor  group. This  hydrogen  
bond can be broken  e i ther  by neu t ra l i z ing  
the ca rboxy l a t e  ion wi th  acid or by  r e m o v i n g  
the h e p t a p e p t i d e  by t r y p t i c  hydrolys is .  

The method  of different ial  u l t r av io le t  
spec t ropho ton le t ry  appears  to be of general  

app l i cab i l i t y  in the  de tec t ion  and location of ty rosy l  hydrogen  bonds  in proteins.  P r e l i m i na ry  work  
on the  different ia l  spec t rum of lysozyme 8 has shown t h a t  a t  least  two of i ts  three  ty rosy l  res idues 
are hydrogen  bonded  to  ionizable  groups. This t echn ique  is also being appl ied  to  the  po lyn le r iza t ion  
of monomer ic  fibrin which m a y  invo lve  the  fo rmat ion  of an in t e rmolecu la r  hydrogen  bond wi th  
t y ro sy l  as a donor. 

F u r t h e r  work  is in progress a t  p resen t  on i m p r o v e m e n t s  in the t echn ique  of differential  
u l t r av io l e t  spec t ropho tomet ry ,  on the  locat ion of the  c a r b o x y l a t e  ion involved  wi th  the  B 26 
ty rosy l  group in a hydrogen  bond in insulin,  and on the  app l i cab i l i t y  of BEER'S law. 
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