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Abstract

Separation of peptides and proteins by capillary zone electrophoresis suffers from the interaction of these solutes with the capillary wall
which results in the formation of broad peaks and low resolution. To minimize the protein/peptide—capillary wall interaction we tried to use
Pluronic F127, atriblock copolymer of the general formula (polyethylene oxjolely propylene oxide)polyethylene oxide)whenx = 106,

y = 70 andz = 106 which can be considered a surfactant capable of self-association both into isotropic and anisotropic gels. The analytes
studied were enzymatic digests (obtained by trypsin or pepsin treatment) of insoluble matrix proteins from avian eggshell. The best separations
were obtained by a system exploiting 10% Pluronic F127 in 20 mmol/l phosphate buffer, pH 2.5. Electrophoretic peptide profiles obtained
were very complex owing to the complicated nature of the samples (the exact composition of the proteinous insoluble part of the eggshell
is still unknown). The separation in phosphate buffer only offered complex maps of incompletely resolved peaks. The use of Pluronic F127
distinctly improved the separation with a considerably better resolution regarding both the number of peaks obtained and the quality of the
separation.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction lary wall, it concomitantly increases the running time as the
result of a considerable decrease of the endo-osmotic flow
In addition to two-dimensional gel electrophoresis the al- [1].
ternative technique for studying proteins, peptides and pep- Another reason for the application of acidic conditions
tide mapping is capillary electrophoresis (CE). for capillary separation may be the need to separate pro-
Separation of peptides and proteins by capillary zone elec-teins that are soluble in acid media only (typically proteins
trophoresis suffers from the interaction of these solutes with of connective tissue, namely collagens and their fragments
the capillary wall which results in the formation of broad [2]).
peaks and low resolution. The reason for such adverse ef- Alternatively peptides/proteins can be also separated by
fects is the negative charge of the free silanol groups on micellar electrokinetic chromatography. Since the first ap-
the inner surface of the capillary and, perhaps, the involve- plication of this technique the preferred surfactant used
ment of other types of interaction the nature of which is not has been SDS. By using SDS as the pseudophase it was
clearly understood so far. The most easy approach to min-possible to separate a broad spectrum of analytes inclusive
imize the protein/peptide—capillary wall interactions is to peptides and proteins by exploiting the hydrophobic do-
lower the dissociation of the silanol groups by running the mains of the separated molecules and the negative charge
separation at very acid pH. Alternatively it is possible to run of protein—-SDS adducts. Cationic pseudophases as well
the separations at very high pHs (at decreased dissociatioras neutral surfactants have been used only occasionally
of the proteins/peptides separated) which, however, is less[3]. Using SDS implies that only a single type of the hy-
efficient in terms of selectivity though this approach leads drophobic domain (C-12) in the micellar pseudophase is
to rather short running times. While the former arrangement available.
decreases the interaction of separated solutes with the capil- The existing possibilities of micellar electrokinetic chro-
matography for the separation of biopolymers (i.e. nu-
« Corresponding author. Tek:420-2-06442534; cleic acids, proteins and their_fragmelﬁasrg]) hav_e been
fax: +420-2-96442558. broadened rather recently by introducing Pluronic F127, a
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oxide),(polypropylene oxidg)polyethylene oxidg) gest were totally different (collagenase was used in order to
reveal whether or not typically collagenous sequences are
?Ha involved in the eggshell structural proteins). As a number
H %DCH2 CH, 9—€O CH CH, 9—%0 CH, CH, %OH of peaks in the obtained profile need not necessarily repre-
X W z

sent pure entities a need for having an alternative separation

wherex = 106,y = 70 andz = 106. This polymeric procedure emerged,; it is obvious that any proposed alterna-
structure can be considered a surfactant capable of self-tive procedure must possess a high selectivity (it should be
association both into isotropic and anisotropic gels. capable of revealing at least 100 peaks from the complex

Because our group is interested in physiology and anal- peptide mixture arising from the enzymatic cleavage of the
ysis of structural proteins (particularly collagens and their studied eggshell structural proteins).
fragments) we have in the past investigated the separation In this report we tried to apply a Pluronic-based system
of these analytes by using (i) capillary zone electrophoresis,to peptide mapping of eggshell structural proteins arising
(i) SDS micellar electrokinetic chromatograpf0] and after pepsin or trypsin digestion that would be better (or
(iii) capillary electrophoresis with the Pluronic F127 modi- complementary) as compared to the conventional system
fier (pseudophasg®,9] at acid pH. that exploits standard capillary electrophoresis conditions in

Pluronic F127 offers clear-cut separations of standard pro- acid background electrolyte.
teins up to relative molecular massx<510* and allows to
reveal protein/polypeptide microheterogeneity where appli-
cable[10].

Avian eggshell can be divided in a few basic components:
the thin cuticle (outside layer) and thick calcified layer that is

formed from elonged calcite structures named palisade layer Capillary electrophoresis experiments were done with

which is terminated by the mammillary layer that contains gackman P/ACE 5000 system (Fullerton, CA, USA) with
anchor points for the inner and outer shell membranes. TheseUV detection set on 214 nm. The instrume'nt Wés controlled

membranes envelope the yolk and albumen. Proteins fromya, cojlected and manipulated by Beckman P/ACE Station

avian eggshells have been §tudied mginly during the IaStprogram version 1.21. Fused-silica capillary of 37 cm total
decade, however, these studies were limited to the soluble|ength (30cm to the detector), 78n i.d., 375.m o.d. was

species only. Recentfi1] we made the first attempt to an-
alyze the insoluble protein/peptide-based constituents of the
eggshell matrix by capillary electrophoresis and HPLC/MS. 2 2 chemicals
It was proven that these matrices are really complex mix-
tures of proteins/peptides, some of which are glycosylated. Calcium chloride, pepsin (Pepsin A, activity 3460 U/mg
Lipoproteins appear to represent another category of proteinprotein), trypsin (type N-S from porcine pancreas,
structures involved. 15,450 U/mg) and Pluronic F127 were from Sigma (St.
In the case of a complex peptide mixture arising after di- Louis, MO, USA), Tris, sodium dihydrogen phosphate,
gestion of the insoluble eggshell proteins it is obvious that hydrochloric acid, sodium hydroxide were purchased from
we need to use more than a single enzyme digest. For exami achema (Brno, Czech Republic) and were of p.a. quality.
ple in the previous papgt1] we concluded that in all three  2-Mercaptoethanol and ethylenediaminetetraacetic acid di-
layers of the eggshell matrix none of the currently described sodium salt (EDTA, Titriplex Il1) were from Merck (Darm-
soluble proteins from the eggshell were present. When we stadt, Germany). All solutions were prepared in Milli-Q
look at the peptide profiles, particularly at the molecular water (Millipore, Bedford, MA, USA). Eggs used in exper-

mass of the peptides arising after trypsin cleavage, we foundiments were commercially available hen eggs.
a few peptides the molecular mass of which was identical

with peptide fragments of soluble eggshell’s ovocleidin 116 2.3. Sample preparation

[12]; on the other hand some peptides had a similar molecu-

lar mass of the peptides/proteins of completely different ori- 2.3.1. Preparation of fractions of a eggshell

gin as is, e.g., bovine serum albumin. For this reason it ap- Preparation of various insoluble layers followed the

peared important to use another type of enzymatic digestionmethod published previous[¢1]. Whole eggs were washed

(e.g. pepsin cleavage and consequent treatment by collagewith water and methanol and two types of samples were

nase used in our word 1]) and combine these sets of data. prepared.

This combination was foreseen to reveal possible similar-

ity of the investigated mixture of proteins/peptides to other, 2.3.1.1. Cuticle layer. Eggs were treated by 5% EDTA (pH

better known species. 7.6) containing 10 mmol/l 2-mercaptoethanol (three times
In our previous investigation we could see some similar- the egg volume) for 60 min at room temperature. The insolu-

ity to ovocleidin 116 in the case of trypsin digest but pep- ble organic layer resulting on the egg surface after this partial

tides arising after pepsin (and subsequent collagenase) di-decalcification was scratched and accumulated by washing

2. Experimental

2.1. Instrumental

used for all experiments.
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with water and centrifuged (1000g, 15 min). The resulting  Pluronic) was different (6 and 10kV, respectively) and was
pellet was resuspended in water and centrifuged at the abovecarefully optimized.

conditions (repeated three times) and then lyophilized. This
resulted in the removal of the outer eggshell layer (the cuti-

cle). 3. Results and discussion

As was demonstrated previously by our grdag], the
composition of the insoluble layers of the eggshell is very
complex. Peptide mapping of enzymatic digests (after pepsin
or trypsin cleavage) by capillary electrophoresis by the stan-

times the €99 volume) fqr 90 min at laboratory tempera- dard procedure, i.e. in pure phosphate buffer at acid pH, re-
ture. The insoluble material (layer) on eggs was scratchedvealed a complex profile with a plethora of peakigy( 1A).

gnd thbe (;n_z;ltseria_l wa253sijl?ljected to the same procedure ago¢ 5| of the peaks were well resolved, particularly in the
escribed irbection 2.3.1. case of the tryptic digest.

239 E di . When Pluronic F127 was added to the background elec-
E : ”Zyd”."e |gest|on d foll 19563 ¢ trolyte (10% Pluronic F127 in 20 mmol/l phosphate buffer,
nzyme digestion was done as follows: 1. —9.5Mg ol pH 2.5) the separation obtained was bettgg(1B). When

the e_ggshell layer samples was treated by pepsin or_tryp_smWe simply compare the number of peaks obtairble 3,
solution (5mg/ml layer, 50:1 substrate:enzyme ratio), in the latter separation resulted in about 10% increase of ob-

0.0lbmfcf)l/l H(f_'l (7p8H 2)orin 2.0 Tm$_|/| ammonium b|fcarbon|- served number of peaks and regarding the total peak number
ate buffer (pH 7.8), respectively. Two categories of samples was comparable to the results obtained by the HPLC proce-

were lobtaifned: ;hefttrryl/psin digest and pepsin digif’t', Blark;k dure[11]. A distinct improvement is particularly noticeable
samples of €ach of INese groups were prepared by INCUbay, e c4se of the tryptic digest of the proteins present in the

ilfonl of the e_nzyrgetsglutiogzofnly;g gexgen?cgl rt]:_ondtlﬁons. palisade layer. It should be stressed that some of the peaks
1als were incubated a or - Alter inishing the are not visible on the printed total electropherograms, they

mc(;x?;tmn the V|talstwere cen(tjrlfu%ed fok: 5dnt“n' at Z?g% | fcan be visualized after appropriate enlargement of the elec-
andhe supernatants removed and washed twice with 1 mio tropherograms only, as is possible to see on the enlarged
Milli-Q water, lyophilized and stored at18°C. The solid

X ! . section inFig. 2
][reoszlzlrj]e was washed with Mill-Q water (4 0.5ml) and It is also to be emphasized that, according to our previous

results on model mixtures and collagenous peptjees0],

the separation order of peptides is different for the system
exploiting phosphate buffer only as compared to the runs ef-
fected in the presence of Pluronic. It was proposed that the
separation of proteins/peptides in the presence of Pluronic in
the background electrolyte occurs on the charge:mass ratio
basis with molecular sieving effects acting as secondary par-
tition mechanism. We found out that separation in Pluronic
was really improved in case of CNBr peptides of collagen
when separation was comparable to the separation made by
HPLC [8]. The separation made by capillary electrophore-
sis in phosphate buffer only was worse. It was also demon-
strated that the Pluronic system is suitable for separation of
shorter peptide$9]. For example it is possible to see the

2.3.1.2. Palisade layer I.In this step, the egg that has
passed the previous step was treated with 0.6 mol/l EDTA
(pH 7.6) containing 10 mmol/l 2-mercaptoethanol (three

2.4, Conditions for capillary electrophoresis

2.4.1. Conditioning

Before running the sample, the capillary was washed with
1 mol/l NaOH (20 min), followed by 20 min wash with water
and 20 min wash with 1 mol/l HCI. Then it was washed
with water again for 20 min and finally with the running
buffer (20 min). Between runs the capillary was conditioned
with 1 mol/l HCI (3 min), water (1 min) and running buffer
(3min).

2.4.2. Running conditions
Capillary electrophoresis separations were run at 6KkV, Table 1

the samples were injected hydrOdy_namlca"y (5sat3.45 kPaComparison of the number of discernible peaks in various method of

overpressure). Through all separations 0.02 mol/l phosphatepeptide mapping analysis of eggshell layers

buffer with 10% Pluronic F127 of pH 2.5 (adjusted with 1 M

Enzyme Eggshell CE—Pluronic CE—phosphate HPLC

HCI) was used as the background electrolyte. digestion  layer

Comparative separations (without Pluronic) were run at Pepsin Cuticle 9 80 95
10kV, the samples were injected hydrodynamically (1s at Palisade 100 90 110
3.45kPa overpressure). Through all separatlons 0.05 moI/ITrylosin Cuticle 80 70 100
phosphate buffer of pH 2.5 (adjusted with 1M HCI) was palisade 80 58 90-95

used as the background electrolyte. . , — , ,
It is necessary to emphasize that the run voltage that ha Capillary electrophoresis exploiting background electrolyte with Pluronic
y p g SI:127 (CE-Pluronic), phosphate buffer only (CE—phosphate) and HPLC

shown optimum _r_esolut_ion _(the largest number of peaks) (separation on zorbax 300Extend-C18 column using gradient elution
under both conditions (i.e. in the presence and absence ofbetween 20mM NHOH, pH 9.7 and acetonitrile).
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Fig. 1. (A) Capillary electrophoretic profiles of enzymatic digests of individual insoluble fractions from eggshell in system with phosphatmnluffer

(50 mM phosphate buffer, pH 2.5, 10kV). Pepsin digest (a and b), trypsin digest (c and d), cuticle layer (a and c), palisade layer (b and d). (B) Capillary
electrophoretic profiles of enzymatic digests of individual insoluble fractions from eggshell in system with Pluronic F127 (10% Pluronic, 20phistphos
buffer, pH 2.5, 6kV). Pepsin digest (a and b), trypsin digest (c and d), cuticle layer (a and c), palisade layer (b and d).

heterogeneity of polylysine with average molecular mass ground electrolyte it was possible to conclude that Pluronic
3300; in the case of longer polylysine (averadie= 28 200) F127 offers clear-cut separations of standard proteins up to
we could see the separation of lower peptides (the front partrelative molecular mass % 10* and allows to reveal pro-

of the electropherogram), separation of the longer peptidestein/polypeptide microheterogeneity where applicgdhl@.

was not revealefd]. Comparing the separations in the pres- The fact that the Pluronic system is usable mainly for sepa-
ence of Pluronic F127 in phosphate buffer, phosphate bufferration of peptides possessing lower relative molecular mass
only and with that in which SDS was present in the back- was noticeable in the current results—peaks with longer
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