
Vol. 20, No. 5, 1965 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

SODIUM/LIQUID AM4ONLA REDUCTION OF PROLINE-CONTAINING PEP!CIDES* 

W. F. Benisek and R. David Cole 

Department of Biochemistry 
University of California 

Berkeley, California 94720 

Received August 6, 1965 

It is desirable to have methods for splitting peptides at specific 

amino acid residues. A method for cleaving at proline residues can be 

based on the work of Birch et al. (1955) who studied the reduction of -- 

tertiary amides in solutions of sodim metal in liquid mmnonia. These 

workers found that in the presence of protonic acids such as water, 

ethanol, or mnonilrm ion, tertiary amides were reduced in fair yields 

to hydrowamines which decomposed in aqueous solution to yield the aldehyde 

corresponding to the acid portion of the original tertiary amide and 

presumably a secondary amine. This result suggested to us that sodium/NH3 

treatment of proline-containing peptides should result in cleavage of the 

peptide chain at the N-terminal side of proline residues. Other peptide 

bonds would not be expected to be reduced, but would instead, react with 

sodium to yield the anion of the mide, which, due to its negative charge, 

would resist the addition of electrons f'rcnu the sodium In this comunica- 

tion we wish to report the results of the successful application of this 

reaction to peptides. 

While this research was In progress two other groups have reported 

on reductive cleavage methods specific for acyl-proline peptide bonds. 

Patchornik et al. (19) found that solutions of lithium in methylamine -- 

at -7O'C reduce C-terminal proline peptides to yield free proline, esti- 

mated by paper chromatograms, and that peptides which contained proline 

*SupportedbyUSPHS grautsAMo269landfMO6482. 
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in the "interior" of the peptide chain yielded N-terminal proline residues. 

The extent of these cleavage8 ranged between 51-71s. (Presumably, this 

treatment would al.80 reduce the benzene ring of phewlalanine residue8 to 

a cyclohexene ring since Patchornik and Wilchek (1962) observed reduction 

of the benzene ring of phe@alanine-containing peptides under similar 

conditions.) Ruttenberg et al. (1%) have reported on the reduction of -- 

proline peptides by lithium aluminum hydride in arslydrou8 tetrahydrofurau. 

Although the reaction was atX?canpanied by sme side reactions, they were 

8uccessfU in Cleaving acyl-proline bond8 in the cyclic peptides tyrOCidiu B 

and gramicidin S, a8 well as in scme Small linear peptideS. In So& ca8eE 

the cleavsge was essentially quantitative. In addition, they Showed that 

the new C-terminal residue forma by cleavage of grcunicldin-S wa8 2-amino- 

3-pheuyl propionaldehyde. 

Method8 aad Materials: 

A heptapeptide, glycyl-L-phenylalanyl-L-phelprlslanyl-L-tyro8yl-L- 

threonyl-L-prolyl-L-lysine, 5788 kindly donated by Dr. F. H. Csrpenter. 

Performic acid-oxidized B-chain was prepared frcsn crystalline zinc beef 

insulin by the method of Craig et al. (1961). Other peptide8 were obtained -- 

frca8 CCmaErCial sources and were checked for purity by amino acid analysis. 

For reduction, a weighed 8munt of the peptide was placed in a 25 ml 

flask fitted with ah empty cold finger condenser aud then anhydrou8 aumonia 

wa8 conducted into the rh8k through a drying tube rilled with Na@I *nets. 

!Che outlet of the reaction Vessel at the top of the condenser was fitted 

with a similar drying tube. Air wa8 8wept out with the ammonia aud then 

a freezing mixture Of i~opropanol-CO2 was placed in the cold finger. Liquid 

amonia (15 ml) at -33'C was collected at the bottom of the flask. The 

resulting Solution wa8 stirred msguetically with a glass-covered stirring 

bar; (Teflon-covered stirring bare are attacked by Na/llquid NS3). A weighed, 

freshly cut piece of Na metal was added to the rapidly stirred solution a& 

the clock was started when the blue color permeated the solution. After 
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the desired period of Ume excess sodium was oxidized by the rapid addition 

of ammonium acetate crystals. The solvent was then allowed to waporate 

through a drying tube filled with HaOH pellets, leaving a white residue in 

the flask. In experiments where large quantities of amnonia would interfere 

with the isolation of peptides, the reaction flask containing the residue 

of peptides and sodium acetate was evacuated in a vacuum desiccator for 

24 hours over Na@i pellets and conceutrated H2S04 at room temperature and 

at lo-2C9 of Hg pressure. 

In experiments with glycyl-L-proline, and glycyl-L-prolyl-L-leucyl- 

glycyl-L-proline the residue was taken up in 20% v/v aqueous acetic acid 

and the pH adjusted to 2.2 with concentrated El. Aliquots of the solution 

were diluted with 0.2 M sodium citrate buffer ~di 2.2 and submitted for 

amino acid analysis. 

Residues from reductions of heptapeptlde were taken up in 0.2 M 

pyridine-acetate buffer @i 3.5 and adjusted to @I 3.0 by addition of 6 N HCl. 

Prolyl-lysiue was isolated fYom the solution by chromatography on 50 A 

resin' (0.9 x 18 a) using a linear gradient from pyridine (0.2 @-acetate 

(pH 3.5) to wridine (2.0 M)-acetate (pH 6.2) at 5O'C. fin&&in positive 

material was located by the mamal method of Moore and Stein (1954). 

In eqerimeatr which tested for reductive losses in B-chain, the residue 

after reduction was taken up in 33$ v/v aQueats a.c&ic acid a& &Uquots 

were b@.rolyzed with an equal volume of coucentrated HCl. peptides were 

isolated from reduced B-chain as follows. The ?X?du&iOB residue containing 

about 9 mg PePtide was suspended in 2.5 ml pyridlue (O.lM)-acetate (pH 3.5), 

the pH lowered to 2.5 with 1.0 N HCl and sufficient glacial HOAc added to 

produce a clear solution. The volume was then adjusted to 4 ml by addi- 

tion of pyridine (O.lM)-acetate (#I 3.5) and an aliquot of the solution 

was chrcmatographed at 53'C on 50 A resin1 (0.9 x 17 cm) using a linear 

lBeckmannInstNmeuts,Ino ., Spinco Division, Palo Alto, Cal&f. 

657 



Vol. 20, No. 5, 1965 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

gradient. from pyridine (0.1 M)-acetate (p2i 3.5) to pyridine (2.0 M)-acetate 

(pH 6.2). The peptide pro'lys'ala which was isolated in this chrcmatogram 

was found to be homogeneous on the basis of paper electrophoresis at pH 3.5 

(pidine (0.2 M&acetate) for 1.5 hours at 27 volts/cm. 

Amino acid hydrolyses were carried out as described by Crestfield et al. -- 
(1963). In some experiments with B-chain a crystal of phenol was added; 

recovery of tyrosine was poor otherwise. 

Results and Discussion: 

The extent of cleavage of acyl-proline bonds and the methods used for 

estimating this extent are shown in Table I along with the conditions used 

for reduction. The reduction of heptapeptide under the conditions shown 

in Table I resulted in large losses of phenylalanine and similar losses 

TABLE I 

Extents of Cleavage of Proline-Containing Peptides 

Method of determination 
of extent of cleavage 

proline 8aaly8is 

proline ZUl848iS 

Peptide reduced= 

gl3hpro 17.1 62 -33 
&-pro 17.2 50 -78 
gly-pro-leu- 
&f-m 6.96 51 -33 

heptw@Hi* 4.04 53 -33 

B-chain 7.77 5.8 -78 
B-chain 8.62 6.5 -78 

*AU reductions were perfomed in 15 mls liquid Ski?. 

proline 6UlS&UiS 

88 arkXlY8iS Of i80- 
latedpro-ly8 

threonine analysis 

88 analyeis of pro- 
ly8-ala 

* 
ms 

$ of 
cleavage 

88”” 
95# 

64 
57 

91' 
78+ 

*Under these conditions L-alanyl-L-vaU.ne was cleak to a maU extent (5.3$). 
#'Shere was no observable cleavage of L-alargrl-L-valise. 

+The peptide was dried in vacua, over P 0 at 60" overnight before reduction; 25 
amuonia was distilled over Na. 
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occurred on reduction of B-chain under such conditions. That these losses 

could be greatly reduced was indicated by using the conditions shown for 

B-chain in Table I. The recovery of other amino acide frm acid hydrolysates 

of unfractionated reduced B-chain was satisfactory as shown in Table II. 

The adjustment to pi-l 6 of a 3% aqueous acetic acid solution of reduced B-chain 

TABLE II 

Amino Acid Analysis' of B-chain and its Reduction products 

Mill0 

acid 

aep 
thr 
ser 

0 
Pro 
l!GY 
ala 

l/2 cys 

Val 
met 
is01 
leu 

tyr 
Phe 
lys 
his 

me 

m3 

I 

B-Chaill 

1.W 
0.91# 

0.82# 

2-m 
1.10 
3.01 
2.00+ 

- 

3.07 

ridues fox 
reduced 
B-chain 

1.03 

0.098 

0.8? 
3.14 
1.01 
3.05 

2.00+ 

M 6 precipitate 

0.95 
# 0.05 

0.88 

3.14 

2.97 

3.00 

1.06 

3.00 

4.10 4.23 4.00++ 

1.98 I*93 1.81 

2.97 2.60 2.68 
1.02 l.Ck2 0.05 

1.98 2.12 1.80 
1.01 1.07 1.03 
2.26 5.42 2.98 

? (molar ratios) 

pro lys ala 

1.07 

1.00+ 

1.23 

theory for 
B-chain 

1 
1 
1 

3 
1 

3 
2 

% eptides hydrolyzed 24 hrs, IlO*, 6 N El. 
*Cysteic acid was not determined. 
# Not corrected for hydrolytic destruction. 
'Taken as the b&is for calculation of molar ratios. 

*Leucine was taken as the basis for-calculation of molar ratios 
since the threonine and lysine contents indicated a conte&nation 
(c& 5$)ofthis peptidebytmreactedB-chaln,which resulte in 
a high value for a&mine. 
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gave a precipitate which had the amino acid analysis expected for the K-terminal 

peptide produced by reductive cleawqe at the threonyl-proline peptide bond 

(see Table II). Performic acid oxidation of unfractionated reduced B-chain 

produced no increase in the amount of threonine found after acid hydrolysis, 

and this may indicate that the new C-terminal residue is not threonine 

aldehyde. 

Further experiment.8 on this potentially useN reaction are currently 

being conducted in this laboratory, including its application to proteins 

containing several proline residues and identification of the new C-terminal 

residues produced on reduction. The behavior of methionine and tryptophan 

containing peptider under this reductive treatment ha8 not yet been studied 

but such studies are now under my. It tight be anticipated that partial 

reductionof rings int,ryptophanandpherIylalenine andreductive cleavage 

of the carbon-sulfur bond in thioethere would occw a8 side reactions. How- 

ever, even&this stage ofdevelagaentthirtechniquewould clearlybe 

of yebe in the atructura3. study of peptides (and occasionally proteinrr) 

which contain few phenyialanbe residues, and no methioninc or tryptophan 

residues. 
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