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A method is described for the selective isolation of peptides derived from the 
carboxyi-terminus of proteins. The method is of general applicability since it is in- 
dependent of the primary structure of the protein in this region. The principle 
behind the isolation procedure is as follows: when an enzymic digestion is per- 
formed on a protein in which all free carboxyl groups have been modified by 
coupling with ethanolamine. the carboxyl-terminal peptide will be unique in that it 
does not have a carboxyl group. This difference is utilized to selectively purify 
carboxyl-terminal peptides. These peptides have the same electrophoretic mobil- 
ity at pH 4.4 and at pH 2.1, whereas all other peptides will migrate more rapidly 
toward the cathode at the lower pH. Using a diagonal electrophoretic procedure 
based on this property, carboxyl-terming peptides may be isolated, and their 
sequence determined by standard procedures. 

The sequence of the carboxyl-terminal region of proteins, unlike the 
amino-terminal, is not readily determined. Several procedures, such as 
hydrazinolysis (1), reduction (2), treatment with carboxypeptidases (3), 
and sequential degradation (4) may often give limited information, but 
these methods are frequently difficult experimentally, and dependent on 
a favourable sequence of amino acids in the carboxyl-terminal region for 
success. Currently, the method of choice is to isolate the carboxyl-ter- 
minal peptide or fragment, which is identified by its amino acid composi- 
tion (e.g. by the absence of homoserine in a peptide derived by cyanogen 
bromide cleavage of the protein). Procedures (5-9) have been suggested 
for the specific isolation of the carboxyl-terminal peptide, but these have 
not been widely applied, presumably because an unfavorable sequence 
of amino acids renders these methods ineffective. Clearly, a simple 
method for determining the carboxyl-terminal sequence of any protein, 
irrespective of its primary structure, would be extremely useful, In this 
communication, we report such a method which is based on the selective 
isolation of the carboxyl-terminal peptide. 

’ Present address: Department of Biochemistry. John Cm-tin School of Medical Re- 
search, Australian National University, Canberra, ACT., Australia. 
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EXPERIMENTAL 

Strategy 

The general principle behind the isolation procedure is similar to that 
described by Furka et al. (6). When a protein is digested with a pro- 
teolytic enzyme, each bond cleaved generates a new amino and a new 
carboxyl group. If the digestion is performed on a protein in which all 
carboxyl groups have been modified, then the carboxyl-terminal peptide 
will be unique in that it will be the only peptide which does not have a 
carboxyl group. This difference may be exploited as a means to selec- 
tively purify carboxyl-terminal peptides. Since the pK, of the cu-carboxyl 
group of a peptide is approximately 3.5 (1 O), only the carboxyl-terminal 
peptide should have unchanged electrophoretic mobility at pH 4.4 and 
pH 2.1; all other peptides will migrate more rapidly toward the cathode 
at the lower pH. 

The procedure we have adopted consists of the following steps: (1) all 
carboxyl groups of the protein are coupled to ethanolamine using a car- 
bodiimide; (2) the modified protein is digested with a proteolytic en- 
zyme; (3) the digest, together with internal markers of taurine and an 
amino acid amide are subjected to electrophoresis at pH 4.4; (4) a guide 
strip is removed, turned through 90”, subjected to electrophoresis at pH 
2.1, and stained with ninhydrin; (5) any peptides lying on a line con- 
necting the two internal markers are located, cut from the pH 4.4 elec- 
trophoretogram, and subjected to electrophoresis at pH 2.1; and (6) 
bands corresponding to the previously located peptides are cut out and 
further purified. The presence of ethanolamine coupled to the a-carboxyl 
group of the terminal residue permits positive identification of the car- 
boxyl-terminal peptide. 

Materials 

Porcine pepsin (two times recrystallized) and bovine cY-chymotrypsin 
(three times recrystallized) were purchased from Worthington, chicken 
egg white lysozyme (three times recrystallized) was obtained from 
Sigma, thermolysin (three times recrystallized) was obtained from Cal- 
biochem, and porcine elastase was obtained from Whatman Biochem- 
icals. 1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride 
was purchased from Pierce, alanine amide hydrochloride and (Y- 
aminobutyric amide hydrochloride were purchased from the Fox Chemi- 
cal Co., and other amino acid amides were obtained from Sigma. Other 
chemicals were high purity preparations from commercial sources. 

The solvent systems employed were: pH 2.1 buffer, formic acid:acetic 
acid:water (1: 4: 45, by volume); pH 4.4 buffer, pyridine:acetic 
acid:water (6: 10: 1200, by volume); pH 6.5 buffer, acetic acid:pyri- 
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dine:water (3 : 100: 900, by volume); and BAWP, fz-butanol:acetic 
acid:water:pyridine (15 : 3 : 12 : 10, by volume). 

Methods 
Lysozyme was reduced and carboxymethylated by the method of 

Sela, White, and Anfinsen f I 1). HemogIobin was prepared from human 
erythrocytes by hemolysis, followed by ammonium sulfate fractionation. 
Heme was removed by treatment with acid-acetone. 

The procedure for isolating carboxyl-terminal peptides from globin is 
typical: 1.6 pmoles of each subunit (50 mg protein) was dissolved in 3 
ml of water containing a few drops of HCl, and 2.6 g urea added. After 
stirring for 30 min, 0.3 g KC1 and 0.2 ml of ethanolamine were added. 
The pH was immediately adjusted to pH 4.75 with HCI, then 12.5 mg of 
1-ethyI-3-(3-dimethylaminopropyl)-~arbodiimide added, maintaining pH 
4.75. The solution was stirred at room temperature for 4-6 hr. then the 
reaction terminated by the addition of 1 ml of 4 M sodium acetate buffer, 
pH 4.75. The solution was dialyzed against several changes of water. 
Thermolysin digestion was performed in 1% (w/v) ammonium bicar- 
bonate at 37°C for 8 hr, using an enzyme:protein ratio of 1 : 35 by 
weight. Digestion was terminated by lyophilization. 

The peptide mixture was dissolved in pH 4.4 buffer and applied to a 
33-cm band on Whatman 3 MM chromatography paper, together with 
markers of taurine and alanine amide (50 nmoles/cm). The peptide mix- 
ture was subjected to electrophoresis at pH 4.4 for 60 min at 60 V/cm. 
After drying, a guide strip was removed, stitched on to a full sheet of 
Whatman ~MM, and subjected to electrophoresis at pH 2.1 for 40 min at 
60 V/cm. The electrophoretogram was stained with cadmium-ninhydrin 
to tocate the on-diagonal peptides. The region of the pH 4.4 elec- 
trophoretogram corresponding to these on-diagonal peptides was cut 
out, and subjected to electrophoresis at pH 2.1. The stowest moving 
peptides, corresponding to the on-diagonal peptides, were cut out and 
purified by electrophoresis at pH 6.5, and finally by electrophoresis at 
pH 2.1. 

Peptides were hydrolyzed in 6 N HCl at 110°C for 24 hr in sealed, 
evacuated tubes, and amino acid analyses performed on a Technicon 
TSM-I autoanalyzer. Sequence determination was performed by a sub- 
tractive Edman procedure. Pepsin digestion was performed in 5% (v/v) 
formic acid at 37°C for 20 hrs, using an enzyme:protein ratio of 1 : 50, by 
weight. Elastase or c-u-chymotrypsin digestion was performed in 1% 
(w/v) ammonium bicarbonate at 37°C for 24 hr. using an enzyme:protein 
ratio of 1 : 25, by weight. 

RESULTS AND DISCUSSION 

The success of the specific isolation procedure described herein de- 
pends on establishing conditions for two-dimensional electrophoresis 
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FIG. 1. Two-dimensional electrophoretogram obtained with a series of standard com- 
pounds. The indicated areas correspond to the positions of: (1) glycinamide; (2) alanine 
amide: (3) a-aminobutyric amide: (4) valine amide; (5) leucine amide: (6) phenylalanine 
amide; (7) taurine; (8) lysine; (9) arginine: (10) histidine: (11) glycine: (12) alanine; (13) 
leucine; (14) tyrosine: (15) glutamic acid; (16) origin. 

such that peptides with a blocked carboxyl-terminus have the same elec- 
trophoretic mobility at two pH values, whereas peptides with a free car- 
boxy1 group will exhibit altered mobility. This is achieved by working 
over a pH range in which the carboxyl group, but no other functional 
group found in proteins, ionizes. If this criterion is met, it might be ex- 
pected that carboxyl-terminal peptides would be located on a line at 45” 
passing through the origin. However, due to differences in elec- 
trophoresis conditions, both the absolute mobility and the extent of elec- 
troosmosis will vary, and the diagonal line will be displaced from its ex- 
pected position. For this reason, some means of defining the diagonal 
line is necessary in order to ensure a reliable identification of carboxyl- 
terminal peptides. We have chosen to define the diagonal line by the use 
of ninhydrin-positive marker compounds such as taurine and amono acid 
amides. Figure 1 shows a pH 4.4/pH 2.1 two-dimensional electrophore- 
togram obtained with taurine, a series of amino acid amines, and a selec- 
tion of amino acids. With the exception of glycinamide, all of the amino 
acid amides lie on a straight line. Glycinamide has a slightly higher rela- 
tive mobility at pH 2.1 than at pH 4.4, but is nevertheless close to the 
diagonal line. Taurine, which is neutral at both pH values, defines the 
lower end of the diagonal line and is used to correct for differing 
amounts of electroosmosis. In practice, taurine and any amino acid 
amide can be used as markers, but glycinamide or alanine amide are 
usually the most suitable as they have high mobilities and are unlikely to 
overlap, and hence mask, carboxyl-terminal peptides. Experience has 
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FIG. 2. Two-dimentional electrophoretogram obtained from a pepsin digest of cY-chymo- 
trypsin. The region indicated by broken lines was cut from the pH 4.4 electrophoretogram. 
and subjected to electrophoresis at pH 2.1. The slowest moving peptides were isolated. 

shown that without the use of diagonal markers it is not always obvious 
which peptides lie on the diagonal line. If a particular digestion proce- 
dure releases the amino acids lysine, arginine, or more particularly his- 
tidine, these can easily be mistaken for carboxyl-terminal peptides (Fig. 
1). Diagonal markers minimise the risk of such an error. 

We have applied this method to three test proteins. a-Chymotrypsin 
has three polypeptide chains, and thus has three carboxyl-termini. The 
pH 4.4/pH 2.1 electrophoretogram obtained from a peptic digest of 1 
pmole of cY-chymotrypsin is shown in Fig . 2. A single ninhydrin-positive 
area is located on the line connecting glycinamide and taurine. This 
region, which clearly contains two peptides, was purified as described in 
Methods, except that chromatography in BAWP replaced the pH 6.5 
electrophoresis step The amino acid compositions of the two peptides 
isolated, CT-PI A and CT-PI B, is shown in Table 1. CT-PI A is clearly 
derived from the carboxyl-terminus of the C chain of cY-chymotrypsin, 
and CT-PlB is derived from the carboxyl-terminus of the A chain. No 
peptide from the carboxyl-terminus of the B chain was found. 

The second test protein, human hemoglobulin, was chosen for two 
reasons. First, the (Y chain ends in the amino acids tyrosine and arginine, 
the two amino acids which terminate the B chain of cu-chymotrypsin. 
This provides an opportunity to determine whether the failure to isolate 
the carboxyl-terminal peptide from the B chain is due to some peculiar 
property of one of these amino acids. The second reason in that there is 
a histidine residue at the end of the j3 chain. This is particularly impor- 
tant as the pK, of the imidazole size-chain of histidine is closest to that 
of the carboxyl group. Other methods (6,7) for isolating carboxyl-ter- 
minal peptides are ineffective if there is a histidine residue close to the 



CARBOXYL-TERMINI OF PROTEINS 351 

TABLE I 
AMINO ACID ANALYSES OF CARBOXYL-TERMINAL PEPTIDES FROM WCHYMOTRYPSIN, 

HUMAN HEMOGLOBIN, AND CARBOXYMETHYL-LYSOZYME 

Amino 
acid 

Peptidl 

CT-PIA CT-PI B HB-Tl HB-T2 L-CIA L-ClB L-E 1 

Cmc 
Asp 1.05(l) 
Ser 
GlY 
Ala 1.95(2) 
Leu 
‘Or 
His 
EtW 1.04(l) 
Arg 
Yield 

nmoles 98 
96 9.8 

0.68(l) 0.71(l) 
0.05(O) 

0.92(l) 0.05(O) 0.08(O) 
1.07(l) 0.17(O) 0.09(O) 1.01(l) 

1.01(l) 0.10(O) 0.94(l) 0.91(l) 1.00(l) 
0.91(l) 0.85(l) 
1.05(l) 

1.09(l) 1.03(l) 1.09(l) 2.23(2) 1.16(l) 2.24(2) 
0.05(O) 1.05(l) 1.05(l) 1.05(l) 

119 59 57 37 28 72 
11.9 3.7 3.6 2.5 1.9 4.8 

R Results are reported as the number of residues found on analysis. All amino acids found 
at a level of 0.05 residues or greater are reported. Expected values are shown in parentheses. 

0 eth. ethanolamine. 

I I 
--+ 

pH 4.4 

I pH 2.1 

FIG. 3. Two-dimentional electrophoretogram obtained from a thermolysin digest of 
human hemoglobin. The region indicated by broken lines was cut from pH 4.4 elec- 
trophoretogram, and subjected to electrophoresis at pH 2.1. The slowest moving peptides 
were isolated. 
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TABLE 2 
AMINOACIDSEQUENCEOFTHEPEPTIDESISOLATEDFROM~-CHYMOTRYPSIN. 

HUMANHEMOGLOBIN, AND~ARBOXYMETHYL-LYSOZYME 

Peptide Amino-terminal Sequence 

CT-PlA 
CT-PlB 
HB-Tl 
HB-T2 
L-CIA 
L-ClB 
L-El 

Ala 
Ser 
Tyr 
Tyr 
GlY 
Leu 

Cmc(eth)b 

Ala-ala-asn-ethn 
Ser-gly-leu-eth 

Tyr-his-eth 
Tyr-arg-eth 

Gly-cmc(eth)-arg-leu-eth 
Leu-eth 

Cmc(eth)-arg-leu-eth 

a eth, ethanolamine. 
b cmc(eth). S-[2-acetamido-N-(2’-hydroxyethyl)]cysteine (i.e., the compound formed 

when the side-chain carboxyl of carboxymethyl-cysteine is coupled to ethanolamine). 

carboxyl-terminus. The pH 4.4/pH 2. I electrophoretogram obtained 
from human hemoglobin is shown in Fig. 3. Two peptides, GB-Tl and 
GB-T2, were isolated as described in Methods. Amino acid analysis 
(Table 1) showed that these are derived from the p and QI chains, respec- 
tively. 

Carboxymethyl-lysozyme was chosen as the third test protein as there 
is an acidic residue close to the carboxyl-terminus (residue 127 is car- 
boxymethylcysteine). Digestion of 1.5 pmoles of protein with cY-chymo- 
trypsin yielded peptides L-C 1 A and L-C 1 B, and digestion of 1.5 pmoles 
of protein with elastase gave peptide L-El. Amino acid analysis (Table 
1) showed that each was derived from the carboxyl-terminus of carbox- 
ymethyl-lysozyme. 

In all cases investigated, peptides located on the diagonal line have 
proved to be carboxyl-terminal peptides, as judged from their amino acid 
compositions. Their identity as carboxyl-terminal peptides is confirmed 
by the presence of ethanolamine, and by Edman degradation (Table 2). 
Only in the case of the B chain of a-chymotrypsin have we failed to 
isolate a carboxyl-terminal peptide, but this is undoubtedly due to the 
particular enzyme used to digest the protein. The peptides isolated con- 
tain amino acids representing all the major groups of side-chain type, 
and thus the method may be applied with confidence to unknown pro- 
teins. We are currently using the method to study sequence homologies 
between bacterial ribosomal proteins (R. G. Duggleby, H. Kaplan, and 
L. P. Visentin, manuscript in preparation). In one case, three peptides of 
varying length were isolated, which permitted a partial sequence deter- 
mination on the basis of amino acid composition alone. In a similar way, 
the carboxyl-terminal sequence of lysosyme could be deduced to be 
Gly-(Cys,Arg)-Leu from the data in Table 1. 
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Ethanolamine was chosen as the coupling nucleophile for several 
reasons. It is very soluble in water, and thus can be used at a high con- 
centration to ensure good coupling yields. The modified protein, and 
peptides derived from it, have desirable solubility properties rendering 
digestion and subsequent manipulations fairly easy. Finally, it is not 
found in normal proteins, and is readily separated from amino acids on 
the amino acid analyzer which makes quantitation simple. A disadvan- 
tage is the possibility that proteolytic enzymes could remove it from the 
carboxyl-terminus of the protein, which may account for our failure to 
find a peptide corresponding to the B chain of cY-chymotrypsin. Perhaps a 
secondary amine might be used as the coupling nucleophile where this 
factor is a problem, but in view of the large number of proteolytic en- 
zymes available, a different digestion procedure will usually produce sat- 
isfactory results. 

In order for a method to be of general applicability to unknown 
systems, the success of its application should not be dependent on the 
system meeting any particular conditions. The method for the isolation 
of carboxyl-terminal peptides described in this communication meets 
this criterion of generality since, after derivatization of all the free car- 
boxy1 groups with ethanolamine, all peptides derived from the carboxyl- 
terminus of the protein will lie on the diagonal line, irrespective of their 
amino acid sequence. Other advantageous features of the method de- 
scribed herein are: (1) unlike some other methods for isolating carboxyl- 
terminal peptides (7-9), the particular enzyme used for digestion is of no 
consequence, except insofar as it generates peptides of a useful length: 
(2) the sequence of the peptide may be determined using standard meth- 
odology and, moreover, the presence of amides is determined directly; 
(3) the presence of ethanolamine at the carboxyl-terminus of the pep- 
tides isolated provides a built-in check that the peptide is derived from 
the carboxyl-terminus of the protein; and (4) while high coupling yields 
are desirable in order to obtain maximum yields of the peptides, this is 
not an essential feature of the method, since any fraction of the car- 
boxyl-terminal peptide which has not been coupled with ethanolamine 
will simply move off the diagonal. A final point worth noting is that a 
number of proteins have been found to be amidated at the carboxyl-ter- 
minus (12). Since such proteins naturally contain a blocking group of 
just the type that we introduce artificially, we see no reason why the 
method would not work equally well with such proteins. 
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