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When benzil is added to au albaline solution of arginine, the Sahaguchi 

reaction is abolished, and a new compound can be isolated in crystalline form 

from the reaction mixture. The elemental analysis of this product corresponds 

to an equimolar addition of beuzil to arginiae with loss of a mole of water. 1 

Benzil and lysine do not form a stable product under the same conditions. In 

the present study proteins were reacted with benzil, and the products were 

digested with trypsin. The results Indicate that the arginyl bonds of bentil- 

treated proteins become resistant to tryptic hydrolysis while the cleavage of 

lyryl bonds takes place in the usual mmmer. 

The general procedure for reacting benzil with protein was to add a 

ten-fold excess of benzil to a solution of protein in 7040% ethanol which was 

0.2 molar in a strong base. The reactioz mixture was allowed to stand 16-18 

hours at room temperature (23-28’) under nitrogen and then neutralized. The 

solvent was evaporated under reduced pressure, and the salt and excess benzil 

removed by dialysis or extraction. The reagents and procedure were edified 

according to the properties of the material under investigation; for example, 

dialysis was avoided in the studies on insulin and salmine described below 

because of their low molecular weights. Tetraethylaxmnium hydroxide and 

1 This compound and the producta of the addition of benzil to a 
variety of derivatives of arginine were prepared by one of us (H.A.1.) 
in the laboratories of Dr. S. Ahabori at the Institute of Protein Research 
of Osaka University. These investigations will be reported elsewhere. 
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propionic acid were used for strong beae md neutralising acid, reapec- 

tively, end their salt was extracted with iaopropenol or ecttone. The 

residue after extraction wea ai880ivta or 8u8ptdta in water and lyo- 

philiaed. 

8aldntZ end performic l cia oxidixed insulin were choav as vdtl 

aubatrttte. &i&tea insulin w~ prepared from cryatellint beef inauliu3 

by the rethod of Crtig and Henry (1961). Insulin contains t residue each 

of arginine end lyaine in ita B chain while atlmine in 85% l rginint by 

weight ma contains no lyaint. Tryptic aigt8th we8 ctrriea out at pE 8 

and 3g" in the reaction cell described by Herigan et tl. (1962) end -- 

vnitored on the "pa stat". TCAtrypain4weia uaed in l weightratio of 

one psrt by weight to forty of substrate. Feptide anelyaia was performd 

by a fingerprinting method (Ketz et al., 1959), md by 0w-aimnaioIu1 

high voltage peper electrophortaia in pyridint l cettte buffer of pE 3.6 

at 5000 volts for 4 houra et 20' C. Following fingerprinting or tlectro- 

phoreain the dried papers were attined lightly with ninhydrin tad the 

attined areas tluted. After evaporttion to dryness the reaiduea were 

subjected to anaerobic hydrolyaia in 6 x El. The Elino acid composition 

was determined by an electrophoretic technique (Dreyer and Bynua, 1960) 

and by the color reectioua for l rginine, hiatidint, and tyroaint. 

When txyptic digests of Oxiaitea insulin were fingerprinted, three 

discrete spots were detected. They were identified by their amino tcid 

compositions as the three fragments of the B chein thet result from 

clttvtgt at its uginyl-glycyl end lyayl-alenyl bouda. The relatively 

lugt unbroken A chein was barely discernible es a diffuae spot which 

mvad the slowest in chromatogrtphy and Btrttked on eltctrophoreaia. 

2 Aveiltble as protemint sulfate from him &mice1 MY. gt. 
Louis, Miisaouri. 

3 A gift of Dr. 0. K. Behrena of the Eli Lilly Company. tiadianapolia, 
Indiana. Lot 1693502. 

4 Biochemical Corp., Freehold, New Jersey. Worthington Lot 1591. 
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Only free 818nine wsz identifi8ble by electropboreeiu in the 

tryptic digezt of benzil-tre8ted oxidized inzulin. Two ather spotz were 

detectable 8fter chrmtoglrphic Seplr8tiOu of this digest, one which 

behaved like the A chain md another which was fluorezcent. The two 

peptides which vpuld result from cleav8ge of the 8rginyl-glycyl bomd were 

not seen. 

The product of the tre8hmt of s8bine with benzil is 8 fluo- 

rezcent, r8ther inz&ublc mterial w%th 8 lower c8tiomic amability than 

untratedsalmine 8udrneg8tive Sakaguchi reaction. Bazeuptllceon 

tre8tmmt of thiz product with trypziu W8S negligible (Fig. 1). lo new 

coqonentz were detect8ble by p8per electrophoresie, 8nd the mbility 

of benzil-tre8ted s8lmine before rsd after trsotmentwae the z8me. Acid 

hydrolysis 8nd 8mi.m acid 8rmlyzis revealed the dis8ppeermce of free 

argiuine and the 8ppeu8nce of a ninbydrin-positive spot h8ving the mo- 

of’ ” ” ” ” 
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Figure 1. Course of the tryptic digestion of s8lmine and benzil-treclted 
salmine. 
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bility of the crystalline addition product of benzil and arginine. go 

other change in smim acid content was observed. 

The results indicate that the use of a strongly alkaline medim 

for the reaction of benzil with protein does not result in detectable 

nonupecific hyd&lysis of peptide how. Arginine residues are qua&i- 

tatively tmdified by this reaction, and other amino acid residuea are 

unaffected. Since the modification results in a specific block of tryptic 

hydrolysis of arginyl bonds, its use will facilitate the determination of 

"arginine overlaps" in studies of the primary structure of peptides and 

proteins. Subject to reversibility of the denaturation which sccompsnles 

the procedure, this method of protein modification may also be applicable 

to ens-tic and inamochemical studies. 

Am 

The authors wish to thank Dr. William Dreyer and Mr. Elward Bynum 

for their suggestiona during the course of this work. 

Craig, L. C., and Henry, H. J., Biochenical Preparations 8 70 (1961). 
Dreyer, W. J., Brookhaven Symposia in Biology No. 13, 243 (1960). 
Katz, A. If., Dreyer, W. J., and Anfineen, C. B., J. Biol. Chm. 234, 

2897 (1959). 
Merigan, T. C., Dreyer, W. J., and Berger, A., Biochim. et Biophys. Acts 

62, 122 (1962). 

408 


