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P H O T O C H E M I S T R Y  OF P R O T E I N S  

XV. SOME OBSERVATIONS ON THE ULTRAVIOLET ABSORPTION 

SPECTRA OF PROTEINS* 

b y  

A. D. McLAREN ** AND L. WALDT 
Department o/ Chemistry Polytechnic Institute o/Brooklyn, N. Y. ( U.S.A .) 

ANSLOW AND NASSAR I, in studying the absorption spectrum of gelatin, believed 
that they had found evidence for an absorption band near 280o A by the peptide bond. 
We have shown elsewhere that the band observed near 2800 A in gelatin cannot be due 
to the peptide bond, since no such band is found in clupein hydrochloride 2. ANSLOW 
now admits that  this band cannot be due to the peptide bond, since it does not appear 
in linear amides a. This small, but definite, absorption band near 2800 A, which is shifted 
toward the red in alkaline solution 1, is shown here to be due to quite small amounts 
of tyrosine, known from recent studies to be found in gelatin samples of several origins. 

RIDEAL AND ROBERTS ~ believe that they have evidence showing that approximately 
5 % of the radiation absorbed by protein at wave-length 2537 A is directly absorbed at 
the keto-imino linkage. Our results indicate that  this estimate is probably too high and 
that  the value is probably nearer 2-3 % in most proteins. This conclusion is based on 
the ultraviolet light absorption of the hemipeptide acetylalanine and a comparison of 
the absorption spectra of some proteins (chymotrypsin, insulin, gelatin and examples 
from the literature) and their corresponding mixtures of amino acids. A comparison of 
the effect of irradiation on a polypeptide and a mixture of peptides of similar absorption 
spectra properties is also presented. 

:EXPERIMENTAL AND RESULTS 

For methods of measurement of spectra, reference may be made to previous papers 
in this series. 

Gelatin. Gelatin ~"extra pure", Aktieselskabet Dansk Gelatin Fabrik, Copenhagen) 
was dialyzed against distilled water and dissolved in water with a resultant pH of 4.7 o. 
The final concentration was 0.965 mg nitrogen per ml. The absorption curve, Fig. I, 
shows slight maxima at 2580, 2640 and 2680 A, which are definitely due to phenyl- 
alanine. The maxima at 275 ° and 2815-284o A are definitely those of combined tyrosine 5. 

* This work was financed in part by U. S. Atomic Energy Commission, contract no. AT- 
(3o-1)-95 o. For previous papers see A. D. MCLARE~I, Arch. Biochem. Biophys., 31 (1951) 72; E. H. 
KAPLAN, ]~. D. CAMPBELL, AND A. D. ]ViCLAREN, Biochim. Biophys. Acta, 4 (195 °) 493. 

** Present address, Department of Agriculture, University of California, Berkeley, California. 
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Gelatin from several sources is known to contain ca 2% phenylalanine and o.2-o.9% 

l I I ~ I I 
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Fig. i. Ultraviolet absorption spectra of 
gelatin, clupein and leucyltyrosine. 

tyrosine 6. At the same concentration, at pH 
12.6, a shift of the spectrum to longer wave 
lengths is observed. The results with gelatin 
are not corrected for light scattering 4. 

The optical densities of 5" lO-5 M solu- 
tions of L-leucyl-L-tyrosine ~ are also shown 
in Fig. I at pH 3.4 and pH 12. 7. I t  will be 
observed that an identical shift in maxima 
occurs with a change from acid to alkaline 
reaction. Thus there is no need to postulate 
a special absorption to any grouping in the 
2750-2800 A region, such as to the peptide 
bond. The absorption data of leucyltyrosine 
may be used to calculate a value of o.71% 
tyrosine in our gelatin sample, c[. ref. 6. 

Further evidence that  the peptide bond 
has no special absorption in the 2800 A region 
is furnished by an examination of clupein 
sulfate, Fig. I, IO mg per ml in water. (The 
clupein sulfate was kindly furnished by Dr 
C. F. JACOBSEN.) 

Chymotrypsin. A comparison of the ab- 
sorption of chymotrypsin (pH 5.0) with an 

amino acid mixture of the same residual make-up as the zymogen s is of interest in 
revealing that the absorption by the peptide bond at 2537 A 
in a protein is small. In the previous paper s no correction 
was made, in plotting the data for the amino-acid mixture, 
for the water of condensation, which is theoretically elimi- 
nated in formation of the protein. The apparent optical 
densities of the mixture per mg per ml must be multiplied 
by 112.36/94.98, since 94.98 g of amino-acid residues ex- 
perimentally give rise to 112.36 g of amino acids 9. In other 
words what is needed is the optical density of a mg of protein 
per ml and the density of a mg of amino-acid residues (un- 
combined) per ml. In Fig. 2 we have prepared these plots 
for both solutions. I t  will be seen that at 2537 A and at 
2500 A the absorption by the mixture is actually greater than 
by the protein. This is in accordance with the findings Gf 
HAUROWlTZ AND ASTRUP 1° with ox serum globulin and 
the corresponding enzymic hydrolysate and with those of 
]3EAVEN et al. 11, with horse serum globulin and the corres- 
ponding peptic digest. A correction for light scattering is 
not necessary for chymotrypsin 12. 

Insul in .  The spectrum of insulin has been determined 
by several workers4,13,14. For a molecular weight of 36,000, 
the molecular extinction coefficients found by various 
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Fig. 2. Ultraviolet absorp- 
tion spectra of chymo- 
trypsin, the corresponding 
mixture of amino acids 
(A. A.), calculated values for 
the more strongly absorbing 
amino acids (solid circles) 
and found values for a mix- 
ture of the more strongly 
absorbing amino acids (open 
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T A B L E  I 

MOLECULAR EXTINCTION COEFFICIENT DATA FOR INSULIN 

Insulin Max imum M i n i m u m  Re]erences 

35,2oo 15,65o 13.  
34,600 16,4oo I 4 , ,  
34,840 16,9oo 

Calcula ted  
for Insul in  34,980 11,7oo 14" 

* T h e  va lue s  in ref. 14 (Table II)  are  incorrec t ly  g iven  due  to a r i t h m e t i c  errors  (E. H.  I{AFLAN, 
pr iva te  communica t ion ) .  

** Same  sample  as in ref. 14, a m o r p h o u s  insul in ,  u n p u b l i s h e d  d a t a  of S. MALAMENT. 

authors are tabulated in Table I. Values calculated in the usual way from the amino-acid 
composition are also shown, using the amino-acid data of BRAND ~5 and the extinction 
coefficients of FROMAGEOT AND SCHNEK TM. A s  

noted by CRAMMER AND NEUBERGER,  the agree- 
ment between calculated and found values at the 
maximum is satisfactory. The agreement at the 
minimum is poor, however. R I D E A L  AND ROBERTS 

ascribe this difference to absorption by the peptide 
bond in the neighborhood of 2500 A. In view of 
our results with chymotrypsin and the correspon- 
ding amino-acid mixture*, which agreed more 
closely at the minimum, we have compared the ab- 
sorption of insulin with that of the corresponding 
amino-acid (A. A.) mixture, Fig. 3. The insulin 
solution contained I mg per ml of insulin (dried 
over P20~) in o.oo31 6 N HC1 (pH 2.58). The amino 
acid solution contained i mg per ml of amino 
acids in the same solvent (pH 2.67). The optical 
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Fig. 3. Ul t r av io le t  abso rp t ion  spec t ra  
of  insul in  a n d  of t h e  cor respond ing  

amino  acid mix tu r e .  

densities** for a i cm path length were multiplied by 1.167. The factor 1.167 is the 
ratio of the weight of amino acids obtained from IOO g insulin to the weight of amino- 
acid residues accounted for in insulin 1~. I t  will be seen that the two curves more nearly 
coincide in the region of 260o to 2725 A than do those of RIDEAL AND ROBER'IS. Their 
calculated curve is almost identical with the curve for the amino-acid mixture; their 
maximum is the same height as ours. The agreement at 2500 A is also good. Their 
maximum density for insulin gives a molecular extinction coefficient of ca 37,8o0, which 
is higher than found by others, however (c[. Table I). The difference in density at the 
protein minimum and the amino-acid curve is about the same in their study as in ours. 

Pancreatic trypsin inhibitor (PTI ) .  In Fig. 4 a, the optical density per cm path length 
is plotted for a solution of pancreatic trypsin inhibitor***, I m g  per ml (not corrected 

* Amino  acids  f rom M a n n  Fine  Chemicals ,  Inc., N.Y.  6, N . Y . ,  and  E a s t m a n  K o d a k  C o m p a n y ,  
Roches te r ,  N .Y .  

** Ob ta ined  w i th  micro  cells, 75 cram.  
*"* W o r t h i n g t o n  Biochemica l  Labora to ry ,  Freehold,  N . H . ,  non-crys ta l l ine  lyophil ized,  w i th  

75.2 % a m m o n i u m  su l fa te  and  o/ wa t e r  4 /o (cf. M. KUNITZ AND J. H ,  NORTHROP, J. Gen. Physiol., 
19 (1936) 991). 
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for moisture or ammonium sulfate) in M/I 5 phosphate buffer, pH 3.05. Also shown is 
the density of a solution irradiated for 51/2 minutes (2.8 ml in air, at  an intensity of 

ca o.15.1o -4 einsteins per ml per hour at 

MIX . - -  e 

f I I I I I _  I I i E t 

2500 2"/'00 2900 2500 2700 2900 A 
WAVELENGTH WAVELENGTH 

a b 

Fig. 4. Ul t rav io le t  abso rp t ion  spec t ra  of (a) 
i r rad ia ted  and  u n i r r a d i a t e d  t r y p s i n  inhib i tor  
a n d  (b) i r r ad ia t ed  a n d  un i r r ad i a t ed  solu t ions  
of a m i x t u r e  (mix) of l eucy l ty ros ine  and  

p rop iony lpheny l a l an i ne .  

2537A) after standing for 24 hours at 5 ° 
following irradiation. Using 1,3oo as the ex- 
tinction coefficient of tyrosine z~ at 275o A 
and our density of o.216, one can calculate 
a concentration of tyrosine residues of 
o.166-1o -6 M per ml. Taking the molecular 
weight 9 of the inhibitor as 6,000 the inhib- 
itor concentration was o.2o8.1o-3/6ooo or 
o.347. I o-~ M/ml. Thus, the calculated amount  
of tyrosine residues in the molecule is o.166/ 
0.0347 = 4.8 or roughly 5. 

For comparison, a solution of leucyl- 
tyrosine was made up to give a density at 
276o A equaling tha t  of the PTI  solution; 
propionylphenylalanine ~ was added to nearly 
duplicate the absorption of the PTI,  Fig. 4 b, 
throughout the spectrum. The final solution 
was o.548.IO-6 M per ml in phenylalanine 
residues. This solution was also subjected 
to 51/2 minutes of irradiation at 2537 A. Ir-  
radiation produced an increase in absorption 

of both the PTI  and the corresponding mixture. The increase for the mixture is about 
one to one and one-half times tha t  for the inhibitor (compare Fig. 4 a and Fig. 4b). 
The indication, however, is that  the behavior of the mixture is similar to that  of the 
inhibitor with regard to the photochemical reactions is. 

As was to be expected, the maximum absorption of the PTI  was shifted to longer 
wave lengths at pH 12.7 (density of o.242 at 288o-289o A at 1 mg per ml uncorrected 
for ammonium sulfate and water in the Worthington preparation). 

A preliminary value for the quantum yield for inactivation of PTI  at 2537 A, based 
on loss of ability to inhibit the proteolytic activity of trypsin, is o.o31 at pH 4.5 in 
M/I5 phosphate buffer. The value is subject to considerable experimental uncertainty.  

DISCUSSION 

By reference to Fig. 2, it will be seen that  at 2537 A and at 25oo A the absorption 
by  the mixture of amino acids is actually greater than by the protein in the case of 
chymotrypsin,  Obviously, a calculation of the fraction of absorbed light at these wave- 
lengths absorbed by  the CONH linkage by  comparison of these curves cannot be per- 
formed. RIDEAL AND ROBERTS have a t tempted  such comparisons with serum albumin, 
gelatin and insulin, by a comparison of calculated absorption of the more strongly 
absorbing chromophores (amino acids) with the corresponding protein spectra. They 
found that  the calculated curves were below the curves for the proteins at 2500 and 
280o A but  more nearly coincided with the protein curves between 2600 and 2700 A. 

Re[erences p. 246. 
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I t  seemed to us that  part  of the discrepancy with their procedure might arise from 
a lack of consideration of the ca 80% non-aromatic residues (by weight) in proteins. 
We therefore have obtained for comparison the absorption spectrum of a mixture of 
phenylalanine, tyrosine, tryptophan, cysteine and cystine in the proportions 8, 9, in which 
they are found in the protein and to the extent they occur in I mg per ml of the total 
amino-acid mixture (corrected for water of condensation), Fig. 2. Also, for comparison 
the densities to be expected for these five amino acids have been computed from the 
molecular extinction data of FROMAGEOT AND SCHNEK (also corrected for water of 
condensation). These last two curves agree fairly well, but  they fall considerably below 
the curve for the total amino-acid mixture. A correction for water of condensation brings 
the density to only 1,6 at 2750 A for both. The 83 % by weight of the other amino acid 
residues in the BRAND mixture must therefore contribute appreciably to the absorption 
of the protein and to the complete amino-acid mixture. 

RIDEAL AND ROBERTS claim that  a large discrepancy exists between calculated 
and found values for the absorption spectrum of gelatin (found values corrected for 
light scattering). They give an El 2~ of ca 0.64 at 2500 A, 0.62 at 2600 A and 0.55 at 
2700 A for gelatin but  values of somewhat less than 2/3 of these for their calculations. 
Unfortunately, they did not give the amino-acid composition assumed for their calcu- 
lations and apparently they ignored, as did ANSLOW, the spectroscopically significant 
amounts of tyrosine known to be present in gelatin 6. We have determined the spectrum 
of an amino-acid mixture corresponding to gelatin 6 in water at pH 4.55, which gave 
o.61 at 2500 A, 0.70 at 2600 A and 0.80 at 2700 A for a 1% solution (the amino-acid 
mixture was as given by NEUMAN 6 and contained hydroxyproline, 13 % (R. J. BLOCK 
AND D. BOLLING, "Amino-Acid Composition o/Protein and Foods", C. C. Thomas, Spring- 
field, Illinois, 1945); tyrosine, o.41%; and phenylalanine, 2.3% of total amino-acid 
mixture, as well as the other amino acids listed by NEUMAN). The amount of tyrosine 
chosen was arbitrarily about the average of that  reported for several gelatin samples 
by NEUMAN. Thus, in the region of 2700 A RIDEAL'S results and ours could only agree 
by accident. Between 2500 and 2600 A (absorption by phenylalanine residues) the 
agreement between our amino-acid mixture and the experimental curve for gelatin of 
RIDI~AL AND ROBERTS is good, and there is no need for assigning 5 % or more of the 
total absorption to absorption by CONH at 2537 A. 

Incidentally, a solution of the amino acids at the same concentration and at pH 12.5 
showed the same kind of shift of maximum toward the red as was shown by intact 
gelatin and to the same extent (maximum at 2920 A). 

An examination of the protein and amino-acid absorption curves of RIDEAL AND 
ROBERTS for bovine serum albumin shows virtually no difference in optical density 
values at 2537 A. This datum, coupled with similar work reported here with chymo- 
trypsin and elsewhere on ox and horse globulin, referred to above, leads one to conclude 
that  there is little evidence from which it can be concluded that  approximately 5 % of 
the total absorption at 2537 A is due to CONH linkages in intact proteins. 

One can deduce, however, in another way, that  the CONH linkage in a protein 
absorbs c a  2-3% of the light absorbed near 2537 A. In a typical protein absorption 
by a structure like clupein (aliphatic polypeptide) would be one to 3% of that  of a 
protein between 2525 and 2800 A. For example, the density of clupein sulfate in this 
region, IO mg per ml, is roughly o.15; that  of a typical protein at the same concen- 
tration is 5-8, or greater. 

References p. 246. 
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W e  can ca lcula te  the  per  cent .  of the  abso rbed  l ight  abso rbed  b y - C O N H - i n  
c h y m o t r y p s i n  in the  fol lowing w a y :  

F o r  ace ty l a l an ine  19 : 
I O 

CH a ~ - -  C 
i 
i 

H ~ 0 

C - -  OH 

H e l l s  I 

the  molecular  ex t inc t ion  coefficient, e, is 1.28 a t  2537 A. 
F o r  acet ic  acid]9: 

O 
II 

C H  s - -  C - -  OH 

e,5~ = 0.02 (the combina t ion  of o ther  groups,  such as  N H , ,  to the  ca rboxy l  to form 
an amide  fails  to a l t e r  a p p r e c i a b l y  the  absorp t ion  spec t ra  of the  compound2°). Since 

I 
the  c a r b o x y l  is i n su la t ed  2° f rom the  pep t ide  group  in ace ty la l an ine  b y  the H - - C - - C H  3 

J 
group,  we m a y  s u b t r a c t  0.02 f rom 1.28 and  ob ta in  e,53~ = 1.26 for the  pep t ide  bond  

I 
at  2537 A. The C H s - - C H - - g r o u  p is t r a n s p a r e n t  a t  this  wave  length  2°. To de te rmine  
the  per  cent .  abso rp t ion  b y  the pep t ide  l inkage  we m a y  consider  t h a t  for a molecu la r  
weight  of 36,800 there  are  ca 360 such l inkages  in c h y m o t r y p s i n  ~1. Thus,  e~53~ (for CONH) 
= 360 × 1.26 = 454. F o r  th is  molecu la r  weight ,  e25s~ = 30,5 °0. The % absorp t ion  
b y  the pep t ide  bond  is thus  only  454 x lOO/3O,5OO = 1.5 %. 

The  abso rp t ion  of l ight  of  2537 A a t  CONH l inkages  is p r o b a b l y  on ly  a b o u t  I to 3 % 
in mos t  prote ins ,  an e s t ima te  of abou t  half  t h a t  sugges ted  b y  RIDEAL AND ROBERTS. 

The  wel l -known 5, ** abso rp t ion  of u l t r av io le t  l ight  b y  the  pe p t i de  bond  a t  wave  
lengths  shor te r  t h a n  2300 A has  been r ecen t ly  conf i rmed ~s. Increased  absorp t ion  b y  
the  CONH l inkage  a t  these  shor t e r  wave- lengths ,  fol lowed b y  photolys is ,  could account  
in p a r t  for the  increase  in effective q u a n t u m  yie lds  for i nac t iva t ion  of enzymes  in this  
region of the  spec t rum 5. I t  mus t  be r emembered ,  however ,  t ha t  i n t e rna l  photosens i -  
t i za t ion  by  a roma t i c  groups  19 can also lead  to photo lys i s  of the  pep t ide  bond.  I t  has  
been assumed  t h a t  such pho to lys i s  leads  to i n a c t i v a t i o n - - d e n a t u r a t i o n  of pro te ins  ~, ~9. 
Ev idence  is also accumula t ing  t h a t  modif ica t ion  of an a roma t i c  r ing  can lead  to in- 
ac t iva t ion ,  which m a y  be the  more  i m p o r t a n t  mechan i sm near  and  a t  the  2537 A 
H g  line (paper  in p repara t ion) .  I t  also seems l ike ly  t h a t  some pa r t i c u l a r  g roup  or aro- 
ma t i c  res idue m a y  be more  i m p o r t a n t  pho tochemica l ly  t han  o thers  in leading  to loss 
of biological  a c t i v i t y  in enzymes  and  o the r  p ro te in  molecules  ~4. 

SUMMARY 

The ultraviolet absorption spectra of chymotrypsin, insulin, pancreatic trypsin inhibitor, gelatin 
and clupein sulfate are presented. Comparisons are made between absorption spectra of corresponding 
mixtures of amino acids and chymotrypsin, insulin, gelatin and pancreatic inhibitor. From such 
comparisons, and calculations based on data in the literature, it is concluded that of the light absorbed 
at 2537 A by typical proteins, about I-3 % of the total absorption is by the peptide linkage. The 
percentage is much higher at ca 2000-2300 A. 

The effect of ultraviolet light (2537 A) on the absorption spectrum of trypsin inhibitor and 
of a corresponding mixture of peptides is similar. A preliminary value of the quantum yield for 
inactivation of the inhibitor is o.o31. 

Re#rences p. 246. 
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Rt~SUMI~ 

Les a u t e u r s  p r 6 s e n t e n t  les spec t res  d ' a b s o r p t i o n  dans  l ' u l t r av io le t  des s u b s t a n c e s  su ivan t e s :  
chy lno t ryps ine ,  insul ine,  i nh ib i t eu r  panc r6a t i que  de la t ryps ine ,  g61atine et  s u l p h a t e  de clup6ine.  
I ls  6 tab l i s sen t  des compa ra i sons  en t re  des  m61anges co r r e spondan t s  d ' ac ides  amin6s  et  la c h y m o -  
t ryps ine ,  l ' insul ine ,  la g61atine e t  l ' i nh ib i t eur  pancr6a t ique .  P a r  de telles compara i sons  e t  des calculs  
bas6s  sur  des donn6es  de la l i t t6 ra tu re  ils a r r iven t  ~ la conclus ion que  env i ron  le 1-3 % de la lumibre  
t o t a l e  absorb6e  ~ 2537 A pa r  des pro t6 ines  t y p i q u e s  es t  absorb6 pa r  la l iaison pep t id ique .  Ce pour-  
cen tage  es t  b e a u c o u p  p lus  61ev6 ~ 2ooo-23oo A envi ron .  

L 'e f fe t  de la lumi~re u l t r av io l e t t e  (2537 A) sur  le spec t re  d ' a b s o r p t i o n  de l ' i nh ib i t eu r  de la 
t ryps ine  et  d ' u n  m61ange c o r r e s p o n d a n t  d ' ac ides  ami n6s  es t  semblable .  U n e  va l eu r  pr61imininaire 
du  r e n d e m e n t  q u a n t i q u e  pour  F i nac t i va t i on  de l ' i nh ib i t eu r  es t  o.o31. 

Z U S A M M E N F A S S U N G  

Die U l t r av io l e t t  ab so rp t i ons -Spek t r en  yon  C h y m o t r y p s i n ,  Insu l in ,  P a n c r e a s - T r y p s i n h e m m s t o f f ,  
Ge la t in  u n d  C l u p e i n s u l p h a t  werden  gezeigt .  Vergle iche zwischen  den  A b s o r p t i o n s s p e k t r e n  yon  ent -  
s p r e c h e n d e n  M i s c h u n g e n  yon  A m i n o s ~ u r e n  u n d  C h y m o t r y p s i n ,  Insul in ,  Ge la t in  u n d  P a n k r e a s h e m m -  
stoff  werden  anges te l l t .  Au f  G r u n d  solcher  Vergle iche u n d  yon  B e r e c h n u n g e n  m i t  A n g a b e n  aus  der  
L i t e r a t u r  wird geschlossen,  dass  unge f~h r  1 -  3 % der  G e s a m m t m e n g e  des  yon  t y p i s c h e n  P ro t e inen  
bet  2537 A abso rb ie r t en  L ich tes  d u r c h  die P e p t i d b i n d u n g  abso rb ie r t  wird. Dieser  P r o z e n t s a t z  is t  
bet  ca  2ooo-23oo A v i e l  h6her .  

Die W i r k u n g  des  u l t r av io l e t t en  L ich te s  (2537 A) au f  das  A b s o r p t i o n s s p e k t r u m  yon  T r y p s i n -  
h e m m s t o f f  u n d  yon  eider  e n t s p r e c h e n d e n  Aminos~kuremischung ist  i hn l i ch .  E in  vorlXufiger W e f t  ffir 
die Q u a n t e n a u s b e u t e  der  I n a k t i v i e r u n g  des  H e m m s t o f f e s  i s t  o.o31. 
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