


JOURNAL OF CHROMATOGRAPHY

INCLUDING ELECTROPHORESIS AND OTHER SEPARATION METHODS

Scope. The Journal of Chromatography publishes papers on all aspects of chromatography, electrophoresis and related
methods. Contributions consist mainly of research papers dealing with chromatographic theory, instrumental developments
and their applications. The section Biomedical Applications, which is under separate editorship, deals with the following
aspects: developments in and applications of chromatographic and electrophoretic techniques related to clinical diagnosis or
alterations during medical treatment; screening and profiling of body fluids or tissues related to the analysis of active
substances and to metabolic disorders; drug level monitoring and pharmacokinetic studies; clinical toxicology; forensic
medicine ; veterinary medicine; occupational medicine; results from basic medical research with direct consequences in clinical
practice. In Symposium volumes, which are under separate editorship, proceedings of symposia on chromatography ,
electrophores is and related methods are published.

Submission of Papers. The preferred medium of submission is on disk with accompanying manuscript (see Electronic
manuscripts in the Instructions to Authors, which can be obtained from the publisher, Elsevier Science Publishers B.V., P.O.
Box 330, 1000 AH Amsterdam, Netherlands). Manuscripts (in English; four copies are required) should be submitted to:
Editorial Office of Journal of Chromatography, P.O. Box 681, 1000 AR Amsterdam, Netherlands, Telefax (+ 31-20) 5862 304,
or to: The Editor of Journal of Chromatography, Biomedical Applications, P.O. Box 681, 1000 AR Amsterdam, Netherlands.
Review articles are invited or proposed in writing to the Editors who welcome suggestions for subjects . An outline of the
proposed review should first be forwarded to the Editors for preliminary discussion prior to preparation. Submission of an
article is understood to imply that the article is original and unpublished and is not being considered for publication elsewhere .
For copyright regulations, see below.

Publication. The Journal of Chromatography (incl. Biomedical Applications) has 40 volumes in 1993. The subscription prices for
1993 are:

J. Chromatogr. (incl. Cum, Indexes, Vols. 601-650) + Biomed. Appl. (Vols. 612-651) :
Ofl. 8520.00 plus Dfl. 1320.00 (p.p.h.) (total ca. US$ 5466.75)

J. Chromatogr. (incl. Cum Indexes, Vols. 601-650 ) only (Vols. 623-651 ):
Dfl. 7047.00 plus Dfl. 957.00 (p.p.h.) (total ca. US$ 4446.75)

Biomed. Appl. only (Vols. 612-622):
Ofl. 2783.00 plus Dfl. 363.00 (p.p.h.) (total ca. US$ 1747.75).

Subscription Orders. The Dutch guilder price is definitive. The US$ price is SUbject to exchange-rate fluctuat ions and is given
as a guide. Subscriptions are accepted on a prepaid basis only, unless different terms have been previously agreed upon.
Subscriptions orders can be entered only by calender year (Jan.-Dec.) and should be sent to Elsevier Science Publishers,
Journal Department, P.O. Box 211, 1000 AE Amsterdam, Netherlands, Tel. (+31-20) 5803 642, Telefax (+31-20) 5803 598,
or to your usual subscription agent. Postage and handling charges include surface delivery except to the following countries
where air delivery via SAL (Surface Air Lift) mail is ensured: Argentina, Australia, Brazil, Canada, China, Hong Kong, India,
Israel, Japan ' , Malaysia, Mexico, New Zealand, Pakistan, Singapore, South Africa, South Korea, Taiwan, Thailand, USA. "For
Japan air delivery (SAL) requires 25% additional charge of the normal postage and handling charge. For all other countries
airmail rates are available upon request. Claims for missing issues must be made within six months of our publication (mailing)
date, otherwise such claims cannot be honoured free of charge. Back volumes of the Journal of Chromatography (Vols.
1-61 1) are available at Dfl. 230.00 (plus postage). Customers in the USA and Canada wishing information on this and other
Elsevier journals, please contact Journal Information Center, Elsevier Science Publishing Co. Inc., 655 Avenue of the
Americas, New York, NY 10010, USA, Tel. (+1-212) 6333750, Telefax (+1-212) 633 3764.

Abstracts/Contents Lists published in Analytical Abstracts, Biochemical Abstracts, Biological Abstracts, Chemical Abstracts ,
Chemical Tilles , Chromatography Abstracts, Current Awareness in Biological Sciences (CABS), Current Contents I Life
Sciences, Current Contents /Phys ical, Chemical & Earth Sciences, Deep-Sea Research /Part B: Oceanographic Literature
Review, Excerpta Medica, Index Medicus, Mass Spectrometry Bulletin, PASCAL-CNRS, Referativnyi Zhurnal, Research Alert
and Science Citation Index.

US Mailing Notice. Journal of Chromatography (ISSN 0021-9673) is published weekly (total 52 issues) by Elsevier Science
Publishers (Sara Burgerhartstraat 25, P.O. Box 211, 1000 AE Amsterdam, Netherlands). Annual subscription price in the USA
US$ 4446.75 (subject to change), including air speed delivery. Second class postage paid at Jamaica, NY 11431. USA
POSTMASTERS: Send address changes to Journal of Chromatography, Publications Expediting, Inc., 200 Meacham Avenue,
Elmont, NY 11003. Airfreight and mailing in the USA by Publications Expediting.

See inside back cover for Publication Schedule, Information for Authors and information on Advertisements.

© 1993 ELSEVIER SCIENCE PUBLISHERS BY. All rights reserved . 0021·9673 /9 3 /$06 .00

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any lorm or by any means, electronic, mecha nica l. phot ocopying . recording or
otherwise. without the prior written permission 01 the publ isher, Elsevier Science Publishers B.v.. Copyright and Permissions Oepartment. P.O. Box 521. 1000 AM

Amsterdam, Netherlands.
Upon acceptance 01 an article by the journal. the author(s) will be asked to transler copyright of the article to the publisher. The transfer will ensure the widest possible

dissemination of information.
Special regulations lor readers In the USA. This [ournat has been registered with the Copyright Clearanc e Center. Inc. Consent is given for copyi ng 01 articles lor
personal or internal use, or for the personal use 01 specific clients. This consent is given on the condi tion that the copier pays through the Center the per-copy fee stated in
the code on the first page of each article lor copying beyond that permitted by Sect ions t07 or 108 of Ihe US Copyright Law. The appropriate fee should be forwarded with
a copy 01the li rst page of the article to the Copyright Clearance Center. Inc., 27 Congress Street. Salem. MA 019 70. USA. II no code appea rs in an article. the author has
not given broad cons ent 10 copy and permission to copy must be obtained directly from the author. All articles published prior to 1980 may be copied for a per-copy lee of
US$ 2.25 , also payable through the Center . This consen t does not extend to other kinds of copying. such as for gene ral distr ibut ion. resale. advertising and promotion

purposes, or for creal ing new collective works. Special written permiss ion must be obtained from the publisher for such copying.
No responsi bility is assumed by the Publisher for any injury and /or damage to persons or property as a matter of produ cts liability. negligence or otherwise. or from any use
or operation of any methods. products. instructions or ideas contained in the materials herein. Because of rapid advance s in Ihe medical sciences, the Publ isher

recommend s that independent verification of diagnoses and drug dosages should be made.
Although all advertising material is expected to conform to ethical (medical) standards. inclusion in Ihis publication does not constitute a guaran tee or endorsement of the

quality or value of such product or of the cialms made of it by its manufacturer.
This issue is printed on acid-free paper.

Printed in the Netherland s

For Contents see p. VII.



Reversed Phase CHIRAL HPLC Column
INEwICHIRALCEL®OD-R

18.7m....-.

8.1mln.

1 .Smln.

Buent : tON NaCI048Q.

/CH,CNoOO/40 .
FlowRate : O.5mI/min.
Detection : 254nm (UV)
T_ture: 25'C

l 1.3mln

r ~'h
OI.o-<f}>-QloCtirNCH.CH.Ot.ocN 11.&nin.

~ ~~
001,

Eluent : 1.~ NeCI048Q.

/CH.CN-OO/40.
Row Rate : O.5ml/min.
Detection : 254nm (UV)
Temperature: 25'C

17.()mIn.IT"y
00

Eluent : 40% Ct-M;NBQ.
Row Rate :1.0mI/min.
Detection : 254nm (UV)
T_ture:40 'C

Eluent : l ,ON NaC1O.aq
/CH.CNoOO/40.

Flow Rate : O.5mI/mln.
Detection : 254nm (UV)
T_:25'C 22.7mln .

Eluent : l .ON NaCIO.aq
/ CH.CN-OO/40.

Row Rate : O.5mI/min.
Detection : 254nm (UV)
TemperatLwe: 25'C

1i .2min

Eluent : 4O%CH1CNaq .
Row Rate : tOrnI/mln .
Detection : 254nm (UV)
Temperature: 4Q'C

"".I

""""'''''''''''I

©c©
E'-rt : tON NaClO.....

/CH.CNoOO/40.
Row RBte : O.5mI/min.
Detection : 254nm (UV)
TempeJ&ture : 25"C

222m1n .

24 .3mln.

24.9min

Eluent : tON NaCtO.aq.
/CH.CN· OO/40.

Row Rate : O.5ml/mln .
Detection : 254nm (UVl
Temperat\Ke : 25'C

29.2min

Eluent : 30% CH,cNa(l
Flow Rate : l.Oml/min.
Detection : 254rvn (IN)
Temoeeanse:4O"C

17.2min

13.Ornin. U .OrnirI
153min

16."mm

12.8mln.

14.Omin.

E........ : pH2.D O.sNHClO.~....
!CH.cN-eo/40.

flow ABle :o.&nl/min.
DItIdioI'l : 254nm (UV)

T~:2'5'C

EIuenI : pH2.o O.SHHClO.-NIICIO,aq
/CHtOiIo8O/<W

Flow Rete .O.5mI/min
Detection ; 254tWtl(UV1
Temperfllunl : 25'C

Etuen1 : pH2.0 0.5N HCIO•.NeCK).....

/CH,CN' 80/ 40
Flow Rate ; O.5tl'Il/ min.
Detection : 254nm lUVI
Tempef8ture: 25'C

For more information about CHIRALCEL OD-R column, please give us a call .

DAICEL Ct£MICAL INlUSTRIES, LTD.
CHIRAL CHEMICALS DIVISION 8-1, Kasumigasekl 3-chome, Chiyoda-ku, Tokyo 100, JAPAN
Phone: +81-3-3507-3151 Facslmlle:+81-3-3507- 3193

AMERICA
CHIRAL TECHNOLOGIES,INC.
730 SPRINGDALE DRIVE
DRAWER I EXTON, PA19341
Phone: 215-594-2100
Facsimile : 215-594-2325
464

EUROPE
DAJCEL (EUROPA) GmbH
Ost Street 22
4000 DUsseldorf 1. Germany
Phone : +49 -211-369848
Facsimile: +49-211-364429

ASIA/OCEANIA
DAiCEL CHEMICAL (ASIA) PTE. LTD.
65 Chulia Street #40-07
OCBC centre, Singapore 0104,
Phone: +65-5332511
Facsimile :+65 - 5326454









JOURNAL
of

CHROMATOGRAPHY
INCLUDING ELECTROPHORESIS AND OTHER SEPARATION METHODS

SYMPOSIUM VOLUMES
EDITORS

E. HEFTMANN (Orinda, CAl , Z. DEYL (Prague)

EDITORIAL BOARD
E. Bayer (Tli bingen), S.R. Binder (Hercules, CAl , S.C. Churms (Rondebosch), J.C. Fetzer
(Richmond, CAl , E. Gelpi (Barcelona), K.M. Gooding (Lafayette, IN), S. Hara (Tokyo),
P. Helboe (Brenshej), W. Lindner (Graz), T.M. Phillips (Washington, DC), S. Terabe (Hyogo),

H.F. Walton (Boulder, CO), M. Wilchek (Rehovot)

ELSEVIER
AMSTERDAM - LONDON - NEW YORK - TOKYO

J. Chromatogr. , Vol. 639 (1993)

































Journal of Chromatography, 639 (1993) 3-16
Elsevier Science Publishers B.Y., Amsterdam

CHROM. 25 020

Review

Preparative chromatography of biomolecules

Alois Jungbauer
Institut fur angewandte Mikrobiologie, Universitdt fur Bodenkultur, Nussdorfer Lande 11, A-1190 Vienna (Austria)

ABSTRACT

An overview of preparative chromatography is given with a description of both theoretical and practical aspects. Owing to the
large-scale production of recombinant proteins in various hosts, the requirements for speed, recovery and purity are ever
increasing. The introduction of new gels with higher stability, a better understanding of the adsorption process and significant
improvements in equipment such as injectors, pumps, fractionation devices and valves have transformed chromatography from an
art to science and technology. The rules for scale-up are well understood (constant height, constant height-to-diameter ratio,
dynamic similarity) and theoretical solutions including computer programs are available to minimize experimental work.
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1. INTRODUCTION

The requirements for amount, purity and final
concentration of particular biomolecules may

influence the purification strategy, the technique
of scale-up of column liquid chromatography and
the selection criteria for packings, etc. The
requirements for scale-up also depend on the
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p

optimal working range

U
Fig. 10. Productivity versus velocity according to the defini
tion by Yamamoto and Sano [73).

ation using FPLC strategies can circumvent cool
room operation, however.

5. CONCLUSIONS AND FUTURE PROSPECTS

Preparative chromatography retains an indis
putable position in the purification of biomole
cules and the preservation of their activity. A
variety of specific adsorption/desorption systems
with high yield productivity and simple perform
ance make this technique superior to others such
as counter-current extraction and preparative
electrophoreis. Improvements of the kinetic by
the introduction of through-pores in the particle
[75] or by membrane adsorption are current
trends. Nevertheless, one should not forget that
kinetics in preparative chromatography are not
the only parameter. The overall story depends
more on productivity, which includes resolution,
dynamic capacity and resistance to fouling and
clogging. Preparative chromatography continues
to serve well "when one wants more" of precious
biomolecules serving mankind.
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Comparison of three activated agaroses for use
affinity chromatography: effects on coupling
performance and ligand leakage

A.P.G. van Sommeren*, P.A.G.M. Machielsen and T.e.J. Gribnau

.
In

Clinical Laboratory Systems Research Unit, Akzo Pharma Division, Organon Teknika BV, P.O. Box 84, 5280 AB Boxtel
(Netherlands)

ABSTRACT

Three commercially available' activated supports, N-hydroxysuccinimide (NHS)-, tresyl chloride- and hydrazide-activated
agarose, were compared with respect to coupling rate and coupling efficiency for the ligand and ligand leakage during both
storage and chromatography. A monoclonal antibody against the E, protein of the rubella virus was used as a ligand. For each
support the monoclonal antibody (mab) was immobilized at three concentrations: 0, and ca. 2.5, 5.0 "and 10 mg IgG per ml gel.
The NHS-activated support showed very fast and complete binding of the ligand. Moreover, using this support the ligand leakage
was considerablyless both during storage and chromatography as compared with the other two supports. It was also shown that
the static binding capacity was comparable for the NHS- and tresyl chloride-derivatized agaroses and it was about a factor of two
lower for the hydrazide-derivatized agarose.

INTRODUCTION

Affinity chromatography based on antigen
antibody interactions, called immunosorption is
an extremely powerful technique and has been
increasingly successful since the advent of mono
clonal antibodies (mabs). When, there is a suit
able monoclonal antibody at hand, immuno
sorption is an especially attractive technique for
protein purification. Purification factors of 2000
20000-fold are often achievable, and it is some
times possible to achieve purification to homo
geneity in a single step.

The extensive use of antibody-containing af
finity columns in the purification of biologically
active compounds is severely hampered by the
leaching of antibody or portions thereof from the
immunoaffinity support during elution of the
target antigen. Part of the problem is caused by

• Corresponding author.

the combined use of reducing agents (i.e., thiols)
and chaotropic agents (e.g., detergents and de
naturants) in the elution step, which causes the
dissociation of heavy and/or light chains from
the immobilized antibody. This part of the leak
age problem can be diminished by, amongst
other things, intramolecular cross-linking of the
antibody chains at their sites of disulphide inter
linkage using bifunctional SH-specific reagents
[1] or via the lysine groups using glutaraldehyde.
A decrease in the problems in this context can
also be obtained by the selection of conjugation
methods that yield a more stable chemical link
age between the matrix and the spacer and
between the spacer and the antibody [2].

Many activated gel matrices ready for the
reaction with a ligand are commercially available
[3]. They differ in, amongst other things, the
reactive group, the extent of activation, intro
duced spacer length and type, particle size and
porosity. In practice, most of these gel matrices
are based on beaded agarose.

0021-9673/93/$06.00 © 1993 Elsevier Science Publishers B.Y. All rights reserved
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In spite of some disadvantages, activation by
cyanogen bromide (CNBr) remains a popular
method. The main disadvantages of CNBr-acti
vated agarose stem from the isourea linkage [4]
between the gel and the amino groups of lysine.
The isourea derivative introduces an extra posi
tive charge at neutral pH (pK:=:::: 9.5), causing the
gel to act as a weak ion exchanger at low salt
concentrations. This does not usually present a
problem. More serious is the fact that the iso
urea bond is reversible and can be cleaved, e.g.,
by hydrolysis at weakly alkaline pH (>8) and by
aminolysis with low-molecular-mass amines. In
addition, very slow leakage of the (protein)
ligand from the column occurs over a period of
months to years [5].

Proteins may also be coupled to agarose which
has been derivatized by spacer arms with
N-hydroxysuccinimide ester at their ends [6].
Succinimide esters are very susceptible to nu
cleophilic attack by the s-amino groups of lysine,
resulting in the formation of a stable amide bond
between the protein and the spacer arm. Limita
tions of NHS esters in affinity chromatography
and protein immobilization were described by
Wilchek and Miron [2]. On reaction with ligands
containing an amino group, the columns were
unstable to alkali and were plagued by constant
leakage during use. However, they also de
scribed an alternative two-step method for the
preparation of NHS esters, based first on the
reaction of a carboxyl-containing matrix with a
carbodiimide, that yields stable affinity columns.
Tresyl chloride-activated gel matrices are suit
able for immobilization of amino- and thiol-con
taining ligands and allow efficient immobilization
even at neutral pH. The ligand becomes im
mobilized to the matrix by stable -CHz-S
(thioether) or -CHz-NH- (amine) linkages. The
thiol groups are more reactive than amines and
also imidazole and tyrosine hydroxyl groups can
displace the sulphonate ester [7].

A hydrazide matrix can be used for immobili
zation of ligands containing aldehyde and ketone
groups [8]. The reaction occurs at low pH (ca. 5)
and the chemical bond that is formed is a stable
hydrazone, obviating the need for reduction
(although this can be performed if desired) [9].
In the case of antibodies, carbohydrate residues

A.P.G. van Sommeren et al. / J. Chromatogr. 639 (1993) 23-31

in the oligosaccharide chains, mainly at the Fe
part of the molecule, are oxidized at the vicinal
hydroxyls to form aldehydes. This should have
the advantage that antibodies are immobilized
with optimum orientation [10].

The purpose of this investigation was to
evaluate three commercially available products,
hydrazide-, tresyl chloride- and N-hydroxysuc
cinimide (NHS)-activated agarose, with respect
to their performance with regard to ligand leak
age during storage and immunoaffinity chroma
tography. Moreover, the coupling speed and
coupling efficiency for a mab and the perform
ance of the immunosorbents with respect to
static binding capacities at three ligand densities
were determined. These factors can be influ
enced by, amongst other things, temperature,
pH, type and concentration of coupling buffer,
use and type of spacer arm and nature of the
ligand [7,11]. Because investigations according to
these factors were beyond the scope of this
work, preparation of the immunosorbents was
performed according to the manufacturer's
protocol.

The purification of the E1-E, glycoprotein
complex (M r 300000) of the rubella virus from
culture fluid was used as a model for this study.
A mab directed against the E 1 protein of the
antigen complex was immobilized on the three
gels at three different concentrations. It has been
reported that rubella virus proteins are unstable
at low pH [12] and that they can be purified by
immunochromatography using 0.5 M diethanol
amine (pH 11.5) [13]. Also in this investigation
basic conditions were used to elute the bound
antigen from the column. Because the isourea
bond is not stable under these conditions, CNBr
activated agarose was excluded from this evalua
tion.

EXPERIMENTAL

Materials and reagents
Tresyl-activated Sepharose 4 fast flow (FF)

and protein A Sepharose 4 FF were purchased,
and NHS-activated Sepharose 4 FF (a prototype
gel containing 22 JLmol of NHS groups per ml gel
stored in 2-propanol) was obtained as a gift from
Pharmacia (Woerden, Netherlands). Affi-Gel Hz
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Isoprotein analysis by ion-exchange chromatography
using a linear pH gradient combined with a salt
gradient
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ABSTRACT

Isoproteins of human monoclonal antibodies with a pI range between 8.45 and 8.70 or 8.15 and 8.65 were separated by
ion-exchange chromatography with a linear ascending pH gradient combined with a linear descending salt gradient using borax,
mannitol and salt. The isoproteins were eluted according to their isoelectric points as demonstrated by conventional isoelectric
focusing. Preparative purification and monitoring of the isoprotein composition of human monoclonal antibodies during a
purification process is also presented to demonstrate the applicability of the method.

INTRODUCTION

Owing to post-translatorial modifications,
monoclonal antibodies exhibit strong micro
heterogeneity [1]. Several methods, such as
isoelectric focusing (IEF) [2,3], chromatofocus
ing (CF) [4], hydrophobic interaction chroma
tography (HIC) [5] and capillary zone elec
trophoresis (CZE) [6], have been described for
the analysis and preparation of their isoforms.
Isoelectric focusing is mainly used for the
analytical determination of isoform patterns [7],
whereas HIC and CF are the methods of choice
for preparative purposes.

Ion-exchange chromatography is a powerful
tool for the purification of monoclonal anti
bodies. In most applications step gradients are
used to accomplish elution [8]. In principle, ion
exchange chromatography can also be used for
separating the various isoforms of monoclonal
antibodies. By generating a linear pH gradient
the isoforms can easily be eluted near their
isoelectric points. Shukun et al. [9] used borax-

• Corresponding author.

mannitol solution in free-flow electrophoresis for
generating a pH gradient. The addition of man
nitol to borate buffer [10] changes the pH to an
acidic milieu. The low conductivity of this buffer
allows the use for ion-exchange chromatography.
In this work, linear pH-salt gradients were used
for the analytical and preparative separation of
isoproteins. As model proteins human mono
clonal antibodies were investigated.

THEORY

A linear pH gradient is achieved by the
reaction of the cis-diol of mannitol with borate,
which liberates H 30 + in a stoichiometric man
ner:

I
C-OH

I + H3B03~
C-OH

I

A stable complex is formed, which does not
undergo ageing. The theory of the formation of
new acids by association of boric acids and
planar diols is due to the fact that the "ionization
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Fig. 5. Analy tical separation of isoproteins of human monoclonal antibody "Virgil" by ion-exchange chromatography on a Mono
S column (HR 5/5). Sample , 340 ILg of monoclonal antibody dissolved in 31.0 ml of starting buffer and loaded on a l- ml column;
starting buffer,S mM borate, 45 mM mannitol , 0 mM NaCI (pH 6.9) , K = 3.2 mS/cm; elution buffer,S mM borate (pH 9.1),
K = 0.9 mS/cm. Elution was effected with a linear pH-salt gradient over twenty column volumes at a flow-rate of 0.2 mllmin.
Other conditions as in Fig. 4.
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Fig. 6. Preparative separation of isoproteins of human monoclonal antibody "Vi rgil" by ion-exchange chromatogra phy on a
Mono S column (HR 10/16) . Sample, 10 mg of monoclonal antibody dissolved in 23.0 ml of starti ng buffer and loaded on a 20-ml
column; starting buffer,S mM borate, 45 mM mannito l, 20 mM NaCl (pH 7.0), K = 2.8 mS/cm; elution buffer,S mM borate (pH
9.1), K = 0.9 mS/cm. Elution was effected with a linear pH-salt gradient over twenty column volumes at a flow-rate of 2.0
ml/min.
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into two overlapping peaks composed primarily
of IgGI and IgG2, respectively. The distinctive
ness of the two IgG2 peaks obtained by the
present procedure was indicated by rechroma
tography of the IgG subclass fractions, which
resulted in the elution of single prominent peaks
eluting at exactly the same pH as their pre
decessors (Fig. 2). The reasons underlying
the separation of IgG2 into two fractions with
different binding capacities to staphylococcal
protein A have yet to be elucidated. The data
presented here, however, suggest that the two
peaks contain IgG2 specific for different epitopes
on the polysaccharide antigen. Monoclonal IgG2
which reacts only with one antigenic epitope
elutes from the column as a single peak (Fig. 4).

The novel IgG fractionation procedure de
scribed here yielded two functionally active and
structurally unmodified IgG2 preparations. Their
capacity to bind to their respective antigen
demonstrates the presence of a functional an
tigen-binding region, and both preparations con
tained largely unmodified IgG molecules, as
shown by unimpaired interaction with the sec
ond-step antibody. Further, preliminary studies
(data not shown) also demonstrated that the
complement-binding properties of both IgG2
fractions remained intact.

Although more highly purified IgG subclass
preparations can be obtained by monoclonal
antibody-immunoaffinity chromatography, the
use of Protein A Superose for isolating IgG
subclass anti-polysaccharide antibodies has cer
tain advantages. Ready-to-use chromatographic
columns are available with comparable lot-to-lot
properties. The column can be cleaned with
denaturing detergents and even with some or
ganic solvents, making reliable removal of pyro
gens possible. Further, the column matrices
coupled with monoclonal antibodies against IgG
subclasses may leak protein, which will then lead
to the formation of immune complexes with
sample proteins. These immune complexes may
cause unwanted side-effects if present in prepa
rations used for long-term therapy. Even traces
of immune complexes present as contaminants

H. Leibl et al. I J. Chromatogr. 639 (1993) 51-56

have been shown to exert immune-modulating
effects which lead to impairment of certain
monocyte functions [15-17]. Hence the proce
dure described here can be employed for the
preparation of IgG2 subclass-enriched products
in which contamination with immune complexes
has to be avoided.
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purification procedure is shown in Tables I and
II . In both cases homogenous enzyme of specific
activity about 1950 U mg- I (Tables I and II) was
obtained after four chromatography steps as
shown by SDS-PAGE (Fig. 3) . The elution
profiles for anionic and catonic exchange are
similar with both FPLC media and process-scale
media . The enzyme eluted from Mono Q in
about 220 mM NaCI and from Q-Sepharose in
about 240 mM NaCl . Enzyme eluted from Mono
Sand S-Sepharose FF in about 250 mM NaCI.
The elution profiles obtained after hydrophobic
interaction chromatography on phenyl-Superose
and phenyl-Sepharose FF are, however, differ
ent. The enzyme eluted in about 650 mM am
monium sulphate on FPLC and yet at the end of
the ammonium sulphate gradient in the scaled
up process. An advantage of this delayed elution
was that dialysis of the eluate was not required.
Blue-Trisacryl M was used in both procedures

TABLE I

DNA POLYMERASE PURIFICATION ON FPLC MEDIA

for triazine-dye affinity chromatography. The
enzyme eluted in about 650 mM NaCI on the
larger scale compared to about 350 mM during
FPLC . The difference may be due to the linear
flow-rate of 25 em h-I at which the scaled-up
process was run compared with 300 em h-Ion
FPLC.

Chromatography was carried out under identi
cal conditions for both cation-exchange and
anion-exchange chromatography. The pI of 4.9
[17], indicates that the enzyme has a negative
surface charge and should only bind to the
anion-exchange matrices Mono Q and Q-Sephar
ose FF. The surface charge of the protein is
likely to be negative at pH 7.5 and true cation
exchange cannot take place. The enzyme there
fore binds to Mono Sand S-Sepharose FF by
some mechanism other than by cation exchange.
A possible mechanism is that a positively
charged DNA-binding site of the enzyme inter-

Step Volume Protein Enzyme Specific activity
(ml) (mg) (Units) (Umg-')

Cell-free extract 10 90 42" 0.5
Mono Q eluate 8 18 245" 14
Phenyl-Superose eluate 5 4 1046" 262
Blue-Trisacryl M eluate 5 2 2989 1495
Mono S eluate 2 0.9 1772 1970

" Apparent DNA polymerase activity is low due to nucleolytic enzyme activity .

TABLE II

DNA POLYMERASE PURIFICATION ON PROCESS-SCALE MEDIA

Step Volume Protein Enzyme Specific activity
(ml) (mg) (U) (U mg " )

Cell -free extract 250 2250 1056" 0.5
Q-Sepharose FF eluate 190 285 6338" 22
Phenyl-Sepharose FF eluate 50 36 10878" 302
Blue-Trisacry l M eluate 50 18 31047 1725
S-Sepharose FF eluate 20 10 19136 1914

a Apparent DNA polymerase activity is low due to nucleolytic enzyme activity.
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Fig. 1. Scheme of purification procedure.

removed by centrifugation and supernatant (500
mg of dry material) was passed through the CIS
cartridge. The cartridge was then washed succes
sively with 20 ml of water, 20 ml of 25-75%
aqueous methanol and 20 ml of methanol. The
elution of lipopeptides was monitored by TLC
on silica gel as described above. They were
detected as water spray-positive (white spot),
ninhydrin-negative and chlorination-positive.
The lipopeptides began to elute when the car
tridge was washed with aqueous methanol of
concentration >50% and were completely eluted
with methanol. Antifungal activity against vari
ous phytopathogenic moulds was only detected
in the fraction eluted with methanol. The MIC
values for the supernatant and the isolate were
determined and were of 500 and 50 JLg/ml,
respectively, on average.

A chromatogram of lipopeptides eluted from
the Bond Elut CI8 cartridge is presented in Fig.
2. The peaks were analysed by TLC on silica gel
and their amino acid compositions were deter
mined by HPLC after acid hydrolysis. Table I
gives the results of these analyses. Each peak
gave a single spot in TLC. According to the RF

values and a-amino acid composition, two
groups of known lipopeptides, iturin A (peaks
1-5) and surfactin (peaks 9-13), were identified.
A third group of unknown molecules (peaks
6-8) was also separated.

Fig. 2. FPLC separation of lipopeptides isolated from the
Bond Elut CIS cartridge. Peaks: 1-5 = iturin A; 6-8 =
unknown molecules; 9-13 = surfactin. Column, PepRPC HR
5/5 C

2/CI S ; mobile phase, (A) 0.1% TFA in water and (B)
0.1% TFA in water-acetonitrile (30:70, v/v); gradient, 0% B
in 5 ml, 0-45% B in 20 ml, 45-60% B in 11 ml, 60-80% B in
9 ml, 80-100% B in 15 ml, 100% B in 5 ml; flow-rate, 0.8
ml/min; detection, 214 nm.

DISCUSSION

The present Iipopeptide purification procedure
includes an extraction step exploiting a solid
phase extraction technique and a chromato
graphic step involving reversed-phase chroma
tography with an FPLC system. The Bond Elut
CIS phase is very efficient at adsorbing lipopep
tides, owing to the important hydrophobic part
of these molecules. Hence the majority of im
purities such as inorganic materials and polar
contaminants are easily removed by washing the
Bond Elut CI8 cartridge successively with 50%
aqueous methanol. Lipopeptides are completely
retained using less than 50% aqueous methanol
as a washing agent. The TLC system used to
monitor the elution of lipopeptides ensures a
distinction between cyclic lipopeptides and other
substances. Methanol is required to elute the
lipopeptides completely. The antagonistic tests
showed that the isolate is ten times more active
than the crude supernatant by comparison of the
MIC values. This illustrates the effectiveness of
this clean-up step.

The solid-phase extraction on CIS shows some
advantages over classical extraction by acid pre
cipitation followed by extraction with methanol
[4] or chloroform-methanol (2:1) [3]. It is rapid
and no reactions such as hydrolysis or esterifica
tion of the lipopeptide functional groups were
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