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SUMMARY 

A high-performance liquid chromatographic system for the preparative sepa- 
ration of peptide mixtures using strongly acidic ion-exchange _resins and volatile 
eiution media is described. About 5 % of the &uent is subjected to contiuuous basic 
partial hydrolysis in order to increase the sensitivity and then detected with ninhydrin. 
Several examples have demonstrated that this method is suitable for the isolation of 
peptides with high purity from multkomponent mixtures. 

INTRODUCTION 

Pyrogiutamic acid (Pyr) peptides have received increasing attention recently 
because of their natural occurrence as biologically active compounds. Eledoisin 
(Fyr-Pro-Ser-Lys-Asp-~a-Phe-lk-Giy-Leu-Met-NH~l, physakemiu (Py-Ala- 
Aap-Pro-Asn-Lys-Phe-Tyr-Giy-Leu-Met-NH#, thyrotropin-refeasiag hormone 
(Pyr-His-Pr~NH~3 and follicle-stimulating homoue-releasing hormone (Pyr-His- 
Trp-Ser-Tyr-cry-Leu-Arg-Pro-G~y-NH~~~s are some examples of natura.lIy occur- 
ring pyrogh&myi peptides. 

Several syntheses of the tripeptide hormone Pyr-His-Prc+NH2 (TRH) have 
been reported using giutamyi (Glu) or gh~taminyi (Gin) peptides as .intermediates. 
The first synthesis of TRH was achieved by the treatment of Glu(OCH3)-His-Pro- 
OCH, with anmmnia3. In the TRH syntheses of Rivaille and Miih&d6, Foikers et GZ.’ 
and lnouye eb aLs, Giu-His-Pro-NH2 was treated with acid to give the desired tri- 
peptide TRH. Seyeral TRH syntheses were based on the discovery of Kiinig and 
Geigep that N4,4’-dimet~~_bh~L-~u~~e derivatives form pyro- 
giutamic acid in boiling trifluoroacetic acid. For example, Z-Gh@<bh~His-Pro- 
NH2 (Z=benzyioxycarbonyi) can be conveed.into TRH in good yi$ds in boiling 
trifluoroaeetic acidg_ 

In the -natural occurring pyrogkamyl peptides, the Pyr residue is always 
attached to the .N-tern&& side of the chajn, For investigations of the structure- 
activityrel&ionship, pyr’-TRH or Py+TRI3 malogues are of general intere$l”mLL. 
Therefore several tripeptides with 6111, Gin and isogiutaminyi (kogb~) residues at the 
C-terminal end or at position 2 were synthesized and treated with tiifluoioacetic acid 
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(TFA) or hydrogen$uoride in order to achieve the formation of the pyroglutamic 
acid residue. In most instances, however, the crude products could not be pur&d 
by -conventional methods used in peptide chemistry such as recrystallixation, -ion- 
exchange, chromatography on CM-a&lose or partition chromatography OIL Sepha- 
dex. To solve this problem, we have developed a preparative high-performance liquid 
chromato@phic separation system. 

EXPERIMENTAL 

Reagents for peptide synthesis 
For the synthesis of the peptides, all solvents were purified according to ref. 12. 

Dimethylformamide (DMF) and tetrahydrofuran (THF) were products of Merck 
(Darmstadt, G.F.R.). All amino acids except pjrroglutamic acid, which was a product 
of Aldrich-Europe (Beerse, Belgium), were purchased from Merck. For the syntheses 
of amino acid derivatives and peptides, the following reagents were used: dicyclo- 
hexylamine (Merck), dicyclohexylcarbodiimide @CC, Merck), 2,4,5_trichlorophenol 
(Merck), isobutyl chloroformate (Merck), 1-hydroxybenzotriazole (Aldrich-Europe) 

- __.._ 
and N-hydroxysuccuurmde (Fluka, Buchs, Switzerland). tert.-Butyloxycarbonyl(Boc) 
azide_and benxyloxycarbonyl chloride were synthesized according to refs. 13 and 14. 
For thin-layer chromatography, Kieselgel 60 F w plates (Merck) and the solvent 
systems n-butanol-acetic acid-water (3 : I: 1) and chloroform-methanol-benzene- 
water (60:40:40:5) were used. 

Syntheses of the peptide materials 
TRN (Pyr-Ht3-PreNH~. TRH was synthesized as d&bed in ref. 15. 
D-Hi+TRH (L-Pyr-*His-L-Pro-NHJ . The synthesis of D-His’-TRH was 

carried out according to ref. 16. 
Phe2-TM (Pyr-PbPr+NHJ. The synthetic tripeptidel’ had the following 

characteristics: m-p., 182-185’; [ac]g, -43.06” (c = 1.46/MeOH). 
Reaction products after treatment of Boc-Phe-GIu(OBzl)-Pro-NH2 with tri- 

jfuoroacetic acid and hydrogen ~%ork#~. The starting material Boc-Phffilu(OBzl,\- 
Pro-NH, had the following characteristics: lap., 57-61”; [cz]~, -15.3” (c = l.O4/ 
DMF). Elemental analysis: calculated, C 64.12, H 6.94, N 9.65%; found, C 63.00, 

H 7.12, N 8.66%. 
A 4W-mg amount of Boc-Phe-Glu(OBzl)-Pro-NH2 was dissolved in 45 ml 

of TFA, the mixture was refluxed for 2.5 h, evaporated to dryness and the residue 
subjected to chromatography. In a second study, 580 mg of Boc-Phe-Glu(OBzl)- 
Pro-NH2 were dissolved in 45 ml of liquid hydrogen fluoride and the mixture was 
stirred for 2 h at room temperature. After evaporation, the product was dried at 
IO+ torr over solid potassium hydroxide and separated by chromatography. To 
obtain the reference peptide H-PheGlu(O~Pro-NH- Boo-Phe-Glu(OBzl)-Pro- 
NH, was treated with TFA at room temperature for 90 min. After evaporation to 
dryness, the resulting product, H-Phe+Glu(OBzl)-Pro-NHz, was sapo&ed with a 
2 iK excess of potassium hydroxide for 90 min. The subsequent neutralization was 
effected with 1 N hydrochloric acid. After evaporation to dryness, the product was 
separated by chromatography_ 



ReacGm products a#eer freafmenf of Bo~-Pr~P~~rs~g~~(OB~~) with fri- 
j%t-oroacetic actWE. The stzutbg material BooPro-Phe-Isogh@Bzl) had the following 
characteristics: m-p., 158-162”; [~]g, -57.17” (c = L2/DMF). Elemental analysis: 
cakulated, C64.12, H6.94, N9.65%;found, C63.27, H7.12, N9.90%. 

A 250-mg amount of Boc-Pro-Ph&sogln(OBzl) was refluxed in 35 ml of 
TFA for 2.5 h. After evaporation to dryness, the product was subjected to chromato- 
graphic separation. 

Mass spectrometry 
AU mass spectra were obtained with a Varian-MAT F11 instrument operating 

at 70 eV. 

Materials for chromatographic separation 
Pyridine was distilled over solid potassium hydroxide and then at least three 

times over ninhydrin in order to remove all impurities that react with the reagent. 
For the separations, the cation-exchange resin DC-IA (Durrum, Palo Alto, Calii., 
U.S.A.), which is an 8 % crosslinked polystyrene of particle size 18 f 3 pm, was used. 
Pyridine-acetic acid buffers were prepared from pyridine and deionized, doubly 
distilled water. The pH was adjusted with distilled acetic acid. For partial hydrolysis 
after chromatographic separation, 5 N sodium hydroxide solution was used. The 
ninhydrin solution was prepared from a mixture of the reagent prepared by 
Spa&man et a1.l’ and distilled acetic acid (1 :I). The peptide mixture (up to 250 mg) 
was dissolved in 2-5 ml of the starting buEer_ 

Amino acid analysis 
The fractions from the fraction collector were evaporated to dryness, hydro- 

lysed with 6 N hydrochloric acid at 110” for 12 h and used for amino acid analysis. 

RESULTS AND DISCUSSION 

Fig. 1 shows a schematic diagram of the preparative peptide analyser, devel- 
oped in collaboration with Biotronik, Frankfurt, G.F.R. 

A Milton Roy Dosapro micro-pump, which is connected with the buffer 
reservoirs, magnetic valves and an air-bubble trap, pumps the pytidine-acetic acid 
buffers (1.5 ml/tin) via a 2 x 3-way valve on a Biotronik glass-jacketed high-perfor- 
mance glass column (550 x 9 mn) @led with DC-IA cation-exchange resin. To the 
effluent from the column, distilled water is added (I :2.5) in order to reduce the loss 
of separated peptides. From this diluted effluent a small amount (0.2 ml/min) is used 
for detection. After dilution with 5 N sodium hydroxide solution (1:2), partial 
hydrolysis in a PTFE reaction coil (20 m x 0.7 mm) at 100” is carried out and the 
mixture is subjected to reaction with ninhydrin reagent. The colour is finally developed 
in a second PTFE reaction coil (30 m X 0.7 mm) at 100” and detected and recorded 
with a Biotronik photometer at 570 nm. About 95 % of the eauent is brought to a 
faction collector. 

Figs. 2 and 3 show chromatograms of synthetic TRH and TRH derivkives 
with an N-terminal pyrqglutamic acid residue. The syntheti&steps used for the sam- 
ples subjected to chromatographic separation are also given in Figs. 2 and 3. The 



chromatogmns demonstrate the high purity of-TRH and the cierivativeS and thus 
the sui&biiity of the strategy choSen- for their synthesis.- Tote chromatogram of D- 
JSisz-TRH shows clearly that the compound is contaminated with about 8 % of the 
natural hormone (L-P~~-L-H~s-L-~WX~. 

Fig. 1. S&em&c diagram of the peptik anz&ser_ A, B. D. D = Btier reservoirs; E = w2ter 

voir; C-r 5 N NaOH reservoir; D = ninhydrin reagent-acetic acid (I :l) nservok 

Fig- 2_ Repsative chromatograrcs of TRH and n-Si+TRH. Column: 550 k 9 mm, DC-1A resin 
(18 f 3 m)_ Ehtion buffers: A. O-1 M pyridim? acetate. pEL 3-2 (15 min); B, 0.2 Mpyridine acerate, 
pH 3.5 (45 min); C, 0.3 M p@line acetate, pH +.O (60 suin); _D, 0.6 M pyridk acetate, pH 4.2 (60 
I+); E. 1.0 M pyridine scetate, pH 3.6 (So min). Flow-rate, I.5 ml/&n; back-pressure, 70-90 bar; 
t9mperature,~43”; &t&ion with niuhydrin (570 ti) after &mid hyckdysis (5 N NaOHI. Sampk.: 
4 8.7s It. 25%mg. z5hak&T it, %2ze; BY, Z.%a_u_ ~~ ~~ 
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Fig. 3. Chromatogmm of synthetic Phe=TRH. Column: 550 x 9 mm, DC-IA resin. Pyridimxatic 
acid buffers: A, 0.2 M pyridine, pH 3.4 (60 min); B, OS _M pyridine, pH 4.25 (120 min); C, 1.0 M 
pyridine, pH 5.0 (120 min); D, 4.0 Mpyridine, pH 5.6 (180 min). Flow-rate, 1.5 ml/min; temperature, 
45”; pressure, SO-95 bar; ratio of efeuent splitting, 1% = 4_4% loss of sample for detection; 
recorder range, O-OS A; amount injected, 150 mg. 

According to severai workerslo, D-His2-TRH should have considerable 
biological activity. However, we were able to demonstrate that the chromatographi- 
caliy pure D-His2-TRH is completely inactive. Hence this example clearly shows the 
suitability of our chromatographic system for separating peptide diastereomers. 

Contrary to the synthesis of Pyrl-tripeptides, that of Pyti-tripeptides seems 
to be much more difficult, as is demonstrated in Figs. 4-6. 

Figs. 4 and 5 demonstrate the wide variety of compounds that are formed 
when Glu*-tripeptides react with boiling TFA (Fig. 4) or hydrogen fluoride (Fig. 5). 

Therefore, it is not surprising that the reaction of TFA or hydrogen fluoride with 
Boc-Phffilu(OBzi)-Pro-NE& yields reaction products that could not be puritied by 
crystallixati~n~~. Under similar conditions, Glu%ipeptides form PyrQripeptides in 
large amounts. The formation of the pyroglutamic acid ring seems to be sterically 
hindered in Glu2-tripeptides and fission and rearrangement products seem to be 
formed instead (Fig. 7). 

According to amino acid analysis, many peaks correspond to fractions with 
the expected ammo acid content Phe-Glu-Pro = 1 :I :I (Figs. 4 and 5, solid line). 
However, most of the fractions contain peptides with protected amino functions and 
therefore give rise to QO peaks in the chromatogram performed without partial 
hydrolysis (Fig. 4). 
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Fig. 4. Chmmatogram of the reaction mixture of Boc-Phffilu(CBzltpro-N_NHr after treatment with 
biting TFA (25 h). Column: 550 x 9 mm., DC-IA resin. Fyridin+acetic acid btiers: A, 0.2 M 
pyridine, pH 3_4(6O min); B, 0.5 Mpyridine, pH 425 (120 I&); C, l-0 Mpyridine,pH 5.0(120 min); 
D, 4.0 M p$ridine, pH 5.6 (IS0 min). Row-rate, 1.5 ml/&; temperature, 45”; pressure. 80-95 bar; 
ratio of effluent .spi&ing, 1 IM = 4.4% loss of saaple for detection; recorder range, O-OS A. Solid 
line: amount injected, 166 mg; separated material mikcted, 155 mg; detection after p&d hydmIysis. 
Broken tie: amount injected, 109 mg; detection without partial hyti~y~ti. 

Fig_ 5. Chxmatogram of the reaction mixture of Boc-Phe-GhI(o~%I-~~ after t&tU%St w%b 
hydrogen fluoride. C&mm: 5SO x 9 mm, DGlA resin. Pyridine-acetic acid- butlers: A, 03 M 
p~~,pH3_4(~min);B,0.5Mpyridine,pH4~(120min);C,1.OMpyridine,P~5.0(120min!; 
D, 4.0 M pyridine, pH 5.6 (180 min). Flow-rate, 1.5 mm; temperarUre, 45”; Pressured, w-95 bar; 
r&o of ef%ent splitt& 152 = 4.4% Ioss Of sample fOr detSti0~; nXOlXk raage, o-O.5 A; amount 

. injected, 139.5 mg; separated material collecGxLS6.1 mg. 
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Fig. 6. Cbromatogram of the reaction mixture of Boc-Phffilu(OBzl)-Pro-NH2 after treatment (1) 
with TFA in the cold and (2) with 1 NKOH solution. Column: 550 x 9 mm, DC-IA resin. ??yridine- 
acetic acid butfers: A, 02 Mpyridine, pH 3.4 (60 min); B, OS Mpyridine, pH 4.25 (120 min); C, 1.0 
Mpyridine. pH 5.0 (120 min); D, 4.0 Mpyridine, pH 5.6 (180 min). Flow-rate, 1.5 ml/M; tempera- 
ture, 4Y; pressure, SO-95 bar; ratio of efZuent splitting, I:22 = 4.4% loss of sample fur detection; 
recorder range, U-O.5 A; amount in&cted, 207 mg; sepvated material collected. 192 mg. 
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Fig. 7. Possiblereaction products of Glu, Gin urd Esogln peptides. 



Common reactions in peptide chemistry are cleavstge of the tert.-butyloxy- 
carbonyl group by dichloromethan~TFA or saponification of esters with 1 N 
potassium hydroxide solution. BooPhe-Giu(OBzQ-Pro-NT& was subjected to both 
reactions and the resuiting product separated by .ion-exchange chromatography 
(Fig. 6). Although the chromatogram in Fig. 6 shows a much smaller number of 
peaks than those in Figs. 4 and 5; it demonstrates ckariy that commonly used peptide 
reagents may also lead to cleavage of the peptide chain. 

The products of several fractions corresponding to peaks in the chromatograms 
in Figs. 4 and 5 were investigated by mass spectrometry- These studies proved 
unequivocally that peak 7 in Fig. 4 is caused by the pyroglutamylpeptide Phe-Pyr- 
Pro-N& (Fig. 8). 

Fig. 8. Principal ions formed upon electron impact of the peptide fraction corresponding to peak 7 
in Fig_ 4. 

The mass spectrum of the peptide fraction corresponding to peak 7 in Fig. 4 
shows ions at m/e’ 1 IO, 111, 112, 113, 147, 148,224,25S, 259 and 283. The peaks at 
m/e I1 1, 224 and 259 are characteristic of Pyr, Pyr-Pro-NHz and Phe-Pyr moieties. 

These investigations clearly demonstrate that GluQripeptides form partly 
Pyr%ripeptides in boiling TFA, which can be separated by the cbromatographic 
technique described here. 

Contrary to glutamyWripeptides, C-terminal giutamy13-tripeptides form more 
readily the pyroglutamyl residue in boiling TFA, as is demonstrated in Fig. 9. 

In boiling TFA, Boc-Pro-Ph~Isogln(OBzl) forms a product that shows one 
main peak (peak 6) in the chromatogram in Fig. 9. Mass spectrometric studies led 
to the unequivocal conclusion that this peak is caused by the pyroghrtamyt peptide 
Pro-Ph&?yr-NH, (see Fig. 10, the principal ions upon electron impact of tbe 
pepti&&f~W~‘u3@ Sk &Rg. 9)- _ 
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Fig_ 9. Chromatogram of the reaction mixture of Boc-PrwPhe-Ksogln(OBzl) after treatment with 
boiling TFA (3 h). Column: 550 x 9 mm, DC-IA resin. Pyridine acetic acid buffers: A, 0.2 M 
pyridine, pH 3.2 (30 min); B, 0.5 Mpyridine, pH 4.6 (30 min); C, 1.0 Mpyridine, pH 5.9 (60 min); 
D, 4.0 M pyridine, pH 5.2 (60 min). Flow-rate, 1.5 ml/m& temperature, 45”; pressure, SU-95 bar; 
ratio of effluent splitting, 1% = 4_4% loss of sample for detection: recorder range, O-O.5 A; amount 
injected, ZOO mg. 

Fig. LO. Principal ions formed upon e&&on impact of the pcptide fraction corresponding to peak 6 
in Fig_ 9. 
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