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Abstract

The hydrophobic contributions of 17 individual peptides, fused to the N-terminBhaflus stearothermophilus lactate dehydrogenase
(LDH) were studied by hydrophobic interaction chromatography (HIC) and aqueous two-phase system (ATPS). The constructs were sequenced
from a protein library designed with a five-amino acid randomised region in the N-terminal of an LDH protein. The 17 LDH variants and an
LDH control lacking the randomised region were expressétstherichia coli. HIC and ATPS behaviour of the proteins indicated significant
differences in protein hydrophobicity, even though the modifications caused only 1% increase in protein molecular weight and 2% variation in
isoelectric points. HIC and ATPS results correlated wefl & 0.89). Protein expression was clearly affected by N-terminal modification, but
there was no evidence that the modification affected protein activity. A GluAsnAlaAspVal modification resulted in increased protein expression.
In most cases, HIC and ATPS results compared favourably with those predicted on the basis of 34 amino acid residue hydrophobicity scales;
assuming exposure of tag residues to solution. Exceptions included LeuAlaGlyVallle and LeuTyrGlyCyslle modifications, which were
predicted, assuming full solution exposure, to be more hydrophobic than observed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the phases in ATPS. It has been established tha{ jues
vary with the sum of the contributions of solution-exposed
The folding of a globular protein is a thermodynamically amino acid residues. For each protein residue, such contribu-
favoured process, where polar residues are often found ontions are the product of their absolute contribution and solu-
the surface, while non-polar residues are less exposed andion exposurg3]. Such correlations hold for phase systems
more associated within the folded protdit]. Most pro-  sensitive to protein surface charge and non-charge proper-
tein function, from catalysis to formation of macromolecular ties such as hydrophobicifd].
complexes, involves solution-exposed surfaces of proteins.  Genetic engineering techniques have made it possible to
It is therefore of great interest to understand how different modify protein surface properties. Conformational changes
amino acid residues affect various protein surface propertiesof mutated variants of cutinase were observed in ATB$s
such as charge and hydrophobicity. and fusions of tyrosine-containing tags shown to enhance
When certain polymers are mixed in low concentrations, protein partitioning to the more hydrophobic ph#8k This
they may form aqueous two-phase systems (ATPSs) wheremotivated the current investigation of the hydrophobic con-
both phases are aqueous, enriched in one polymer and separibution of different amino acid residues in peptides fused to
rate spontaneously forming a top phase (t) floating on a morea model protein lactate dehydrogenase (LDH), which is a ro-
dense bottom phase (f9]. The net surface properties of a bust and easily screenable protein. Hydrophobic effects can
protein are reflected by its partitiok(= Ci/Cp) between  be evaluated in an ATPS when the pH is equal to the isoelec-
tric point of the protein and where the charge-dependent salt
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to minimise charge-dependent salt effects, when the systemgable 1
are Composed of polyethylene glycol (PEG) and dext?:}m Sequences of oligonucleotides used in constructing the randortdbed
or the random copolymer 30% ethylene oxide (EO) and 70% 2"d the controldn

propylene oxide (PO), EO30PO70 and dex{i@jn The par- ~ Name Oligonucleotide
tition values are than related to protein hydrophobicity. Forward control primer ~ SCCATGGAATTCTACATGAAAAACAA-
Hydrophobic interaction chromatography (HIC) typically CGGT-3

involves interaction of proteins with HIC media composed Forward randomised ~ 5-CCATGGAATTCTCANNNNNNNNNN-

of hydrophilic surfaces to which alkyl, phenyl or other hy-  Prmer (N:(N:(N:ENATGAAAAACAACGGT'GGAG'
drophobic ligands have been attached at defined graftingreyerse primer BAGCTTCTGCAGGCCTCATCGCGT-
densities. Salts, organic solvents or other buffer additives AAA-3’

may be added to promote protein—media surface interactionsThe randomised region is visualised in bold codes.
Selective elution is typically obtained by use of a decreasing

salt gradienf9]. HIC media have complex surfaces and their A(lac-proAB)) was used as the host in all cloning proce-
chromatographic results may reflect various protein surfacedures Trc99A was used as cloning vectp4] and all
properties such as hydrophobic interactions as well as other loni - P q ; d 9 dina to Sambrook
(e.g. van der Waals or even charge-related) interactions. In®0NING procedures were performed according to >amboroo
this sense, HIC may mimics liquid—liquid (L—L) two-phase etal.[15]
partition. However, the protein—solution interactions which
govern partition may be more sensitive to overall protein 2-2. LDH constructs
surface hydrophobicity and less sensitive to the hydropho-
bicity of specific protein surface regions or patchis5. N-terminal extension of thih gene was generated with
Given that HIC retention is based on specific protein-media Polymerase chain reaction (PCR). A randomised forward
surface contact, the opposite may be 1@ 11] In spite of primer, containing a non-complementary randomised region
such differences, other authdd2] have noted similarities of 15 oligonucleotides and aicoRI restriction site in the
between HIC and partition results. 5'-end, and a complementary reverse primer, containing a
The ability to generate various small peptide N-terminal Pstl restriction site in the 5end, was used to generate a
tags on proteins offers an opportunity to compare the Protein library with PCR. The template was thia gene in-
ability of HIC and partition to detect alterations protein Serted in a pUC18 vector by Carlsson et[aB]. A control
net hydrophobicity and terminal specific region (patch) Idh was amplified with a control forward primer, lacking the
hydrophobicity. It also gives the possibility to compare randomised region, and the same reverse primer. Primers are
chromatographic and partition results with those predicted Shown inTable 1 The PCR fragments were trimmed in both
on the basis of amino acid residue hydrophobicity scales. €nds with restriction enzymeEgcoRI andPstl, and the am-
Such results should provide insight into protein surface Plified gene was introduced into pTrc99A by ligation. All
features governing HIC and ATPS as well as test the predic- "estriction enzymes, DNA ligase and reagents in the PCR
tive power of various hydrophobicity scales. In the present reaction were purchased from Roche Molecular Biochem-
study, a protein library with a random region of five amino icals (Basel, Switzerland), and were used according to the
acids in the N-terminal of lactate dehydrogenase from Protocols. All oligonucleotides were synthesised by TAG
Bacillus stearothermophilus [13]. The thermo-stable ho- ~Copenhagen (Copenhagen, Denmark).
motetrameric protein was chosen as model protein since the
N-terminals were proven to be well exposed in earlier work 2.3. Bacterial cultivation and cell lysis
[6]. HIC, ATPS and related hydrophobicity scale experi-
ments were conducted using small neutral tags not expected All cells were grown in LB medium (10g/l tryptone,
to significantly alter (a) protein molecular weight and size, 5g/l yeast extract and 10 g/l NaCl) containing 1a9ml
(b) charge characteristics, and (c) shape or function, asampicillin. A shake flask containing 200 ml LB medium
inferred from enzymatic activity and terminal location. In  and 100ug/ml ampicillin was inoculated with 1.0 ml of
addition, their terminal location (d) afforded a good oppor- an overnight culture, and gene expression was induced di-
tunity for solution exposure to influence HIC and partition rectly with 1.0 mM isopropyB-p-thiogalactoside (IPTG).
behaviour. The cells were harvested at late logarithmic phase (300
10 min) and resuspended in 1 ml of 50 mM sodium phos-
phate (NaP) buffer (pH 7.0) per Qby. The cell slurry was

2. Experimental sonicated and centrifuged (15 080g, 15 min). The super-
natants were subsequently heated at@%or 10 min and
2.1. Bacterial strain and plasmid centrifuged (15000« g, 15min). The supernatants were

stored at—80°C until further use. The purity of the pro-
Escherichia coli TG1 (F, traD36, lacl9, A(lacZ)M15, teins was routinely checked by 12% SDS-polyacrylamide
proA+TB*/supE, A(hsdM-mcrB)5, (rk=, mx~—-mrcB™), thi, gel electrophoresis (SDS-PAGE) using a Tris—glycine (pH
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8.3) discontinuous buffer system as described by Laemmli 2.6. Chromatography conditions
[17]. Proteins were detected by staining with Coomassie

brilliant blue. Chromatography experiments involved heat-treated pro-
tein extracts and were carried out with a AKTApurifi¥r
2.4. Two-phase system and partition system controlled by UNICORN software (Amersham

Biosciences). Phenyl Sepharb¥eHigh Performance HIC

Partition experiments were performed in ATPS com- media (Amersham Biosciences) was packed in an HR 5/5
posed of 7.1% (w/w) dextran and 6.8% (w/w) EO30PO70, (Amersham Biosciences) column to 1 ml. The column was
whose phase diagram has been previously publi$h&p stabilised with a high salt solution containing 0.7 M ammo-
The top phase polymer EO30PQO70, with a molecular massnium sulphate ((NH)2SO4) plus 10 MM potassium phos-
of 3300, was obtained from Shearwater Polymers Inc. phate (KP) (pH 7.0). A 5001 sample of 2.5-5.0 mg protein
(Nektar Therapeutics, Huntsville, USA). The bottom phase in the same solution was injected. A gradient elution (20 CV)
polymer Dextran T500, molecular weight of 500000, was from 0.7 to OM (NH;)2SO; with 10mM KP (pH 7.0) so-
obtained from Amersham Biosciences (Uppsala, Sweden).lution was applied, followed by Milli-Q water (10 CV). A
ATPSs with a total weight of 2g were made, by weigh- constant flow rate at 1 ml/min was applied and protein con-
ing out appropriate amounts of polymer stock solutions. centrations were detected at 280 nm. One ml fractions were
A 100% solution of EO30PO70 and a 25% (w/w) stock collected with a Frac 900 (Amersham Biosciences) and en-
solution of Dextran T500 were utilised. Dextran concen- zymatic activity was measured in relevant elution peaks.
tration was determined by polarimetfg]. Proteins were
added from heat-treated protein extracts so that the sys-2.7. Hydrophobicity scales
tems contained 0.5-1.0 mg total protein/g system weight.

The ATPS contained 50 mM 450, and 5mM NaP buffer Amino acid hydrophobicity scales are typically based
(pH 7.0). on amino acid or protein properties. Lienqueo et[20]

The partition of a substance is described by a partition recently classified such hydrophobicity scales into three
coefficient,K, which can be defined as the concentration of groups: (I) direct scales, based on amino acid properties
the substance in the top phas&)(divided by the concen-  such as retention times in high-performance liquid chro-
tration in the bottom phas&€). In the present study, parti- matography (HPLC), Gibbs free energy transfer, polarity
tion coefficients are averaged values from at least duplicateor aqueous two-phase partitioning; (Il) indirect sales, based
experiments. Phase systems were carefully mixed and sepen protein properties such as antigenic regions in proteins,
arated by centrifugation at 800g for 10 min at room tem- accessible and buried hydrophobic surfaces in proteins; and
perature. Proteifk values were determined from the ratio (lll) mixed scales, based on direct and indirect scales. The
of enzymatic activity obtained from separated (and diluted) contribution from all 17 peptides was calculated in relation
top and bottom phases. to 34 different hydrophobicity scales previously noted by

Lienqueo et al[20] as well as Berggren et dR1].
2.5. Assay of protein concentration and
enzymatic activity

3. Results

Sonicated and heat-treated protein extracts were as-
sayed for total protein concentrations using the Bradford 3.1. Construction and expression of LDH variants
Coomassie blue dye-binding procedyd®] with bovine
serum albumin (Sigma—Aldrich, St. Louis, USA) as stan-  As noted in the Introduction special LDH variants were
dard. Assays of LDH activity were performed in 0.1 M needed to investigate the hydrophobic contribution of differ-
2-[N-morpholino]ethane-sulphonic acid (MES) buffer (pH ent amino acid residues to partition and HIC. A randomised
6.5) containing 30 mM pyruvate and 0.2 mM NADH. One region, containing five amino acids, was fused to the
unit of enzyme reducesidmol pyruvate per minute at room  N-terminal of LDH. Seventeen LDH constructs were found
temperature, and the decrease in absorbance was recordedith DNA sequencing (Biomolecular Resource Facility,
spectrophotometrically at 340nm. The polymers used in Lund, Sweden) to contain different N-terminal extensions
the two-phase systems could affect the enzymatic activity. without amber codons. The isoelectric points of all con-
To compensate for this, a blank system was prepared (allstructs was 25+ 0.11 (meant S.D., Table 3. A control
components included except protein). When diluting the LDH (cLDH) containing the same N-terminal extension but
top phase, the same amount bottom phase from a blankno randomised region was also constructed. All 18 LDH
system, was added together with the top phase sample andariants were expressed i coli. The cLDH and LDH47
vice versa when measuring the enzymatic activity in the variants were readily expressed, while LDH20 and LDH36
bottom phase. By this measure, all samples will have the exhibited low expression. Specific activity varied among the
same polymer concentration and the enzymatic activity will different LDH proteins depending on N-terminal amino acid
be equally affected by the polymers. composition Fig. 1). The differences in specific activity
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Table 2
Amino acid sequences and isoelectric points for the various LDH con-
structs

Name Amino acid sequence Isoelectric
point (pl)
cLDH MetGluPheTyrMet-LDH 5.41
LDH12 MetGluPheTy&lyArgCysPheArgMet-LDH 5.63
LDH13 MetGluPheTyAlal euValAspAlaMet-LDH 5.31
LDH14 MetGluPheTyt euAlaGlyVallleMet-LDH 5.41
LDH18 MetGluPheTyPheSer Tyr Ser ProMet-LDH 5.41
LDH20 MetGluPheTy&lyLeuThr CysL euMet-LDH 5.41
LDH22 MetGluPheTyreCysThr ArgGlyMet-LDH 5.52
LDH23 MetGluPheTyGlyM etM et Ser GInMet-LDH 5.41
LDH29 MetGluPheTyGlyHisGlyThrLysMet-LDH 5.60
LDH32 MetGluPheTyProL euGlyLysAlaMet-LDH 5.52
LDH33 MetGluPheTyT hr GlyGluHisHisMet-LDH 5.47
LDH36 MetGluPheTyk euTyr GlyCyslleMet-LDH 5.41
LDH37 MetGluPheTyk euAlaSer GlyL euMet-LDH 5.41
LDH38 MetGluPheTyk euGlylleThr Ser Met-LDH 5.41
LDH40 MetGluPheTyPhel euArgGlyTyrMet-LDH 5.52
LDH41 MetGluPheTyAsnM etSer AlaT hr Met-LDH 5.41
LDH47 MetGluPheTy&luAsnAlaAspValMet-LDH 5.24
LDH48 MetGluPheTyMetlleThr ArgArgMet-LDH 5.63

The randomised region is visualised in bold codes.

correlated well with the LDH intensities from SDS-PAGE
gels.

3.2. Partition experiments

Heat-treated protein extracts of LDH constructs were
partitioned in ATPSs composed of 7.1% dextran, 6.8%
EO30PO70, 5mM NaP (pH 7.0) and 50 MM $80,. cLDH
exhibited a partition coefficient)) of 1.21, whileK val-
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Fig. 2. Partition coefficientsk) for LDH heat-treated protein extracts in
ATPS (7.1% dextran and 6.8% EO30PO70). The partitioning results are
ordered from lowest to the highest partition coefficient.
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Fig. 3. Retention of LDH heat-treated protein extracts in HIC by gradient
elution of (NH;)2SOs from 0.7 to OM. All runs were performed on
Phenyl Sepharod¥ High Performance. The results are based on average
values from double runs.

of interaction between the protein and the media. The cLDH

ues for the 17 LDH constructs varied between 1.16 and variant had a retention time of 21.1min while the LDH

2.47 Fig. 2. The more hydrophobic LDH variants exhib-

variants eluted between 20.7 and 28.1 miig( 3). This

ited enhanced partitioning to the more hydrophobic EOPO represents a variation of seven column volumes. Retention

polymer enriched top phase.
3.3. Chromatography experiments

Different N-terminal tagged LDH and cLDH protein

times appeared to vary with tag hydrophobicity. Retention
times normalised against cLDH correlated weif (= 0.89)
with both K and logK values Fig. 4) even though the test
protein variants apparently differed only slightly in primary
structure, size, lpand other properties. Similar correlations

extracts were subjected to salt gradient HIC on Phenyl have been noted previously for unrelated proteins in exper-

SepharosB! High Performance media. Protein retention

iments involving different HIC media and phase systems

time on salt gradient HIC increases with the relative strength [12]. Use of different proteins made it difficult to relate

140 -
120 - -
100 -
80 |
60 1
40 4

ottt

0 DDDDHHHH Al

36 20 22 29 33 37 18 40 38 41 13 14 32 12 23 48 C 47

U/mg

Fig. 1. The specific activity, from lowest to the highest, in U/mg total
protein of all LDH constructs. The specific activity was measured on
heat-treated protein extracts (s8ection 2.
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are plotted against logarithms of partition coefficier}. (The correlation
coefficient,R?, was 0.89.
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second was that lack of significant differences in the con-
tribution of the native protein—such that only tag residues
were responsible for the HIC and partition differences seen.
These assumptions could have been compromised, by tag
residue (hydrophobic or other) interactions with each other
or native protein residues, or by the tag induced alteration
in native protein shape. Some shape alteration might have
been suggested by alteration in variant enzymatic activity
but this was not noted, although the specific activity (U/mg
Fig. 5. Chromatogram of a mixture containing LDH12, LDH18 and total protein) varied due to differences in N-terminal tagged
LDH38 protein extracts (black curve) on Phenyl Sephafiseligh Per- LDH variant expressionHig. 1).
formance. The ch'romatograms from individual runs of each LDH protein Fig. 6summaries results from the HIC and partition exper-
extract are visualised grey. Absorbance was detected at 280 nm. iments as well as the expected hydrophobic contributions of

the randomised extensions predicted from the 34 hydropho-
separation behaviour to differences in protein structure, bicity scales. The predicted order of hydrophobicity of the
specific surface regions or surface properties. peptides matches experimental data with only a few notable

The relative elution times for three LDH protein extracts exceptions. The hydrophobic contributions of peptides 14

(LDH12, LDH18 and LDH38) were the same when run and 36 were experimentally found to be less than predicted
individually or in a mixture Fig. 5. This suggests lack of  from the hydrophobicity scales. In addition, the arginine
significant protein—protein interactions, or other influence of residues in peptide 48 do not appear to decrease hydropho-
one protein on the HIC behaviour of another, under these bicity as much as expected by some hydrophobicity scales.
conditions at pH 7 were the variants net negatively charged. The experimental results from HIC and partitioning were

plotted against theoretical contributions, calculated using 34
3.4. Hydrophobicity scales hydrophobicity scale$22—47] (Fig. 6). When eliminating

the three exceptions (LDH14, LDH36 and LDH48) cor-

Different hydrophobicity scales were used to investigate relation coefficients above 0.50 were observed. Both HIC

the theoretical contribution of different N-terminal exten- and partition experimental results correlated best with hy-
sions. Due to lack of structural data on the protein vari- drophobicity scales based on Gibbs free energy transfer or
ants, such comparisons were based on summing individualretention times in HPLCTable 3. Surprisingly, partition-
residue contributions. These comparisons were based on twang results proved a better correlation than HIC to HPLC
assumptions. The first was that terminal tag location should retention times. The hydrophobicity scales of Fr4d48]
promote complete solution exposure of tag residues. Theand Janirf1] resulted in regression values below 0.01.
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Fig. 6. Comparing the contribution of N-terminal extensions using the experimental methods, HIC and partition, and hydrophobicity scales. All LDH
variants are ordered from the most hydrophobic construct to the least according to partitioning results. The five most hydrophobic peptide aetension
marked in black and the five least in grey. Correlations in partition, HIC and hydrophobicity scale results; with scales divided into directamirect
mixed groups based on Lienqueo et [@0]. Abbreviations in the figure are as follow from left to righK)(partition coefficient; (HIC) HIC retention

time; (A) Aboderin[22]; (B and C) MeeK27]; (D) Wilson et al.[31]; (E and F) Browne et a[24]; (G) Parker et al[29]; (H and 1) Cowan and Whittaker

[32]; (J) Bull and Brees¢30]; (K) Hopp and Woodg23]; (L) Wolfenden et al[33]; (M) Fauchere and Pliski4]; (N) Guy [25]; (O) Abraham and Leo

[28]; (P) Rosemari26]; (Q) Black and Mould35]; (R) Zimmerman et al[36]; (S) Granthan{37]; (T) Berggren et al[21]; (U) Chothia[41]; (V) Wertz

and Scherag@d?2]; (X and Y) Janin[1]; (Z) Sweet and Eisenbefd3]; (AA) Miyazawa and Jernigafd4]; (AB and AC) Rose et al[45]; (AD) Welling

et al.[46]; (AE) Rao and Argog47]; (AF) Manavalan and Ponnuswar{8]; (AG) Kyte and Doolittle[39]; (AH) Fraga[48]; (Al) Eisenberg et al[40].
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Table 3 generation of substantial hydrophobic regions. Secondly,
Correlation coefficientsR2) from the three best linear relations between the dynamics of HIC media Chromatography are not well
experimental results and hydrophobicity scales based on retention time . .
in HPLC or Gibbs free energy transfer understood anq may involve, for each protem molecgle,
S _ numerous media surface contact events which act to yield
Based on retention time in HPLC Base? on fG'bbS free retention times which reflect a statistical sampling of the
onergy Tanster protein’s surface.

R Scale R Scale The results of this study also indicate the contribu-
Partitioning _ tions to HIC and ATPS results of recombinantly intro-
0.69  Aboderin[22] 0.66  Hopp and Wood§23] duced surface-exposed tags can be predicted relatively

0.69 Browne et al. (HFBAJ24] 0.63  Guy[25]

068 Browne et al. (TFA[24] 063 Rosemai2e] accurately from each other separation method, as well

as from hydrophobicity scale®2—-47] This suggests the

ngss Meek (oH 2.1127] 069 Abraham and Le@s] general applicability and complementary nature of data
049  Aboderin[22] 057 Rosemaii26] from HIC, ATPSs and hydrophobicity scales. It has been

042  Parker et alj29] 057  Bull and Brees¢30] shown for the N-terminal tagged LDH proteins studied
that reasonable predictions can be made, in the absence
of information about protein three-dimensional structure,
4. Discussion or tag three-dimensional structure, or tag—protein interac-
tions, simply by assuming complete solution exposure. This
Primary sequences differ widely amongst globular pro- is significant given possible difficulties of resolving the
teins, but they all share a common distribution of the most structure and interactions of short tags linked to complex
polar amino acid residues on the outside and the non-polarproteins. Undoubtedly, methods like NMR or molecular
on the inside of the moleculd]. Peptides with varied hy-  modelling might rapidly suggest tag structural variabilities,
drophobicity have been genetically fused to a tetrameric pro- such as mutual association of tag hydrophobic residues,
tein, LDH. The surface properties of these constructs havewhich would in turn affect residue solution exposure, but
been evaluated with regard to hydrophobic variations. Obvi- such tag-in-solution structures may not reflect those of tags
ous differences in hydrophobicities were demonstrated, evenwhen fused to proteins.
though the fused peptides added only 1% to fusion protein  Further partition and HIC research, involving more tags
MW. of varied length might allow greater insight to the contri-
Different combinations of amino acid residues in the butions of individual residues. So too, research involving
N-terminal extension clearly affected expression of the fu- different ATPSs or HIC media (e.g. alkyl versus aryl lig-
sion protein. Intensities of LDH variants from SDS-PAGE ands) might also provide more insight. However, one cannot
gels were compared with specific activities and the cor- expect too much from such studies given that relative HIC
relation was good. Highly expressed fusion proteins, like retention order and ATPS partition coefficients order for
cLDH and LDHA47, exhibited high specific activity, and similar protein mixtures tend to be quite constant. In regard
the fused tags did not appear to significantly affect the to different media, the Sephard$kHigh Performance HIC
enzymatic activity. In earlier work by Fexby et al., a dif- media used in the present study may offer one advantage in
ference in expression was caused by fusion of different that its hydrophilic base matrix is not expected to contribute
tyrosine-containing tags to green fluorescent protein, mostvery significantly to the media’s HIC performanf0,51]
likely due to differences in mRNA stability49]. In the Fig. 6 indicates results using many hydrophobicity
present study, the very polar extension in LDH47 increased scales, each developed according to a certain hypothesis,
the protein expression, while the more hydrophobic residuesor model, and often related to a relatively focused appli-
in LDH36 and LDH20 decreased the expression. cation. In a recent study, Lienqueo et 0] noted that
Both HIC and ATPSs are used for analytical and prepar- the Cowan—Whittaker (C—WB2] and Miyazawa—Jernigan
ative separation of proteins. Chromatographic and liquid— (M—J) [44] scales offered the best correlation to aqueous
liquid partition methods each have their own merits regard- polymer phase partition under a defined condition. Lien-
ing different applications. The results of this study indicate queo et al. have further demonstrated the use of M-J scale
the sensitivity of both methods to slight variations in pro- in predicting protein superficial hydrophobicity and HIC
tein primary structure and surface hydrophobicity. This is behaviour on Phenyl Sepharose and Butyl Sepharose media
perhaps surprising given that HIC retention, as the result of [51]. In the present study, neither the M—J or C-W scales
specific protein—surface interactions; might be more sensi-were the most accuratddble 3. This may merely reflect
tivity to specific protein surface features (e.g. hydrophobic different experimental conditions and protein models, but it
patches or terminal tags) than L—L partition, which should underscores the need to further investigate such scales and
reflect overall net surface properties such as hydrophobicity. their useq52].
Several things may account for this result. First, while many It is well appreciated that the predictive accuracy of hy-
of the tags used increased protein N-terminal region sur- drophobicity scales can be compromised by several factors
face hydrophobicity, the use of pentapeptide tags rules outsuch as deviation from the intended use of the scale, as
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well as assumptions regarding the charged or uncharged16] H. Carlsson, V. Prachayasittikul, L. Buelow, Protein Eng. 8 (1993)

states of histidine residues, as well as the relative contri-
butions of Phe, Tyr or Trp aromatic residues compared

to other hydrophobic residuef,10,20,52] Predictions

907.

[17] U.K. Laemmli, Nature 227 (1970) 680.

[18] K. Berggren, A. Veide, P.-A. Nygren, F. Tjerneld, Biotechnol. Bioeng.
62 (1999) 135.
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