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Differential ultraviolet spectra of insulin*» **, ***

The ultraviolet absorption spectra of proteins are usually shifted towards longer wavelengths
when compared with the corresponding spectra of mixtures of their component amino acids!.
Above 260 mu, where the ultraviolet spectrum of proteins arises essentially from their aromatic
residues!, this shift is attributable to two effects:

(a) the involvement of the aromatic amino acids in peptide bonds (vicinal effect), and

(b) the difference in environment 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-
tribution of the quinoid form and shift the spectrum to longer wavelengths, as observed when
the —OH group is ionized!. NAGAKURA AND Baga found such a shift in hydrogen bonded phenols?,
and the suggestions that this effect occurs in proteins have been frequent (see! for further
references).

In order to investigate this shift and its implications for the internal structure of proteins,
[_5_5_] we have used the technique

Gly 20 Asp(NH,) of differential Spectrophotq—

(A choin) ’ " metry, and have applied it
S ) to beef zinc-free insulin and

| ! several other proteins. In-

]s ls , . sulin contains four tyrosyl

Phe Glu—Arg +Gly—Phe—Phe— [Tyr] ~Thr—Pro—Lys-ale Tesidues in a molecular

(8 chain) 7 19 21 22 i23 26 2930 weight unit of 6000. One of

Fig. 1. Schematic representation of the SANGER structure’ of these (the A26th. res_idue of
insulin. The two bonds split by trypsin®¢ are indicated by vertical ~ the B chain) is liberated
dashed lines. from the parent molecule

as part of a heptapeptide by the action of trypsin?.4
(see Fig. 1). If this tyrosyl residue were hydrogen bonded
to an acceptor on the remaining portion of the insulin
molecule, then tryptic hydrolysis should break the
hydrogen bond and shift the ultraviolet spectrum to
shorter wavelengths. This is indeed observed. Tig. 2
illustrates the differential spectrum obtained (using
either a Beckman DU or DK ultraviolet spectrophoto-
meter) when native insulin at pH 7 is compared with its
tryptic digest at the same pH$. The differential spec-
trum shown in IFig. 2 arises from the spectral shift.
Since the maximum difference between these two
samples was found at 287 mgy the shift was not due
to a small difference in degree of ionization of tyrosine
in the two samples. In the latter case the maximum
would be observed at 294 myu?!. The differential spectrum
was further investigated at 287 myu as a function of
time of tryptic digestion. The results, expressed as
difference in optical density, are shown in Fig. 3 and
are in agreement with the assumption that the spectral
shift accompanies the tryptic hydrolysis of the arginyl-
glycyl bond (alanine being liberated much more rapidly?).
The shift is almost certainly not due to the vicinal
effect since the tyrosyl residue occupies a central posi-
tion in the heptapeptide and thus is insulated by three residues from both peptide bonds broken.
The shift thus appears to be due to the rupture of a tyrosy! hydrogen bond as proteolysis occurs.
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Fig. 2. Differential ultraviolet spec-
trum obtained when native insulin is
compared to a tryptic digest of insulin
at pH 7 (concentration, 0.025%,).

* This investigation was supported by a research grant (A-491) from the National Institute of
Arthritis and Metabolic Diseases, of the National Institutes of Health, U.S. Public Health Service.
"* We are indebted to Dr. Orro K. BEHRENS of the Eli Lilly Co. for his generous gift of crystal-
line beef zinc insulin.
“** Presented before the Division of Biological Chemistry at the 128th meeting of the American
Chemical Society, Minneapolis, Minnesota, September 1955.
§ In order to make the overall composition of both solutions identical for spectrophotometric

observations soybean trypsin inhibitor and trypsin were added to the native insulin, and the
inhibitor to the tryptic digest.
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Fig. 3. Decrease in optical density at 287 mu of an
insulin solution as a function of time of tryptic
digestion. Insulin, 0.50%,; Trypsin, 0.019%,
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Fig. 4. Difference in optical density at 287 my
between native insulin at pH 7 and native in-
sulin at the pH indicated. No points could be
obtained between pH 4 and 6.5 because of the
insolubility of insulin in this pH range.
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Since it was considered likely that a car-
boxylate ion is the acceptor for the tyrosyl
proton in the hydrogen bond, the differential
spectrum of native insulin was obtained as a
function of pH. Insulin at pH 7, when com-
pared with insulin at pH 2, gave a curve
almost identical with that of Fig. 2, when
corrected for the difference in optical density
of the solvents, thus suggesting that in native
tnsulin the hydrogen bond present at pH 7
was broken at pH 2. The full titration curve
was obtained from the difference in optical
density at 287 mu between a solution of native
insulin at pH 7 and a similar one at any
other pH used as a reference. The titration
curve is reversible throughout the pH range
and is shown in Fig. 4. The drop in AD,g;, as
the pH is lowered from 1 to 0.5 is as yet unex-
plained. From a consideration of the region
at and above pH 1 it is seen that the pK of
the acceptor group is approximately 3. Since
this pK should be lower than the intrinsic
pK® of the acceptor group due to hydrogen
bonding® and to electrostatic effects on the
acid side of the isoelectric point (p/ = 5.607),
the observed value can be taken as an indi-
cation that the acceptor group is either a C-
terminal carboxyl (pK° = 3.67) or a side chain
carboxyl group of a glutamy! or aspartyl re-
sidue (pK° = 4.77). We can probably rule out
the B 30 alanine since this amino acid is liber-
ated faster? than the tyrosyl---carboxylate
ion bond is ruptured (see Fig. 3).

It is thus concluded that native insulin
contains a hydrogen bond between the B 26
tyrosyl residue and an as yet unidentified
carboxylate ion acceptor group. This hydrogen
bond can be broken either by neutralizing
the carboxylate ion with acid or by removing
the heptapeptide by tryptic hydrolysis.

The method of differential ultraviolet
spectrophotometry appears to be of general

applicability in the detection and location of tyrosyl hydrogen bonds in proteins. Preliminary work
on the differential spectrum of lysozyme® has shown that at least two of its three tyrosyl residues
are hydrogen bonded to ionizable groups. This technique is also being applied to the polymerization
of monomeric fibrin which may involve the formation of an intermolecular hydrogen bond with

tyrosyl as a donor.

Further work is in progress at present on improvements in the technique of differential
ultraviolet spectrophotometry, on the location of the carboxylate ion involved with the B 26
tyrosyl group in a hydrogen bond in insulin, and on the applicability of BEER’s law.
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