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GAS CHROMATOGRAPHY OF SOlME DIPEPTIDE DERIVATIVES 

- 

SUMMARY 

The gas chromato~rnphic bebaviour of acetyl-, acetyl permethylated-, tri- 
fluoroacetyl- and pentafluoropropionyldipeptide methyl esters has been studied to 
assess their potential usefulness in the dipeptidyl aminopeptidase I technique ofpep- 
tide sequencing usins gas chromatography-mass spectrometry (GC-MS)_ None of 
these derivatives gives volatile products with all dipeptides and hence these procedures 
do not provide the basis for a satistktory GC--MS sequencing method. 

INTRODUCTION 

The possibility of reducing the problem of peptide sequencing to that of 
characterizing completely a misture of dipeptides usin= 0 the specificitv of the enzyme 
dipeptidyl aminopeptidase 1 (cathepsin C) has been discussed by a- number of au: 
thors’-5_ The tkasibility ofthe technique has been demonstrated in test situations.using 
ion exchange and paper chromstogr~tphg”, high-voltage paper clectrtiphorcsis’ and 
gas cliromatogmphy-mass spectrometry (GC-MS) of trifluoroacety15 or pentaRuoro- 
propionyl derivatives’. il: however, the technique is to be of general spplicatipn. it 
is important that a complete solution to the problem of separation and identification 
of all the possible 400 dipeptidcs should be found. The only systematic attempt at a 
completely general solution to this problem has been by Callahan cr rrl.‘, who devised 
a combination of paper and column chromatography which. they claim. is capable 
of separating and identifying any dipeptide mixture. The main disadvantages of this 
technique are that it is time consuming, and identification ofany dipeptide ultimately 
rests on clution titncs or R, values, which, in the case ofcl~ronwtograplGx11y similar 
species, may lead to erroneous assignments_ 

MS appears to offer an ideal solution to this problem because it is fkt, 
sensitive and potentially capable of giving an unequivocal answer. Three strategies 
can be envisaged in which mass spectrometry could be used: 

(1) Separation of the dipeptide mixture into its components I-ollowed by de- 
rivatization and characterization of each derivative by mass spectrometry. This 
involves using the mass spectrometer merely to identify the dipcptide and leaves the 
problem of fractionation of the dipeptides as a separate unrelated problem_ 

(2) A second possibility, frequently mentioned but little exploited, is to obtain 
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mass spectra on the unseparated mixture ofdipeptide derivatives and use a computer 
to analyse the results- This could ultimately be the solution, but the technique obvi- 
ously needs a lot of development time directed to it. It is worth noting that where 
mixture analysis of peptides has been used, it has involved careful programming of 
the probe temperature and a study in the variation of the mass spectra with time. The 
technique is thus really ;L rather crude form of GC using the computer largely to re- 
solve overiapping peaks_ 

(3) A further possibility esists in the derivatization of the peptide mixture, 
separation of this and subsequent MS idcntilkttion of each component_ 

The obvious choice of separative technique is GC since this can be coupled 
directly to the mass spectrometer alfix-ding ;L saving in time, handling and sensitivity_ 
Suitably volatile derivatives which have been suggested are trifiuoroacetxl methyl 
esters’, pentafiuoropropionyl methyl esters6 and acetyl permethylated methyl esterSY_ 
The use of trifiuoroacetyl and pentaff uoropropionyl methyl esters has been proposed 
as a genera1 soiufion to the problem and examples of their use in peptide sequencing, 
using cathepsin C, have been given5-h_ Ho\\-ever, these esampies were on know~z 
sequences and the universatity of the technique was not established. 

This paper is concerned with the CC behaviour of these derivatives of ;L 
representative collection of dipeptides- The simple acetyl methyl esters which are inter- 
mediates on the way to the permethylated derivatives were also examined- The MS 
data on these compounds will be reported elsewhere_ 

MATERIALS AND METHODS 

The dipeptides kere purchased either from Cycle Chemical Corporation (Los 
AngeIes, Calif_, USA_) or Crtlbiochem (Los Angeles, Calit_ U_S_A_)r Val-His, Trp- 
Trp and I-ys-Gly \vere obtained from Calbiochem, Yeda (Rehovoth_ Israel) and 
Mann Labs. (New York, N-Y., U-S-A.), respectively. 

Trifluoroacetic anhydride was a product of FIuka (Buchs, Switzerland) and 
pentafluoropropionic anhydride was obtained from Pierce (Rockford, III., U-S-A-). 
Theft-paraffin mistures for retention indices and the Supelcoport, SO-100 mesh, came 
from Supelco (BeIIefonte, Pa_, U-S-A_), \vhiIst DessiI 300 CC is a product of AnaIabs 
(North Haven, Corm., U.S.A.). Sodium hydride was obtained from BDH (PooIe, 
Great Britain) as a 6O’j:. dispersion in oil. 

The gias chromatograph was a I’acknrd-Becker Model 409 with temperature 
programmer and Ilame ionization detectors_ Standard conditions were used through- 
out, viz.: Carrier gas (1;itrogen) flow-rate 30 mI/minr glsss column 2 m ‘:m: 2 mm I.D. 
pricked with 3’2, Dessil 300 CC on Supelcoportr injection port temperature 200’: 
detector temperature 250’: i-rtI s- amples in methanol \!ere injected on to the column 
at an initial oven temperature‘of 100’ for 1 min and then progammed from 100-350” 
at 8 ‘!min_ After’the retention time hrrd been determined in this wt?y, a second sample, 
mised with the appropriate aparatiin misture, 1~ 2:s injected using the same temperrt- 
ture program and the retention indes thus determined. 

EXPERIMENTAL 

Converkn of the dipeptides to their methyl ester hydrochlorides was effected 
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by reaction with 1 I\’ HCI in methanol at room temperature (20’) for 2 h followed by 
evaporation to dryness on a rotary evaporator. 

Acetyl-, trilluoroacetyl- and pentafluoropropionyldipeptide methyl esters were 
prepared from the ester hydrochlorides by reaction with the appropriate acid 
anhydride for I h st room temperature and removal of excess of reagent on a rotary 
evaporator_ 

The permethyintion of the acet_vldipeptide esters WLS carried out as follows. 
About 200 mg of sodium hydride dispersion \vcre weighed into a tared, stoppered 
centrifuge tube and w;~shcd three times with light petroleum (b-p. 40-60 ‘), decanting 
the v.xhing at each stage. The oil-free sodium hydride was then taken to dryness on 
;I rotary evaporator and the tube re-weighed to give the clean dry weight of sodium 
hydride. Dry dimethyl sulphoside \vas added in the proportion of 1 ml for esery 24 
ms sodium hydride, the centrifuge tube was stoppered with a punctured plastic cap 
and heated at 70’ on J water-bath until ell‘er\-escenceceased- The solution was then cen- 
trifuged (ca_ 3000 x) and allowed to cool to room temperature. The acetyldipeptide 
methyl ester( I-2 mg) \vas treated with 25O!cl of the supernatant dimeth_vl sulphoside- 
sodium hydride reagent and IOO~cI methyl iodide for5 min at room temperature. Appros- 
iniatcly Z ml of chloroform were then added to the misturc followed by 7-S ml ofwater. 
After thorough mising and settling, the ~K~L~~OLS layer was discarded and the chloro- 
form layer washed a further three times, \vith water. and dried over anhydrous sodium 
sulphate. The product W;LS isolated by cvapor:ttion of the filtered chloroform solution 
in ;t stream of nitrogen. 

Table 1 gives the retention indices of the acetyl-. triiluoroacet_vl- and penta- 
lluorc~prc~pion?_Idipcpride methyl cstcrs studied. The results with the xetyl permethyl- 
ated derivatives are referred to in the discussion_ 

DlSCUSSlON 

If one compares the values for correspondin, 0 acetyl- and trit~Llorc~tlcet~ldi_ 
peptide methyl esters. it is apparent that the tritluoroxetyl derivatives arc uniIi_-xmIy 
more volatile than the acetyl derivatives. For the 37 dipeptides for \vhich data are 
presented the mean diltkrence in retention indes bet\veen corresponding trifuoroacetyl- 
and acetyldipeptide methyl esters is 273 points. 

The l’entsfluoropropionyl derivatives arc uniformly more volatile than the 
corresponding trifuoroacetyl compounds, but the diikrence in this case is much 
smaller and amounts only to an average of36 points in retention index (This average 
is based on values for 30 dipeptides and neglects the values for Ile-Thr and CmCys- 
Asn where the dilkences seem anomalously large although mass spectrometry shows 
these samples to be the espected, pure derivatives_) 

Acctyl permethylated methyl esters were prepared from all the dipeptides 
usin% the above procedure but were found to give comp1e.s gas chroniatograms with 
at least two major peaks in most instances. Since this behaviour pattern occurs with 
some _rlycine-containing dipeptides, it is not merely rxemization which is involved 
and attempts to esplain the patterns in terms of diketopiperazine formation or hy- 



120 

TABLE I 
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RETENTION INDICES OFACETYL-.TRIFLUOROACETYL-ANDPENTAFLUOROPROPI- 
ONYLDIPEPTIDE METHYL ESTERS (ALL L-L COMFOUNDS) 

IIe-Ala- 
II&ZiI~’ 
Ile-Vrh‘ 
Ilc-Ile’ 
Ik-LeU- 
Ile-Phe’ 
Ik-Pr0- 
Ik-Met’ 
Ik-SIX- 
Ife-Thr- 
Ik-ASP‘ 
lk-C13- 
Ifc->ir- 
Itc-Asn’ 
II+Tl-p- 
II_=-cxn- 
Ile-Lys’ 
Ala-Lcu’- 
CIy-Lell-- 

cl:-La-- 

Lcu-Leu’ - 

Pile-Lcu-- 

Pro-Lcu-- 
Xlet-LW--- 
Thr-Leu-- 
Tyr-Leu-- 
_Asp-Leu-’ 
Trp-Leu-- 
His-La-- 
Lys-Leu-- 
Val-Me‘- 
VzlI-Val’ 
GIy-Phtj 
City-Asp%’ 
Pro-Ph@ 2 
Ph,+Ph&l 

CmCys-Asn’ 

_.. 

- 
Trifllmacc~td P~.~rru~i~coropropio~~~[ 

161s 1926 
1699 1671 
1779 1709 
!Sof) 1775 
IS00 1770 
2161 ‘090 
IS90 IS31 
20X I 2016 
I S76 - 

193-t 163-3 
1909 IS76 
2027 1995 
24-w 2-xw 
iSI-% 191s 
'635 331 
7101 _. 

‘350 7-B;‘) --_ 

166-l 1639 
171s 1715 
1731) Ii05 
IS00 1750 
1147 ZIG9 
1909 ISSO 
2054 1000 
17-m 
1444 ~4lO 
lSS0 is17 
'53 1 ‘-IIS 
?-I97 1-M 
7309 __. 

1735 1713 
1655 
2103 1073 
IS26 I SOS 
1323 lZSS 
2560 2504 
‘353 11 IS 

- Supplied by Calbiochrm. 
-* Supplied by Cycle Chemicals. 

*-_ Supplied by Bachem, Los Angeles. CaIif., U.S.A. 
* Supplied by Dr. D_ E_ Rirett of these laboratories_ 

$3 Supplied by Yeda Chemicals. 
jsj Supplied bv Dr_ F_ H_ C. Stewart of these Inbomtories. 

l Prepared bi? cxbosymethylarion of cysteinylaspsr~gine”_ 

drolysis of the dipeptides give no further insight into the unexpected behaviour. Since 
claims have been made that these derivatives are suitable for CC analysiE, we have 
included in the experimental section full details of our permethylation technique_ This 
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is based on that of Morris and co-workers’“-” and in our hands has been consistently 

successful with larger peptides (four or more residues) but quite unreliable with di- 
and tripeptides. The larse number of varizlnts of the permethylation technique which 
have been published may perhaps indicate that a universally applicable procedure has 
so fk not been achieved_ Eectluse of the complexity of the GC pattern and because 
also even the most volatile acetyl permethylated dipeptide combination was not sig- 
nificantly more volatile than the correspondin g acetyl derivative, it was judged that 

these derivatives were quite useless for our purpose and they have not been further 
studied_ 

Holyever, if GC-MS is to be a viable technique for analysing dipeptide mis- 
tures. it is essential that it works satisfactorily with every possible dipeptide and in our 
experience none ofthe dipeptide derivatives we have studied meets this criterion_ Some 
dipeptides which failed to give volatile derivatives in a specific instance are noted in 
the table, but there are other peptides which have been tried which have not given any 
volatile derivative. These include Val-His. Gly-Asn”, Trp-Trp, Lys-Gly. No arginine- 
containing peptides were studied but they would certainly require additional mod&x- 
tion of the guanido group in order to give a suitably volatile derivative. 

WC should also like to mention one observation that we have made on more 
than one occasion and that su zgests some reservations about the technique in peneral. 

This is that 3 dipeptide derivative may hi1 completely to ernerse from the column on 
the first attempt at gs cliromrtt~~~r~ipll~ and vet ;1 subsequent sample ma3 give a 
srttistktory peak. Obviously this is unimportant in a situation involving routine analy- 
sis for ;1 small nmliber of components, but in the application \ve envisage one could 
encotmter the “once only” occurrence of one of more than 400 compounds and pos- 
sibly fail completely to detect it_ 

Our general conclusion from this study is therefore that none of the dipeptide 
derivatives we have studied is suitable for the complete GC charricterizution of an 

unknown mixture of dipeptides. 
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