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PREDICTIVE METHODS OF PEPTIDES
RETENTION TIME ON CHROMATOGRAPHIC
REVERSED-PHASE COLUMNS

B. DE COLLONGUE!, N. M. GOSSELET!, B. SEBILLE!,
AND B. SCHOOT?
! aboratoire de Physico-Chimie de Biopolyméres
CNRS-Université Paris X1I, Unité mixte 27
2 rue Henri Dunant, 94320 Thiais, France
2Roussel-Uclaf
102 route de Noisy, Romainville, France

ABSTRACT

Two peptides samples were studied in order to compare the validity of some
predictive retention times. We examined the predictive retention times stated by Guo and
based on the relative hydrophobic contribution of each amino acid residue, by Mant who
takes into account the length of the peptides and by Chabanet who discriminates three
groups of amino acids. Although Chabanet's model provided good results, we found that a
more general correlation was obtained with Mant's retention prediction especially in the
case of peptides containing a high fraction of basic residues.

INTRODUCTION

Peptide mapping is a commonly used technique to analyse the structure of a protein.
This technique involves the enzymatic hydrolysis of the protein. followed by a reversed-
phase high performance liquid chromatography (RP-HPLC) of the digest. RP-HPLC allows
a good separation of a large range of peptides on the basis of small changes in polarity and
length when a A-B gradient eluent is applied (A : HyO ; 0,1% trifluoro-acetic acid (T.F.A)
/ B : acetonitrile (CH3CN) ; 0,1 % T.F.A).
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Furthermore, RP-HPLC provides information about the amino-acid composition of
peptides : thus in 1981, Meek [1, 2} could predict the retention times of small peptides by
summing the relative hydrophobic contribution (Rc) of every constitutive amino-acid

residues and terminal groups (terminal amino group and carboxylic function).

Tretention = Z Re 1)

Since then, several researchers [3-5] have determined different values of Re, for
specific chromatographic systems. All of them were stated on experimental resuits :
retention times of peptides of known composition were treated by a multi-regression
computer program. Later, Guo [6, 7] employed synthetic octapeptides as models to

determine Re values which are commonly used.

However, experimental retention times of peptides larger than 9 or 10 amino-acid
residues are lower than the ones calculated from equation 1 [8,9]. Mant et al. [10, 11]
evidenced that the difference between experimental and calculated retention times varied
with the length and hydrophobicity of the residues. Consequently these authors suggested to

use a linear relationship in which the cross-product (£ Rc In N) appears :

= Re - Tretention = A SRc Lo N + B Q)

A and B are constants, N is the total number of amino-acid residues.

Nevertheless, this modified expression of the predicted elution times of peptides is

not sufficient to explain deviations observed for large peptides.

Recently Chabanet [13] developed a new prediction model based on Chothia's
conclusions and equation 1. Chothia [12] pointed out that 50% of the surface of the charged
residues in folded proteins remains accessible . Chabanet divided amino-acid residues into

three groups : charged, polar and non polar and assigned a pair of constants (k, f) to each
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group. The k values depend on amino-acids residues accessibility in proteins, the f and I¢q
values are determined by multilinear regression. The contribution of each residue to peptide
retention is a decreasing function (R'c;) of the peptide length, thus it appears that the R'c;

of these three distinct groups are differently affected by the peptide length according to :

Tretention = X nj R'cj + b’ 3
R'cj(rc;,N) = (rc; -rei/k) exp(-fN?) + rey/k

Lim R'¢j = r¢j

N-0

To each amino-acid residue corresponds a constant rci, b' represents the

retention contribution of the terminal amino group and carboxylic function, N is the total

number of amino-acid residues.

Yet, these empirical models are not sufficient to predict and to explain the retention
of peptides, of any length. In many examples peptides with the same residue composition
have different retention times [14, 15] because of non similar residue sequences. Other
factors could indeed influence the peptide retention. Conformational and nearest neighbour
effects can play a important role. Zhou [16] showed that the existence of amphipatic a-
helices could explain the deviations observed in comparison with the predicted retention
times. Sereda et al [17] evidenced that the influence of a « amino group on the
hydrophobicity of the N terminal residue depends of jts nature.

In order to appreciate their validity for peaks identification peptide maps we
compared three prediction methods : Meek's (with Guo's Rc), Mant's and Chabanet's ones.

Consequently, we studied here on one hand a serie of synthetic peptide containing 9
or 10 amino-acid residues and on the other hand an enzymatic digest of r-hu JFNy
(Scheme 1) containing peptide of 4 to 31 residues.

These two sets of experiments were carried out on two different columns, with
different gradient shapes, so we first examined the influence of these factors on peptide

retention.
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SCHEME 1: Primary structure of r-hu. IFN y (144 amino-acids)

0 10

MET GLN ASP PRO TYR VAL LYS GLU ALA GLU ASN LEU LYS LYS TYR PHE ASN ALA GLY
HIS Sé(l)( ASP VAL ALA ASP ASN GLY THR LEU PHE i%U GLY ILE LEU LYS ASN TRP LYS GLU
GLU Sélg ASP ARG LYS ILE MET GLN SER GLN ILE \?XL SER PHE TYR PHE LYS LEU PHE LYS
ASN Pl—?g LYS ASP ASP GLN SER ILE GLN LYS SER VAL GLU THR ILE LYS GLU ASP MET ASN
VAL LS'(S) f’(l)—éE PHE ASN SER ASN LYSLYS LYS ARG ng(S)P ASP PHE GLU LYS LEU THR ASN

110
TYR SER VAL THR ASP LEU ASN VAL GLN ARG LYS ALA ILE HIS GLU LEU ILE GLN VAL
120 130
MET ALA GLU LEU SER PRO ALA ALA LYS THR GLY LYS ARG LYS ARG SER GLN MET LEU
140

PHE ARG GLY ARG ARG ALA SER GLN

EXPERIMENTAL SECTION

Materials:

Synthetic peptides tested are reported in table 1. Peptides 1 and 2 were obtained
from Neosystem (Strasbourg, France), peptides 3 to 15 were from Interchim (Montlugon,
France). Recombinant human interferon gamma (r-hu. IFNy) is extracted from E. Coli,
into which a plasmid coding for this protein has been transfected.
r-hu. IFNy contains the sequence of 143 amino-acid residues as for the natural protein, plus
an additional N-terminal methionine. This recombinant protein is not glycosylated.

r-hu. IFNy (Img/ml) was incubated in 50mM tris-HC! buffer (pH=7.0) during 15
hours at 37°C at a 2% ratio (weight:weight) with endoprotease from Staphylococcus

Aureus strain V8 (Bohringer. Mannheim).

Chromatographic measurements

The analysis of the synthetic peptides and of the r-hu IFNy hydrolysate was
performed on the HPLC system 1 : two pumps (model 420, Kontron, Massachussetts,
U.S.A.) connected to a Rheodyne sample injector (model 7125, Berkeley, CA, U.S.A.)
equipped with a 20ut sample loop. A Spectra-Physic UV detector {model 100) was used at
220nm or 280nm. The column containing RP C18 (5um spherical particles, 130 x 4.6mm

1.D.) was obtained from Brownlee-Labs (Santa-Clara, C.A., U.S.A.).
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TABLE 1 : Synthetic peptides composition and retention times on chromatographic system 1

n° SYNTHETIC PEPTIDES observed retention
times(%CH3CN)
1 ALA ALA ALALYSLYS LYS ARG ALA ALA ALA 13.5
2 ALALYS ALA ALALYS ALA ARGALALYSALA  14.3
3" pGLU ALA LYS SER GLN GLY GLY SER ASN 9.6
4 TYR SER ARG VAL SER ARG ARG SER ARG 17.1
S ARG ARG LYS ALA SER GLY PRO PRO VAL 20.2
6 TRP ALA GLY GLY ASP ALA SER GLY GLU 17.7
7 ALA PRO LEU LYS PRO ALA LYS SER ALA 17.5
8 TYR GLY ALA VAL GLY VAL GLY LYS SER 19
9 MET GLN MET LYS LYS VAL LEU ASP SER 24
10 GLU LEU ALA GLY ALA PRO PRO GLUPROALA  20.9
11 TYR GLY GLY PHE LEU ARG LYS TYR PRO 29.2
12 pGLU TRP PRO ARG PRO GLN ILE PRO PRO 29.6
13 TYR GLY GLY PHE LEU ARG ARG ILE ARG 27.6
14 SER PHE PRO TRP MET GLN SER ASP VAL THR 33.1
15 ALA PRO ARG LEU ARG PHE TYR SER LEU 334

* according to Snider's [19] results, we made the assumption that the Re
for pGLU is the same as that for GLN

Gradient linear elution was carried out with eluent A (0.1% T.F.A., H»0) and eluent
B (CH3CN-H20 (60 : 40) (v : v), 0.1% T.F.A.). The gradient slope was 1% CH3CN per
minute and the flow-rate 1mi/min.

The peptides of the r-hu. IFNy hydrolysate were separated on the HPLC
system 2 : a Waters (Millipore Corp., model 600) low pressure gradient HPLC pump
system, a sample injector (model 7010/ 7012, Rheodyne, Berkeley, C.A., U.S.A) a

Beckman ultrasphere C-18 column (750 x 4mm [.D., 3um spherical particles), a Waters
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990+ diode array detector system (the detector was equipped with a special high-pressure-
resistant cell in order to enable the on line coupling with a thermospray mass spectrometer).
200pg of the hydrolysed protein were injected directly onto the HPLC column.

The peptides were eluted with a A-B gradient (A : H0; 0,1%T.F.A.) (B : CH3CN;
0,1% T.F.A.) as follows :
0 - 40min : linear gradient 0% to 20% (v:v) Bin A
40 -60min : linear gradient 20% t0 40% (v:v) Bin A
60 - 65min : linear gradient 40% t0 50% (v:v) Bin A
65 - 70min : linear gradient 50% to 0% (v:v) Bin A

Flow-rate = 1.2ml/min

U.V. spectra of the eluate were recorded at given intervals (about 1s) at a
wavelength range between 220nm and 290nm.

Retention times were expressed as the CH3CN concentration in the solvent at the
time of elution. This was calculated by subtracting the gradient elapsed time (as defined by
Guo {6]) from the peak elution time and multiplying the result by the percentage of CH3CN
per minute in the linear gradient.

All chemicals were of analytical purity and special chromatographic grade.

RESULTS AND DISCUSSION

Comparison of peptide retention times predicted and observed on the two

chromatographic systems.

The two sets of peptides were analysed with two different chromatographic systems
which differed mainly by the chromatographic columns and the flow-rate chosen.

In order to compare the results obtained for the two sets of peptides, we studied the
retention of 6 well identified IFNy hydrolysate peptides (Table II) on both chromatographic
systems. We observed that peptide retention times, obtained on each one, differed only by a
shift (10% CH3CN) (Fig. 1). The relationship between the retention times on the two

systems was linear with a correlation coefficient of 0.997.
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TABLEI : r-hu 1.

F.N. y hydrolysate peptides and their retention times on

chromatographic system 1 and 2

peptides Observed retention( %ZCH3CN)
system 1 system 2
[103-112) 21 11.3
[0-71 22 11.7
[94-102] 22 12.1
[76-93] 29 18.4
[76-102] 31 22.0
[25-39) 39 30.2
40 7
35 4
30 A e
&
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& 15 A
-
5]
>
2 104
- 5 4
O T T T T T T | 1
0 3 10 15 20 25 30 35

o .
Tobserved syst 1 o CHSCN>

Figure ! : Correlation between observed retention times obtained on system 1 and system 2
for 6 peptides (o) of the I.F.N. y hydrolysate.

Tsystem

| = 0.94 Tgystem 2 + 10.8. the correlation coefficient is 0.997
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This confirms the results obtained by Guo {6, 7] : he observed that peptides
retention times obtained on various R.P. chromatographic columns exhibit a constant time
difference and he showed that the influence of the flow-rate (in the range we used) and the
support was negligible.

Consequently, we calculated the theoretical retention times of those 6 peptides
according to Guo, Mant and Chabanet's rules. The correlation coefficients between these
predicted retention times and the experimental ones (observed on each chromatographic
system) are reported on table III. These linear functions were similar with a shift of 10%

CH3CN.

Analysis of sample 1 containing peptides of 9 or 10 amino acid residues.

Meek's model :

We compared the experimental peptide retention times (Table I) to the ones
calculated by summing Guo's Rc according to the equation n® 1. and obtained with
experimental conditions [6] similar to ours. The results in figure 2 show a linear correlation
with a correlation coefficient of 0.94. However the slope is less than unity. The difference
in length between Guo's octapeptides and the peptides studied here may already affect the

retention prediction times.

Mant's model :

On figure 3, we also fitted the results according to equation n°2 as reported by Mant
[10].

A linear correlation was observed and allowed us to obtain the A and B values of
equation n°2 (A=0.15; B=-15.9). With these values, we calculated the theoretical
retention times for comparison with the others models the correlation coefficient obtained

between the predicted and the observed retention times was found equal to 0.94 (fig 4).

Chabanet's model :
Chabanet's prediction rules were applied to this sample of peptides. The comparison

between the predicted and the observed retention times is presented on figure 5. The
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TABLE [I] : Comparison of the results obtained on both systems for 6 peptides

Theoretical relationships
of peptide retention times

Correlation coefficients (r) obtained

¢n system 1 on system 2

T=ZIRe(D Tobs(%CH3CN)= 0.50 L Re + 17.6 Tobs{%CH3CN)= 055 Rc +7.0
r=094 r =096
ZRc- T = AZRcLaN + B (2) A =-16,39 A=-601
B =10.16 B =015
=0.97 r=097

07:44 25 January 2011

T = ZoR'ei(re;, N) + 5" (3)

Tobs(%CH3CN)= 0.81ZnR'c; + 14.4

Tobs(%CH3CN) = 0.86Zn;R'c; +3.9)
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Figure 2 : Correlation between peptide retention times and the sum of residue contributions
according to Guo's results (6).
-6~ linear regression obtained with the first peptide sample obtained on
chromatographic syst. 1
Treal = 0.68ZnjRe; + 15.9, the correlation coefficient is 0.94
- -A - linear regression obtained with the second peptide sample obtained
on the chromatographic syst. 2
Treal = 0.45ZniRe; + 8.1, the correlation coefficient is 0.96
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Figure 3 : Determination of A and B values of from the correlation between the observed

retention time. length and hydrophoby of peptides according to equation
n° 2.

-o~ linear regression obtained with the first peptide sample obtained on the
chromatographic syst. 1

A = 0.15, B = -15.9, the correlation coefficient is 0.80

- -A- linear regression obtained with the second peptide sample obtained
on the chromatographic syst. 2

A = 0.16, B = -6.6, the correlation coefficient is 0.98

correlation factor between predicted and actual retention times was 0.95 but the slope
remained different from unity (0.73). However if the linear regression is carried out
without taking into account any of the three peptides with more than four positives charges,
then the slope increases (0.85) and the correlation factor is improved (r = 0.97). It means

that Chabanet's model may not be sufficient to provide accurate retention prediction for

very basic peptides of small length.

Analysis of sample 2 : a r-hu IFNy peptide map

We applied the same three prediction methods to calculate the retention of 20

peptides of a r-hu. IFNy hydrolysate (table IV). The peptide map of this protein has been
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Figure 4 : Correlation between the calculated retention times according to the A and B
values given on figure 3.
-e—linear regression obtained with the first peptide sample obtained on the
chromatographic syst. 1
Treal = Ttheoretical, the correlation coefficient is 0.94
- -A- linear regression obtained with the second peptide sampie obtained
on the chromatographic syst. 2
Treal = 0.98Ttheoretical + 0.39. the correlation coefficient is 0.96

characterised by different techniques involving diode array absorbance detection, mass
spectrometry and chemical sequencing [20].

In the chromatographic map of these peptides obtained with system 2, a few peaks
could not be identified. For this study, we analysed only on the peaks, the nature of which

was certain after identification with thermospray mass spectrometry.

Meek's model :

Peptide retention times were calculated by summing Guo's Rc. The relationship
between these theoretical values and the experimental ones was linear as shown on figure
n°2 with a correlation coefficient of 0.958. Nevertheless the slope was even lower than the
one obtained for the previous peptides sample. It should be noted that most of the peptides

of the hydrolysate contained a higher number of amino-acid residues than the synthetic
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Tobserved (% CH3CN)

—
-10 0 10 20 30
ZnR'ci(rei,N) + b’

Figure 5 : Correlation between the observed and predicted retention times, calculated with
equation n°3.
-o-o— linear regression obtained with the first peptide sample obtained on
the chromatographic syst. 1
Treal = 0.73 EnjR'ci(rci,N) + 15.5, the correlation coefficient is 0.95
- — linear regression obtained with the first peptide sample without
taking into account the three peptides (e) with more than four positive
charges
Treal = 0.85 ZnjR'c;(rci,N) + 14, the correlation coefficient is 0.97
- -A- linear regression obtained with the second peptide sample obtained
on the chromatographic system 2
Treal = 1.1ZnjR'¢ci(rci,N) + 1.5, the correlation coefficient is 0.94

peptides we studied. As noticed by various authors {8-13], equation 1 overestimates the
retention of large peptides. The formation of stabilised secondary and tertiary structure may

perturb the interaction of certain residues with the hydrophobic stationary phase.

Mant's model :
For each peptide, we correlated the difference between the sum of the retention
coefficients and the observed retention time to the cross-product ERcLnN (fig.3). We

obtained a correlation coefficient of 0.98 for a linear relationship. The value of the slope A
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TABLEIV : r-hu I.LF.N. y hydrolysate peptides and their
retention times on chromatographic system 2

PEPTIDES observed retention
times (%CH3CN)

[0-7}
[94-102]
[120-143]
[10-21]
[72-75]
[120-133]
[40-46]
[103-112)
[113-119]
[92-102]
[76-91]
[10-24]
[94-112)
[76-93]
(76-102]
[25-39]
(10.39]
[22.39]
[47-71)
(40-71]

oW

CRO—OONRPEARNNUN = i, NhN=

G 0 LD LD L3 B st b bt 1 5t b b~ N D s bt
BWONMNOBRNWN W

(A=0.16) was similar to the one we got for the other sampie of peptides. Furthermore, the
shift of peptide retention times observed between the two chromatographic systems
corresponds to the difference between the B values obtained for each sample of peptides
(AB=10%CH3CN). Therefore we conclude that Mant's model is valuable whatever the
length or composition of peptides. The knowledge of A and B values allowed us to calculate
the theoretical retention times of the peptides of sample 2. The correlation coefficient was
found equal to 0.96 (Fig.4). This peptide sample contains more items than the one

previously studied, what can explain why the correlation coefficient is higher.

Chabanet's model :

The figure 5 represents the correlation between the predicted and the observed
retention times. The correlation coefficient is 0.94. Predicted and observed retention times
differ only by a shift (1.5%CH3CN) due to the difference between our column and the one

used by Chabanet.
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Figure 6 : Correlation between the observed and calculated retention times with the second
peptide sample obtained on chromatographic system 2
with Mant's model, r=0.96 ; with Chabanet's model, r=0.94

Comparison between Mant's and Chabanet's models :

We compared on the figure 6 the predicted retention times obtained with Mant's and

Chabanet's models. Both ones can be used indifferently.

CONCLUSION

For the comparison of three models of prediction of peptide retention we used two

peptide samples:
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a/ A sample of synthetic peptides of identical length but differing in composition (mainly
basic and neutral amino acids).

b/ A hydrolysate of r-hu IFNy : this hydrolysate was obtained using S. Aureus Strain V8
endoprotease. Thus it consists mainly of neutral and basic peptides

The application of Meek's model confirms the observation that the differences in
peptide length neglected by Meek influence the retention of the peptide on a RP HPLC.

Mant's modet fit's well the retention times of the peptides in RP HPLC. We have
shown that it could be applied to a peptide map containing mainly neutral and basic
peptides. We were able to compared separation obtained on different columns.

The validity of Chabanet's model is confirmed by the analysis of a peptide map
containing essentially peptides of various length. However, we pointed out that for
extremely very basic peptides (over 50 % basic amino acids) then this model is not valid.
Further it should be noted that R. Cowan and R.G. Whittaker[18] have outlined the fact
that different scales of hydrophobicity of amino-acid residues were stated but they differed

widely particularly in the values of the polar ones.
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