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Summary 

A new method of sequencing polypeptides has been investigated in which 
the polypeptide is enzymatica]ly hydrolyzed to dipeptides by the action of d i -  
peptidylaminopeptidase I and the products ident i f ied  by gas chromatography/ 
mass spectrometry. The technique involves two hydrolyses, the or ig inal  poly- 
peptide and the des N-terminal amino acid polypeptide, providing overlapping 
dipeptide sequences. The technique is i l l us t ra ted  by the determination of 
the sequence of porcine insu l in  A chain, a polypeptide containing 21 amino 
acids. Methods and procedures using standard dipeptides are also described 
and the advantages and present l im i ta t ions  of the technique discussed. 

One of the most promising new techniques for the determination of the se- 

quence of amino acids in polypeptides involves enzymatic hydrolysis of the 

polypeptide to dipeptides by dipeptidylaminopeptidase I (DAP I ) * ( I )  followed 

by analysis of the products by gas chromatography/mass spectrometry (GC/MS). A 

typical analysis would therefore f i r s t  involve hydrolysis of the polypeptide, 

acylation and es te r i f i ca t ion  of the dipeptides, and separation and i d e n t i f i -  

cation of the derivatized dipeptides. Since th is  gives only the sequence of 

the individual dipeptides and not the order of the dipeptides, a second sam- 

ple of the polypeptide whose N-terminal amino acid has been removed by the 

Edman technique would be hydrolyzed and analyzed as above. The sequence of the 

or ig inal  polypeptide could then be deduced from th is  overlapping set of data. 

Preliminary work by Ovchinnikov and Kiryushkin (2) has demonstrated the 

potentials of th is  approach by pa r t i a l l y  sequencing a peptide containing 14 

amino acids. Others have u t i l i zed  al ternat ive analyt ical  techniques for the 

separation and iden t i f i ca t ion  of the dipeptides, such as paper chromatography 

and column chromatography followed by end-group analysis (3,4). I t  is ap- 

*The abbreviations used in the text  are; DAP I for dipeptidylaminopepti- 
dase I ,  GC/MS for gas chromatography/mass spectrometry, PFP for pentafluoro- 
propionyl, cmc for carboxymethylcysteine, and mce for 2-mercaptoethanol. 
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parent, however, that  the use of th is  general technique for  the routine se- 

quencing of polypeptides with speed, accuracy, and high s e n s i t i v i t y  rests up- 

on the development of dipept ide analysis by GC/MS. 

In th is  paper, we w i l l  describe a system for  the analysis of dipeptides 

by GC/MS and the appl icat ion of the DAP I-GC/MS technique for  the sequence de- 

termination of carboxymethylated porcine insul in  A chain. The advantages and 

disadvantages of the technique w i l l  be discussed, including the problems re- 

maining and the d i rec t ion in which we bel ieve the i r  solut ion l i es .  

Materials and Methods 

DAP I was isolated from fresh bovine spleen by the method of McDonald 

et al .  ( I ) .  Edman degradations were performed according to the procedure of 

Blomb~ck and coworkers (5). Peptide digest ion was carr ied out at pH 5.0 and 

37 ° for  four hours according to Callahan, et al .  (3). The digest was then 

passed through an Amicon CF50A Cent r i f lo  membrane u l t r a f i l t e r  to remove the 

enzyme and the f i l t r a t e  was lyophi l ized.  

Pentafluoropropionyl (PFP) dipept ide methyl esters were prepared in the 

fol lowing manner: the lyoph i l ized dipept ide samples were dissolved or sus- 

pended in 1 ml. methanol (spectral grade) and, a f te r  cooling in a dry ice - 

acetone slush bath, 0.4 ml. of  thionyl chlor ide were slowly added. Af ter  

several minutes, the mixture was heated at 45 ° for  30 min. fol lowed by re- 

moval of  the reagents in vacuo. The residue was dissolved in about 200 ~ PFP 

anhydride and allowed to react at room temperature for  15 min. The excess re- 

agent was removed in vacuo and the PFP-dipeptide methyl esters dissolved in 

200 ~ dry dioxane for  in jec t ion  into the gas chromatograph. Arginine con- 

ta in ing dipeptides were f i r s t  der ivat ized with 2,4-pentanedione (6) to y ie ld  

the d imethylpyr imidylorni th ine analog and then der ivat ized as above. 

Gas chromatographic analysis were performed using a Hewlett-Packard 

5700A instrument with a 2 mm.(ID) x 2 m glass column packed with I% Dexsil 300 

on Gas Chrom Q (80-100 mesh). On-column in jec t ion  was used with the in jec to r  

temperature at 250 ° . GC/MS analysis was performed under the same condit ions 
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Figure 1 The gas chromatogram and the mass spectrum of PFP-alanylhistidine 
methyl ester. 

using a Varian-Mat CH7 instrument. The mass spectra of the individual di -  

peptide standards were obtained using the direct insertion probe of a 21-110B 

double-focusing mass spectrometer. 

Results and Discussion 

The PFP-dipeptide methyl esters give homogeneous peaks by gas chromato- 

graphy, with a range of temperatures from 130 ° to 300 ° . This provides a means 

for gross separation of the derivatized dipeptides in the mixture so that 

ident i f icat ion can be made by mass spectrometry. The mass spectra of these 

compounds are easily interpretable,  generally giving intense molecular ions 

and other ions at (M-15), (M-31) and (M-59) due to the loss of a methyl, 

methoxyl and carbomethoxy group, respectively. A major fragmentation of the 

molecular ion occurs between the alpha carbon of the N-terminal amino acid 

and the carbonyl carbon of the peptide bond with charge retention on the 
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Figure 2 The mass spectrum of PFP-leucylglutamic acid dimethyl ester ob- 
tained (a) from the direct  insertion probe, (b) by GC/MS using 
a g l a s s - f r i t  separator, and (c) by GC/MS using a silanized glass- 
f r i t  separator. 

acylated fragment. This ion together with the molecular ion is usually suf- 

f i c ien t  to ident i fy  the dipeptide. Many other ions are also formed which are 

derived from both ends of the molecule, giving diagnostic ions with which to 

sequence the dipeptide, For example, Figure 1 shows the gas chromatogram and 

the mass spectrum of PFP-alanylhistidine methyl ester. The molecular ion 

appears at m/e 386 with an ion due to loss of the carbomethoxy group at m/e 
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327. Two major sequence ions can be seen, one at m/e 190 due to the N-ter- 

minal fragment and the other at m/e 196 due to the C-terminal fragment. 

Either of these fragment ions together with the molecular ion or the two 

fragment ions alone are s u f f i c i e n t  to i den t i f y  the dipeptide. The gas chroma- 

tographic propert ies and mass spectra of a var ie ty  of dipeptides have been 

studied and w i l l  be published elsewhere. 

One of the d i f f i c u l t i e s  encountered when using combined GC/MS was de- 

composition of some of the dipeptides in the g l a s s - f r i t  separator. This is 

i l l u s t r a t ed  in Figure 2 for  PFP-leucylglutamic acid dimethyl ester.  I t  can 

be seen that spectrum (b) is completely d i f f e ren t  from spectrum (a) and is 

basical ly  the spectrum of decomposition products, while spectrum (c) is es- 

sen t ia l l y  the same as spectrum (a) with the exception of less intense high 

mass ions. This shows that although decomposition takes place in the separa- 

to r ,  i t  can largely be el iminated by s i lan iza t ion  of the separator. In the 

work which fol lows, the GC/MS system was s i lanized to minimize decomposition. 

In the few cases where high mass ions were s t i l l  not seen, sequence ions de- 

r ived from both ends of the molecules were used to i den t i f y  the dipeptides. 

In the f igures shown l a te r ,  these dipeptides are marked with an aster isk.  

In order to i l l u s t r a t e  the sequencing technique, two mixtures of d i -  

peptides were prepared to simulate the two DAP I digests of a t r yp t i c  peptide 

(one for  the or ig ina l  polypeptide and the other for  the des-amino acid poly- 

peptide) having the sequence, 

t y r - l eu -g l y -a la - th r -g l y - i l e -a la - t rp -phe - l eu -g l y -a la -me t -g lu -a la -a rg  

In the to ta l  ion monitor recordings shown in Figure 3, each peak was iden t i -  

f ied from i t s  mass spectrum. The two sets of data were submitted to computer 

analysis to reconstruct the "or ig ina l  polypeptide". 

Porcine S-carboxymethylated insul in  A chain (Schwarz/Mann), a polypeptide 

containing 21 amino acids of known sequence, was used as a test  sample. The 

tota l  ion monitor recording of the der ivat ized products of the DAP I hydroly- 

sis of  th is  polypeptide is given in Figure 4. The f i r s t  peak, labeled (PFP- 
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Figure 3 The total  ion monitor recordings of dipeptide mixtures simulating 
the products of digestion of a t r yp t i c  peptide, where mixture IA 
are those of the or iginal  peptide and mixture IB those of the des 
N-terminal amino acid peptide. 

mce)2, is due to the diacylated dimer of 2-mercaptoethanol, a buffer consti- 

tuent for the enzymatic hydrolysis. A peak was observed and ident i f ied for  

each of the lO possible dipeptides of the carboxymethylated insul in A chain. 

Asparagine and glutamine residues were analyzed as the i r  respective acids due 

to hydrolysis during der ivat izat ion.  The total  ion monitor recording of the 

products of hydrolysis of the des-glycine insul in A chain obtained from one 

round of Edman degradation is also given in Figure 4. Each of the I0 pos- 

sible dipeptides was again ident i f ied by i t s  mass spectrum. The total  ion 

recording for the des-gly chain is somewhat more complicated because the N- 
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The tota l  ion monitor recordings of the digests of carboxymethyl- 
ated insul in  A chain and des-gly insul in  A chain. For those d i -  
peptides marked with an aster isk ,  par t ia l  decomposition was ob- 
served. 

terminal glycine was not quan t i ta t i ve ly  removed in the Edman react ion,  a well 

known d i f f i c u l t y  with glycine residues. However, the dipeptides derived from 

the 10-15% of the insul in  A chain remaining did not cause d i f f i c u l t y  in the 

i den t i f i ca t i on  of the des-gly dipeptides. The N-terminal glycine removed 

as the PTH-derivative was also i den t i f i ed  by i t s  mass spectrum. 

From these two overlapping sets of data, the possible sequences for  in-  

sul in A-chain were deduced. I f  the amides of the acid ic amino acids could be 

dist inguished, then the overlapping sets of dipeptides would y ie ld  two pos- 

s ib le sequences for  insu l in  A-chain. However, due to our present i n a b i l i t y  

73 



Vol. 55, No. 1, 1973 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

to make th is d is t inc t ion ,  the number of possible sequences is increased to 

twelve. Nevertheless, we were able to reduce these twelve to the single cor- 

rect sequence by providing additional information through a time-course study. 

Thus, when insul in A-chain was hydrolyzed, samples were taken with time and 

analyzed by GC/MS. From th is ,  certain correlat ions were made; leu- ty r  appear- 

ed before glu-asp, cmc-thr before tyr-cmc, cmc-thr before cmc-ser, ser - i le  

before glu- leu, and val-glu before cmc-thr. Of these correlat ions, only 

three are necessary to specify the correct sequence: val-glu before cmc-thr, 

leu- ty r  before glu-asp, and ser - i le  before glu-leu. Thus, the sequence of 

S-carboxymethylated porcine insul in A-chain is ,  

g ly- i le-val -g lx-g lx-cmc-cmc-thr-ser- i le-cmc- 
ser- leu- tyr -g lx- leu-g lx-asx- tyr -cmc-asx 

The results presented above show that the DAP I-GC/MS technique is an ex- 

tremely promising method for  the determination of the amino acid sequence of 

polypeptides in terms of speed, sens i t i v i t y ,  and accuracy. However, before be- 

coming a viable al ternat ive to classical sequencing methods, several remaining 

problems must be solved. The most serious of these concerns the spec i f i c i t y  

of DAP I toward prol ine containing peptides, i . e . ,  the enzyme cannot hydrolyze 

peptide bonds involving prol ine. We are current ly invest igat ing two approaches 

to the solut ion of this problem, the f i r s t  involving the use of a second en- 

zyme, DAP IV (7), which has been shown to pre ferent ia l ly  s p l i t  prol ine bonds 

to form dipeptides. Further work is necessary, however, to better charac- 

ter ize the spec i f i c i t y  of th is enzyme. The second approach basical ly in- 

volves the use of two rounds of Edman degradation. A second spec i f i c i t y  pro- 

blem of DAP I is i t s  i nab i l i t y  to hydrolyze a dipeptide from a polypeptide 

when ei ther lysine or arginine is in the N-terminal posit ion. This is a less 

serious problem than that for prol ine, since t r yp t i c  peptides could be used 

as substrates. Nevertheless, we are invest igat ing chemical der ivat izat ion 

methods to mask these residues in the polypeptide and the use of other en- 

zymes (DAP I I  and I I I )  (7) to eliminate this problem. Other procedures for 
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the formation of methyl esters of dipeptides are being studied to prevent 

hydrolysis of asparagine and glutamine to aspartic and glutamic acids, re- 

spectively. With the solut ion of these problems we believe the DAP I-GC/MS 

technique w i l l  const i tute a primary method for sequencing polypeptides. 
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