Volume 120, number 2

FEBS LETTERS

November 1980

MODIFICATION OF e-AMINO GROUP OF LYSINE IN PROTEINS BY ACYLATION WITH
PYROMELLITIC DIANHYDRIDE AND o0-SULPHOBENZOIC ANHYDRIDE

A.BAGREE,I.K.SHARMA, K. C. GUPTA, C. K. NARANG, A. K. SAUND and N. K. MATHUR
Department of Chemistry, University of Jodhpur, Jodhpur-342001, India

Received 11 September 1980

1. Introduction

A large number of acylating reagents have been
used for modification of e-amino lysine residue in pro-
teins [1—10]. A good modifying reagent should be
specific for a group under certain conditions and its
attachment to a group should be reversible. Certain
cyclic anhydrides of dicarboxylic acids conform to
these conditions. Phthalic anhydride [11] has been
found to be not very reactive in such modification
reactions. Recently, the use of exo-cis-3,6endoxo-A%-
tetrahydrophthalic anhydride {12] has been described
which can selectively and reversibly acylate e-amino-
lysine group in proteins.

Pyromellitic dianhydride (PMDA) [13] and o-sul-
phobenzoic anhydride (SBA) have been used for quan-
titative acylation of hydroxy and amino compounds.
Here, we have employed these two anhydrides for the
modification of e-amino function of the lysyl residue
in proteins. The modification reaction has been used
to differentiate lysine-type trypsin inhibitors from
arginine-type. The reaction has also been used to
modify tryptic digestion of lysine-containing proteins.

2. Materials and methods

Trypsin (bovine pancreas) and D,L-«-N-benzoyl
arginine p-nitroanilide hydrochloride (BAPA) were
procured from Aldrich (Milwaukee, WI). PMDA was
obtained as a generous gift from Du Pont de Nemours
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(DE). Insulin (bovine) was obtained from M/s.
Unichem (Bombay). SBA [15] and a-N-acetyl-lysine
ethyl ester hydrochloride [16] were prepared in this
laboratory.

2.1. Modification of a-N-acetyl-lysine ethyl ester
hydrochloride and subsequent tryptic digestion
of modified derivative

a-N-Acetyl-lysine ethyl ester hydrochloride, an
esterolytic substrate for trypsin, is quantitatively e-V-
acylated by PMDA or SBA. With the former reagent,
a solution of 0.23 g (0.001 mol) of a-N-acetyl-L-lysine
ethyl ester hydrochloride in 5 ml water was stirred at
room temperature, while 0.66 g (0.0030 mol) of
PMDA solution in 5 ml DMSO were added gradually.
The pH of the reaction mixture was maintained at
7—8 with sodium carbonate added from a microbu-
rette. After stirring for 2—4 h, the reaction was com-
plete as indicated by the disappearance of ninhydrin-
positive spot due to amino ester on TLC plate (solvent
n-BuOH/H,0/AcOH, 4:5:1).

In case of acylation with SBA, identical conditions
were used, but a solution 0.28 g (0.0015 mol) of SBA
in dioxane was employed.

The reaction mixture containing the above deriva-
tive (0.001 mol) in 10 ml 50% aqueous DMSO was
treated with 2 ml trypsin solution (4.5 mg/10 ml in
50 mM Tris buffer (ph 8.2) and containing 1 ml12 M
CaCl,/100 ml) for 30 min at 37°C. The quantitative
determination of the unhydrolysed ester was as in
[17,18].

2.2. eN-Acylation of lysine residue in insulin B-chain
and proteoly tic action of trypsin upon modified
e-N-acylated insulin B-chain

The B-chain of insulin was prepared and purified
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as in [19]. B-Chain of insulin (100 mg) and 5 ml dis-
tilled water were placed in a beaker. The solution

was stirred magnetically. The pH was maintained at
7—8 throughout the course of reaction by addition of
sodium carbonate from a microburette. A solution of
0.1 g PMDA in 5 ml DMSO or 0.1 g SBA in 5 ml diox-
ane was added to the stirred solution of insulin B-chain
over 15 min. The reaction mixture was stirred for
another 40 min and then dialysed against distilled
water to remove low molecular weight impurities. The
resulting solution was mixed with 1 ml trypsin solu-
tion (4.5 mg/10 ml in 50 mM Tris buffer, pH 8.2, and
containing 1 m! 2 M CaCl,/100 ml), and the solution
incubated at 37°C for 2 h. A control experiment was
simultaneously carried out under identical conditions
using unmodified B-chain of insulin. TLC of the con-
trol and reaction mixture was performed using the
solvent system (n-BuOH/AcOH/H,0, 4:1:5).

2.3. Acylation of lima bean trypsin inhibitor (LBTI)
and esterolytic action of trypsin upon acylated
inhibitor

LBTI (1.0 mg) was dissolved in 1 m! distilled water

and the pH of the solution was maintained at 7—8

with sodium carbonate added from a microburette. A

solution of 0.1 g PMDA in 5 ml DMSO or 0.1 g SBA

in 5 ml dioxane was added to the stirred solution of

LBTI over 15 min, The reaction was allowed to con-

tinue at 37°C for 3 h, then diluted to 10 ml with

water. In order to compare the selectivity of acylation
of these anhydrides with acetic anhydride, LBTI was
acylated with Ac,0 under identical conditions except
that 0.1 ml Ac,0 in 5 ml dioxane was used. A control
was similarly carried containing 1.0 mg inhibitor in

50% aq.DMSO or 50% aq. dioxane. The trypsin-inhib-

iting activity of the control was compared with the

acylated inhibitors using BAPA and trypsin by the

method in [15].

2 4. Deacylation and subsequent tryptic digestion of
acylated LBTI

In order to establish the conditions for deacylation
of monoamides of PMDA and SBA, a control experi-
ment on acylation of n-butylamine with these anhy-
drides was carried under conditions as used in (2.1).
This was followed by deacylation in aq. hydrochloric
acid (pH 3). Complete hydrolysis of the amide was
found to occur as detected by TLC. Acylated LBTI
(1 mg), acylated by either PMDA or SBA,was brought
to pH 3 by addition of 0.1 M HCl and the solution
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allowed to stand overnight at room temperature.
Thereafter the pH of the solution was again raised to
8.2 and then subjected to trypsin digestion asin [17].

3. Results and discussion

Compared to other acylating reagents, the proposed
reagents have an advantage,ie., in case of PMDA each
N-acyl group introduces three negative charges, while
in case of SBA, the strongly ionised sulphonic group
is introduced. Only one reagent [4] has been used
earlier, i.e., B-sulphopropionyl chloride which intro-
duces sulphonic acid group in lysine side chain on
acylation.

3.1. Modification and subsequent tryptic digestion of
oa-N-acetyl lysine ethyl ester hydrochloride
Experiment 2.1 was designed to establish condi-
tions for acylation of lysyl residue. It was found that
complete disappearance of ninhydrin-positive spot
due to a-N-acetyl lysine ethyl ester hydrochloride and
development of a single slow moving spot due to
diacyl derivative of the ester on TLC plate after nin-
hydrin spray confirmed the completion of the reaction.
In experiment 2.1 the modified diacyl derivative
of lysine ethyl ester hydrochloride was subjected to
esterolytic action of trypsin. Consequent to tryptic
action, it was found that the ester content of the reac-
tion mixture and starting material was the same. It
clearly indicated that the substrate has been success-
fully modified and that the diacyl derivative no longer
functions as an esterolytic substrate for trypsin.

3.2. Modification of insulin B-chain and tryptic diges-
tion of the modified derivatives

The reaction mixture (2.2) when subjected to TLC
(solvent system #-BuOH/AcOH/H,0, 4:1:5) and nin-
hydrin spray, did not indicate liberation of alanine.
However, in the control experiment under similar con-
ditions with unacylated insulin Bchain, a distinct spot
due to alanine was indicated. Thus acylation followed
by tryptic digestion of this peptide offered a unique
example of eamino modification by PMDA and SBA,
and prevention of the cleavage of lysine—carboxy
amide bond. Since this peptide has only one arginine??
and one lysine?? residue, the normal tryptic digestion
liberated the C-terminal amino acid alanine and also
exposed amino group of glycine after cleaving Arg®*—
Gly ® amide bond. Thus, prevention of the tryptic
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cleavage of lysine carboxy-end of e-V-acylated insulin
B-chain proved e-N-acylation of the Lys? in B-chain
of insulin with PMDA or SBA.

3 3. Modification of LBTI and subsequent tryptic
digestion of acylated LBTI

The modification of LBTI (2.3) with PMDA, SBA
and Ac,0 was measured as the antitryptic activity left
after their modification. The results are shown in fig.1.
It has been observed that the extent of modification
is comparable or even better both in case of PMDA
and SBA than using Ac,0.

The trypsin inhibiting activity on hydrolysis (2.4)
with dilute HCl indicates that the e-V-acyl-lysine
groups have been hydrolysed.

4. Conclusion
The importance of using these newer reagent for

acylation of e-amino group of lysine in proteins lies in
their high reactivity and the mild conditions under
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Fig.1. Inhibition of proteolytic activity of trypsin by LBTI

and acylated LBTI. (2——4) Residual trypsin activity (T.A.);
(#——e) T .A. after acylation with PMDA; (o——o) T.A. after
acylation with SBA; (e——») T .A. after acylation with Ac,0.
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which they can acylate the lysyl side chain. Further,
the modification is reversible since the modifying
groups can be easily cleaved by hydrolysis which is
facilitated by neighbouring group participation (cf.
hydrolysis of phthalamic acid which is well known
intramolecular process [20]).

Acknowledgements

This work was supported by grants from the Coun-
cil of Scientific and Industrial Research and the Uni-
versity Grants Commission, New Delhi.

References

[1] Stark,G.R. (1970) Adv. Prot. Chem. 24, 261.
[2] Wada, K. and Okunuki, K. (1968) J. Biochem. (Japan)
64,667.
[3] Habeeb, A.F.S. A, Cassidy, H. G. and Singer, S.J.
(1958) Biochim. Biophys. Acta 29, 587.
[4] Terminiollo, L., Bier, M. and Nord, F. F. (1958) Arch.
Biochem. Biophys. 73,171.
[5] Lindsay, D. G. and Shall, S. (1969) Biochem.J. 115,
587.
[6] Goldbeiger, R. F. and Anfinsen, C. B. (1962) Biochem-
istry 1,401.
[7] Hunter,M.J. and Ludwig, M. L. (1962) J. Am. Chem.
Soc. 84, 3491.
[8] Freedman, M. H., Grossberg, A. L. and Pressman, D.
(1968) Biochemistry 7, 1941.
[9] Klotz,I. M. (1967) Methods Enzymol. 2, 576.
[10] Sia, C.L. and Horecker, B. L. (1968) Biochem. Biophys.
Res. Commun. 31, 731.
[11] Bertrand, R., Pantel, P. and Pechere, J. F. (1974) Bio-
chemie 56,515.
[12} Butler,P.J.G., Harris, J.1., Hartly, B. S. and Leberman,
R.(1967) Biochem.J. 103, 780.
[13] Siggia, S., Hanna, J. G. and Culmo, R. (1961) Anal.
Chem. 33, 900.
[14] Iyer,V.and Mathur, N.K. (1965) Anal. Chim. Acta. 33,
554,
[15] Vogel, A.I. (1971) in: A text book of practical organic
chemistry including qualitative organic analysis, 3rd edn,
p. 988, Longman, London.
[16] Jain,J.C., Sharma, I. K., Sahni, M. K., Gupta, K. C.and
Mathur, N. K. (1977) Ind. J. Chem. 15B, 766.
[17]) Erlanger, B. F., Kokowsky, N. and Cohen, W. (1961)
Arch. Biochem, Biophys. 95, 271.
[18] Roberts, P. S. (1958) J. Biol. Chem. 232, 285.
[19] Sanger, F.(1949) Biochem. J. 44, 126.
[20] Bender,M. L.,Chow, Y. and Chloupek, F. (1958) J.
Am. Chem. Soc. 80, 5380.

271



