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SUMMARY 

A copper(H)-modiiied silica gel has been used for the high-performance liquid 
chromatography of small peptides, isomeric dipeptides and glycine oligomers. This 
packing combines the high selectivity of the ligandexchange procedure with the high 
column efficiency obtakd with microparticles of silica (7 pm)_ 

The capabilities of this new packing are shown by the separation of fragments 
of methionine-enkephalin, which is a neuroendocrine pentapeptide (Tyr-GIy-GIy- 
Phe-Met). Two isocratic systems have been used in conjunction, the first for the 
separation of Met-enkephalin tetrapeptides, tripeptides and Phe-Met, and the second 
for that of dipeptides and amino acids. 

These systems allowed tbeseparationof aUpossib1efragment.s of Met-enkephalin 
with an analysis time of aboct 15 min. It is then easy to observe the appearance and 
evolution of peptidic fragments foilowing enzymatic degradation. Moreover, direct 
injection of the enzymatic media can be performed without storage of the frozen 
samples. 

INTRODUCTION 

The copper(H)-mod&d silica gel has proven to be a suitable stationary phase 
for ligand-exchange chrotitography muse it combines the high efficiency and good 
mechanical properties of small silica particles with the bigb selectivity of the i&and- 
exchange processl~*. 

We have shown pkcviouslf that the stabiU,y of the modified silica-based 
material against reaction with alkaline media is much more dependent on the amount 
of water present than OIL the ammonia concentration of the mobile phase. 

With the Cu(@-modified silica gel as the stationary phase and water-aceto- 
nitrik-ammo& mixtures as the mobiie phase, the capacity factor for a given solute 
is governed by both its hydrophobicity aad its ability to form complexes with the 
cooniination site of the stationary phase. 

We report here that @and-exchange chromatography is a suitable method for 
the analysis of small peptides;. @rticularIy hydrophilic peptides, for which reversed- 
phase chrotitography fail*. AR application of biological in&zest is described, 
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Fig_ 1. Separation of some dipeptides by ligand-excbange chromatography. Column: 20 x 0.48 cm 
I.D. Packing: Cu(II)-modified Part&S 5. Mobile p&se: water-aatonitrile (13:87) + NH;I (0.125 M). 
Flowiatt:1ml-m&l-l. Detection: Wat 21onm. 

Fig. 2. Rapid separation of isomeric dipeptides. conditions as in Fig. 1 except mob* phase = 
mater-acsonitrile (21:79) + I+TEX, (0205 lWJ_ 

Fig_ 3. EmpIe of separation of some hydrophilic tripeptides by ligand~cbange chromatography. 
Conditions as @ Fig. 1 except mobile phase = water-zcetonitrile (22:78) i NH, (0.22 M). 

i 

‘This is part bf a joint stud~‘rzndertalzn with the L.&o&o& of Pr. B. P_ Roqnes WER 
des sciences Pbanwsutiques et Biologiques, 4 Avenue de l’Obsenatoire, 75006 Paris, France) and 
the L&oratory of Pr. J. C. Schwartz (Uniti 109 de I’INSERM; 2 ter rue d’A.I&ia, 75014 Paris. 
Frznce). 
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Direct injection of e-tic media can then be performed witbout storage of frozen 
sampks~.. ._ ‘- 

Liquid chromatography was &xhmed using a Varian Model 8510 (Varian, 
Palo Alto, calif., U.S.A.) and/or a~ Akex Model 110 pump (Akex, Berkeley, CaIif., 
U.S.A.). Typical sample sizes of 2-5 ~1 were introduced with a -5-~1 Hamiltoon syringe 
via a stop-ffo-w injector. Tke injector was a Vtichrom (V&an) and/or an LDC 
Spectra-Monitor II (Laboratory Data Control, Riviera Beach, Fla., U.S.A.), both 
equipped with a cell of volume 8 ~1. The waveIength was usually 210 n.m. The chro- 
matographic columns were not thermostated. 

Mobile phases 
T&e mobile phases were mixtures of doubly distilled water, acetonitie 

(Spectrosol; SDS, Valdonne-Peypin, France) and ammonia (Normapur; Prolabo, 
Paris, France). 

Chemicals axd packings 
Experiments were performed using Part3 5 silica gel of mean particle size 

7 pm (Whatman, Clifton, NJ., U.S.A.). Peptides were obtained from Serva (I-IeideI- 
berg, G-F-R.), or were kindiy supplied by UER des Sciences pharmaceutiques et 
biologiques, DCpartement de Chimie Organique, Paris, France. Other chemicals were 
obtained from Merck (Darmstadt, G.F.R.) and ProIabo. 

1 I 1 1 I , I a 
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Fig. A Sepadion of giycine oligorners. Conditions as in Fig. 2. 



680 F. GWON;A.-FOUCAULT, M; fZAT_)DE 

Cuflr)-dw silica gel columms 
~=chromatographiccol~werepreparedasdescribedpreviousfv2- stainless- 

steel columns (20 x 0.48 cm I.D.) were packed by the stun-y technique witi pure 
Partisil 5. An aqueoris soIution of copper(E) sulphate (IO+ or 2- lO-2M) and 
ammcnia (1 _M) was then allowed to percolate through the column until equilibrium 
was reached [when copper(n) ions appeared in the e8Iuent].. T&e column was then 
fitted on the ckromatogrrtph and equilibrated with the mobiie phase 

RESULTS AND DISCUSSION 

Separatiun of peptides, includirrg hy&ophilic peprides 
Typical chrornatogams are shown in Figs. 14. It can be seen that isomeric 

dipeptides are easily separated, as they are with other chromatographic xnethodss~s*6. 
As has been shown for amino acids’, independent variations of the water and arn- 
mania concentrations in the mobile phase petit the easy regulation of the capacity 

I O.aOsAbo (2fo am) 
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Fig. 5. Separation of the possible degmdation f ragmen& of Rkhxkephalin by two isocratic runs. 
~hZlC 20 X 0.48Cr~l m. packing: ~~Odiki partisi 5. Mobile @%3Stt: (2) watzr- 

acetotitrile (13237) f NH3 (0.125 M); (b) wzter-acem &rife (70:30) f NH3 (0.2 44). Row-k-ate: 
1.5 ml-min-‘. LIP: (a) SOatm; (b) IOOatm. Detection: W at 21Onm. 



ftior for peptides; Fig.-4 c&rly indicates tke combined h~dexckenge zmd normal- 
phztse pztition me&e&m for tke sepz3mtior.t of tke ohgomers of glycine. Ike elution 
order -is -the. opposite. of tit found by Molt& and Eforv&h3 for tke ohgomers of 
&u&e wit% a kydropkobic st&ionzry pk. -This ekttion order is due to a decreese 
in both the kydrophikcity and the complex form&ion eonstout of ~peptides with 
increasing number of gXyciue residues. It skould be noted that hydrophilic peptides 
are easily retarded with tke copper@@mdified silica gel. 

The e-tic d-d&ion of Met-enkephehn was monitored by the ligand- 
exchrpnge ckron~~togmphic procedure. 

Et is well known tit enkepkalins, whick are pentapeptides, ere neurotmns-’ 
mitters acting through the opiate receptod. A knowledge of the inactivation process 
for tkese peptides would provide a better understanding of tke regulation of their 
action. The degradation of these peptides in various brain extracts has &eady been 
studied by several methods, suck as thin-layer ckromatogmphy9, ion-exchange chro- 
matography with an amino acid analyseti”, adsorption ou Pomp& Q beads” and 
reversed-phase chromatogmpky =*13, but only a few of these fragments were iden- 
tified. 

With our method, zll degmd&ion products are monitored by tke use of two 
is-tic systems with ;u1 analysis time of about 15 min. The first was for the sepz- 
ration of the Met-enhephalin, tetrapeptides, tripeptides and Phe-Met and the second 

Fig_ 6. Evolution of Metenkephalin and hagnxnti peptides in a typical brain enzymatic prepasa- 
tian‘. 
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for that of dipptides and amino acids (Fig. 5). It is then easy to observe the appear- 
ante and evolution of peptidic fragments following enzymatic degradation_ Direct 
injection of a S+ mle from the enzymatic media was performed without storage 
of frozen sarqk?. A Q@zai example of Met-enkepbalin degmdation witi a b&-ain 
enzymatic preparation is shown in Fig_ 6. 

CONCLUSION 

The high sekctivity of the ligand-exchange procedure combined with the high 
ellkiency obtained with the silica microparticks make iigand-excbange cb~omato- 
graphy as efticient as other modern methods and provide a usefifl means for the 
rapid separation of amino acids and peptides. The simplicity of the preparation of 
the metal-mod&d silica ge! cohmms and the vasiety of applications should make the 
method increasingly popuIar. 
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