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Summary 

The differentiation of leucine and isoleucine is a well known difficulty 
in mass spectrometric peptide sequencing. A technique has been developed which 
allows these two amino acids to be distinguished by growing a bacterial or 
cell culture in a medium containing u,s-dl-dideuteroleucine. The isotopically 
labelled residue is incorporated into the cell's proteins, and the resulting 
mass spectra of leucine containing peptides exhibit sequence ions 2 amu higher 
than the corresponding isoleucine peptides. 

Introduction 

In the past ten years the application of mass spectrometry to the determin- 

ation of peptide and protein structure has rapidly increased (1,2,3). Two 

strategies have been highly developed and applied to a variety of unknown 

structures. The methodology developed in this laboratory (1,2) consists of 

hydrolysis of a polypeptide or protein to a complex mixture of di- to penta- 

peptides which are converted, without prior separation, to the corresponding 

0-trimethylsilyl polyamino alcohol derivatives (4). The mixture is separated by 

gas chromatography, and the polyamino alcohols are identified from their mass 

spectra. The GCMS technique has been applied to numerous peptides and proteins 

(5,6,7). and has been shown to effectively complement both the Edman degradation 

(8,9,10) and the more recent approach of deriving protein sequences from the 

nucleotide sequence of the corresponding gene (11). 

Another approach (3) consists of hydrolysis of a polypeptide or protein to 

a complex mixture which is fractionated into simple (2-4 component) mixtures by 

ion exchange chromatography. After conversion to the N-acetyl, N-0-permethyl 

Abbreviations: xLeu, Leucine or Isoleucine; GCMS, gas chromatographic mass 
spectrometry; TMS, trimethylsilyl 
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H 0 

I dideuteroleucine 

Scheme 1. Synthesis of dideuteroleucine. 

derivatives, the peptides are introduced directly into the ion source of the 

mass spectrometer. Morris has recently reviewed applications of this technique (3). 

An inherent problem with both mass spectrometric techniques is that it is 

difficult to distinguish the isomeric amino acids leucine and isoleucine. They 

can be differentiated from the spectra of polyamino alcohols only when they 

occur in the C-terminal position of a dipeptide (12). However, larger peptides 

carry most of the sequence information, and in these leucine and isoleucine are 

indistinguishable. We have developed a technique to resolve this ambiguity for 

proteins which can be derived from bacteria or cell culture and have demonstrated 

its utility with peptides derived from E. coZi alanine tRNA synthetase (AlaRS). 

Materials and Methods 

Synthesis of y,6-dZ-dideuteroleucine. Ethyl-2-acetamido-2-carbethoxy- 
4-methyl-4-pentenoate I was prepared by the method of Albertson and Archer (13). 
Tris-(triphenylphosphine) rhodium (I) chloride (lg) was weighed into a reaction 
flask and dissolved in 50 ml of dry benzene. The apparatus was connected to a 
manifold, and the solution was frozen with liquid nitrogen. The system was 
evacuated and then flushed with deuterium. The flask was allowed to warm to room 
temperature and stirred for 20 min to saturate the catalyst with deuterium. Then, 
67.5 g of I (.25 m) in 250 ml of dry benzene was added. The solution was refrozen, 
the flask was evacuated and refilled with deuterium. The flask was again allowed 
to warm to room temperature and stirred overnight under a deuterium atmosphere. 
The benzene was removed under reduced pressure, and the residue was refluxed for 
3 hr with 300 ml of concentrated HBr. The HBr solution was concentrated to ca, 
100 ml, poured into 1.5 1 of water, and neutralized with NaOH to pH 6. After 
chilling overnight, the product was collected by filtration, washed and dried to 
yield 20 g (60%) of y,s-dZ-dideuteroleucine, m.p. 269-270. NMR and mass spectral 
analysis showed two deuteriums incorporated to a level of 95%. 

E. coZi growth medium. E. cd-i containing a recombinant plasmid (14) 
carrying the AlaRs gene were grown in Zubay's medium (15) modified as follows: the 
yeast extract concentration was reduced to 4 gm/l and 2 gm of y,d-dZ-dideutero- 
leucine was added to each liter of medium. Fifty grams of cells were isolated 
from eight liters of culture. 

Isolation and Mass Spectrometry. AlaRS was isolated by the method of Putney 
et aZ. (16). A 365 amino acid fragment (T-l) corresponding to the N-terminal 
segment of AlaRS was produced by limited tryptic digestion, isolated and hydrol- 
yzed with thermolysin as previously described (11). Details of conversion of the 
peptides to polyamino alcohols and the conditions employed for the GCMS experiment 
have been described elsewhere (4). 
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Results and Discussion 

In order to make it possible to differentiate leucine from isoleucine by mass 

spectrometry, the protein is prepared in such a way that all leucines are 

primarily the dideutero analog. This is achieved by growing the bacteria or cell 

culture in a medium containing an excess of dideuteroleucine. Large quantities 

of dl-dideuteroleucine can be prepared easily and inexpensively, and the racemate 

need not be separated into the enantiomers since the cells utilize only the L 

form. The mass spectra of the derivatives of peptides derived from these proteins 

exhibit the expected sequence ions for isoleucine containing peptides; however, 

if the peptide contains a leucine, all of the corresponding sequence ions are 

shifted upward by 2 amu because the side chain of this amino acid now contains 

two deuteriums. Thus leucine and isoleucine are readily differentiated regardless 

of the peptide's length or the position of the leucine/isoleucine. The utility 

of this technique is demonstrated with our work on the sequence of alanine tRNA 

synthetase, a protein 875 amino acids in length. 

The amino acid sequence of AlaRS has recently been determined (17) 

from both the DNA sequence of its gene and peptide sequences determined from 

GCMS experiments on partial hydrolyzates of large (>350 amino acids) segments of 

the protein. The tetra- and pentapeptides identified by GCMS were used to insure 

that the DNA was translated in the correct reading frame throughout its length. 

Tetra- and pentapeptides are sufficiently long that they normally occur only once 

in the correct amino acid sequence and not in either of the amino acid sequences 

derived from translation of the two incorrect reading frames. Occasionally, 

however, such an ambiguity will occur. For example, in a thermolytic digest of 

the N-terminal segment of the protein (T-l), the peptide xLeu-xLeu-Ala-Asp-Gly 

was identified from the spectrum shown in Figure 1A. This peptide matched in 

the apparently correct reading frame (established by other peptides) at the 

297 sequence Leu-Ile-Ala-Asp-Gly , but also corresponded to the sequence Leu-Leu- 

Ala-Asp-Gly 172 in a second, apparently incorrect reading frame. It was therefore 

possible that the phasing of the DNA was incorrect in one of these regions. 
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A 
xLeu-xLeu-Ala-Asp-Gly 

A2(271) 

0, Z2-TMSOH 

M-15 

m/e 200 300 400 500 600 

Leu-Ile-Ala-Asp-Gly 
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Legend: Figure 1 A) Mass spectrum of the derivative of xLeu-xLeu-Ala-Asp-Gly 
B) Mass spectrum of Leu-Ile-Ala-Asp-Gly obtained from cells 
grown in medium containing dideuteroleucine. The deuterium 
in the peptide backbone and the side chain of aspartic acid 
result from reduction of the peptide with hexadeuterodiborane(4). 
The deuterated reducing agent allows aspartic acid to be 
distinguished from threonine which would otherwise be isomeric(l8). 

Since these two sequences could be resolved only if leucine/isoleucine could 

be distinguished, a culture of B. coZi was grown on a medium to which dideutero- 

leucine was added. Following thermolytic digestion of T-l, a GCMS experiment 

was carried out, and the spectrum of xLeu-xLeu-Ala-Asp-Gly shown in Figure 18 

was recorded. Comparison of the spectra shown in Figure 1A and 1B shows that 

the A, ion is shifted from m/z 170 to m/z 172 confirming that the N-terminal 

amino acid is leucine. If  the second amino acid were also leucine, one would 

expect the A2 ion to be shifted upward by 4 amu to m/z 275 since this fragment 

ion would then cont,ain 2 dideuteroleucines. Inspection of Figure lB, however, 
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reveals that the A2 ion is at m/z 273 and the second amino acid must therefore 

be isoleucine. All other "A" ions in Figure 1B are also shifted upward by 2 

amu because they all contain the N-terminal dideuteroleucine. In contrast, the 

Z2 and Z3 ions are not shifted since these fragments do not contain the N-termina 

amino acid. A weak ion at m/z 473, the Z4 ion, is observed in both spectra 

indicating that the fourth amino acid from the C-terminus is isoleucine. A 

dideuteroleucine in that position would have shifted the Z4 ion to m/z 475. 

Clearly the peptide observed in the original thermolytic digest was Leu-Ile- 

Ala-Asp-Gly corresponding to the residues 293-297 in the reading frame of the 

DNA confirmed with other peptides, and the possibility of a reading frame error 

at positions 168-172 can therefore be eliminated. Ten other leucine and iosleu- 

tine containing peptides were identified in this experiment and in all cases the 

sequence assigned by mass spectrometry was in agreement with that predicted from 

the DNA sequence. We believe that the approach outlined here for the mass 

spectrometric differentiation of leucine and isoleucine is unambiguous and 

applicable to all cases where the protein can be produced by growing cells in 

media doped with labelled leucine or labelled isoleucine. 
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