
The influence of various perfiuoroalkanoic acids, as lipophilic ion-p&ring 
reagents, on the retention and selectivity of underivatizd hexa- and heptacosapeptides 
was studied 011 octadecyisilykiEca_ The retention, and in several cases the sekctivity, 
increases in the series from tsifluoroacetic acid to perfiuorodecanoic acid. With per- 
fluorooctanoic and perkorcxiecmoic acid it was possible for the first time to follow 
directly the aspartyl-glycyl(a-+)-rez3rrm gement in the gastrointestinal 27-peptide 
hormone secretin. 

INTRODUCTION 

High-performance liquid chromatography OFpLfZ) is used to an increasing 
extent in peptide chemistry_ Pt can be employed to fo!Jow reactions, in the purification 
of products and to check on purity, especially by the application of reversed-phase 
cbromatograpby and of ion-pairing reagent.sz3_ 

The analysis and pu&cation of unprotected peptides can be effkded by adding 
trifluoroarxtic acid to ffie ehxiz~~s_ However, the sekctivity between closely related 
unprotected peptides on octadecylsilyl-silica WS.S less than with the corresponding 
protected peptides‘? 

The addition of alIcy1 sUrphonates and al@1 mipbates to the eluent has been 
described for the separation of many basic compounding_ With snIph(on) 
UV detection is not possiHe below 230 ma HorvAth et afp have described the use 
of pe~uorooctanoie acid and perftuorodecsnoic acid for the separation of catechol- 
ties, but they did not obtain repmducible msuRs. 

We have imresti~ti the change of sekctiti@ between unprotected peptides 
aS 8 hlCti0n of the lipopbili+y of the ion-p&ring reagerpt. 
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AU peptides were q&h& in this laboratory. Amino acid residues are of 
the E. conf&uratioa~ The synthetic segments ofporcine secretin are designated S(n+, 
in which n and m are the sequence ~~mben of the corresponding amino acid residues 
in sect&n, if the hi&d&e residce occupies position 1. The following peptides were 
used: -porcine secretin (S) (Fig. l), [desamino-EIi#]-S. [aspartoy13]-S, [Alax]-S, 
fB_Asp33-% s<~-9-N%, laspartoyl’I-w-@-=a fB-~Pww@-~~2~ SW-w, 
IB_Asp”~-S(l3-18). 

H-His-Scr-Asp-GLy-Thr-Phe-Rw -Sa-Glu-Leu-Ser-Arg-Leu-Arg- 
1 2 3 4 5 6 7 8 3 10 I1 12 13 14 

- Asp- Str - Ala - Arg - Leu - Gln - Arg - Lcu - Leu - Gin - Gly - Leu - Val - NH2 
15 16 17 18 19 20 21 22 23 24 25 26 27 

Fe_ l_ The sequeace of pacine .seaMh. 

Reagent-grade methanol was used and mixed OQ a volume-to-volume basis 
with freshly distikd water. The ion-pairing reagents used were: petiuorodecarioic 
acid (FCR R esearch Cbemicais, Gainesville, FL, U.S.A.), perfhxorooctanoic acid 
and pertluoroheptanoic acid (Riedei-de Haen, Hannover, G.F.R.), hepta&zorobutyric 
acid and trifluoroacetic acid (Akkich, Milwaukee, WI, U.S.A.) and pentaHuoro- 
propionic acid (E. Merck, Darmstadt, G.F.R.). 

A Waters Model m A pump with a Model IJ6K injector was used in com- 
bination with a Fye Uticam LC 3 or a Scboeffel Spectrofiow Monitor SF 770 for 
variable-wavelength W detection. The column (15 x 0.4 cm I.D.) was packedlo with 
Nucleosil C,, 7 pm (Macherey, NageI & Co., D&n, G.F.R_). 

The peptides were dissolved in the eluent (1 mg/ml). The eluents were degassed 
by carefkl filtration under reduced pressure, after which the alkanoic acid was added. 
The observed pW of the eluents varied between 2.2 and 2.5. The column was kept 
at ambient temperature. After use it was flushed, via a gradient, with methanol sod 
stored in this solvent. Tbe waveIengtb of the W detection was set between 205 and 
225 nm, depending on the aJ.kanoic acid, its concentration and the W defector. 

The use of petiuoroakanoic ads in the present concentration range makes 
W detection possible at 200 nm up to 220 nm, depending on the acid used, since 
peptides absorb ftily strongly at these wavelengths. 

The infiuexxe of the perfiuoroalkanoic acids OQ the capacity factors of secretin, 
partial sequences and their analogues is su .zzed in Tables I and II. ‘The retention 
greatly increases with ixreasing chair length of the counter-ion, so that the percentage 
of methanoI in the eluent ia tb.e series of tinoroaa&c acid to per&zorodecanoic acid 
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had to be raised in order to get usable &ention times. Incmm of the cuncext~tion 
of the counter-ion cause5 an increase of the retention. The influence of the chain 
length of the counter-ion on the r&e&ion is mmh greater with the 6- than with the 
27=peptides. 

The semtion between secretin and its analogues was improved by imrezsing 
the chain Iergfh of the ion-pairing reagent (Fig. 2). The change of the methanol 
percentage is probably not the primary came for the sekctivity change, because with 
pentafluoropmpioniz acid and heptafiuorobutyric acid a change of selectivity oaamed 
in the same solvent system uable I, Fig. 2). Both [Alax]-S and [desamino-His+S 
have one basic group less than secretin, which accounts for their retention becoming 
less +&IXI that of secxtin when the chain length of the cuunter-ion imxases (Table. I, 
Fig. 2)_ The same behaviour is found with S(13-18) and S(1-6)-NE&, containing one 
basic group Iess (Table II, Fig. 3)_ The concentration of the counter-ion has lithe 
iniiueme on the ~eltxtivi~~ 
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Fig. 2. ‘phe selectivity, ~~~~ = k’ (asszhgue)/F (ssretin), betw& secrehandsomeanalogueswith 
different counter-ions, CF~CJFACOOH. on a Nucksil G, cohmn. Ehent: methanol-water (see 
Table I). Gxantration of counter-ion: 0.01 M (A) and O_GO5 M (F3)_ X, [Aspartoy_~~; 0. 18_ 
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Two mechanisms amunt for the effkd of the additim of lipophilic ions to 
the~ebIe#_ In-tie case of “dymmk ion exchzmg$= the lipophik ion is strongly 
adsorbed cm the stationary phase (e-g_, octadecylsilykiIica), which takes OIZ the 
properties of awl ion exctigeP*. Thus, separation is n&nly based OQ the number 
and strength of t&e ionic groups of the solute. With “ion-pair cbromatogmpby” the 
ionized sob&t md ZE l@@ilic counter-ion form a neutral pti in the eluent, which 
cazl be adso~beid on the st&omq phaseg. The number of basic groups and the lipo- 
pbilicity of the soWe and the counter-ion determine Che retention. In ordeh to get an 
impression of the mechzpnism, the capacity factors of&e perfIuoroalknnoic acids were 
determined in the solvent systems used for the separations, but without the acid. For 
the eluents used with the heptacosapeptides @&!e I_), the capacity factors (k’) varied 
from 0.2 (trZuoromz.etic acid) to O-6 (perfiuorodecanoic acid). The eluents used with 
the bexqeptides @able J3) gave higher values, 0.2 (tr3luoroacetic acid) to 2.1 (per- 
Buorodeczmoic acid). This indic%es that the adsorption of the pertiuoroalkmoic scids 
on octadecylsily&siIica is Iow for the eluents used for the heptacusqeptides and low 
to moderate for ffie etuents used for the hexapeptides. 

We conclude that mainly ion-pair fo~nmtion in the eluent takes place. How- 
ever, with p&luoroheptmoic acid, p&iuoioWok acid and perBuorode=armoic 
acid in the eluents used for the hexapeptides a dynamic ion-exchange me&mism 
cannot be excluded_ The increase of the sekctivity for the separation of secretin, 
[aspti~toyi~]-S and @A@]-S can be best explained by the formation of an ion-p&, 
remItking in shielding of the hydrophilic parts of the molecule. Changes in the con- 



fornxation and/or co&uration of the hydrophobic part of the molecule can thus 
in&exe the re*t-ention, as in protected peptides, where rektive small changes &ect 
ax retention. 

Our research on a series of perfhxoroalkanoic acids has appreciabiy extended 
the ana&sis of underivatized peptides. The gastrointestinal 27-peptide homoze 
secretin (Fig. 1) and soax closely related derivatives can now be separated. 

It appeared tobe possible to follow directlythe aspartyi-giycyl(c+~rearrzn~ 
ment in secretin with perfiuorooctanoic acid or perfluorodecznoic acid in the eiuent 
(Fig_ 4)_ Details of this rssrrangezzent will be published elsewhere. 
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