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Abstract

Docking simulations were performed in order to investigate surface area of interaction between several ribonucleases and a reduced model
for the hydrophobic moiety used in Phenyl Sephat¥sssing the program AutoDock 3.0. For each ribonucelase, 80 independent simulations
with populations consisting of 100 random structures were performed and from these the most probable docked protein—-ligand conformations
were obtained. A new methodology was used to select the most probable conformations, based on qualitative and quantitative considerations.
The interacting amino acids in each protein were identified. The average surface hydrophobicity of the interfacial zone (local hydrophobicity,
LH) was determined. The LH showed a high correlation lesfet(0.99) with the “hydrophobic contact area” (HCA) experimentally determined
for the different ribonucleases as well as with the dimensionless retentionrm®.00). This study allowed us to identify the zones on
the protein surface most probably involved in protein retention in HIC, without tedious experimental work. Given the good correlation level
obtained, this new methodology may constitute a novel approach that could be used to predict protein behavior in HIC.
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1. Introduction A novel methodology to predict protein retention time in
HIC starting from protein’s average surface hydrophobic-
Hydrophobic interaction chromatography (HIC) is a pow- ity has been proposed, with a reasonable degree of success
erful technique for protein separation, based on the reversible[4,5]. However, some proteins did not follow the expected
interaction between the hydrophobic zones of a protein’s behavior. This was attributed to a heterogeneous distribu-
surface and the hydrophobic ligands of a chromatographiction of the hydrophobic zones on the protein surfisle
resin[1]. HIC is widely used in the downstream process- The surface hydrophobicity distribution of proteins related
ing of proteins, as it provides separation properties com- to retention in HIC has been investigated by Mahn et al.
plementary to other protein purification techniques such as [6]. Based on a classical thermodynamic mddglthe con-
ion-exchange chromatography, affinity chromatography or tact area between the hydrophobic ligands of the HIC ma-
gel filtration chromatography?2]. The main protein prop-  trix and the protein when adsorbed (hydrophobic contact
erty determining retention in HIC is hydrophobicity, which area, HCA) was experimentally determined. This parame-
can be estimated as “average surface hydrophobicity” start-ter was found to give an idea of the surface hydrophobic-
ing from the protein 3D-structure data and considering the ity distribution of proteins. HCA correlated extremely well

hydrophobic contribution of the exposed amino adRi4]. with the dimensionless retention time showed by different
ribonucleases in HIC with salt gradient elution. However, a
* Corresponding author. Fax: +56 2 6991084, high number of experiments are necessary to determine this
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The aim of this work was to identify the zone of a protein’s tion order of proteins, despite the hydrophobic moieties in
surface which most probably interacts with the hydrophobic these matrixes interact with protein in a different vjay]. A
ligands of resins used in HIC. We carried out molecular dock- correction factor was obtained (E@)), which can be used
ing simulations to identify the interaction zone. This identi- to estimate a protein’s retention time using phenyl sepharose,
fication would allow us to find any parameter that could be starting from that obtained using butyl sepharfige

used to predict chromatographic behavior of proteinsin HIC,  In addition, it has been possible to compare protein reten-

reducing in this way the experimental work. tion time using ammonium sulphate and sodium chloride at
similar ionic strength5]. Proteins showed a very different

1.1. Molecular docking behaviour. Selectivity was reduced when using sodium chlo-

ride and the elution order of proteins was indeed affected. It

Computational methods are increasingly being used in thewas concluded that ammonium sulphate allows a much more
identification and characterization of protein—ligand interac- predictable behaviour of proteins in HIC, because this salt
tions. The ligand docking and the selection algorithms are stabilises a protein’s structure in solutig®].
commonly used in drug design as well as in biochemical  Then, if ammonium sulphate is used to build the elution
process elucidatiofB]. In the protein—ligand docking pro- gradient, the dimensionless retention time of a proteinin HIC
cess, a huge number of degrees of freedom has to be takemising the matrix phenyl sepharose, can be estimated from that
into account for both molecules, as well as the combination obtained with butyl sepharose.
of energetic forces that acts on them. Molecular docking con-  In this work we propose to investigate if it is possible to
sists of a conformational sampling procedure, in which dif- identify the zone of a protein’s surface that interacts with
ferent protein—ligand conformations are examined to find the a hydrophobic resin used in HIC. The results obtained in
correct one. The sampling procedure is normally based onthe docking simulations will be analysed based on the chro-
methods such as genetic algorithms and Monte Carlo simu-matographic behaviour of proteins, using the experimental
lation, among others. Besides, the conformational sampling conditions that favour a protein’s structural stability.
involves an energy function (“score function”) used to eval-
uate the fitness between the protein and the ligahdThe
molecular docking has three steps: identification of the bind- 2. Experimental
ing sites, a search algorithm to efficiently perform the confor-
mational sampling in the search space, and a score functior2.1. Proteins
[8].

In this work, we simulated the interaction between differ- In the simulations we used the crystal structures of four
ent ribonucleases of known three-dimensional structure anddifferent ribonucleases, which have been used in our previous
the hydrophobic ligand used inthe resin Phenyl Seph&ase  papel6]: RNAse A (PDB code 1AFU), RNAse S (PDB code
using the program AutoDock 3.08 [10]. For each pro- 1RBC),RNAse T1 (PDB code 1RGC) and a variant of RNAse
tein eight simulations were carried out, each of them con- T1 (PDB code 1TRP). The spatial coordinates were retrieved
sisting of ten grids, obtaining eighty possible conformations from The Protein Data Band3].
of the protein—ligand complex for each ribonuclease. Based In the chromatographic runs we used the ribonucleases
on qualitative (location of the interaction zone) and quanti- mentioned before. Ribonuclease T1 wild type (1RGC) and
tative (free energy of the complex) considerations, the most the variant Y45W/W59Y (1TRP) were obtained by express-
probable protein—ligand conformations were chosen. Onceing both enzymes ifk. coli strain DH%. Competent cells
the interaction zone was identified, the local hydrophobicity were transformed with the corresponding plasmids. RNase
(LH) was determined, considering the amino acid residues variants were produced and purified after the protocol pub-
that belong to that zone and their exposure level, using alished by Grunert and coworkef$4]. Both plasmids were

methodology similar to that proposed bef@tg kindly donated by Prof. Dr. Ulrich Hahn (University of Ham-
burg, Germany). Ribonuclease A (1AFU), Ribonuclease S

1.2. The main factors that affect protein retention in (1RBC) and Tris buffer were purchased from Sigma Chemi-

hydrophobic interaction chromatography (HIC) cal Co. (St. Louis, Mo, USA). Water prepared from a Milli-Q

water cleaning system (Millipore, Bedford, MA, USA) and

In previous worl{5], we have demonstrated that the main analytical-reagent grade ammonium sulfate (Merk) was used
factor affecting protein retention in HIC is a protein’s hy- in the preparation of the buffers.
drophobicity. On reference to the chromatographic condi-
tions, we have investigated the effect of different chromato- 2.2. Hydrophobic ligand
graphic conditions on protein retentionin HIC. Alinear corre-
lation has been found between a protein’sretentiontime using  The interaction between the crystal structure of the dif-
different hydrophobic matrixes (butyl and phenyl sepharose) ferent RNAses and the hydrophobic ligand used in Phenyl
or different initial salt concentration in the elution buffer. It SepharosB was studied. This ligand consists of a phenyl
was concluded that the types of matrix do not affect the elu- group linked to the hydrophobic resin through a three-carbon
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Fig. 1. Spatial coordinates of the hydrophobic ligand used in the phenyl

sepharose HIC resii4] as a simplified model, built using Insight ¥ .

gas constant and is the absolute temperature. The value
of the paramete€ was obtained with linear regression with
the respective data; the value @f, which corresponds to
the molal surface tension increment of ammonium sulfate,
was obtained from literature, and was equal to 2 0°
[dyn g/cm mol][15].

(HCA)o;
C=—-" 2
2.3RT )
2.5. Methods

Docking calculations were carried out using Autodock
version 3.0.510]. Three binding energy terms were taken
into accountin the docking step: the van der Waals interaction

chain and an ester bound. The ligand structure is shown inrepresented as a Lennard-Jones 12-6 dispersion—repulsion

Fig. 1 [11] The spatial coordinates of the ligand were elu-
cidated using the program Insight Y1, which gives a PDB

term, the hydrogen bonding represented as a directional 12-
10term, and the Coulombic electrostatic potential. Non-polar

file similar to the one that gives the spatial coordinates of the hydrogens were removed from the ligand, and their partial

proteins under study.

2.3. Chromatographic runs

atomic charges were united with the bonded carbon atoms.
The ligand was arbitrarily positioned at the protein’s surface
(using an Autodock script kindly provided by Dr. Jose Jaime
Arbaldua) which in turn was divided in eight grids. Then

Gradient elution HIC experiments were carried out using a the docking runs were performed using the Lamarckian ge-
decreasing salt gradient, with a steepness of 7.5% B/min (a 10netic algorithm (LGA)[10] with grid sizes of 20< 20 x 20

column volume gradient). The initial eluent was Tris 20 mM
pH 8.0 plus a maximum salt concentration of 2 M ammonium
sulfate. The final eluent was Tris 20 mM pH 8.0 (buffer A).

(grid spacing 0.375 A), yielding 10 docked conformations
by simulation. During the docking computation, free rota-
tion was allowed about the side chain of the phenyl ligand.

Samples, which contained 0.5 mg/mL protein, were injected Parameters in Autodock were assigned default values. The

through a 20QwL loop. Retention volume was recorded. All
the runs were made in triplicate. All buffers were filtered
through 0.22.m Millipore filters after preparation and de-
gassed with helium for 10 min.

The high-performance liquid chromatography system em-
ployed consisted of a FPLC (Pharmacia, Uppsala, Sweden).

resulting 10,000 docking orientations for each ligand pro-
duced by AutoDock 3.0.5 were analyzed by grouping them
into clusters with similar ligand orientations. We employed
a cluster analysis that classified structures as similardin 1
intervals of the ligand root mean square deviation.

The simulations were carried out in vacuum, but the pro-

The chromatographic matrix used was Butyl Sepharose Fastgram is able to estimate the binding energy of the complexes
Flow (a gift of Amersham Pharmacia Biotech, Uppsala, Swe- in solution, based on a thermodynamic cycle and using the
den) packed in a 1 mL column. The experiments were per- Hess’ law[16].

formed at room temperature (236), using a flow rate equal
to 0.75 mL/min.

Given the high number of possible conformations ob-
tained, it was necessary to make a selection of the most ade-

The chromatographic behavior of proteins was character- quate one, for each protein. A new methodology was used to

ized by the parameter “dimensionless retention time” (DRT),

using Eq.(1). In Eq. (1), tr is the time corresponding to the
peak maximum in the chromatogratg,is the time corre-
sponding to the start of the elution gradient, &nid the time
corresponding to the end of the salt gradient.

IR—1I0
r—1o

DRT = 1)

2.4. Determination of the hydrophobic contact area
(HCA)

The hydrophobic contact area of each protein was de- $surface=

termined starting from their isocratic retention factors ob-
tained using different ammonium sulfate molalit{$. The
HCA was obtained from Eq2), whereR is the universal

select the most probable conformation, based on qualitative
and quantitative considerations.

2.6. Local hydrophobicity (LH) calculation

Once the most adequate protein—ligand conformations
were chosen, the interaction zone was identified. Then the
average surface hydrophobicity of this zone was estimated
(local hydrophobicity, LH) using a methodology similar to
that used before by our gro(#h,5] with the modified Eq(3).

2_(saai X baa)

Sp

®3)

In EqQ. (3), ¢surfaceis the surface hydrophobicityj™indi-
cates the different standard amino aciglg; is the solvent
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accessible area occupied by amino adig ¢45; is the hy- of a protein are more accessible to the hydrophobic ligands
drophobicity value assigned to amino acit} ‘and s, is the of the HIC resing6]. Those hydrophobic patches located in
total solvent accessible area of the protein. opposite zone to the active site would have a greater effect on

First, the residues belonging to the interaction zone were protein retention in HIF19]. Fig. 2shows the block diagram
identified, considering a radii equal tod5 To do this, the of the selection methodology proposed in this work.
program Insight TV was used. Starting form the PDBQS One conformation of the protein—ligand complex was cho-
file given by AutoDock (converted to a PDB file), containing sen for each of the eight grid simulations performed for each
the spatial coordinates of each selected complex, the solvenRNAse, based on the above criterion. In this way eight prob-
accessible area of the interaction zogag)(and the solvent  able conformations were obtained for each complex, con-
accessible areas of each residue in that zgpag (vere calcu- sidering the whole protein surface. Finally, the same cri-
lated, using the program GRAS$FY]. Finally, the normalized  terion was used to choose only one conformation for each
amino acid hydrophobicity scale reported by Miyazawa and protein.

Jernigar]18,4]was used to assign a hydrophobicity value to The protein’s interaction zone of the selected conforma-
each amino acid residue. tion for each RNAse is shown iRig. 3. The closest amino

The modified Eq(3) can then be expressed as follows:  acid residues that belong to this zone are identified with the

three-letter codes. The amino acid residues that belong to

M 4) each hydrophobic interaction zone are givefféatle 1
Sz

where LH is the average surface hydrophobicity of the in- 3 5 ~gculation of local hydrophobicity (LH)
teraction zone of the protein with the hydrophobic ligand
(local hydrophobicity) saai is the solvent accessible area of  once the most probable interaction zone of each RNAse
each residue in the interaction zowgei is the amino acid a5 jdentified, the amino acid residues that belong to this
hydrophobicity given by the normalized scale reported by ;qne were individualized. The program Insigftfiwas used
Miyazawa and Jerigafi8], ands; is the solvent accessi- 4 \isyalize and isolate the interaction zone. PDB files were
ble area of the interaction zone. _ generated; they contain the spatial coordinates of the interest
In this work we investigated if there was any correlation ;46 starting from these files and using the program GRASP
between the local hydrophobicity and the chromatographic [17], the solvent accessible area of the interaction zeag (
behavior of the RNAses in HIC using salt gradient elution. 54 the partial solvent accessible areg)that correspond
to each residue in that zone were determined. Then, using
. ) Eq. (4) the average surface hydrophobicity of the interaction
3. Results and discussion zone (local hydrophobicity, LH) was estimated, considering
] ) ) ) . the normalized Miyazawa and Jernigfir8,4] amino acid
In this work we carried out docking studies among dif- hydrophobicity scale.
ferent RNAses and the hydrophobic ligand used in phenyl ~ rap|6 2shows the local hydrophobicity obtained for each

sepharose. The purpose was to identify the most probable ingNnase. For RNAse S and RNAse T1 variant the calculated
teraction zone of the proteins with a ligand. Because of the

high number of possible orientations and conformations ob- Table 1
tained for each protein, we selected the most representat'veAmino acid residues that belong to the selected interaction zone of the ri-

LH =

according to the criterion described below. bonucleases, within a radius equal t& §om the center of the ligand
RNAse A RNAse S RNAse Rnase T1
3.1. Simulations and conformation selection (1AFU) (1RBC) T1 variant (1LTRP)
(IRGC)

To selectthe most probable conformation of the complexes asn 34 Glu2 Asn 9 Ser 17
given by AutoDock we used quantitative and qualitative con- Leu 35 Ala 6 Tyr11l Thr18
siderations. First, we choose the highest free energy confor-Lys 37 Glu9 lle 61 Gln 20

- . . P Asp 38 Arg 10 Leu 62 Ala 21
mations since our interest was focused on hydrophobic inter- 9 Gin 11 Ser 63 Ala 22
actions. Then the chosen conformation was analyzed qualita- ys 41 His 12 Ser 64 val 67
tively based on the characteristics of interaction zone. In the Alal3 Asp 66 Asn 84
case that in the chosen conformation the ligand was located Asp 14 Tyr 68
in a pocket or concave zone, the docked complex was dis- Ser 15 Ser 69
carded and the conformation with the next free energy value X';t 225 g:;’ ;g
was analyzed. This procedure was repeated until we found a Leu 47 Ser 72
conformation in which the interaction zone was located in a Pro 73
convex zone on the protein surface, preferably opposite to the Gly 74
protein’s active site. This selection criterion was based on the 2';)7756

knowledge that hydrophobic patches located in convex zones
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Protein - ligand docking in AutoDock.

Different conformations of the protein - ligand complex are
obtained and their respective free energy reduction (AG) is
calculated.

|

Conformations are ordered in a descending way based on
their calculated free energy.

|

The highest free energy conformation is selected.

}

The selected conformation is analyzed qualitatively, based on
the location of the ligand on the protein surface.

|

Is the ligand located in a concave zone?

Yes |

|

| That conformation is discarded I_

That conformation is selected as the most probable one. |

|

Identification of the amino acid residues in the protein's
interaction zone using the program Insight Il.

|

The solvent accessible area of the interaction zone (sz) is
calculated with the program GRASP.

}

Solvent accessible area of each residue in the interaction
zone (s.q) is calculated with the program GRASP.

|

Average surface hydrophabicity of the interaction zone (local
hydrophobicity, LH) is calculated using equation (3).

Fig. 2. Block diagram ofthe methodology used in the selection of the most probable protein—ligand complex conformation and calculation o ez inytyr

(LH).

Table 2

Average surface hydrophobicitgduifacd estimated after the methodology
proposed beforgt—6] and local hydrophobicity (LH) of the RNAses calcu-

lated with the methodology proposed in this paper

Protein PDB I} ¢surface(—)b
RNAse A 1AFU 0.230
RNAse S 1RBC 0.222
RNAse T1wild type 1RGC 0.265
RNAse T1 variant 1TRP 0.269

2 PDB ID is the file code given by The Protein Data B4hR].

b psurtaceis the average surface hydrophobicity of proteins estimated by

Eq.(3) [6].
¢ LH is the local hydrophobicity estimated by E¢).

local hydrophobicity was higher than the average surface
hydrophobicity §surfacd- This situation would account for
the heterogeneous distribution of the hydrophobic patches
on these proteins’ surface, because there would be a zone
where the hydrophobic residues are concentrated. Also, this
zone would be located in an accessible zone for the ligands
of a HIC resin.

On the other hand, RNAse A and RNAse T1 wild type
showed a local hydrophobicity lower than their respective
average surface hydrophobicity. This situation could be at-
tributed to the less accessible location of the most hydropho-
bic zones of these proteins. Complex conformations which lo-
cated the hydrophobic ligand on the most hydrophobic zones
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Fig. 3. Three dimensional diagrams of the docking between the hydrophobic ligand (colored in yellow) and the different ribonucleases, obttiaed with
program Insight ITM. For simplicity, only the closest amino acid residues that belong to the selected interaction zone are indicated.

of these proteins were probably discarted during the qualita- DRT of the RNAses in phenyl sepharose was estimated start-
tive analysis in the seletion procedure. ing from that shown in butyl sepharose, using £):

3.3. Estimation of protein retention time in HIC DRTphenyl sepharose= 0.92 x DRTgutyl sepharoset 0.13  (5)

In this work we investigated if it would be possible to Eq.(5) corresponds to a “correction factor” which has been
predict the dimensionless retention time of the RNAses in obtained by correlating the dimensionless retention time of
HIC with salt gradient elution, starting form the knowlege of 14 well-known proteins using two different hydrophobic ma-
the proteins’s structure. We considered the local hydropho- trixes: phenyl sepharose and butyl sepharose, under the same
bicity estimated for each protein to elucidate if there was experimental conditionfb].
any correlation between this magnitude and the DRT and the  The dimensionless retention time of the RNAses in butyl
hydrophobic accessible area determined experimentally. Thesepharose have been determined experimerj@lly
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Table 3 N _ _ based exclusively on theoretical estimations starting from

Local hydrophobicity (LH), hydrophobic contact area (HCA) and dimen- - compyter simulations. Additionally, the HCA values were ob-

Z';’S'Siﬁ;i”g%grt'emnfl;?\;it;"sSephamse (BRand in phenyl sepharose inad from HIC experiments using the resin butyl sepharose,
while the hydrophobic ligand used in the simulations was that

Protein PDBID LHE)" HCA® DRTs® DR of phenyl sepharose. The type of matrix should not affect the
RNAse A 1AFU ~ 0.160 66 0239 0348 LH of a protein, because the surface zone that most probably
Eng $1wi| 4 type 11RR§CC 09'223975 1215§ 8:;28 8:%? interacts with a hydrophobic ligand does not depend on the
RNAse T1variante 1TRP  0.335 386 0.382  0.479 type of ligand. However, the type of matrix would indeed af-

fect the intensity of the hydrophobic interaction, and thus the

2 Local hydrophobicity estimated by Eff). . . . . .
protein retention time, as we have demonstrated in previous

b Hydrophobic contact area of the RNAses and the HIC resin butyl

sepharose, reported befd. work [5].
¢ Dimesionless retention time of the RNAses in butyl sepharose obtained  \WWhen RNAse A was not considerdeig. 4b), the correla-
experimentally6]. tion level became higherd=0.99), showing a close relation

d Dimensionless retention time of the RNAses in phenyl sepharose esti-

mated from that obtained in butyl sepharose using(&){5]. between LH and HCA. RNAse A slightly moved away from

the expected behavior, possibly due to it's homogeneous sur-
face hydrophobicity distributiof20]. In this case, the chro-
atographic behavior of RNAse A would be more affected
y the average surface hydrophobicity than by a higher con-
centration of hydrophobic residues in a certain zone. Besides,
the surface hydrophobicity of a homogeneous protein would
be well represented by the average surface hydrophobicity.
It could be expected that the parameter LH would represent
adequately the chromatographic behavior in HIC of proteins
with a heterogeneous surface hydrophobicity distribution.
These results let us suppose that it would be possible to
estimate a protein’s retention time in HIC starting form the
local hydrophobicity, because of the close relation between
HCA and DRT. It has been reported that it would be possible
to predict a protein’s retention time in HIC starting from the
HCA value of that protein, but the problem was that a very
high number of experiments are necessary to determine HCA
[6]. Then, the main contribution of the present work is to give

The hydrophobic accessible area (HCA) of a protein cor-
responds to the contact area between the stationary phas
and the protein when attached to the HIC resin. In this paper
we used the RNAses’ HCA values reported befiiile ob-
tained fromisocratic HIC experiments. The HCA values have
been determined based on a classical thermodynamic model
which describes protein retention due to electrostatic and/or
hydrophobic interactiofi7,6]. Table 3shows LH, HCA and
DRT of the four RNAses used in this paper.

Fig. 4 shows the correlation level between the local hy-
drophobicity of the RNAses and their HCA experimentally
determined. A high correlation level between LH and HCA
was obtained, with a determination coefficierft)equal to
0.90 Fig. 4a). It has to be noted that the HCA values come
from experimental measurements, while the LH values are

) e e T a first approach for the estimation of protein retention time
E 400 - ’ e using molecular docking tools and starting from knowledge
£ 5064 of the crystal structure of proteins, reducing considerably the
g ANAse S experimental work.
g Ly Fig. 5shows the correlation level between LH and the di-
T 100 - F‘NASGOA o H‘ﬁﬁpﬁ mensionless retention time of the RNAses. Considering the
» . . ‘ four RNAses (data not shown), a low correlation was found,
04 02 03 04 with r? equal to 0.31. However, excluding RNAse S the cor-
) LH () relation level improved considerably, obtaining?eequal to
500 A HCA = 2759 * LH - 545 1 -
- = 0,004 ANAse T1 DRT = 0,77 * LH + 0,21
g 400 1 variant 0.8 1 R? = 0,903
é Lay RNAse S |_3 %81
i« 200 - E 04 - 0/_’_5,,_—"‘0 RNA-l;e T1
g BNAse T1 RNaseA  RNAseTi s
T 100 - wild type 0,2 1 wild type
0 T 1 0 T T )
02 03 04 0,1 0.2 0.3 04
(b) LH (-) LH (-)

Fig. 4. Correlation level between local hydrophobicity (LH) and hydropho- Fig. 5. Correlation level between local hydrophobicity (LH) and dimen-
bic contact area (HCA) of the RNAses (a) considering the four RNAses; sionless retention time (DRT) in HIC of the RNAses excluding RNAse S.
(b) excluding RNAse A. Individual points are the experimental data and the Individual points are the experimental data and the continuous line is the
continuous line is the tendence line. tendence line.
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0.90 Fig. 5. RNAse S presents an anomalous behavior in proposed to select the most probable interaction zone on a
HIC [6] that has been attributed to its low stability and high protein’s surface. It was possible to identify the amino acid
dynamic flexibility[21,22] It has to be noted that this protein  residues that belong to the selected interaction zone. A new
would be an exceptional case, because similar structures argparameter was found, named “local hydrophobicity”, which
unusual13]. correlated well with experimental parameters that represent
Although the correlation between LH and DRT was not chromatographic behavior of proteins in HIC: dimensionless
excellent, it is noticeable that two properties obtained inde- retention time and hydrophobic contact area. We think that
pendently in such different ways present an acceptable corre-the methodology proposed in this paper could probably be
lation level. The DRT was obtained experimentally, while LH used to predict protein retention time in HIC, avoiding te-
is a magnitude that comes from theoretical estimations baseddious experimental work and thus facilitating a purification
on computer simulations and on knowledge of the three di- process design.
mensional structure of the crystallized proteins. Elucidation
of the most probable interaction zone of a protein with a hy-
drophobic ligand and the estimation of LH would probably References
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