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resolving power, but only moderate protein loads In addition, all
preparative techniques which utilize The present invention relates to a new
and       as anticonvective media hydrophilic gels have the entive process
for separating chemical com-       problem of recovering the purified
protein from the pounds, e.g. peptides and proteins, having a zero    5
matrix. This requires additional handling steps, e.g. net electrical charge
or being neutral under the     detection of the zone of interest, band
cutting and experimental conditions used, from  other am-        elution by
diffusion or electrophoretic recovery. photeric or non-amphoteric chemical
compounds,       This has two major disadvantages: a) low recover- e.g.
other peptides, proteins and/or salts, having a  ies, as any matrix tends
to irreversibly adsorb net electrical charge under said same experimental
10  proteins; and b) the possibility of contamination conditions by
electrophoresis, especially prepara-  from gel material (especially in the
case of syn- tive isoelectric focusing, and to a new means, i.e.  thetic
supports, such as polyacrylamide, contami- an apparatus, for carrying out
said process.         nation from unreacted monomers and from short,
Preparative electrophoresis is a known tech-     oligomeric  polyacrylamide
coils  non-covalently nique and various forms of electrophoresis appara-
15  grafted to the bulk matrix). tus have been proposed for both analytical
and          The present invention is based on the task to preparative
purposes. Basically, the instrumenta-    provide a process for the
purification of chemical tions and principles for preparative
electrophoresis  compounds having, as peptides do, an isoelectric can be
classified into four main classes, according  point or being uncharged
under the conditions the electrophoretic principle utilized (cf. A.T.  20
used, by electrophoresis, wherein, contrary to the Andrews,
Electrophoresis: Theory, Techniques, and   desired product, only the
undesired by-products Biochemical and Clinical Applications, Clarendon
and contaminants come into contact with the matrix Press, Oxford 1986]:
and which process gives excellent yields of the a) disc electrophoresis
desired product in a very pure form. b) free curtain electrophoresis
25       Both the conception of said task itself and its c)
isotachophoresis and                           solution involve inventive
steps. d) isoelectric focusing [cf. P.G. Righetti, Isoelec-  In the
following, the invention will be described tric Focusing: Theory,
Methodology and Applica-   with reference to the accompanying drawings of
tions, Elsevier, Amsterdam, pp. 204-207 (1983)].  which: - In  general,
disc   electrophoresis  and   30      Fig. 1 is a schematic over all view
of an appara- isotachophoresis are run in hydrophilic matrices,      tus
which can be used to carry out the elec- either continuous (agarose and
polyacrylamide) or      trophoretic process according to the present in-
discontinuous  (granulated   beds,  such   as          vention,
Sephadex[err]). They are characterized by a high           Fig. 2 is a
schematic exploded view of parts of resolving power, but low tolerated
sample loads.  35   an apparatus as depicted in Fig. 1, Free curtain
electrophoresis in general utilizes con-  Fig. 3 is a schematic exploded
view of an alter- tinuous buffers, is performed in a free liquid phase
native embodiment of an apparatus according to and is characterized by a
continuously flowing thin    the present invention, of buffer with a
continuous sample input. Ba-    Fig. 4 is a schematic view of the most
essential sically this technique offers large sample handling   40  parts
of another alternative embodiment of an capacities but low resolution. In
addition, due to the  apparatus which can be used to carry out the higher
diffusion coefficient of proteins, this method  process according to the
present invention, is mostly confined to purification of intact cells or
Fig. 5, Fig. 6 and Fig. 7 are diagrams illustrating subcellular organelles.
the success of electrophoretic separations ac- Isoelectric focusing (IEF)
can be performed ei-  45  cording to the process of the present invention,
ther in liquid supports (density gradients) or in gel  Fig. 8 is a
sectional view of a third alternative media, either continuous or
granulated. In fact, the   embodiment of an apparatus according to the
technique of IEF was initiated as a preparative      present invention,
methodology, utilizing vertical glass columns filled    Fig. 9 is a view
from below at a perforated with a sucrose density gradient. Moderately high
50  disque which is a part of the apparatus depicted sample loads could be
handled with a high resolv-      in Fig. 12, ing power [err] = 0.02 of a pH
unit; pl = isoelec-     Fig. 10 is a view from above at said disque, tric
point), which was, however, severely lost when    Fig. 11 is a
cross-sectional view taken along line emptying the column via the bottom
harvesting         XI-XI of Fig. 9, and funnel. This technique has in fact
today been es-  55  Fig. 12 is a cross-sectional view of a fourth sentially
abandoned in favor of IEF in gelatinous      alternative embodiment of an
apparatus accord- supporting   media  (mostly   agarose   and
ing to the present invention. polyacrylamide matrices). The latter allows a
high      The present invention relates to an isoelectric 2    
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electrophoretic process for the separation  water-miscible organic or
protic solvent. and purification of an amphoteric or neutral chemi-    The
electric flow is generated by the power cal compound, soluble in a solvent
suitable for said  supply 1. Any voltage the system can tolerate may
process, from one or more electrically charged       be used, e.g. 100 to
10000 volt, especially 500 to chemical compound(s), soluble in said
solvent, said   5   10000 volt, preferably 500 to 5000 volt, e.g. 500,
process being carried out by using an elec-        1000, 5000 or even 10000
volt, provided the gen- trophoretic apparatus, wherein the electric flow,
i.e.  erated heat can be dissipated by proper cooling. At the electric
field, passing  through the elec-     equilibrium, typical values are e.g.
1000 volt, 3 mA trophoretic matrix, is coupled to a hydraulic flow 7,  and
3 W or 500 volt, 10 mA and 5 W. 8 and 11 (cf. the figures), the direction
of said  10  The electrophoretic matrix is a carrier for the electric flow
being different from that of said hy-  electrophoretic separation. draulic
flow, said hydraulic flow comprising a solu-   The hydraulic flow is
generated e.g. by a tion of said compound in said solvent and seg-
pump, by stirring or by rotating the flow chamber 8 menting said matrix
into two parts, one part, 5 or  around a suitable axis and comprises as
liquid 25, being located at the cathodic side and the   15  phase a
solution containing the mixture to be sepa- other, 12 or 26, being located
at the anodic side of  rated. said electric flow, characterized in that
said am-     The direction of the hydraulic flow is at any photeric or
neutral chemical compound is kept in   suitable angle, e.g. 5[err] to 90,
especially 30  to an isoelectric or uncharged state within the hydrau-
90[err]\ preferably about perpendicular (orthogonal), lic flow, and said
charged chemical compound(s) is  20  to the direction of the electric flow.
(are) removed from the hydraulic flow by the elec-     An immobilized
pH-gradient as contained e.g. tric flow into at least one of said parts of
said  in cylinders 5 or 12 comprises a stable pH-function matrix, or by way
of at least one of said parts into  on an electrophoretic matrix, e.g. a
gel. Immo- at least one of the electrolyte solution reservoirs 3  bilized
pH-gradients comprise a pH-interval which and 14, said parts, independently
of each other,  25  is generated in a manner known per se, e.g. by
representing immobilized pH-gradients 5 and 12,    means of an overlayered
density gradient and poly- each having conductivity and both buffering and
merization (cf. Application Note 321, dated August titrant capacity in its
pH-interval, or amphoteric  1982, of LKB-Produkter AB, Box 305, S-16126
isoelectric immobilized pH-membranes 25 and 26,    Bromma, Sweden), e.g. by
mixing equal volumes each having conductivity and both buffering and   30
of the two starting solutions A and B described titrant capacity at a
specific pH-value.           below in a gradient mixer, e.g. the "MicroGrad
The amphoteric or neutral compound, kept in     Gradient Maker" supplied by
LKB-Produkter AB, an isoelectric or uncharged state, is a chemical   the
outlet of said mixer being connected with cyl- compound having no
electrical net charge or being  inder 5 or 12. Starting solution A is an
acidic, neutral under the conditions of the purification pro-  35  dense
solution and contains buffering Immobilines cess and at the time when the
separation from the  (registered trademark, used in the following without
undesired accompanying chemical compound(s)        indication) or an
equivalent thereof, non-buffering actually takes place. It is preferably a
protein, en-  Immobilines or an equivalent thereof, Ampholines zyme or
smaller peptide having at least two amino  (registered trademark, used in
the following without acids or a compound containing a peptide- or pro-  40
indication) or an equivalent thereof, acrylamide, tein moiety, e.g. a
glycoprotein, but also a nucleic  N,N'-methylene-bis-acrylamide, glycerol,
water and acid, complex lipid or complex carbohydrate.       suitable
polymerization catalysts. Starting solution Contrary thereto, an
electrically charged chemi-  B is a basic, light solution containing
buffering cal compound is a chemical species having an       Immobilines,
non-buffering  Immobilines,  Am- electrical charge under the conditions of
the pu-  45  pholines,  acrylamide,   N,N'-methylene-bis-ac- rification
process and at the time when the separa-  rylamide, water and suitable
polymerization cata- tion from the desired chemical compound actually
lysts, but no glycerol. takes place, e.g. a protein, enzyme or smaller
Amphoteric isoelectric immobilized pH-mem- peptide being charged, i.e.
non-isoelectric and also  branes are distinguished from the immobilized pH-
a salt, e.g. an alkali metal salt, e.g. sodium chlo-  50  gradients in that
they do not comprise a pH-interval ride.
but have throughout the membrane the same pH- A solvent suitable for the
process according to  value. The manufacture of the membranes is simi- the
present invention is any solvent solubilizing the  lar to, but even simpler
than the manufacture of the desired chemical compound and allowing for the
pH-gradients because no gradient mixer is required necessary electric flow,
e.g. water or a mixture of  55  and no glycerol is necessary for preparing
a den- water with a suitable alcohol, e.g. a lower alkanol,  sity gradient.
for example methanol or ethanol, or an aqueous         The membranes are
manufactured by poly- solution containing urea, detergents or any other
merisation, preferably around neutral pH, at 50[err] 3    
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forced-ventilation oven for 1 hour, of a solution  derivative being
analogous to an Immobiline. After of monomers (in general 10 - 15 % T and 3
- 4 %    co-polymerisation the Immobilines are covalently C) containing
variable amounts of buffering and    bound, i.e. immobilized, and do not
contribute any- ant Immobilines in the ratios needed to generate  thing to
the conductivity of the pH-gradient or pH- the desired isoelectric point
together with Am-   5   membrane. However, the Immobilines contribute to
pholines, suitable polymerisation catalysts and wa-  the buffering and
titrant capacity. ter. It is essential that the membranes have a good
Preferably, the pH-gradients and pH-mem- buffering capacity at their
isoelectric point in order  branes are cast somewhere within a pH-range
from to prevent electroendosmosis, a term denoting bulk  about 3 to about
10, depending on the Immobilines liquid flow through the membrane caused by
the   10  and Ampholines available. If the compound of inter- presence or
acquisition of a net electrical charge.  est is amphoteric, the pH-values
in the two gel However, the Immobiline molarity should preferably
extremities facing the flow chamber 8 have to be not exceed 50 mM  of each
Immobiline in the        set just above and below or equal to the
isoelectric membrane.                                          point of
said amphoteric substance with the preci- Ampholines  are
low-molecular-weight am-   is  sion required to keep it in the isoelectric
state all photeric substances, i.e. ampholytes, which con-   the time. Said
precision and the difference between trary  to  Immobilines  are  not fixed
to  the    the pH-values in said gel extremities, i.e. the width
acrylamide/N,N-methylene-bis-acrylamide polymer    in terms of pH-units of
the gap in between said gel and are therefore able to contribute to the
electrical  extremities, depends on the resolving power need- conductivity.
Mixtures of many amphoteric sub-   20  ed, i.e. on the isoelectric points
of the contaminants stances such as amino acids and peptides and
which have to enter the gel, i.e. at least pass the some amphoteric and
non-amphoteric buffer com-     gel. In order to achieve the highest
possible resolv- ponents can act as suitable ampholytes. However,   ing
power, the pH-values in said gel extremities the great majority of
iso-electric focusing experi-  can be the same and equal to the isoelectric
point ments are performed with the aid of commercial  25  of the desired
compound. In that case it is advanta- ampholyte mixtures. The most widely
used of        geous to prevent losses of the desired compound these, is
marketed by LKB Produkter AB under the   which might occur by way of
diffusion by inserting brand name Ampholines. They consist of synthetic
some appropriate mechanical means, e.g. a suit- mixtures of
polyaminopolycarboxylic acids with     able millipore filter, between gel
and hydraulic flow molecular weights mostly in the region of 300-600.  30
If the compound of interest is neutral, the pH- Other products can be used
which contain sul-      values in said gel extremities are chosen  so that
phonic or phosphonic acid groupings in addition to  the contaminants have
to enter the gel. Said con- the amino and carboxylic acid groups. These
pro-   taminants may stay within the gel or leave it again ducts
(Servalyts[err], Serva-Feinbiochemica GmbH;      and accumulate in the
anodic and cathodic cham- Biolytes[err], Bio-Rad Laboratories;
Pharmalytes[err],   35  bers 14 and 3. Pharmacia AB) have recently been
compared with         Suitable  polymerization  catalysts are  e.g. the
Ampholines and shown to have a similar perfor-
N,N,N',N'-tetramethylethylenediamine (TEMED) and mance.
ammonium persulphate. Said catalysts are added Immobilines are acrylamide
derivatives with the  shortly before starting mixing the dense and light
general structure                             40  solutions mentioned
above. Other means for poly- merization are e.g. riboflavin with
ultraviolet light or gamma radiation. [err]                          45
multaneously withdrawn into the outlet of the gra- dient mixer which is
connected to the container 5 where R contains either a carboxylic acid or a
or 12. Thereby the obtained density gradient co- tertiary amino group.
Immobilines are designed for  varies with the pH-gradient. The lower end of
con- co-polymerization  with  acrylamide  and  N,N'-    tainers 5 and 12 is
provisionally sealed, e.g. With methylene-bis-acrylamide in order to
produce im-   50  parafilm. After the polymerization process is fin-
mobilized pH-gradients. Each derivative has a de-  ished, the parafilm is
removed. If the inside diam- fined and known pK-value. Acrylamide may be
eter of said container is too long it may be neces- replaced  e.g. by
methacrylamide  and  N,N-       sary to insert some support, e.g. a
perforated plate, methylene-bis-acrylamide may be replaced by any    which
is not removed, at the lower end of the other suitable crosslinker, e.g.
suitable other ac-  55  container. At least those parts of the container
rylamide derivatives. N-(3-Dimethylamino-propyl)-  coming in touch with the
polymer have to be made methacrylamide having a pK-value of 9.5 may be
of some material to which the polymer well ad- mentioned as an example of a
methacrylamide        heres, e.g. of glass, in order to avoid the passage 4
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between the wall of the container    sample input, or to collect in one or
both of the 



and the polymer. The containers 5 and 12 contain-    electrolyte reservoirs
3 and 14. Preferably, the pH- ing the immobilized pH-gradients are built
into an   value within the hydraulic flow corresponds to the apparatus
according to the present invention, e.g.   isoelectric point of the desired
compound. Because as shown in Fig. 1 and 2. Afterwards the gradients   5
the electrophoretic separation is performed in a pH are properly washed to
remove undesired sub-         gradient (isoelectric focusing), all the
species hav- stances, e.g. unbound Immobiline chemicals, cata-   ing an
isoelectric point within the pH-gradient 5 or lysts and ungrafted monomers.
Otherwise, due to     12 are driven by the voltage gradient into the the
very low conductivity of the central portion of  particular zone where they
exhibit zero net charge the gel as weak unbound anions and cations are  10
and in which they remain stationary as long as the electrophoretically
depleted, the two salt fronts, ac-  electric field is applied. The
difference compared cumulated towards the anodic and cathodic gel
with previous techniques is inter alia that the start- regions, are never
able to leave the gel. In order to  ing conditions are arranged in such a
way that the achieve good focusing, the primary, Immobiline      component
of interest is already isoelectric in the gradient is overlayered with a
secondary, carrier  15  flow chamber 8 which constitutes the sample feed
ampholyte driven pH-gradient. The apparatus ac-      of the system.
Therefore, the component of interest cording to the present invention is
usually run with  is not forced to migrate by the electric flow. Instead
the flow chamber full of liquid for several hours,   of using a
conventional isoelectric focusing (IEF) e.g. about five hours, till
attainment of steady-state  system  based on amphoteric buffers [cf. P.G.
prior to sample application. Afterwards the flow   20   Righetti,
Isoelectric Focusing: Theory, Methodology chamber 8 and, if necessary, all
other containers,   and Applications, Elsevier, Amsterdam, pp. 204- coming
in touch with the hydraulic flow, e.g. the    207 (1983)], in the process
according to the sample reservoir 11, are emptied in order to re-
present invention a more advanced version of it, an move noxious material
leached out from the poly-    immobilized pH-gradient technique (IPG) [cf.
P.G. mer, such as ungrafted monomers, and filled with  25   Righetti, J.
Chromatogr. 300, 165-223 (1984)] is the sample to be purified.
used. During the entire process according to the          A conventional
isoelectric focusing (IEF) sys- present invention the sample solution is
vigorously  tem would not be suitable for the process accord- stirred to
prevent electrodecantation and kept at    ing to the present invention for
the following rea- constant temperature. The pH-gradients in contain-   30
sons: a) IEF is not stable with time, in fact the pH ers 5 and 12 are also
kept at constant temperature.  gradient decays and is subjected to a
progressive The temperature used depends inter alia on the
acidification (cathodic drift) [cf. P.G. Righetti and solvent, the
stability and the solubility of the de-  J.W. Drysdale, Ann N.Y. Acad. Sci.
209, 163-186 sired substance. In water, it is normally kept at a  (1973)]
so that the protein of interest would not be fixed value between about 1
and 20 C, e.g. at  35   kept in the liquid phase, but would eventually move
2[err]                                                 into the gel matrix;
b) due to the fact that pH The basic concept of the present invention is
gradients are generated only in an approximate that of a mixed preparative
technique, utilizing a   way in conventional IEF systems, it would be im-
liquid bed which may be a short one and which is     possible to set the
boundary conditions in the two coupled to two gel phases delimiting it, and
is  40   gel extremities facing the flow-chamber 8 with the illustrated in
the following example of the purifica-  precision required to keep the
chemical compound tion of a protein. The protein of interest is kept in  of
interest having an isoelectric point just in the an isoelectric state in
the liquid phase, e.g. in a  isoelectric state all the time, thus
preventing it from small, recycling chamber 8, while the impurities
leaving the liquid phase [hydraulic flow; 7, 8 and accompanying it are
driven away either towards the   45  11]. In contrast thereto, with
Immobilized pH-gra- cathode 2 or the anode 13 and eventually (but not
dients (IPGs) and pH-membranes, it is in most necessarily) focussed in the
gel phases 5 and 12,    cases possible to set the boundary conditions so
representing the pH-gradients (the numbers refer to  that the anodic gel
extremity facing the sample the figures). The pH-gradients can be replaced
by    flow has a pH value just below the isoelectric point pH-membranes.
Thus, in this modified isoelectric  50  (pl) of the component of interest,
while the respec- focusing technique, the protein of interest is not  tive
cathodic gel extremity is set at a pH value just driven electrophoretically
into the gel matrix (from  above the pl of the desired compound. Of course,
which it would have to be recovered by an addi-     the manufacture of
suitable IPGs may be difficult in tional purification step), but is kept in
an isoelectric  the comparatively rare cases where the desired state in the
liquid stream (hydraulic flow) 7, 8 and   55  substance has an extremely
high or low pl. Said 11 constituting the sample feed and only the
chemical compound, having an isoelectric point, (electrically charged)
impurities are forced to focus  will thus be isoelectric in this narrow pH
gap delim- in the gel phases 5 and 12, delimiting the liquid   ited by the
two immobilized pH-gradients or pH-; 5    9                 EP 0287513 B1
10 membranes. If the compound of interest is am-      and is best carried
out under outside pH-control, 



photeric, this gap comprises normally 0.05 to 0.2  e.g. with a pH-stat,
because otherwise, due to the pH-units; however, gaps comprising down to
0.001  faster removal of the monovalent counterion, the units can be also
achieved. It is also possible  solution in chamber 8 can become rather
acidic or that the gap comprises 0 pH-units, i.e. the pH-   5   alkaline.
Rapid desalting of protein samples for a values in said gel extremities
correspond to the   variety of uses, e.g. enzyme reactions or ligand
isoelectric point of the desired compound. This    binding studies, is one
of the problems currently means that there is no pH-gap at all, but only a
faced in biochemistry. fluid gap between two gel phases. If the compound
Any salt content in the sample feed (already at of interest is neutral, the
pH-values in the gel  10   1 mM concentration) inhibits the transport of
non- extremities are not chosen in respect to the desired  isoelectric
proteins, perhaps because of the much compound, but in respect to the
undesired am-      larger current fraction carried by the ions them-
photeric or charged compounds, in the sense that   selves as opposed to
proteins. In addition, high salt said undesired compounds should not have
an        levels in the sample reservoir may form cathodic isoelectric
point within said pH-gap. The neutral  15  and anodic ion boundaries,
alkaline and acidic, compound will never enter the pH-gradients, ir-
respectively, which may hamper protein migration respective of the boundary
conditions in the gel   and even induce denaturation. In segmented (as
extremities facing the flow chamber 8. In addition  well as in
conventional) IPG gels, practically any to this precision in setting the
boundary conditions,  level of salt present in the sample zone inhibits its
were to the unlimited stability of IPGs with time, it is  20
electrophoretic transport. Therefore, the best way automatically ensured
that the pH gradient never   to efficiently eliminate protein impurities
from an drifts so that the isoelectric conditions for the  isoelectric
component is to introduce an already chemical compound under purification
will be con-  desalted protein feed into the segmented IPG ap- stantly
found in the hydraulic flow, especially in the  paratus. However,
elimination of protein impurities flow-chamber 8, and not elsewhere, e.g.
within the   25  can be achieved, although at a slower rate, even in anodic
or cathodic gel phases 12 and 5.            the presence of salts in the
sample. In the latter The process according to the present invention  case,
salt levels should be kept at the minimum has at least the following major
advantages: a)    compatible with protein solubility (e.g. 5 mM or
extremely high sample recoveries, approaching      lower) and external pH
control should be exerted 100 %, as the chemical compound (e.g. the pro-
30  (e.g. with a pH-stat) so as to prevent drastic pH tein) under
purification never enters the gel phase,  changes in the sample feed,
brought about by the but is kept uncharged, e.g. in an isoelectric state,
generation of boundaries produced by the salt con- during the entire
purification step in the liquid  stituents. In quite a few cases, a minimum
salt phase; b) large sample loads, as the compound to   concentration might
be needed  in the sample be purified, e.g. the protein feed, may be kept
35  phase during the electrophoresis for preventing circulating between a
separate reservoir 11 and the  protein aggregation and precipitation due to
too low flow chamber 8 and only small amounts need be      an ionic
strength at or in the vicinity of the isoelec- present at any given time in
the electric field; c) a  tric point. For that purpose, an external
hydraulic such resolving power, depending on how narrow         flow is
used, replenishing the salt loss due to the pH interval selected across the
isoelectric point  40  combined electric and diffusional mass transports
(pl) of the desired compound, e.g. protein, is; d)  (similar to the concept
of Rilbes' steady-state automatic removal of any salts or buffers accom-
rheoelectrolysis, H. Rilbe, J. Chromatography 159, panying the compound
(e.g. the peptide or protein)  193 - 205 [1978]). or interest, which means
that the present process      The above-mentioned process may be carried
can also be used for electrodialysis (desalting pro-  45  out with one of
the following electrophoretic ap- cess). Especially the removal of
monovalent ions of  paratus belonging also to the subject of the present
strong acids or bases, e.g. [err] and [err] is very    invention: easy. For
the removal of monovalent ions of weak   All of said electrophoretic
apparatus basically com- acids and bases, e.g. ammonium and acetate, it Is
prise a flow chamber 8 connected with two contain- advantageous to use the
amphoteric isoelectric Im-  50  ers 5 and 12 each of which is filled,
independently mobiline membranes described below or rather       of the
other, with an immobilized pH-gradient or short pH-gradients, i.e.
gradients comprising only a  replaced by an immobilized pH-membrane, one of
comparatively small pH-range, e.g. 0.5 to 1.0 pH-  which gradients or
membranes having at Its ex- units, substantially removed from the pK-values
of  tremity connected with the flow chamber 8 an the respective weak acids
and bases. The removal  55  isoelectric point just below or equal to the
isoelec- of multivalent ions, e.g. sulphate, phosphate and  tric point of
the chemical compound to be purified citrate, takes more time, possibly due
to the inter-  and being connected at its other extremity  to the action of
these species with the Immobiline matrix,  anodic chamber 14 and the
remaining pH-gradient 6    11                EP0287513B1
12 or pH-membrane having at its extremity connected   respective pis, and
thus be forced to leave the 



with the flow chamber 8 an isoelectric point just  chamber 8 and focus
either in the lower or upper above or equal to the isoelectric point of
said    segments  12  or  5  of  the  immobilized chemical compound to be
purified and being con-    polyacrylamide gel or collect in the anodic or
ca- nected at its other extremity to the cathodic cham-   5   thodic
chambers 14 or 3 Given sufficient recycling ber 3
time under a voltage gradient, all impurities leave A schematic view of one
of several possible    the flow chamber 8 and the pure compound, e.g.
modifications of this novel electrophoretic appara-  isoelectric protein,
is recovered from  the flow tus is given in Fig. 1. A flow-chamber 8 is
con-   chamber 8 and the sample reservoir 11 originally nected to a sample
reservoir 11 which, in principle,  10  containing the feed. No further
manipulations or can hold any volume for processing via a pump 9    sample
extractions are needed, as the compound, recirculating the feed through the
electric field. In  e.g. protein, of interest stays all the time in the
general, the pump 9 is operated at maximum         liquid phase and does
not enter the gel. speed, e.g. 5 ml/min. Perpendicular to the hydrau-
The apparatus, which is assembled e.g. verti- lic flow 7, an electric field
is activated between two   15  cally or preferably horizontally, comprising
the an- plates 2 and 13, preferably made of platinum,      odic and
cathodic chambers 14 and 3, the gel which serves to electrophoretically
remove from    cylinders 12 and 5, the seals 10, 6 and 4 and the the flow
chamber 8 any ion or non-isoelectric am-  flow chamber 8 is connected to a
power supply 1. photeric species. The flow-chamber 8 is connected,  At
equilibrium, typical values are 1000 V, 3 mA and e.g. via upper and lower
O-ring seals 6 and 10, to  20   3 W, any other value being suitable for
separations two polyacrylamide gel cylinders 5 and 12, held in  provided
the generated heat can be removed by short glass tubes, fitted with jackets
19 for coolant  proper cooling. The sample flow-chamber 8 Is pro- flow 18
[19 and 18 are not shown in Fig. 1, but in  vided by a means to keep it at
a constant tempera- Fig. 2]. The upper tube is connected, e.g. via a
ture, and/or the feed is kept in a larger, jacketed water-tight O-ring seal
4, to the cathodic chamber  25  reservoir 11, coupled by way of some kind
of 3, containing in general a diluted base (e.g. 50 mM  tubing 15 to a
thermostat 17. It is advantageous to NaOH or ethanolamine, ethylendiamine,
isooonic     keep the sample vessel 11 under continuous, gen- lysine or
arginine), as is customary in conventional  tle stirring, otherwise, with
time, a denser stratum isoelectric focusing (IEF). The lower tube 12 bathes
could separate from a lighter one. Any pumping its extremity directly in an
anodic chamber 14, in  30  device 9, e.g. a peristaltic pump, is utilized
for general containing a diluted (strong or weak) acid,  recycling, which
is in general performed at maxi- such as acetic acid, phosphoric acid or
sulphuric  mum speed (e.g. 5 ml/min) so that the sample acid or isoionic
aspartic or glutamic acid solutions,  stays for as short a time as possible
in the flow just as routinely used in standard IEF. Obviously,  chamber 8,
thus avoiding any risk of thermal de- the O-ring seals may be replaced by
any other  35  naturation. This is one of the simplest set-ups for suitable
means for connecting the various parts of  operation. In principle, any
other probe or metering the apparatus.
device can be built around this apparatus if need- The novel feature of the
present fractionation  ed: e.g. a biosensors detection system, an im-
technique is that the flow-chamber 8 is delimited  munoelectrophoretic
equipment, a laser excited flu- by the extremities of a lower and a upper
40  orescence  detection  equipment, any  desired polyacrylamide gel
representing immobilized pH-    robotically coupled system, a device, e.g.
a flow- gradients or pH-membranes. Said pH-gradients are   electrode, for
pH measurements and control, a contained in the cylinders 12 and 5 which
are      device for radioisotop monitoring and/or a device, preferably made
from glass or another suitable     e.g. a flow-cell for conductivity
monitoring, as material to which the gel is able to adhere by   45
needed. Obviously, for special purposes, the sam- adhesive forces. By
arranging the extremities of   ple flow 7 could also be monitored in the
UV, or these two gel segments delimiting the flow-cham-   visible, or by
fluorescent observation with the stan- ber 8 to have isoelectric points
(pl) just below (on  dard equipment coupled to chromatographic col- the
anodic side) or equal to and just above (on the  umns for following the
rate of removal of some cathodic side) or equal to the isoelectric point of
60  components in the mixture. the desired compound, e.g. protein, under
purifica-    Fig. 2 shows a schematic extended view of tion, this compound
will in practice be titrated to its  about the same apparatus as depicted
in Fig. 1 pl and as such will not be able to leave the       without
showing the power supply 1, the stirrer 16 hydraulic flow 8, 7 and 11.
Conversely, all impuri-  and the thermostat 17 depicted in Fig. 1, but
show- ties having a different pl, e.g. proteinaceous impuri-  55  ing, in
addition to Fig. 1, the jackets 19 for coolant ties, accompanying the
compound under purifica-    flow 18 around the gel cylinders 5 and 12, as
well tion will automatically be [at the pH-value prevailing  as the various
components 3, 5, 6, 8, 10, 12 and 14 in the flow chamber 8] either above or
below their  in the correct position for assembly, but not yet 7    13
EP 0 287 513 B1                   14 assembled. The coolant flow 18 is
connected to a   arrangement, air bubbles tend to accumulate in the 



thermostat, e.g. 17, not shown in Fig. 2. Although  upper portion of the
flow chamber. This results in not shown in Fig. 2 (cf. however Fig. 1) the
sample  an uneven transport of impurities and hindrance of reservoir 11
should also be kept at a constant        the electric current flow. For the
removal of the air temperature, e.g. 2[err] since the isoelectric points
5   bubbles, the apparatus has to be disassembled depend on the
temperature. If desired, the flow    and positioned horizontally to
completeley remove chamber 8 may be also provided with jackets for    the
bubbles through the outlet stream. Further- coolant flow. Fig. 2, in
addition to Fig. 1, also  more, the lower IPG segment, immersed in the
shows a preferred form for the flow chamber 8: the  lower electrolyte
reservoir (in general the anode), inlet and the outlet for the hydraulic
flow 7 are  10  tends to swell. This forces the gel to protrude from bent,
one towards cylinder 12 and the other to-    the supporting tube and
eventually to detach from wards cylinder 5 Container 12, although depicted
the glass walls and fall out of its lodging. These with two
screw-on-connections can be plunged di-   problems are eliminated by a
horizontal apparatus, rectly into the anolyte solution in the electrode
e.g. as depicted in Fig. 8, provided with filters 21 at chamber 14.
15  all extremities of the IPG segments, for blocking Fig. 3 shows an
apparatus suitable, after as-   the Immobiline gel phases in situ. The
filters 21 are sembly of its components, for purifying two am-    stretched
in situ by an O-ring sitting on an annular photeric compounds, e.g. two
proteins, having dif-  ledge in the outer tube. forent isoelectric points
in the same apparatus and    In Fig. 1 to 3, the immobilized gel containers
5 the same time. Sample reservoirs 11a and 11b   20  and 12 are situated
opposite to each other. It is, contain the initial feed which may be the
same or  however, also possible to arrange them parallel to different.
Sample reservoir 11a is connected via   each other as shown in Fig. 4. Such
arrangement is some kind of tubing 7a with one of two flow cham-
especially suitable for large scale purification since bers 8a. Sample
reservoir 11b is connected via      more than two containers 5 and 12, e.g.
4, 6 etc., another tubing 7b with the second flow chamber  25   may be
immersed into the flow chamber 8. 8b. The flow chambers 8a and 8b are
separated          For most purposes the process and the ap- from each
other by an intermediate cylinder 20     paratus can be improved by
replacing at least one containing an immobilized pH-gradient. The ex-
of the pH-gradients by amphoteric isoelectric im- tremity of said
intermediate pH-gradient directed to  mobilized pH-membranes. Said
membranes may flow chamber 8b has a pH-value just higher, e.g.  30  be
regarded as very short pH-gradients covering +0.05 pH-units, than the
isoelectric point of the  only a very narrow pH-interval. Ideally, said pH-
desired compound in flow chamber 8b or the same    interval comprises zero
pH-units. Furthermore, the pH-value as the desired compound. The extremity
difference between the pH-values in the extremities of said intermediate
pH-gradient directed to flow-  of the pH-gradients or pH-membranes,
delimiting chamber 8a has a pH-value just lower, e.g. -0.05   35  the flow
chamber 8, may be also reduced  to zero, pH-units, than the isoelectric
point of the desired  i.e. the flow chamber may be delimited e.g. by two
compound in flow chamber 8a or the same pH-        membranes having the
same pH-value which is value as the desired compound. At the end of the
identical to the isoelectric point of the desired F process, the desired
purified species, e.g. pro-  compound. This fact is surprising and
facilitates the teins, are collected in chambers 8a/11a and   40   method
in that two identical membranes can be 8b/11b, any charged contaminants
having been       prepared instead of membranes differing from each
removed.                                           other. The use of
pH-membranes instead of pH- For analytical purposes, an apparatus accord-
gradients has the additional advantage of being ing to Fig. 1 may be used
wherein, however, the    cheaper. Furthermore, the generated heat may be
flow chamber 8 is closed in as much as it is not  45  removed more easily.
Therefore, pH-membranes connected to the sample reservoir 11. In this case,
25 and 26 will in most cases be preferred when the apparatus may be
arranged in horizontal posi-  large scale purifications have to be carried
out. tion, immersed into the same  coolant and rotated      The invention
relates also to an apparatus suit- around its axis. Instead of rotating the
entire ap-  able for being used in an isoelectric focusing elec- paratus,
the sample in the flow chamber may be   50  trophoretic process as herein
described, said ap- stirred, e.g. with a magnetic bar.
paratus comprising a flow chamber 8 connected It is not only advantageous
in the above-men-   directly or indirectly either tioned special case of a
closed flow chamber but      a) with two containers 5 and 12 each of which
is also in the usual case of an "open" flow chamber,    suitable for taking
up an immobilized pH-gra- having in-and outlets for the hydraulic flow, to
use   55  dient, or the electrofocusing apparatus in the horizontal posi-
b) with two devices for taking up immobilized tion with said in- and
outlets in vertical position, the  pH-membranes 25 and 26, or outlet being
situated above the inlet. In the vertical  c) with one container according
to a) above and 8    15                EP 0 287 513 B1                   16
with one device according to b) above, one of   closed, e.g. by parafilm,
until the polymerization 



which containers or devices being connected at  process is finished.
Polymerization proceeds for its other extremity to the anodic chamber 14
about 1 hour at 50 C (or for 2 hours at 37 C). and the remaining container
or device being     The upper IPG segment 5 (26 ml total volume) connected
at its other extremity to the cathodic   5   contains a pH 7.4-10.0 range,
(7 % T, 4 % C)- chamber 3.                                      matrix and
1 % carrier ampholytes in the same pH- The following examples illustrate
the invention  span and is prepared from the below-mentioned without
limiting it in any way.                   solutions a) and b) as follows:
a) The acidic dense solution (pH 7.4) is pre- Abbreviations:
10     pared from a mixture of 506 [err] of pK 3.6, 387 [err] of pK 7.0,
361 [err] of pK 8.5 and 46 [err] of pK 9.3 A:        Ampere
Immobilines (from stock 0.2M solutions), 0.6 ml C:        (if used to
describe the gel com-       Ampholine pH 7-10, 3.1 ml stock (30 % T, 4 %
position) percentage (by weight) of     C)-acrylamide and 3.6 ml glycerol
by adding total monomer T (cf. below) which   15  water to 13 ml. is due to
the crosslinking agent       b) The basic light solution (pH 10) is
prepared N,N'-methylene-bis-acrylamide hav-     from a mixture of 93 [err]
of pK 3.6, 335 [err] of pK ing the formula [err]                 7.0, 362
[err] of pK 8.5 and 289 [err] of pK 9.3 [err]
Immobilines, 0.6 ml Ampholine pH 7-10 (all Am- IPG:      immobilized
pH-gradient          20     pholines from stock 40 % solutions) and 3.1 ml
pl:        isoelectric point                       of stock (30 % T, 4 %
C)-acrylamide by adding T:       total concentration [g/100 ml, i.e.
water to 13 ml. weight per volume per cent] of ac-       Once transferred
to the gradient mixer, solu- rylamide and N,N'-methylene-bis-     tions a)
and b) are each added with catalysts acrylamide                      25
(TEMED and ammonium persulphate, in this order) TEMED:   N,N,N',N-
as above. tetramethylethylenediamine           The outlet of that gradient
mixer is connected with V:        Volt
chamber 5 the lower end of which is provisionally W:        Watt
closed. 30  After the polymerization is complete the means Example 1:
purification of a protein mixture      used for provisionally closing
chambers 5 and 12 are removed and said chambers containing the The
experimental set-up is as in Fig. 1 and 2.  thus prepared IPG-gels are
built into the elec- The lower IPG segment 12 having a total volume of
trophoretic apparatus depicted in Fig. 1. All non- 26 ml contains a pH of
3.5-7.2 range (7 % T, 4 %    35  amphoteric ions (ungrafted Immobilines,
catalysts, C)-matrix and 1 % carrier ampholytes in about the  buffers,
etc.) are removed from the gel, prior to same pH interval and is prepared
from an acidic   sample application, by pre-running for 5 hours at 5 dense
solution and a basic light solution by means  W/1000 Volt. Thus the flow
chamber 8 is confined of a suitable gradient mixer as follows:          to
a narrow pH interval (pH 7.2-7.4) centred on the The acidic dense solution
is prepared from a mix-  40  pl (7.30) of human adult hemoglobin (pl
typical of ture of 685 [err] of pK 3.6, 223 [err] of pK 4.6, 226 [err] of
human adult hemoglobin A [HbA] in an IPG gel at pK 6.2, 118 [err] of pK 7.0
and 154 [err] of pK 8.5     10[err]. 70 mg total lysate from a heterozygous
Immobilines (from stock 0.2M solutions), 0.6 ml   from human adult
hemoglobin C [HbC] (containing Ampholine[err] pH 3.5-7.0, 3.1 ml stock (30
% T, 4 %  ca. 60 % HbA and 40 % HbC), dissolved in 25 ml C)-acrylamide and
3.6 ml glycerol by adding water  45  of 0.5 % carrier ampholytes pH 6-8 are
recycled in to 13 ml.                                         the
prefocused apparatus under 1000 Volt con- The basic light solution is
prepared from a    stant. At 30 minute intervals 30 [err] are sampled and
mixture of 124 [err] of pK 3.6, 511 [err] of pK 4.6, 347  kept at 4[err]
for subsequent analysis. The experi- [err] of pK 6.2, 139 [err] of pK 7.0,
310 [err] of pK 8.5 and  ment is terminated with the last sampling after 23
238[err] of pK 9.3 Immobilines, 0.6 ml Ampholine pH   50  hours. The
aliquots are analyzed in a (5 % T, 4 % 3.5-7.0 and 3.1 ml of stock (30 % T,
4 % C)-      C)- IPG gel in the pH 6.5-8.5 span. The results acrylamide by
adding water to 13 ml.              obtained by densitometric scans of the
peaks of Once transferred to a suitable two-chamber-       HbA and HbC with
a laser densitometer (provided gradient-mixer, 10 [err] of TEMED and 13
[err] of 40 %  by LKB) are presented in fig. 5 depicting along the ammonium
persulphate are added to each of the   55  x-axis the time [hours] and
along the y-axis the abovementioned solutions.
amount [mg] of HbA and HbC. Curve I (triangles) The outlet of the gradient
mixer is connected with  refers to HbA and curve 11 refers to HbC. It is
seen chamber 12 the lower end of which is provisionally  that, while HbA
stays constant for the duration of 9    17                EP0287513B1
18 the experiment, HbC is progressively removed till,  chloride. 



at 23 hours, it cannot any longer be detected. After 13 hours of recycling,
HbA is at least 95 % pure  Example 4: purification of N-acetyl-Eglin C
while, after 23 hours, it is more than 99.5 % pure. 5     a) The
isoelectric point of N-acetyl-Eglin C (p) = Example 2: removal of dyes from
a protein           5.5) is determined on Ampholine PAG-plates pH 3.5 -
9.5, 5 % T, 3 % C, 2.2 % Ampholine In order to evaluate the performance of
the      concentration. apparatus depicted in Fig. 1 as an electrodialysis
Ca. 350 [err] total protein are applied in each unit, the kinetics of
removal of colored dyes (in the  10    pocket (in volumes up to 20[err] and
then focus- form of salts) from protein mixtures are evaluated.  ing is
performed at 10 W limiting, 10 mA, and In the anodic arm 12 an IPG pH
3.5-7.2 gel and in   1000 V at equilibrium. The analytical runs are in the
cathodic arm 5 an IPG pH 7.4-10 gel is poly-    general finished within 2
hours and then the gels merized. Thus the feed is kept at a pH between 7.2
are fixed and stained with Coomassie Blue. and 7.4. The feed comprises a
solution of 40 mg of  15  The fixing solution is prepared by dissolving
purified human adult hemoglobin A in 0.5 % Am-       15 g trichloroacetic
acid in double distilled water pholine pH 6-8 added with 10 mg of an acidic
dye    and adding double distilled water up to a total (bromophenol blue)
and with 10 mg of a basic dye    volume of 100 ml. 'uidine blue) (25 ml
total volume). The removal       The staining solution is prepared by
dissolv- or said dyes subjected to 1000 V constant is fol-  20    ing 0.46
g of Coomassie Blue R 250 in 400 ml lowed by sampling 30[err] at given time
intervals     of the below-mentioned destaining solution. The from the
sample reservoir and assessing the resid-  obtained solution is heated to
60[err] and filtered ual amounts by spectrophotometric readings at 600
before use. The above-mentioned destaining so- nm. The results are shown in
Fig. 6, depicting      lution is prepared by adding double distilled along
the x-axis the time [hours] and along the y-  25  water to 500 ml of
ethanol up to a total volume axis the amounts [mg] of the two dyes. Curve I
of 1000 ml (solution 1), by adding double dis- (triangles) shows the
cathodic migration of toluidine  tilled water to 80 ml of acetic acid up to
a total blue and curve 11 refers to the anodic migration of  volume of 1000
ml (solution 11) and mixing solu- bromophenol blue. As shown in Fig. 6,
after 2       tions I and II in a ratio of 1:1 (v/v) before use. hours
essentially all of the dyes has been removed   30  b) For the manufacture
of two amphoteric, from the flow chamber, leaving behind the desalted
isoelectric Immobiline membranes, pH  5.5, hemoglobin sample. The rate of
withdrawal seems     10.512 ml of a 0.2 M solution of Immobiline pK to
follow a first order reaction kinetic, as a plot (not  4.6 and 9.664 ml of
a 0.2 M solution of Im- shown) of log concentration vs. time is linear. The
mobiline pK 9.3 are mixed and diluted with shape of the toluidine blue
curve I is initially steep-  35  double distilled water to a total volume
of 30.0 er than that of bromophenol blue, but the measure-  ml. The
pH-value of the solution thus obtained is ments are complicated by the fact
that this dye     determined by means of a pH-meter to be 5.5. ems to
consist of a family of three components,   To said solution 40.0 ml of
solution A (cf. be- three blue zones were seen migrating in the    low),
1.5 ml Ampholine pH  5 - 7, 96 [err] TEMED, upper gel.
40     120 [err] of solution B (cf. below) and double- distilled water up
to a total volume of 120.0 ml Example 3: protein desalting
are added. The above-mentioned solution A is prepared by dissolving 28.8 g
acrylamide and 30 ml of a solution of human adult hemoglobin    1.2 g
N,N'-methylene-bis-acrylamide in double A (HbA) are rendered 50 mM in NaCl
and recycled   45  distilled water and adding Water up to a total in the
apparatus depicted in Fig. l at 10 W con-    volume of 100 ml. The
above-mentioned solu- stant and at 2[err]. The recycling chamber is delim-
tion B is prepared by dissolving 400 mg ammo- ited by a pH 7.2 floor and a
pH 7.4 ceiling. The    nium persulphate in 880 [err] of double distilled
recycling speed is 10 ml/min. At the given time     water. intervals, 2 ml
aliquots are harvested, thermostated   50  60.0 ml of the obtained solution
are filled at 25[err] and monitored with an Analytical Control    into each
of two apparatus described below (cf. conductivity meter 101  fitted with
an Orion con-   c) and polymerised at 50 C for one hour. ductivity cell.
The conductivity measurements are   c) The apparatus mentioned above used
for converted into residual millimoles of NaCl. Desal-  preparing the
membranes comprises a plate ting is essentially completed in two hours. The
55  made from  an  Inert material, e.g. poly- kinetics of desalting of HbA
are shown in Fig. 7    tetrafluorethylene (Teflon[err]), which does not or
depicting along the x-axis the time [hours] and     only to a negligible
degree adhere to the poly- along the y-axis the quantity [millimole] of
sodium  merisate. On said plate a round perforated dis- 10    19
EP 0287 513 B1                     20 que (22) is placed which is separated
from said    146 785) is dissolved in 100 ml of 0.2 % carrier 



plate by a ring-shaped gasket (23) having a        ampholytes pH  5 - 7 and
recycled  (20 diameter of 9 cm and a height of 1 mm. Fig. 9      ml/minute)
in the prefocused apparatus under shows the view from below at said disque,
Fig.     500 Volt constant and 10 mA/5 W  in a cold 10 the view from above
and Fig. 11 the cross   5   room (+ 5[err]. At 30 minute intervals 100
[err] are sectional along view line XI-XI depicted in Fig. 9.  sampled and
kept at 4[err] for subsequent analy- The solution to be polymerised is
filled through   sis. The experiment is terminated with the last the holes
24 of the perforated disque.             sampling after 5 hours. The
aliquots are ana- d) The membranes obtained according to the         lyzed
in an Ampholine PAG-plate pH 3-5 - 9-5, procedure described above together
with the   10   5% T, 3% C, 2.2 % Ampholine concentration. It perforated
carrier plates 22 are then built into a  is seen that all impurities are
removed after 3 cylinder having an inner diameter of about 9.5     hours of
recycling. cm and a height between the membranes of            If desired,
the solutions in the cathodic 3 and about 3 cm. Said cylinder is fitted
with an inlet  anodic 14 chambers may be pumped to a waste 31 and an outlet
30 opposite to each other for  15  line at a speed of e.g. 5 ml/minute and
regenerated the hydraulic flow 7 and is used as flow cham-   from big
reservoirs. ber 8. If desired a millipore filter (8 [err] made from
cellulose-acetate or 6,6-polyamide (Nylon)  Example 5: membranes having
different buffering or something like that, e.g. a polypropylene fil-
capacity ter, may be placed between the pH-membranes   20 25 and 26 and the
hydraulic flow 7 preventing       Analogs of the pl = 5.50 membranes
disclosed the substance to be purified (e.g. N-acetyl-Eglin  in Example 4
are prepared to incorporate a 10 mM, C) from direct contact with the
isoelectric mem-  40 mM  or 100 mM  concentration of the Im- branes. The
entire electrofocusing apparatus is  mobilines. assembled wherein the
above-mentioned cyl-  25      While the 10 and the 40 mM "membranes" inder
with the built-in membranes replaces the   exhibit correct electroosmotic
properties and yield flow chamber 8 and the immobilized pH-gra-
accurate experimental pl values, the 100  mM sur- dients 5 and 12.
Preferably, said cylinder is   face exhibits much larger dispersion and
shows used in the horizontal position with the in-and  anomalous flow
profiles in the pH range surround- outlet for the hydraulic flow 7 in
vertical position,  30  ing the pl. It seems thus reasonable to set an the
outlet being situated above the inlet . The   upper molarity limit of about
50 mM of each Im- advantage of said horizontal arrangement in      mobiline
in the "membrane". comparison to the vertical assembly is that air bubbles
are spontaneously removed.               Claims Fig. 12 shows a
cross-sectional view of the  35 assembled apparatus. A cylindrical tube Is
seg-  1. An isoelectric focusing electrophoretic process mented by the
supported pH-membranes 22             for the separation and purification
of an am- into the cathodic chamber 3, the flow chamber 8     photeric or
neutral chemical compound, solu- and the anodic chamber 14. The cathode 2
and        ble in a solvent suitable for said process, from the anode 13
are connected via plugs 32 to the   40  one or more electrically charged
chemical power supply 1 [not shown]. The hydraulic flow      compound(s),
soluble in said solvent, said pro- 7 enters the flow chamber 8 via the
inlet 31 and    cess being carried out by using an elec- leaves it via the
outlet 30. The electrolyte solu-  trophoretic apparatus, wherein the
electric flow, tion in the cathodic and anodic chambers may        passing
through the electrophoretic matrix, is be renewed via the in- and outlets
27 and 28   45   coupled to a hydraulic flow, the direction of The various
parts of the apparatus are held         said electric flow being different
from that of together by means of four thread poles 29 which     said
hydraulic flow, said hydraulic flow com- are inserted through the holes 33.
prising a solution of said compound in said e) The assembled
electrofocusing apparatus Is       solvent and segmenting said matrix into
two prerun for 1 hour at 500 volt, 25 mA and 10 W    so  parts, one part,
(5) or (25), being located at the in a cold room (+ 5C) with the flow
chamber        cathodic side and the other, (12) or (26), being full of
liquid but without the N-acetyl Eglin C-     located at the anodic side,
characterized in that sample to be purified. Then, the flow chamber is
said amphoteric or neutral chemical compound emptied and filled with the
sample to be puri-      is kept in an isoelectric or uncharged state fied.
55       within the hydraulic flow (7), (8) and (11), and f) 1 g of the
sample containing recombinant         said charged chemical compound(s) is
(are) DNA-N-acetyl Eglin C (purity: 80 %, prepared        removed from the
hydraulic flow by the electric according to the European patent application
no.    flow into at least one of said parts of said    19
EP0287513B1                        20 que (22) is placed which is separated
from said    146 785) is dissolved in 100 ml of 0.2 % carrier plate by a
ring-shaped gasket (23) having a       ampholytes pH  5 - 7 and  recycled
(20 



diameter of 9 cm and a height of 1 mm. Fig. 9      ml/minute) in the
prefocused apparatus under shows the view from below at said disque, Fig.
500 Volt constant and 10 mA/5 W in a cold 10 the view from above and Fig.
11 the cross   5   room (+ 5[err]. At 30 minute intervals 100[err] are
sectional along view line XI-XI depicted in Fig. 9.  sampled and kept at
4[err] for subsequent analy- The solution to be polymerised is filled
through   sis. The experiment is terminated with the last the holes 24 of
the perforated disque.             sampling after 5 hours. The aliquots are
ana- d) The membranes obtained according to the         lyzed in an
Ampholine PAG-plate pH 3-5 - 9-5, procedure described above together with
the   10   5% T, 3% C, 2.2 % Ampholine concentration. It perforated carrier
plates 22 are then built into a  is seen that all impurities are removed
after 3 cylinder having an inner diameter of about 9.5     hours of
recycling. cm and a height between the membranes of           If desired,
the solutions in the cathodic 3 and about 3 cm. Said cylinder is fitted
with an inlet  anodic 14 chambers may be pumped to a waste 31 and an outlet
30 opposite to each other for  15  line at a speed of e.g. 5 ml/minute and
regenerated the hydraulic flow 7 and is used as flow cham-  from big
reservoirs. ber 8. If desired a millipore filter (8[err] made from
cellulose-acetate or 6,6-polyamide (Nylon)  Example 5: membranes having
different buffering or something like that, e.g. a polypropylene fil-
capacity ter, may be placed between the pH-membranes   20 25 and 26 and the
hydraulic flow 7 preventing       Analogs of the pl = 5.50 membranes
disclosed the substance to be purified (e.g. N-acetyl-Eglin  in Example 4
are prepared to incorporate a 10 mM, C) from direct contact with the
isoelectric mem-  40 mM  or 100 mM  concentration of the Im- branes. The
entire electrofocusing apparatus is  mobilines. assembled wherein the
above-mentioned cyl-  25      While the 10 and the 40 mM "membranes". inder
with the built-in membranes replaces the  exhibit correct electroosmotic
properties and yield flow chamber 8 and the immobilized pH-gra-
accurate experimental pl values, the 100 mM sur- dients 5 and 12.
Preferably, said cylinder is   face exhibits much larger dispersion and
shows used in the horizontal position with the in-and  anomalous flow
profiles in the pH range surround- outlet for the hydraulic flow 7 in
vertical position,  30  ing the pl. It seems thus reasonable to set an the
outlet being situated above the inlet. The  upper molarity limit of about
50 mM of each Im- advantage of said horizontal arrangement in     mobiline
in the "membrane". comparison to the vertical assembly is that air bubbles
are spontaneously removed.              Claims Fig. 12 shows a
cross-sectional view of the   35 assembled apparatus. A cylindrical tube is
seg-  1. An isoelectric focusing electrophoretic process mented by the
supported pH-membranes 22             for the separation and purification
of an am- into the cathodic chamber 3, the flow chamber 8     photeric or
neutral chemical compound, solu- and the anodic chamber 14. The cathode 2
and        ble in a solvent suitable for said process, from the anode 13
are connected via plugs 32 to the   40  one or more electrically charged
chemical power supply 1 [not shown]. The hydraulic flow      compound(s),
soluble in said solvent, said pro- 7 enters the flow chamber 8 via the
inlet 31 and    cess being carried out by using an elec- leaves it via the
outlet 30. The electrolyte solu-  trophoretic apparatus, wherein the
electric flow, tion in the cathodic and anodic chambers may        passing
through the electrophoretic matrix, is be renewed via the in- and outlets
27 and 28.  45   coupled to a hydraulic flow, the direction of The various
parts of the apparatus are held         said electric flow being different
from that of together by means of four thread poles 29 which     said
hydraulic flow, said hydraulic flow com- are inserted through the holes 33
prising a solution of  said compound in said e) The assembled
electrofocusing apparatus is       solvent and segmenting said matrix into
two prerun for 1 hour at 500 volt, 25 mA and 10 W    50  parts, one part,
(5) or (25), being located at the in a cold room (+5[err] with the flow
chamber        cathodic side and the other, (12) or (26), being full of
liquid but without the N-acetyl Eglin C-    located at the anodic side,
characterized in that sample to be purified. Then, the flow chamber is
said amphoteric or neutral chemical compound emptied and filled with the
sample to be puri-     is kept in an isoelectric or uncharged state fied.
55       within the hydraulic flow (7), (8) and (11), and f) 1 g of the
sample containing recombinant         said charged chemical compound(s) is
(are) DNA-N-acetyl Eglin C (purity: 80 %, prepared        removed from the
hydraulic flow by the electric according to the European patent application
no.   flow into at least one of said parts of said    21                 EP
0 287 513 B1                   22         * C    L  M  S  * matrix, or by
way of at least one of said parts    ing a peptide or protein moiety, each
of which into at least one of the electrolyte solution      having an
isoelectric point between pH 3 and reservoirs (3) and (14).
10. 



2. A process according to claim 1, wherein said   6   9. A process
according to claim 8 wherein the parts, independently of each other,
represent      chemical compound to be purified is a peptide, immobilized
pH-gradients (5) and (12), each        protein or compound containing a
peptide or having conductivity and both buffering and titr-   protein
moiety, each of which having an ant capacity in its pH-interval, or
amphoteric     isoelectric point between pH 5 and 9. isoelectric
immobilized pH-membranes (25)  10 and (26), each having conductivity and
both    10. A process according to claim 4, 8 or 9 wherein buffering and
titrant capacity at a specific pH-   the isoelectric points of the
amphoteric com- value.                                             pound to
be purified and of the undesired amphoteric compounds to be removed differ
3. An isoelectric focusing electrophoretic process   15  by at least 0.001
pH-units. according to claim 1 or 2 for the separation and purification of
an amphoteric or neutral    11. A process according to claim 10 wherein
said chemical compound soluble in a solvent suit-       isoelectric points
differ by at least 0.05 pH- able for said process from one or more elec-
units. trically charged chemical compound(s) soluble  20 in said solvent
characterized in that the electric  12 A process according to claim 10 or
11 wherein flow is coupled to a hydraulic flow the direction  said
isoelectric points differ by not more than of which is different from that
of the electric    0.2 pH-units. flow and that the desired amphoteric or
neutral chemical compound is kept isoelectric or un-  25  13. A process
according to any one of claims 1-12 charged within the hydraulic flow (7),
(8) and     wherein the direction of the hydraulic flow is (11) whereas the
charged chemical com-            orthogonal to the direction of the
electric flow. pounds are removed from the hydraulic flow by the electric
flow into at least one of the   14. A process according to any one of
claims 1-13 immobilized pH-gradients (5) and (12) or via  30   wherein the
direction of the hydraulic flow (7) said pH-gradients into at least one of
the elec-   is such that air bubbles are removed from the trolyte solution
reservoirs (3) and (14).          flow chamber (8). 4. A process according
to anyone of claims 1 to    15. A process according to any one of claims
2-14 3 for the separation and purification of an am-  35  wherein the
immobilized pH-gradients have photeric chemical compound from one or more
both buffering and titrant capacity in their pH- amphoteric chemical
compounds the isoelec-         interval and contain an amount of ampholytes
tric points of which are sufficiently different    in the same pH-interval
ensuring sufficient con- from the isoelectric point of the desired com-
ductivity. pound which is kept isoelectric within the hy-  40 draulic flow.
16. A process according to any one of claims 2-15 wherein the immobilized
pH-gradients and pH- 5. A process according to any one of claims 1 to
membranes have controlled buffering and titr- 4 for the separation and
purification of an am-    ant capacity, pH-value and conductivity and
photeric chemical compound from one or more  45    can be prepared in a
reproducible manner. salts. 17. A process according to any one of claims
1-16 6. A process according to claim 5 wherein the          wherein the
desired compound is present in an salts are salts of monovalent acids and
bases.     aqueous solution. 50 7. A process according to claim 5 wherein
the      18. A process according to any one of claims 4-17 salts are salts
of di- or multivalent acids and    wherein the isoelectric points in the
extremities bases or salts of di- or multivalent acids or      of the
pH-gradients or membranes adjacent to bases.
the flow chamber (8) are equal to or just below 55     the isoelectric
point of the amphoteric chemi- 8. A process according to any one of claims
1 to       cal compound to be purified (anodic side) and 7 wherein the
chemical compound to be puri-        equal to or just above the isoelectric
point of fled is a peptide, protein or compound contain-    said amphoteric
chemical compound to be pu- 12    23                EP 0 287 513 B1
24       [err] rified (cathodic side).                           to 19
comprising a flow chamber (8) connected with two containers (5) and (12)
each of which 19. A process according to any one of claims 4-18     is
filled with an immobilized pH-gradient, one wherein the pH-value within the
hydraulic flow    of which gradients having at its extremity con-
corresponds to the isoelectric point of the de-   5  nected with the flow
chamber (8) an isoelectric 



sired compound.                                   point just below the
isoelectric point of the amphoteric chemical compound to be purified 20. An
isoelectric focusing electrophoretic appara-   and being connected at its
other extremity to tus suitable for being used in a process ac-      the
anodic chamber (14) and the remaining cording to any one of claims 4 to 19
compris-  10  pH-gradient having at its extremity connected ing a flow
chamber (8) connected directly or      with the flow chamber (8) an
isoelectric point indirectly either                                just
above the isoelectric point of said am- a) with two containers (5) and (12)
each of     photeric chemical compound to be purified and which is suitable
for taking up an immo-        being connected at its other extremity to the
bilized pH-gradient, or                15      cathodic chamber (3). b)
with two devices for taking up immo- bilized pH-membranes (25) and (26), or
23. An apparatus according to claim 20, 21 or 22 c) with one container
according to a) above     wherein the flow chamber (8) is connected via and
with one device according to b) above,      a pump (9) with a sample
reservoir (11). one of which containers or devices being   20 connected at
its other extremity to the an-  24. An apparatus according to any one of
claims odic chamber (14) and the remaining con-       20 to 23 fitted with
a device for keeping the tainer or device being connected at its other
pH-gradients and the sample at a constant extremity to the cathodic chamber
(3).         temperature. 25 21. An isoelectric focusing electrophoretic
appara-  25 An apparatus according to any one of claims tus according to
claim 20 suitable for carrying   20 to 24 fitted by at least one of the
following out a process according to any one of claims 4    devices: a
device for pH-measurements and to 19 comprising a flow chamber (8)
connected     control, a device for conductivity monitoring, a directly or
indirectly either            30      biosensors detection system, an
immunoelec- a) with two containers (5) and (12) each of    trophoretic
equipment, a laser excited fluores- which is filled with an immobilized
pH-gra-     cence detection equipment, a robotically coup- dient having
conductivity and both buffering    led system, a device for radioisotop
monitoring and titrant capacity in its pH-interval, or     or a device for
monitoring the sample solution b) with two amphoteric isoelectric immo-  35
in the UV, or visible or by fluorescent observa- bilized pH-membranes (25)
and (26) having       tion. conductivity and both buffering and titrant
capacity at a specific pH-value, or         26. An apparatus according to
any one of claims c) with one pH-gradient according to a)         20 to 25
fitted with a device for the mechanical above and with one pH-membrane
accord-  40      support of the pH-gradient gel in containers (5) ing to b)
above, the isoelectric points in the  and 12) or of the gel in the
pH-membranes. extremities of the pH-gradients or mem- branes adjacent to
the flow chamber (8)     27. An apparatus according to any one of claims
being equal to or just below the isoelectric   20 to 26 comprising 2 and
not more than 2 pH- point of the amphoteric chemical compound   45
membranes. to be purified (anodic side) and equal to or just above the
isoelectric point of said am-  28. An apparatus according to any one of
claims photeric chemical compound to be purified       20 to 26 suitable
for the simultaneous purifica- (cathodic side), one of which pH-gradients
tion of two amphoteric or neutral compounds or pH-membranes being connected
at its  50      comprising two separate flow chambers (8a) other extremity
to the anodic chamber (14)      and (8b) separated from each other by an
and the remaining pH-gradient or pH-mem-        intermediate immobilized
pH-gradient (20) or brane being connected at its other extremity    one or
two pH-membranes. to the cathodic chamber (3). 55  29. An apparatus
according to any.one of claims 22. An isoelectric focusing electrophoretic
appara-   20 to 28 arranged in such a position that air tus according to
claim 20 suitable for carrying   bubbles are removed from the flow chamber
out a process according to any one of claims 4    (8) by the hydraulic flow
(7). 13    25                EP 0 287 513 B1                    26 30. An
apparatus according to any one of claims       besitzt, oder amphotere
isoelektrische immobi- 21 to 29 wherein the immobilized pH-gradients
lisierte pH-Membranen (25) und (26), wobei and pH-membranes have controlled
buffering        jede eine Leiffahigkeit und sowohl Pufferungs- and titrant
capacity, pH-value and conductivity   als auch Titrationskapazitit bei
einem  be- and can be prepared in a reproducible manner.   5  stimmten
pH-Wert besitzt, repr~sentieren. 



31. An apparatus according to any one of claims    3. Isoelektrisches,
elektrophoretisches Fokussie- 21 to 30 wherein the immobilized pH-gradients
rungsverfahren nach Anspruch 1 oder 2 zur and pH-membranes have controlled
buffering         Trennung und Reinigung einer amphoteren and titrant
capacity and contain ampholytes in  10  odor neutralen chemischen
Verbindung. die in an amount ensuring sufficient conductivity.        einem
fUr besagtes-Verfahren geeigneten Lo- sungsmittel loslich ist, von einer
oder mehre- 32. An apparatus according to any one of claims       ren
elektrisch   geladenen   chemischen 20 to 31 fitted with in- and outlets
(27) and      Verbindung(en), Idslich in besagtem Losungs- (28) for
renewing the electrolyte solutions in  is  mittel, dadurch gekennzelchnet,
dab der the cathodic and anodic chambers (3) and           elektrische FluB
an einen hydraulischen FluB (14).
gekoppelt ist, dessen Richtung unterschiedlich von dem des elektrischen
Flusses ist, und daB PatentansprUche
die gewanschte amphotere oder neutrale che- 20      mische Verbindung
isoelektrisch odor ungela- . Isoelektrisches elektrophoretisches Fokussier-
den innerhalb des hydraulischen Flusses (7), verfahren zur Trennung und
Reinigung einer        (8) und (11) gehalten wird, wohingegen die
amphoteren oder neutralen chemischen Ver-          geladenen chemischen
Verbindungen mittels bindung, die in einem fOr das besagte Verfah-      des
elektrischen Flusses aus dem hydrauli- ren geeigneten Losungsmittel loslich
ist, von   25  schen FluB in wenigstens einen der immobili- einer odor
mehreren elektrisch geladenen che-      sierten pH-Gradienten (5) und (12)
oder Ober mischen Verbindung (en), die in besagtem Lo-       besagte
pH-Gradienten in wenigstens einen sungsmittel loslich sind, wobei das
besagte        der Elektrolytl6sungsreservoirs (3) und (14) Verfahren
mittels einer elektrophoretischen Ap-    entfernt werden. paratur
durchgefUhrt wird, worin der elektrische   30 FluB, welcher durch eine
elektrophoretische    4. Verfahren nach den AnsprUchen 1 bis 3 zur Matrix
passiert, an einen hydraulischen FluB       Trennung und Reinigung einer
amphoteren gekoppelt ist, die Richtung des genannten          chemischen
Verbindung von einer oder mehre- elektrischen husses unterschiedlich zu der
ren amphoteren chemischen Verbindungen, des genannten hydraulischen Flusses
ist, die-  35  deren isoelektrischer Punkt. sich ausreichend ser
hydraulische FluB eine Losung besagter         von dem isoelektrischen
Punkt der gewOnsch- Verbindung in besagtem L6sungsmittel enthalt      ten
Verbindung unterscheidet, welche inner- und genannte Matrix in zwei Telle
teilt, ein Teil,  halb des hydraulischen Flusses isoelektrisch (5) odor
(25), befindet sich auf der Kathoden-     gehalten wird. seite und der
andere, (12) oder (26), auf der  40 Anodenseite, dadurch gekennzelchnet,
dab       5. Verfahren nach den AnsprUchen 1 bis 4 zur die besagte
amphotere oder neutrale chemi-         Trennung und Reinigung einer
amphoteren sche Verbindung in einem isoelektrischen oder      chemischen
Verbindung von einem odor meh- ungeladenen Zustand innerhalb des hydrauli-
reren Salzen. schen Flusses (7), (8) und (11) gehalten wird  4s und besagto
geladene chemische Verbindung      6. Verfahren nach Anspruch 5, worin die
Salze (en) mittels des elektrischen Flusses aus dem      Salze von
einwertigen Sauren odor Basen hydraulischen FluB in wenigstens eine der
bei-    sind. den bezeichneten Teile besagter Matrix oder mittels
wenigstens einem  der bezeichneten   5o  7. Verfahren nach Anspruch 5,
worin die Salze Teile in wenigstens eine der Elektrolytl6sungs-    Salze
von zwei- oder mehrwertigen Sauren reservoirs (3) und (4) enffernt wird
(werden).     oder Basen odor Salze von zwei oder mehr- wertigen Sauren
odor Basen sind. 2. Verfahren nach Anspruch 1, worin besagte Tei- ls,
unabhangig voneinander immobilisierte pH-  55  8. Verfahren nach den
AnsprOchen 1 bis 7, worin Gradienten (5) und (12), wobel jeder eine Leit-
die zu reinigende chemische Verbindung -ein fahigkeit und sowohl eine
Pufferungs- als auch     Peptid, ein Protein odor eine Verbindung, wel-
eine Titrationskapazitat in seinem pH-lntervall    che einen Peptid- oder
Proteinteil esitzt, ist, 14    27                 EP 0 287 513 B1
28       I I!IIIII huH   11111  B I!l wovon jedes einen isoelektrischen
Punkt zwi-       zur Str6mungskammer (8) gleich oder gerade schen pH 3 und
10 hat.                             unterhalb des isoelektrischen Punktes -
der amphoteren zu reinigenden chemischen Ver- s.'. Verfahren nach Anspruch
8, worin die zu reini-     bindung (Anodenseite) und gleich oder gerade
gende chemische Verbindung ein Peptid, ein   5     oberhalb des
isoelektrischen Punktes der be- Protein oder eine Verbindung, welche elnen
zeichneten amphoteren zu reinigenden chemi- 



Peptid- oder Proteinteil besitzt, ist, wovon je-   schen Verbindung
(Kathodenseite) sind. des einen isoelektrischen Punkt zwischen pH 5 und 9
hat.                                     19. Verfahren nach den Ansprichen
4 bis 18, wor- 10     in der pH-Wert innerhalb des hydraulischen 10.
Verfahren nach Anspruch 4, 8 oder 9, worin        Flusses dem
isoelektrischen Punkt der ge- die isoelektrischen Punkte der zu reinigenden
wUnschten Verbindung entspricht. amphoteren Verbindung und der unerwOnsch-
ten zu enffernenden amphoteren Verbindung      20. Isoelektrischer
elektrophoretischer Fokussier- sich in mindestens 0,001 pH-Einheiten unter-
15   apparat, welcher geeignet flr ein Verfahren scheiden.
nach den Ansprlchen 4 bis 19 ist, enthaltend eine Str6mungskammer (8),
welche direkt oder 11. Verfahren nach Anspruch 10, worin benannte
indirekt verbunden ist entweder isoelektrische Punkte sich in wenigsten
0,05         a) mit zwel Behdltern (5) und (12), von Kti  plIH-Einheiten
voneinander unterscheiden.   20        denen jeder geeignet ist, einen
Immobili- sierten pH-Gradienten aufzunehmen 12. Verfahren nach Anspruch 10
oder 11, worin            oder besagte isoelektrische Punkte sich in nicht
b) mit zwei Vorrichtungen, urn die immobili- mehr als 0,2 pH-Einheiten
voneinander unter-         sierten pH-Membranen (25) und (26) aufzu-
scheiden.                                 25         nehmen oder 13.
Verfahren nach den AnsprUchen 1 bis 12, wor-         c) mit einem Behalter
entsprechend oberern in die Richtung des hydraulischen Flusses            a
und mit einer Vorrichtung entsprechend senkrecht zur Richtung des
elektrischen Flus-        oberem b, wobei einer der Behliter oder ses ist.
30         Vorrichtungen mit seinem (ihrem) anderen Ende mit der
Anodenkammer (14) und ,der 14. Verfahren nach den AnsprUchen 1 bis 13, wor-
andere Behalter oder :Vorrichtung mit sel- in die Richtung des
hydraulischen Flusses (7)        nem (ihrem) anderen Ende mit der Katho-
dergestalt !st, daB Luftblasen aus der Str6-         denkammer (3)
verbunden !st. mungskammer (8) entfemt werden.           35 21.
Isoelektrischer elektrophoretischer Fokussier- 15. Verfahren nach den
Ansprlchen 2 bis 14, wor-      apparat nach Anspruch 20, der geeignet ist,
in die immobilisierten pH-Gradienten sowohl        urn en Verfahren nach
den AnsprUchen 4'bis \,X,   Pufferungs - als auch Titrationskapazitat in
ih-   19 durchzufUhren und eine Str6mungskammer rem pH-lntervall haben und
eine Menge an   4o     (8) einschlielt, welche dIrekt oder indirekt ver-
Ampholyten im gleichen pH-lntervall zur Si-        bunden ist entweder
cherstellung elner ausreichenden Leitffhigkeit       a) mit zwei Behaltem
(5) und (12) von de- enthalten.
nen jeder mit elnem  immobilislerten. pH- Gradienten gefOUlt ist, welcher
eine Leiffa- 16. Verfahren nach den AnsprUchen 2 bis 15, wor-  45
higkeit und sowohl eine Pufferungs- als in die immobilisierten
pH-Gradienten und pH-         auch eine Titrationskapazltat in seinem pH-
Membranen kontrollierte Pufferungs- und Titra-       Intervall besitzt,
tionskapazitgt, Leitfihigkeit' und kontrollierten    odor pH-Wert besitzen
und In einer reproduzierba-         b) mit zwei amphoteren,
isoelektrischen, im- ren Weise hergestellt werden konnen.      so
mobilisierten pH-Membranen (25) und (26) die elne Leiffahigkeit und sowohl
eine 17. Verfahren nach den Ansprtchen 1 bis 16, wor-         Pufferungs-
als auch eine Titrationskapazi- in die gewUnschte Verbindung in einer
wassri-        tat bei einem spezifischen pH-Wert besit- gen LUsung
vorliegt.                                 zen, 5s        odor 18. Verfahren
nach den AnsprUchen 4 bis 17, wor-         c) mit elnern pH-Gradienten
entsprechend in die isoelektrischen Punkte in den Enden der       oberen a
und mit einer pH-Membran ent- pH-Gradienten oder Membranen angrenzend
sprechend oberen b, wobel die isoelektri-    29                EP 0 287 513
B1                    30        I 1111111 111111 11111 liii II HI * C   L
M S  schen Punkte in den Enden der pH-Gra-           tung zur
RadioisotopUberwachung oder eine dienten oder Membranen, benachbart zu
Vorrichtung zur Oberwachung der Probenlo- der Str6mungskammer (8) gleich
odor gera-       sung mittels UV oder sichtbarer oder fluores- de unter dem
isoelektrischen Punkt der zu       zierender Beobachtung. reinigenden
amphoteren chemischen Ver-   5 bindung (Anodenseite) und gleich oder go-
26. Apparatur nach den AnsprUchen 20 bis 25, 



rade oberhalb dem  isoelektrischen Punkt        ausgestattet mit einer
Vorrichtung zur mecha- der besagten zu reinigenden amphoteren
nischen Unterstdtzung des pH-Gradienten-Gels chemischen  Verbindung
(Kathodenseite)         in den BehIltern (5) und (12) odor des Gels in
sind, wobei elner der pH-Gradienten oder  70    den pH-Membranen. die
pH-Membranen an seinem (ihrem) an- deren Ende mit der Anodenkammer (14)
27. Apparatur nach den Ansprlchen 20 bis 26, verbunden ist und der andere
pH-Gradient        welche 2 und nicht mehr als 2 pH-Membranen oder die
andere pH-Membran mit seinem           beinhaltet. (ihrem) anderen Ende mit
der Kathoden-  15 kammer (3) verbunden ist.                   28. Apparatur
nach den AnsprUchen 20 bis 26, geeignet fOr die simultane Reinigung von
zwei 22. lsoelektrische elektrophoretische Fokussierap-    amphotersn oder
noutralen Verbindungen, be- paratur nach Anspruch 20, welche geeignet ist,
inhaltend zwei getrennte Stromungskammern um ein Verfahren, entsprechend
einem der An-  20   (8a) und (8b), welche voneinander mittels eines sprOche
4 bis 19 durchzufUhren, enthaltend         dazwischenliegenden
immobilisierten pH-Gra- eine Str6mungskammer (8), welche mit zwei
dienten (20) oder einer oder zwei pH-Membra- Behaltern (5) und (12)
verbunden ist, wovon        nen getrennt sind. jeder mit einem
immobilisierten pH-Gradienten gefOlUt ist, wobei einer der Gradienten an
sei-  25  29. Apparatur nach den Ansprachen 20 bis 28, nem mit der
Str6mungskammer (8) verbunde-          welche in einer soichen Position
angeordnet nen Ende sinen isoelektrischen Punkt besitzt,     ist, daB
Luftblasen aus der Strdmungskammer der gerade unterhalb des isoelektrischen
Punk-    (8) mittels des hydraulischen Flusses (7) ent- tes der zu
reinigenden amphoteren chemi-          fernt werden konnen. schen
Verbindung liegt, an seinem anderen   30 Ende mit der Anodenkammer (14)
verbunden       30. Apparatur nach den AnsprOchen 21 bis 29, ist, und der
andere pH-Gradient an seinem mit     worin die immobilisierten
pH-Gradienten und der St6mungskammer (8) verbundenen Ende
pH-Menbranen elne kontrollierte Pufferungs- elnen isoelektrischen Punkt
gerade oberhalb        und TitrationskapazitAt, pH-Wert und Letiffahig- des
isoelektrischen Punktes der besagten zu   35   keit haben und in einer
reproduzierbaren Wei- reinigenden amphoteren chemischen Verbin-          se
hergestellt werden k6nnen. dung besitzt und mit seinem anderen Ende mit der
Kathodenkammer (3) verbunden ist.          31. Apparatur nach den
AnsrpOchen 21 bis 30, worin die immobilisierten pH-Gradienten und S.Z
Apparatur nach Anspruch 20, 21 oder 22, worin  40  pH-Membranen eine
kontrollierte Pufferungs- die Str6mungskammer (8) Ober eine Pumpe
und Titrationskapazitat haben und Ampholyte (9) mit dem Probenreservoir
(11) verbunden         beinhalten, sodaB eine ausreichende Leitf~hig- ist.
keit gewahrelestet ist. 24. Apparatur nach den AnsprUchen 20 bis 23,  45
32. Apparatur nach den Anspr~chen -20 bis 31, ausgestattet mit einer
Vorrichtung, welche die     ausgestattet mit Ein- und Ausganrgen (27) und.
pH-Gradienten und die Probe be! konstanter        (28) zur Emeuerung der
Elektrolytlosungen In Temperatur halt.
den Kathodern- und Anodenkammern (3) und (14). 25. Apparatur nach den
Ansprtlchen 20 bis 24   60 ausgestattet mit mindestens einer der folgen-
Revendicatlons den Vorrichtungen: eine Vorrichtung zu pH- Messungen und
Kontrolle, etne Einrichtung zur  1. Proced6 6lectrophordtique de
focalisation iso- Leiffahigkeitstlberwachung, ein Biosensorde-
6lectrique pour la s6paration et la purification .tektionssystem, elne
immunoelektrophoretische   ss  d'un compose chimique amphotere ou neutre,
Ausrastung, eine  durch  Laser angeregte           soluble dans un solvant
approprid pour ledit Fluoreszenz-Detektionsausrustung, ein vollau-
procdd6, a partir d'un ou plusieurs composd(s) tomatisch koppelbares
System, elne Vorrich-        chimique(s) charg6(s) 6lectriquement, soluble-
31                 EP 0 287 513 B1                   32         *   c   L
1 s    I (s) dans ledit solvant, ledit proc6d6 etant mis  4. Proc6d6 solon
l'une quelconque des revendi- en oeuvre en utilisant un dispositif
6lectropho-   cations 1 a 3 pour la separation et la putifica- r6tique, ob
le courant electrique, passant a       tion d'un compose chimique amphotere
a par- l,,,o  travers la matrice d'6lectrophorese, est coupl6   fir d'un ou
plusleurs composes chimiques am- a un 6coulement hydraulique, la direction
dudit   s  photeres dont les points iso-electriques sont courant electrique
6tant diff6rento de celle du-   suffisamment differents du point
iso-6lectrique dit ecoulement hydraulique, ledit ecoulement       du
compose d6sire qui est maintenu iso-elec- hydraulique comportant une
solution dudit          trique dans l'coulement hydraulique. 



compose dans ledit solvant et segmentant ladi- te matrice en deux parties,
une partie, (5) ou   10  5. Proced6 selon l'une quelconque des revendi-
(25), etant localis6e du cote cathodique et l'au-  cations 1 a 4 pour la
separation et la purifica- tre, (12) ou (26), 6tant localis6e du c8t6
anodi-  tion d'un compos6 chimique amphotere a par- que, ledit proced6
6tant caracterise en ce que     tir d'un ou plusleurs sels. ledit compose
chimique amphotere ou neutre est maintenu dans un 6tat iso-electrique ou
15  6. Proc6de selon la revendication 5, ou les sels non charg6 a
l'int6rieur de l'ecoulement hy-       sont des sels d'acides et de bases
monova- draulique (7), (8) et (11), et ledit ou lesdits    lents.
compos6(s) chimique(s) charge(s) est (sont) enlev6(s) de l'coulement
hydraulique par le    7. Proc6de selon la revendication 5, oO les sels <-
courant 6lectrique pour etre introduit(s) dans   20  sont des sels d'acides
et de bases di ou au moins une desdites parties de ladite matri-
multivalents ou des sels d'acides ou de bases ce, ou, au moyen d'au moins
une desdites           dl ou multivalents. parties, dans au moins un des
reservoirs (3) et (14) de solution d'6lectrolyte.                8&
proced6 salon l'une quelconque des revendi- 25      cations I a 7, oO le
compos6 chimique a 2. Proced6 selon la revendication 1, ou lesdites
purifier est un peptide, une proteine.ou un parties, independamment l'une
de l'autre, re-      compose contenant une portion de peptide ou presentent
des gradients (5) et (12) immobili-     de proteine, dont chacun a un point
iso-electri- ses de pH, chacun ayant une conductivite et        quo entre
pH 3 et 10. une capacite a la fois de tampon et de produit  30 de titrage
dans son intervalle de pH, ou des    9. Procedd solon la revendication 8,.
ob le compo- membranes (25) et (26) amphoteres iso-electri-     se chimique
a purifier est un peptide, une ques a pH immobilise, chacune ayant une
proteine ou un compose contenant un portion conductivite et a la fois une
capacit6 de tam-     de peptide ou de prot6ine, dont chacun a un pon et de
produit titrant a une valeur spdcifi-  35  point iso-dlectrique entre pH 5
et 9. quo de pH. 10. Procede solon la revendication 4, 8 ou 9, oO 3.
Proc6de 6lectrophorntique de focalisation iso-      les points
iso-electriques du compose anipho- 6 .lectrique solon la revendication 1 ou
2, pour     Ware -a purifier et des compos6s amphotbres la separation et la
purification d'un compose   40  non desires a enlever diffbrent d'au moins
chimique amphotere ou neutre, soluble dans         0,001 unite de pH. un
solvant approprie pour ledit proced6, A par- tir d'un ou plusieur(s)
compos6(s) chimique(s)  11. Proc6de selon la revendication 10, oO lesdits
charge(s) electriquement, soluble(s) dans ledit    points iso-electriques
different d'au moins 0,05 solvant, ledit proc6d6 6tant caract6ris6 en ce
45  unit6 de pH. quo le courant electrique est couple A un ecoulement
hydraulique dont la direction est    12. Procede-selon la revendication 10
ou 11, o() diff6rente de cello du courant 6lectrique, et on   lesdits
points iso-electriques ne dlfferent pas ce quo le compose chimique noutre
ou am-           de plus de 0,2 unit6 de pH. photbre ddsir6 est maintenu
iso-dlectrique ou   5o non charge dans 1'1coulement hydraulique (7),   13
Procede selon l'une quelconque des revendi- (8) et (11), alors quo les
composes chimiques      cations 1 a 12, oO la direction de l'ecoulement
charges sont enlev6s de l'ecoulement hydrauli-     hydraulique esa
orthogonale   la .direction du que par le courant 6lectrique pour 8tre
intro-     courant electrique. duits dans au moins un des gradients immobi-
55 lises de pH (5) et (12), ou par l'interm6diaire  14. Proc6de solon l'une
quelconque des revendi- desdits gradients de pH dans au moins un des
cations 1 & 13, oO la direction de l'ecoulement reservoirs (3) et (14) de
solution d'6lectrolyte.  hydraulique (7) est telle quo les bullesd'air 17
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d'ecoule-    21. Dispositif 6lectrophor6tique de focalisation iso- ment.
dlectrique selon la revendication 20, approprie pour mettre en oeuvre un
procede selon l'une o Procede selon l'une quelconque des revendi-
quelconque des revendications 4 a 19, corn- cations 2 a 14, ob les
gradients immobilises   6   portant une chambre (8) d'6coulement reli6e do
pH ont a la fois une capacite de tampon et      directement ou
indirectement soit de produit de titrags dans leur intervalle de pH      a)
a deux recipients (5) et (12) dont chacun 



et contiennent une quantite d'ampholytes, dans        est rempli d'un
gradient immobiliss de pH le mgme intervalle de pH, qui garantisse une
ayant une conductivite et une capacite a la conductivit6 suffisante.
10        fois de tampon et de produit titrant dans son intervalle de pH,
ou 16. Proc6de selon l'une quelconque des revendi-          b) a deux
membranes (25) et (26) amphotb- cations 2 a 15, oO les gradients
immobilises          res iso-electriques & pH immobilis6, ayant de pH et
les membranes do pH ont une capa-            une conductivite et a la fois
une capacit6 de cit6 control6e do tampon et do produit de   15       tampon
et de produit titrant a une valeur titrage, ainsi qu'une valour de pH et
une             specifique de pH, ou conductivitd controlees, et peuvent
8tre prepa-       c) a un gradient de pH selon a) ci-dessus et r6s de fagon
reproductible.                           a une membrane de pH selon b)
ci-dessus, los points iso-electriques dans les extr6mi- @. Proc6d6 selon
1une quelconque des revendi-  20         t6s des gradients do pH ou des
membranes cations 1 a 16, ob le compose desir6 est              adjacentes
a la chambre (8) d'ecoulement pr6sent dans une solution aqueuse.
dtant 6gaux A, ou juste au-dessous du, point iso-6lectrique du compos6
chimique am- 1& Proc6d6 solon l'une quelconque des rovendi-
photere a purifier (c8ts anodique) ou dgaux cations 4 a 17, oui ls points
iso-electriques   25   a, ou juste au-dessus du, point isoelectrique dans
les sxtremites des gradients de pH ou            dudit compose chimique
amphotere 3 puri- des membranes adjacentes a la chambre (8)            fier
(c8t4 cathodique), un desdits gradients d'6coulement sont 6gaux ou juste
on-dessous           de pH ou une de ces membranes de pH du point
iso-slectrique du compose chimique           dtant relie par son autre
extremit a -la amphotbre a purifier (cote anodique) et egaux   30
chambre anodique (14) et le gradient de pH ou juste au-dessus du point
lso-dlectrique du-        ou la membrane de pH qul reste etant relid dit
compos6 chimique amphotere a purifier             par son autre extremite a
la chambre catho- {c8t6 cathodique).
diqpe (3). 19. Proc6d6 solon lune quelconque des revendi-  35  22.
Dispositif 6lectrophordtique de focalisation iso- cations 4 a 18, oO la
valeur de pH dans            electrique selon la revendication 20 appropriK
I'ecoulement hydraulique correspond au point       pour la mise en oeuvre
d'un proc6d6 selon iso-6lectrique du compos6 desire.                  l'une
quelconque des revendications 4 a 19, comportant une chambre (8)
d'ecoulement re- 20. Dispositif electrophoretique de focalisation iso-  40
li~ee   deux recipients (5) et (12), dont chacun electrique approprie pour
etre utilisd dans un     est rempli d'un gradient immobilis4 de pH, l'un
proc~d4 conforme a l'une quelconque des re-        de ces gradients ayant a
son extremite relieo a vendications 4 a 19, comportant une chambre
la chambre (8) d'6coulement un point iso-6lec- (8) d'ecoulement reliee
directement ou indirec-    trique juste au-dessous du point iso-dlectrique
tement soit                                45      du compose chimique
amphotbre & purifier, et a) a deux recipients (5) et (12) dont chacun
etant relie par son autre extremrite 3 la cham- est appropri6 pour recevoir
un gradient im-      bre anodique (14), et le gradient de pH restant
mobilis6 de pH, ou                               ayant a son extrdmit6
reliee a la chambre (8) b) a deux dispositlfs pour recevoir des
d'dcoulement un point iso-electrique juste au- membranes (25) et (26) de pH
immobilise,  s0     dessus du point iso-6lectrique dudit compose ou
chimique amphotere & purifier et 6tant relie par c) 3 un recipient selon a)
ci-dessus et & un     son autre extr~mit6 A la chambre cathodique
dispositif selon b) ci-dessus, un de ces reci-  (3). pients ou dispositifs
etant reli6 par son autre extremite a la chambre anodique (14) et le  55
23 Dispositif selon la revendication 20, 21 ou 22, r~cipient ou dispositif
restant etant WeMii par  oO la chambre (8) d'ecoulement est reliee par son
autre extr6mitd A la chambre cathodi-        une pompe (9) A un rdservoir
(11) d'dchantil- quo (3).                                        Ion. 18
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I 11111 24. Dispositif selon l'une quelconque des revendi-  32. Dispositif
selon I'une quelconque des revendi- cations 20 a 23 muni d'un appareil pour
main-      cations 20 a 31, muni d'une entree et d'une tenir les gradients
de pH et l'echantillon a une   sortie (27) et (28) pour renouveler les
solutions fi  temperature constante.
d'6lectrolyte dans les chambres cathodique et 5       anodique (3) et (14).
25. Dispositif selon l'une quelconque des revendi- cations 20 a 24 muni
d'au moins un des appa- reils suivants: un appareil pour les mesures et 



le contr8le de pH, un appareil pour contr8ler la conductivite, un systeme
de detection a bio-  10 capteurs, un 6quipement immuno-6lectropho- r6tique,
un 6quipement de detection par fluo- rescence a excitation au laser, un
systeme couple avec des robots, un appareil pour contr8ler par
radio-isotopes, ou un appareil  15 pour contr6ler la solution d'6chantillon
par ob- servation dans les UV, ou dans le rayonnement visible, ou par
fluorescence. ,a26. Dispositif selon l'une quelconque des revendi-  20
cations 20 a 25, muni d'un appareil pour le support m6canique du gel a
gradient de pH dans les recipients (5) et (12) ou du gel dans les membranes
de pH. 25 27. Dispositif selon l'une quelconque des revendi- cations 20 a
26, comportant 2, et pas plus de 2, membranes de pH. 2& Dispositif selon
l'une quelconque des revendi-  30 cations 20 a 26 approprie pour la
purification simultande de deux compos6s amphoteres ou neutres comportant
deux chambres s6parees d'ecoulement (8a) et (8b), s6pardes l'une de l'autre
par un gradient interm6diaire immobilis6   35 (20) de pH ou par une ou deux
membranes de pH. \,29. Dispositif selon l'une quelconque des revendi-
cations 20 & 28, dispos6 dans une position   4o telle que les bulles d'air
soient enlevees de la chambre (8) d'dcoulement par l'coulement (7)
hydraulique. 30. Dispositif selon l'une quelconque des revendi-  45 cations
21 a 29, od les gradients immobilises de pH et les membranes de pH ont une
capa- cite controlee de tampon et de produit titrant, , ainsi qu'une valeur
de pH et une conductivit6 contr8l1es et peuvent 8tre pr6par6es de fagon
5o reproductible. 31. Dispositif selon lune quelconque des revendi- cations
21 a 30, od) les gradients immobilises de pH et les membranes de pH ont une
capa-  55 cite contr8lde de tampon et de produit titrant et contiennent des
ampholytes dans une quan- tite qui garantit une conductivite suffisante.


