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The merits of hydrophobic interaction chromate-maphy on octyl-Sepharose as 
a method for the separation of carrier ampholytes from peptides have been in- 
vestigated. K values for the association of octyi groups with small model peptides and 
with carrier ampholytes in aqueous sodium chloridecontaining phosphate btiers 
were determined as a function of ionic stren_f$.h and pH. A separation of a somato- 
medincontaining peptide mixture into seven fractions by hydrophobic interaction 
chromatography on octyl-Sepharose is shown. 

INTRODUCTION 

koekctric focusing is a widely used technique with high resolution for the 
separation of proteins or peptides. It has, however, a serious drawback, viz., the 
sample is necessarily “contaminated” with substances (the carrier ampholytes) that 
resemble in marry respects the compounds to be separated_ As a result, it is sometimes 
necessary to remove, subsequeut to isoelectric foe-us& the carrier ampholytes from 
the fM proteins or peptides. In the preparative mode of the technique, the most 
obvious method for this separation is gel titration. However, from -the great number 
of ahemative separation methods proposed’ and from some literature reports of 
failure of separation by gel chromato_graphy2 or dialysi$>4, it seems that it is not satis- 
factory in ali instances. fn principle, this can be due to the following causes: (i) carrier 
ampholytes contain relatively high-molecular-weight species; (ii) peptides or proteins 
are retarded on the molecular sieving gel; and (iii) carrier ampholytes associate with 
proteins or peptides. 

On the basis of our recent work5w6, we do not consider, contrary to the view of 
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Banmann and Chrambach’, the first canse to be responsible in most instances: the 
molecular weights of the constituents of carrier ampholytes are so low that they should 
have free access to the pores of such a dense gel as Sephadex G-50, which means that 
peptides with molecular weights above, say, -300 should be completely separable from 
carrier ampholytes on this gel. 

‘Ihe second cause is, in the case of peptides, a more probable source of failure 
of the separation by gel chromatography: it is well known that peptides containing 
aromatic amino acids are retarded on Sephadex gels. 

With regard to the third cause, we think it is often operative. Here we refer to 
the recent survey by Righetti’ of the conflicting reports and opinions about protein- 
carrier ampholyte association. Since the appearence of this survey, evidence for asso- 
ciation of carrier ampholytes with proteins9, amino acidslo and with themselve&” has 
been growing. Inasmuch as these associates are formed by electrostatic interactions, 
the addition of some electrolyte would in principle overcome problems in separation 
by gel chromatography. In fact, Vesterberg’ recommends the use of a high ionic 
strength. This procedure, however, adds another drawback to preparative isoelectric 
focusing: in order to remove efficiently the unavoidable “contaminants” (the carrier 
ampholytes), another “contaminant” (a salt) has to be introduced. 

One can, however, take advantage of this situation. It is well known that a high 
ionic strength favours the hydrophobic bonding of peptides and proteins with alkyl- 
agarose matrices. As the carrier ampholyte constituents generally have very small 
hydrophobic regions in comparison with peptides and proteins, a separation by hydro- 
phobic interaction chromatography in the presence of salt seems feasible. This would 
have the advantage over gel chromatography in the presence of salt that an additional 
separation criterion is added to the isolation procedure. For, if the mixture of peptides 
or proteins to be separated by isoelectric focusing is obtained from a previous gel 
filtration step (as is often the case), no further separation of the peptides or proteins 
from each other can be expected by gel liltration of the focused fractions in the pres- 
ence of salt, whereas this may be obtained by hydrophobic interaction chromatography 
in the presence of salt_ In fact, Vesterberg’ mentions the potential usefulness of this 
approach, but to our knowledge it has never been studied experimentally. 

In this paper, we present the results of an investigation undertaken with the aim 
of exploring the merits of hydrophobic interaction chromatography on octyl-Sepharose 
for the separation problem in question. Therefore, we studied the retention of some 
model peptides and of carrier ampholytes on octyl-Sepharose as a function of salt 
content and pH of the eluent. As a practical example, we also performed on this gel 
hydrophobic interaction chromatography of a peptide mixture containing somato- 
medinsi2J3 (growth h ormone-regulated peptide growth factors14). A previous studyI’ 
had indicated that dialysis or gel filtration on Sephadex G-50 was not efficient enough 
for the separation of these peptides from carrier ampholytes. . 

EXPERIMENTAL 

Hydrophobic interaction chromatography of carrier ampholytes and small model 
peptides 

Octyl-Sepharose CL43 (Pharmacia, Uppsala, Sweden) was washed several 
times with the 25 m&Z phosphate buffer-sodium chloride solution to be used as an 
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eluent It was subsequently packed in a column (Kl6j70, Pharmacia) to a. bed height 
of about 65 cm (bed volume about 130 ml) at an eiuent flow-rate of about 15 ml-h-‘. 
The column was equipped with a sample valve (LV4, Pharmacia), a flow adaptor 
(A16, Pharmacia), a peristaltic pump (Minipuls 2, Gilson, Villiers-Ie-Bel, France) and 
a UV monitor (Uvicord S; LKB, Stockholm, Sweden) with a 70-~1 ffow cell. 

As a routine- 15-~1 aliquots of commercially supplied Ampholines (LKB), 
Servalytes (Serva, Heidelberg, G-F-R_) and Pharmalytes (Pharmacia), diluted with 
eluent to 1 mi, were applied to the column and elutecl at a flow-rate of about 15 ml_ h-i. 
Alternatively, l-2 mg of a peptide (all composed of t-amino acids; Sigma, St. Louis, 
MO, U-S-A.) were dissolved in 1 ml of eluent and applied to the column. Flow-rates 
were determined gravimetrically. The UI absorbance was measured at 206 nm. 
Analytical-reagent grade compounds (Baker, Deventer, The Netherlands) were used 
to make up the eluents. All eluents contained 0.005 oA of sodium azide. 

In some control experiments unsubstituted Sepharose CL-4B was used. In one 
experiment, sucrose (Baker) instead of sodium chloride was added to the phosphate 
buffer_ 

For the determinaiion of the total volume of the column a 2-ml sample of a 
0.8 m&f copper(H) sulphate solution in the eluent was chromatographed. In that case 
the eluent was collected in 2_2-ml fractions, 0.5 ml of concentrated ammonia solution 
was added to the fractions and the absokance at 754 nm was measured with a Vita- 
tron Type MPS spectrophotometer_ 

Hydrophobic interaction chromatography of a peptide mi_xture 

Thk peptide mixture was obtained in the following way. A diIuted suspension 
of the Cohn-IV fraction of human plasma in 0.025 M sodium acetate (pH 5.5) was 
heated to 80°C and, after cooling, centrifuged. The supematant was subsequently 
submitted to ultiltration through hollow fibres (HI0 P50, Amicon Europe, Ooster- 
bout, The Netherlands) and ion exchange at pH 5.6 on CM-cellulose (CM52, pre- 
swollen; Whatman, W. & R. B&ton, Maidstone, Great Britain)*z*f3_ The non-bound 
material was loaded at pH 4 and a specific conductivity of 2-10-j Q-‘-cm-’ on a 
SP-Sephadex C-25 (Pharmacia) column and eluted with a combined salt-pH _mdient 
composed of ammonium formate buffers. The fraction eluting between pH 5.2 and 
10.3 (specific conductivity 3.9 - 10-3-4.2- 10-3C?-* -cm-‘) was finally chromato_maphed 
in 1 oA (v/v) formic acid on Sephadex G-50 (Pharmacia) and the fraction having KzV 
values from 0.4 to 0.5 was Iyophiiized. Except for the heating, all procedures were 
performed at 4’C. 

An diquot of 11 mg of the lyophilized peptide mixture was dissolved in 1 ml 
of 25 mM phosphate buffer (pH 6.5) and applied to an octyl-!Qpharose CL-4B column 
(l-6 x 61 cm), equilibrated at 2O’C in the same buffer_ Elution (eluent rate 17.3 
ml-h-‘) was performed with this b~ulfer for 16 h, then with a gradient of this buffer in 
water-ethanol up to 40% &iv) ethanol. The UV absorbance at 206 nm was measured 
as described above and the eluate was collected in fractions of 3.7 ml. 

Pooled fractions were lyophilized and desalted by gel filtration in 1% (V/V) 
formic acid on Sephadex G-50, using a Uvicord III detector (LKB) at 254 and 290 nm- 
The peptide-containing fractions were again Iyophilized and aliquots ofthese fractions 
were analysed by isoelectric focusing on a polyacrylamide gei (PAG plate, pH 359.5, 
LKB). 
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RESULTS -- ~._ 

Hydrphobii intera&a chromizto&zph>~f carrier umph&tes qnd &&&ielpeptides 
The elutiim peaks of.the tier aqpholytes and peptides were symni$rk-al; 

the theor&ical plate height valuesranged from 0.3 to 0.5 mm-for. t&e peptides and 
froni 0.4 to 0.7 mm for the-carrier ampholytes. ,. 

The kssociation coystan& K, was calculated from the elution’+un& V,, using 
the equation 

;.=ve_vv, -- ‘- 

~=cocctY* 

where V, is the elution vqlume of copper&) sulpha& and c&, is the conc&rati& 
(40 mM).‘of octyl groups. in the gel bed 16. In Table I the in&ten& of. the sodium 
chloride concentration and of the presence of20 oA (w/v) of sucrose, at _vnstit pH, on 
the Kvalues of several small peptides and of carrier amphol* is shown. 

TABLE I 

ASSOCIATION CONiT_-, K(M-‘), OF SOME TRI-. AND &XRAP~Es~OF 

CARRIER~AMPHOLYTES WITH OCTYL GROUPS OF OCTYLSEPH.AROSE ti4B IN 25 
mibf PHOSPHATE BUFFER (pH 3.65) AT 25°C 

Peptzile or carrier ampholyte Sodium ‘chloride concentration (M] 20% (w/v) sucrose 

0 I 2 

GIy-Gly-Giy 0 0.2 0 0 

GIyXXy-Val 0.3. 0 
Gly-Gly-Leu 0.4 0.4 
Gly-Gly-Phe 1-d .1.6 2.3 
Gly-Phe-Phe ‘. 3.6 5.2 7.8. 2.3 
Phe-Phe-Phe 8.7 24.5 38.1 8.9 
La-Leu-Lell 0.8 2.6 4.b 0.8 
Phe-Gly-GIy-Phe 2.2 4.3 
l?he%ly-Phffily 3.2 4.6 
Ampholiae, pH 4-6 O- 0 0 

Amphokxe, pH 3.5-10’ 0 
Semdyte, pH 2-l 1 - 

: 
0 

Phart&!yJe, pH 5-8’ 0 
Phinidyte, pH 8-10’ 

() .: 

.*AtpH4. 

Some experiments with trileucine in,25 mM phosphate buffer @H 3.65) f .i M 
sodium cHorid= were performed at lower eluent rates (about 5 ~4 19 ml- h-3, 
giving-identical K values. Control .experiments witk triglycine, -@ycylphenyiaktnyl- 
phenylalanine and Ampholine (PH 46). in 25 sn&? phosphate buffer (p? 4) f 2 M 
sodiuni chloride on unscbstituted Sepharose. CL-4B aE.resulted.in identical .elution 
voluinesequalto V,. : 

-In Fig. 1. the e&ct of pH at cor@n< sodium &okde concen@kn is dem- 
o-ted for one -tripkptide. The-pH had no effect on the elution:volume of carrier 
ampholytes. . -. 



FG_ 1. Assb2tian amstant. K, of gIycylpbcnyIal2QyIpfienq’inlne with cay1 groups of actyl- 
Scphanzsc as a fimction of pH in 2.5 EIIM phcsphate buffer in 2 M sodium ch!oride 2t 2S’C_ 

As a check on the quantitative elution of carrier ampholyte in the “unretarded 
peak”, the following experiment was performed. 0ctyESepharose CL4B was regeu- 
erated by extensive washing with SO% ethanol and rr-butauol, equilibrated in 25 mM 
phosphate buffer (pH 3.65) + 2 M sodium chloride and packed in a column. Am- 
pholine @I-I 3.540) was chromatographed in the usual way. Then the column was 
eluted with 25 m&4 phosphate btier: no W-absorbing material was eluted. Upon 
subsequent elution with 25 m.M phosphate buffer (pEI 3.65) in SO% (v/v) ethanol, 
some W-absorbing material eluted in the total vohune of the cohunn, but a W 
spectnun of this material showed that it was not Ampholine (as it appeared to absorb 
noticeably at 2!% nm, it was attributed to aromatic contaminants of the deionized 
water used)_ Upon final elution with n-butanol no more W-absorbing material was 
eluted- 

Hyahph3ic interaction chmatography of a peptide mixture 
Thk elution of the peptide mixture is shown in Fig. 2; fractions were pooled as 

kkated. Based on the weights of the Iyophili pooled fractions, the recovery was 
about 32 %. 

Fs L EIution pattern of the p&de mixtunz oa actyI-Scphamsc. -, AbsoW at 206nm; 
““‘5 cthawl coiIceutraticHX 
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DISCUSSION 

The K values for the peptides at constant pH (Table I) show the expected 
dependence on the hydrophobic&y of the coustituent amino acids I they increas einthe 
order Gly < Val < Leu < Phe and with increasiug content of the more hydrophobic 
amino acid. Tbis is in accordance with literature rep~rts”~‘~ on hydrophobic interac- 
tions of dipeptides with silica-bonded alkyl groups (studied by reversed-phase high- 
performance liquid chromatography (HPLC) on octyl sil&zP7 or octadecyl silkPin 
aqueous buffer systems). 

The expected K-enhancing effect of increasing salt concentration is also borne 
out by the results flable I). 

The K values in 20 % sucrose are of interest from a theoretical point of view. 
The effect of salts on the interaction of biopolymers (e-g_ proteins) with hydrophobic 
surfaces (e.g., alkyl chains) in water has been relatedtg to the increase in the surface 
tension of water on the addition of salt. With this simple concept it is also possible to 
explain the elution of a protein (and even the elution order of different proteins) 
bound to octyl-Sepharose by increasing concentrations of ethylene glycol, which has 
a lower surface tension than water. On the basis of this view one expects sucrose to 
have an analogous &enhancing effect [for comparison: 1 M sodium chloride and 
20 ok (w/v) sucrose increase the surface tension of water by 1.6 and 1.0 dyne-cm-‘, 
respectivelyzo]. Clearly, this simple theory is not able to explain our K values for the 
tripeptides iu 20% sucrose (Table I). 

Fig. 1 shows that the interaction of Gly-Phe-Phe with octyl groups is minimal 
at a pH value near to the isoelectric point of the peptide @I M 5.7). Similar effects have 
been reported by Kroeff and Pietrzyk” for the interaction of several dipeptides with 
octyl groups on octylsilica and their explanation also holds here. 

Of special interest to our problem is the fact that all of the investigated carrier 
ampholytes show no retention on octyl-Sepharose (Table I), even in the presence of 
2 M sodium chloride and at pH values remote from their mean isoelectric point. Tbis 
means that au efficient separation is feasible of carrier ampholytes from peptides that 
contain some hydrophobic residues_ Based on the observed HETP values (about 
0.6 mm), a minimal K value for the peptide of about 3 M-’ is necessary for a satis- 
factory (i.e., a 4 Q or 2 % overlap) separation from a carrier ampholyte. 

It is possible to estimate the minimal size of a peptide of average composition 
for which s&h a good separation can be expected. From the data in Table I it can be 
inferred that a peptide containing two Phe residues will be sufficiently retarded in 
2 M sodium chloride. The data of Lundanes and Greibrokkls indicate that the hydro- 
phobic interaction with alkyl chains increases for amino acid residues in the order 
Leu < Phe < Trp, of which the last two are by far the most hydrophobic. As the sum 
of the frequencies. of occurrence*’ of Phe and Trp residues in natural peptides or 
protein fragments is 4.6x, the chance of finding none or one of these residues in a 
peptide is less than 10% if it contains more than 85 amino acids=. This would mean 
that a suflicient separation from carrier ampholytes is guaranteed only for more than 
90% of the peptides in a mixture if the molecular weights of these peptides exceed 
about 10,090. 

As only.the contributions to the hydrophobicity of Phe and Trp are taken into 
account, this estimation of the lower limit of the applicability of the method might 
seem rather pessimistic: a peptide with 85 amino acids contains, on average, iu addi- 
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tion to four Phe f- Trp residues, six I.eu, four Ile and three Tyr residues, all of which 
might contribute to the overah hydrophobic@. However, a peptide of this size can be 
expected to have a native conformation in which some of the hydrophobic residues are 
less available for interaction with octyl groups : an IIPIC study= of a large number of 
peptides and proteins on octadecyhAica has shown that for small peptides (< 15 res- 
idues) ffie retention can be described reasonably well with additive individual residue 
contributions to the hydrophobic&y, but that for larger peptides (> 16 residues) the 
retention is generally smaller than expected. 

We conclude, therefore, that the separation of peptides from carrier ampho- 
Iytes by hydrophobic interaction chromatography on octyl-Sepharose in the presence 
of saIt is in general not feasible for peptides with moleculat weights in the most in- 
teresting range (say 2000-8OtX9. For this separation, more hydrophobic adsorbents 
are required. 

It should be realized that the method has yet another drawback: part of the 
peptides might be so tightly bound that elution with relatively mild eluents cannot be 
achieved from an adsorbent as hydrophobic as octyl4epharos.e. 

The mixture of somatome&n-ccntaig peptides that we used as an example 
gives an illustration of such a situation. This mixture has K,, values of 0.4-0.5 on 
Sephadex G-SO, so its mean molecular weight is 56CKl, corresponding with 44 amino 
acid residues. The chance that a peptide of this size contains no or one Phe or Trp 
residues is 40 %_ As the mixture was applied to the octyl-Sepharose column in aqueous 
buffer without sodium chloride, peptides containing one and two Phe or Trp residues 
should have K values of about 1 and 2 M-l mqectively. Hence, we expect 40% of 
the material to be eluted within an eluent vohune corresponding to K = 1.5 34-l. 
In reality, 5 % is found (see Fig. 2). On the other hand, 6s % of the material cannot 
be eluted with a gradient of up to 40% ethanol. So, to separate this peptide mixture 
completely from carrier ampholytes, one should have at ones disposal a range of 
adsorbents of varying hydrophobicity: first, the more hydrophobic peptides are 
separated from the less hydrophobic ones and the carrier ampholytes on an adsorbent 
of low hydrophobic@, then the less hydrophobic peptides are separated from the 
carrier ampholytes on a strongly hydrophobic adsorbent. An additional reward of 
this procedure is that the peptides are separated according to their hydrophobicity: 
in the elution pattern in Fig. 2 seven clear-cut fractions can be observed. 

The somatomedin-containing peptides thus appear to be rather hydrophobic. 
It is not unrealistic to expect that this applies to all hitherto characterized somato- 
medins since they appear to be firmIy bound to carrier proteins in plasma. However, 
a few further observations on the pooled fractions of the octyl-Sepharose chro- 
matography should be mentioned_ 

The ratio of the sum of the absorbances at 254 and 280 nm to the weight of 
peptide seems to increase gradually from fractions 1 to 4, but to decreas e from frac- 
tions 5 to 8. If this ratio as taken is indicative of the Phe f ‘Frp f Tyr content of the 
peptides, this decrease is not in accord with hydrophobic bonding through these 
residues. 

The isoekctric focusing patterns of the pooled fractions in comparison with 
that of the original mixture reveal that, whereas fractions 14 contain hardly any basic 
peptides, fractions &S contain an increasing number of peptidesin the basic range, 
while the most basic peptides in the original mixture are apparently bound to the 
octyLSepharose- This result also cannot be readily explained by hydrophobic bonding 
alone. 
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Possibly a type of binding different from hydrophobic bonding is also invotved 
in this instance; the binding of the peptides eluted by the ethanol gradient might be of 
the same non-ionic non-hydrophobic nature as that described by Hofsteeand 0tilli0*~ 
for y-globulin components. 

CONCLUSIONS 

Hydrophobic interaction chromatography on alkyl-agarose seems to be feasible 
for the separation of carrier ampholytes from peptides if a range of adsorbenta of 
varying hydrophobicity is available. Peptides containing two pr more phepylahmine 
or tryptophan residues can be separated from carrier ampholytes on octyl-Sepbarose. 
An additional reward of this separation procedure is that the peptides are separated 
according to their hydrophobicity. 
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