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(57) Abstract

An electrolytic cell (10) for the labeling of proteins, peptides and
other organic molecules employs a cathodic half cell (12) and an anodic
half cell (14) where a porous working electrode (28) is located in one
half cell and a counter electrode (40) is located in the other half cell, the
two half cells (12 and 14) being divided by a separator (26). A reference
electrode (36) located in the half cell containing the working electrode
(28), and placed outside the current path between the working electrode
(28) and the counterelectrode (40) confers precise control of the working
electrode potential, which allows the maximum rate of labeling to be
achieved while minimizing oxidative damage to the protein, peptide or
organic molecules. Saturation of the working electrode (28) with non-ra-
dioactive label coupled with a ratio of working electrode surface area to
volume of half cell containing the working electrode (28) between 0.001
to 10 cm minimizes the problem of loss of activity of radiolabel due to
adsorption on the working electrode (28).
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ELECTROLYTIC CELL AND PROCESS FOR THE LABELING OF PROTEINS AND PEPTIDES

This invention relates to an electrolytic cell and a process for utilizing the electrolytic
cell to achieve the labeling of proteins, peptides and other organic molecules. More
Particularly, this invention relates to an electrolytic cell and a process for utilizing the
electrolyticcell to achieve the radiolabeling of proteins, peptides and other organic molecutes.

Presently known techniques for Iabeling proteins, peptides and other organic
molecules with halogens or other labels suffer from several drawbacks. Chemical labeling
processes, for example, often are difficult to scale-up and tend to damage the proteins and
peptides which are to be labeled. In addition, because these same chemical labeling processes
may have low yields, unreacted label has to be separated from the labeled material. While this
purification step not only makes chemical labeling processes less efficient, in the case of
radioactive labels it exposes the operator to a hazardous substance. Among the current
processes for radiolabeling proteins is solid phase iodination which employs oxidative
techniques for producing an electrophilic iodine species (I + ) from sodium iodide.

Present electrochemical techniques for labeling proteins, peptides and other organic
molecules with halogens or other {abels, such as technetium and rhenium, suffer from other
drawbacks. For example, electrochemical labeling processes often use platinum or g.old as the
anode and cathode of the electrolytic cell. Using current electrochemical technigues, biological
materials can be iodinated on a microgram scale with up to 80% incorporation of radioiodine.
fn order to get short reaction times, many workers use a relatively high ratio of anode surface
area to electrolyte volume. This ratio 1s commoniy accompiished by using a ptatinum crucible
which functions as the reaction vessel as well as the anode. Platinum crucibles, however, are
inadequate for commercial operation for a number of reasons. For example, platinum crucibles
are not practical because their geometry preciudes maintaining a uniform potential across the
anode surface, particularly in solutions of iow conductivity. Aiso, their geometry does not ailow
easy variation of the surface area/electrolyte volume ratio. This result is due to the fact that, for
any shape, area does not increase as fast as volume Further, these crucibies use relatively ‘arge
amounts of platinum or gold which must be ertrer tnrown away after each use or subjected tc

cumbersome cleaning procedures which generate iquid radioactive waste
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Present electrochemical techniques also suffer from drawbacks similar to chemical
techniques. For example, in the context of the commercial production of radiolabeled
monoclonal antibodies (MAbs), the anodes, cathodes, membranes, and other components of
the electrolytic cell can become contaminated with the radioactive labeling agent. The cost of ;
radioactive waste disposal makes it necessary to pay more attention to the efficiency of use of
the isotope and to where itends up for disposal when efficiency is less than 1 00%.

To overcome many of these difficulties for electrolytic cells and the process for
labeling, especially radiolabeling, proteins and peptides, the present invention may now be
used. The electrolytic cells employed for labeling proteins, peptides, and other organic
molecules comprise:

(1) (a) a cathodic half cell and an anodic half cell divided by a separator;

(b) a working electrode inone of said cathodic haif cell and said anodic half cell;

(¢) a counter electrode in the other of said cathodic half cell and said anodic half cell;

and

(d) areference electrode located in said half cell containing said working electrode

and outside the current path between said working electrode and said counter

electrode; or
(2) (a) a first cathodic half cell having an annular ring circumscribing an opening and a

second anodic half cell having an annular ring circumscribing an opening, wherein said

first annular ring and said second annular ring face each other;

(b) a first gasket adjacent to said first annular ring;

(c) aseparator adjacent to said first gasket;

(d) a porous working electrode adjacent to said separator, wherein said working

electrode is located in one of said cathodic half cell and said anodic half cell;

(e) an electrical contact means operably engaging said working electrode for

connecting said working electrode to a power source;

(f) asecond gasket adjacent to said second annular ring;

(g) a means for clamping said first annular ring to said second annular ring in such a

fashion as to sandwich said first gasket, said separator, said porous working electrode,

and said second gasket therebetween;

(h) a counter electrode in the other of said cathodic half cell and said anodic half cell;

and

(i) areference electrode located in said half cell containing said working electrode and

outside the current path between said porous working electrode and said counter

electrode; or
(3) (a) a cathodic half cell and an anodic half cell divided by a separator;

(b) aworking electrode inone of said cathodic haif cell and said anodic half cell; N

(¢) a counter electrode n the other of said cathodic half cell and said anodic haif cell,

(d) aciamp having a fixed bar adjacent one of said cathodic haif cell and saia anoa:c
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half cell and a movable bar adjacent the other of said cathodic half cell and said anodic

half cell; and

(e) means joining said fixed and movable bars together for applying clamping

pressure to said cell and holding said separator between said cathodic half ceil and said

anodic half cell.

The process of the present invention for labeling proteins, peptides and other organic
molecules which comprises:

(a) providing an electrolytic cell having a cathodic half cell and an anodic half cell

divided by a separator; providing a porous working electrode in one of said cathodic

half cell and said anodic half cell; providing a counter electrode in the other of said
cathodic half cell and said anodic half cell; and providing a reference electrode [ocated
in said half cell containing said working electrode and outside the current path
between said porous working electrode and said counter electrode;

(b) inserting the material to be labeled into said half cell containing said working

electrode;

(¢) contacting said material to be labeled with a labeling agent; and

(d) passing a current through said electrolytic cell.

The present invention provides an electrochemical cell for use in an improved process
for the labeling of proteins, peptides and other organic molecules, particularly monoclonal
antibodies with halogens or other labels, such as technetium and rhenium. Itisintended that
the term "label" as used herein include labels which c¢an be either radioactive or non-
radioactive. The cell employs a cathodic half cell containing a catholyte and an anodic half cell
containing an anolyte divided by a separator which assists in preventing the gross mixing of the
anolyte and catholyte while permitting the flow of ionic current. Labeling of the proteins,
peptides and other organic molecules may occur in either half cell at a working electrode.
When the {abel is oxidized to become a labeling agent, a porous anode placed within the
anodic half cell serves as the working electrode and a cathode placed within the cathodic half
cell serves as the non-working or counter electrode. When the label is reduced to become a
labeling agent, a porous cathode placed within the cathodic half cell serves as the working
electrode and an anode placed within the anodic half cell serves as the non-working electrode
A reference electrode placed outside the current path between the working electrode and the
nonworking electrode confers precise control of the working electrode potential, which allows
the maximum rate of labeling to be achieved while minimizing oxidative damage to the
protein, peptide or organic molecules.

The cell confers many advantages which result in very high yields of labeled product,
easier scale-up of the process, and, in the case of radiolabeling, reduced volume of liqu:d

radioactive waste.
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Description of the Figures
Figure 1 shows a schematic diagram of the electrolytic cell of the present invention;

Figure 2 shows a side view of a glass half cell;

Figure 3 shows a front elevational view of the glass half cell;

Figure 4 shows a front elevational view of a rubber gasket;

Figure 5 shows a front elevational view of a separator;

Figure 6 shows a front elevational view of a porous anode;

Figure 7 shows a front elevational view of a metal ring contact;

Figure 8 shows a plan view of a clamp;

Figure 9 shows a side view of the clamp of Figure 8;

Figure 10 shows a plan view of a combined clamp and heatsink; and

Figure 11 shows a side view of the combined clamp and heat sink of Figure 10.

In a preferred embodiment, cell 10 consists of two identical glass halves, afirst glass
cathodic half cell 12 and a second glass anodic half cell 14 (Figs. 1,2 and 3). Firstglass half 12 has
an annular ring 16 with a ground glass face, said ring 16 circumscribing an opening 17 (not
shown), an open top 18, and a reaction chamber 19 while second glass half 14 has an annular
ring 20 with a ground glass face, said ring 20 circumscribing an opening 21, an open top 22, and
a reaction chamber 23. Squeezed betweenring 16 and ring 20 are a first rubber gasket 24
(Figs. 1 and 4), a separator 26 (Figs. 1 and 5), a porous anode 28 (Figs. 1 and 6), a metal ring
contact 30 (Figs. 1 and 7), and a second rubber gasket 32. The relative size of the various pieces
is shown in Figures 2 through 11. As can be seen, the inside diameter of the rubber gaskets 24
and 32 determines the active area of the anode 28.

A thermometer adapter 34 holding a silver/silver chioride reference electrode 36 is
removably fitted into glass half 14 (Fig. 1). Glass half 12, on the other hand, is fitted with a
platinum or gold foil, or stainless steel cathode 40. While Figure 1 shows glass half 14 having a
magnetic stir bar 38 located therein, glass half 12 is also of sufficient size to contain a similar
magnetic stir bar. Chambers 19 and 23 are designed to allow closer placement of the bottom of
their respective glass halves 12and 14 toa magnetic stir plate so that the stirring provided by a
magnetic stir bar would be more reliable.

While half cell 12 and half cell 14 may be held together in a variety of ways, a clamp 42
applied on the two ends of the cells, rather than ring 16 and ring 20, provides for more even
pressure without the need for any sealant or adhesive (Figs. 8 and 9). The clamp 42 shownin
Figures 8 and 9 consists of a fixed bar 44 and a movable bar 46 where the movable bar 46 is
operable by tightening or loosening nuts 48 on a pair of threaded rods 50. Fixed bar 44 and
movable bar 46 are shaped to match the backside configuration of haif cells 12and 14
Preferably, both the respective bars and the respective backsides of the half cells are fiat for
even pressure distribution and good contact The clamp 42 could also be an integral part ofa
metal block 52 that could serve as a heat sink (Figs. 10and 11) The block 52 shown in Figures 10

and 11 consists of a movable bar 46 and an end 54 which acts as and replaces fixed bar 42. The
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block 52 also has a base 56 and an upstanding wall 58 (of which end 54 is a part) which
surrounds cell 10 and serves as a support for the cell 10. The temperature of the block 52 could
be maintained in any number of ways, including placing it in an incubator or circulating a fluid
through a channel in the block 52.

While the cell 10 described above is constructed of glass, it may be constructed of any
of a wide variety of materials, including various plastics such as polypropylene, polycarbonate,
Teflon™, and Lucite™, or any combination of the materials. The gencral requirements are that
the materials of construction be compatible with the process chemicals under the conditions
employed, maintaining their structural integrity and not adding undesirable materials to the
product.

Radioactive and non-radioactive halogens can-be used for the labeling of proteins,
peptides and other organic molecules, particularly monoclonal antibodies. Among the other
labels contemplated for use in the present invention are technetium and rhenium. These labels
also can be either radioactive or non-radioactive.

In the cell 10 described above, the porous anode 28 serves as the working electrode.
The porous anode 28 is made from a metal selected from the group consisting of gold, platinum
and a mixture of 90% platinum/10% rhodium. It is postulated that gold may be a better anode
material for iodinations where the protein, peptide or other organic molecule to be
halogenated is very oxidation sensitive. In general, any electrically conducting or
semiconducting material may be used as the anode. Examples of suitable materials include
various forms of carbon, iead, iead dioxide, noble metals (Groups Vil and IB in the Periodic
Chart) and their oxides (for example, platinum oxide), and noble metals or their oxides as
coatings on a valve metal such as titanium. The anode material is chosen for its ability to effect
the desired conversion efficiently and its resistance to corrosion. With respect to halogenations
and radiohalogenations, the noble metals are advantageous due to their inertness and their
ability to efficiently oxidize halides to active halogenating agents. Noble metal oxides,
however, are not suitable for iodinations or radiciodinations due to the formation of iodate.

Where a porous cathode serves as the working electrode, any electrically conducting
or semiconducting material may generally be used as the cathode 40. Examples of suitable
materials include various forms of carbon, stainiess steels, noble metals (Groups Vill and [B in the
Periodic Chart) and their oxides (for example, platinum oxide), and transition metals such as
copper and nickel.

While metal contact ring 30 1s not a critical component of the cell 10 assembly, it does
assure that an electrical contact is maintained with the working electrode. The metai contact
ring 30 is especially useful when very thin pieces of expensive platinum or gold are used as the
anode or cathode in the working electrode. in situations where these thin pieces of platinum or
gold cannot withstand direct connection to a power source by an alligator clip, the metal

contact ring 30 can serve as the contact point.
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Whether a porous cathode or a porous anode serve as the working electrode, itis
important that the edges of the working electrode be covered by the gaskets 24 and 32 50 as to
diminish mass transfer at the edges. Enhanced mass transfer to the edges makes it difficuitto
maintain a uniform potential across the working electrode which may cause problems with the
labeling agent. For example, if the potential is not high enough, no active labeling agent will
be produced from iodide; while if the potential is too high, iodide will be oxidized to iodate,
which is not an active labeling agent. Where the edges of the working electrode are covered,
the location of the reference electrode is not critical as long as it is placed outside the current
path because the current cannot get around the edges of the working electrode. Where the
edges of the working electrode are uncovered, however, it is more difficult to locate the
reference electrode outside the current path.

The separator 26 assists in preventing the gross mixing of the anolyte and catholyte
while permitting the flow of ionic current between anode and cathode. The separator 26, in
general, should be electrically insulating, and may be made of a wide variety of materials,
including, but not limited to, fritted glass, sintered glass powders, porous or foamed nlastics
such as Teflon™, asbestos diaphragms, porous ceramic materials, ion exchange memoranes and
ultrafiltration membranes. In one aspect of the invention, separator 26 isa Nafion™ 117 cation
exchange membrane. By being cationic, the separator 26 ensures that the radiohalides remain
in the anode compartment of the present invention.

The present invention aiso contemplates utilizing an anion exchange membrane as the
separator 26. In this embodiment, the radiohalide is added to the catholyte and the halide
diffuses across the anion membrane separator 26 in response to a concentration gradient. The
halide then encounters the porous metal layer 28 where, if the layerisata suitable potential vs.
the reference electrode 36, the halide is oxidized to an active haiogenating agent ana reacts
with the protein material if the porous anode 28 is sufficiently porous. Presently avaiiapie an:or
exchange membranes useful for this embodiment are the Ratpore ™ anion exchange
membranes 1030, 4030 and 5030 (Pall RAL, Inc.).

An advantage of placing the radiohalide in the catholyte is that the problem of
separating unreacted radioactive material from radiolabeied protein s diminished. Thisresuaitis
further enhanced by piacing porous anode 28 direct!y adjacent separator 26 Withsuch an
arrangement, the radioiodide reacts with the protein at porous anode 28 as it enters anodae half
cell 14, and the cell is turned off when there 1s essentially no unreacted radioactive 1oa:ce iefr:r
anode haif cell 14 which has to be separated from the radiolabeled protein. A disadvantage of
placing the radiohalide in the catnoiyte Is that mucn of the radiohalide remains in the separator
26. However, this may not be a disadvantage in a com mercial appiication where repeatea cr
continuous use may make tne iritiai saturation of the senarator 26 irreievant.

Any supporting eiectrolyte can be used intne catholyte or anolyte Examples of
supporting electroiytes commonty used inciuae sodium chloride, pnosohate buffers,

tetraalkylammonium salts and alkail metal acetates Aiso, ire ce!! 1¢ may be used witroutary
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supporting electrolyte in the working electrode compartment, if this is desired for process
reasons. '

Regardless of the supporting eléctrolyte utitized, some form of stirring must be used in
the half cell containing the working electrode to assure adequate mixing of reagents and
contact with the working electrode. In the cell 10 described above, stir bar 38 provides the
mixing. Other methods for providing mixing include sparging gas into the half cell. itis
contemplated that stirring in both half cells would provide henefits when the labeling agent is
located in one half cell and the material to be labeled is located in the other half cell.

in an embodiment of the present invention for halogenation of proteins where the
anodic half cell 14 contains the working electrode, a different form of anode 28 and a superior
arrangement of anode 28 and reference electrode 36 is used. The use of a thin piece of porous
anode 28 material in the manner shown in Figure 1 provides for more economical use of
expensive precious metal anodes, increased economy and flexibility in cleaning procedures, and
provides for precise control of the anode potential and hence the efficiency of the halogenation
reaction. The placement of the reference electrode 36 outside the current path also confers
precise control of the anode potential, which allows the maximum rate of halogenation to be
achieved while minimizing oxidative damage to the protein. Placement of the reference
electrode 36 outside the current path, however, makes it essential that the working electrode
be porous. The reference electrode 36 may be any of a variety of such electrodes commonly
used for control or measurement of the working electrode potential.

Among the other advantages of the electrolytic cell 10 of the present invention, and
especially of placing porous anode 28 directly adjacent separator 26, is its ease of construction
and its ability to operate effectively even when the conductivity of the solvents being used is
quite low. For example, some solvents which can dissolve iodide or iodide sources such as
phenyliodide will not dissolve other electrolytes and, therefore, may not impart conductivity.
Such asituation may exist where unwanted reactions can occur if salts or water are present. In
this situation where the anolyte solution is poorly conductive, the anode 28 can be pléced
directly adjacent to the separator 26 so that a current can flow and iodination of the protein,
peptide or organic moiecule can still occur. Since the material to be halogenated isin the
anodic half cell 14, a conductive solvent in the cathodic half cell 12 may be used. This
construction is shown in Figure 1. Where anodic solvent conductivity is not a factor with respect
to avoiding unwanted chemical reactions between the solvent and the material to be
halogenated, however, a conductive soivent may be used and the anode 28 may be placed
anywhere within the anodic haif cell 14. One efficient means available for placing the anode 28
directly adjacent to the separator 26 is to chemically deposit the anode materiai onto the
separator 26. Example 16 below demonstrates one way of achieving this deposition

One drawback of using nobie metals as the anode materiais of the presentinvention is
that they have a high capacity to adsorb 1odide and other haiogens For example, :t nas peen

found that adsorption of radiolodide onto the anoae used for its oxidation 10 produce the
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active iodinating species accounts for aimost all the inefficiency in the use of the isotope in the
electrochemical labeling of antibodies provided that the technique of using controlied
potential or controlled current was properly performed. Itis well known that the size of the
anode relative to the volume of anolyte determines the time needed for potential-controlied
electrolysis, and, hence, the anode cannot always be made smaller without resulting in
unreasonably long electrolysis times. Therefore, the problem of loss of activity to adsorption on
the anode had to be minimized in some other way.

This problem can be minimized through control of the working electrode surface
area/half cell volume ratio (A/V). It has now been found that if the A/V ratio is too small, long
electrolysis times are needed; while if itis too large, excessive loss of radiohalide to adsorption
occurs. This concern refers specifically to radiohalogenation; other electrochemical conversions
or types of radiolabeling reactions may or may not be subject to this difficulty. A general range
for the A/V ratio pertaining to the radiohalogenation of proteins is 0.001 to 5000 cm™” and the
preferred range is 0.05to 10 cm’. The geometric area is calculated from the gross physical
measurements of the electrode. The parameter that actuaily determines both the time required
for the electrolysis and the capacity to adsorb halogen is the real surface area. The real surface
area varies according to the microscopic roughness, which is determined by the form of the
electrode (e.g., porous vs. smooth), the history of the electrode, and other factors. The real area
may be larger or smaller than the geometric area.

This problem is also minimized ina preferred embodiment of this invention by
saturating the anode 28 of the electrolytic cell of the present invention with non-radiohalogen
and then minimizing the exchange of radiohalogen with the adsorbed non-radiohalogen
during the labeling procedure. Two methods are proposed for saturating the anode 28 with
non-radiohalogen: soaking of the porous anode 28 with non-radiohalogen prior to insertion in
the electrolytic cell 10; and subjecting the porous anode 28 to eiectrolysis while located in a
solution of non-radichalogen.

in operation, cell 10 can be operated by controlling the working electrode potential,
the cell current, or the overall cell voltage, i.e., the potential across the anode and the cathod e)
The appiied current may be direct or alternating, or the applied potential may be constant or
varying according to any given waveform, depending on the requirements of the process of
interest. When the potential is controlled, the piacement of the reference electrode outside the
current path aliows the control to be more precise. The proposed reason for this control is that
this geometry minimizes the contribution of the IR drop (product of ceil current times soiution
resistance) to the potential between the reference and working electrodes. When the celi
current or potentiai 15 controlled, this geometry provides for more precise measurement oftne
working etectrode potential. Inthe case of iodinations and radioiodinations in aqueous media,
it has peen found that for some substrates precise potent:al control of the anode s essential n

order to achieve a high, reproducibie yield.
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The invention will be further clarified by a consideration of the following examples,
which are intended to be purely exemplary of the present invention. 4
EXAMPLES 1-13: IODINATION OF MONOCLONAL ANTIBODIES

Table A summarizes the Examples 1-13 results of electrolytic radioiodinations of a

monoclonal antibody with |-125. The experiments were performed using the electrolytic cell 10
of the present invention to determine the effects that varying the amounts of radiolabeled
halogen and anode pretreatment with halogen would have on the yield of [abeled proteins,
peptides and other organic molecules. Because the amount of |-125 used in these experiments
was 5o small compared to the adsorption capacity of the anode 28, solution phase carrier iodide
{non-radioactive iodide) was used to obtain the results. A non-radioactive labeling agent,
especially a non-radioactive halogen, is one that meets the standards of the U.S. Nuclear

Regulatory Commission.
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Notes column:

1. anodeis Au electroformed mesh, 1000 lines/inch

2. anodeis Au electroformed mesh, 670 lines/inch

3. anode is Pt oxide on Pt mesh

4. anode pretreatment: soak in iodide solution at open circuit outside of the

radioiodination cell

5. anode pretreatment: electrolysis at 650 mV using 40 or 50 micromolar iodide in the

radioiodination cell

6. anode pretreatment: electrolysis at 650 mV using 1 mM iodide in the

radioiodination cell

7. anode pretreatment: exposure to 1 mM iodine at open circuit outside of the

radioiodination cell

8. anode pretreatment: electrolysis at 650 mV using 1 mM iodide outside the

radioiodination cell

9. HPLC evidence of aggregation

10. immunoreactivity = 78.4%

11. carrier iodide was added after the 1-125 was already adsorbed on the anode

12. 9mg MAb

13. 6 mg MADb

Before assembly of the cell 10, the separator 26, a cation-exchange membrane, was
heated to near boiling in 2M nitric acid for 2 hours in order to remove impurities. The
membrane 26 was then converted to the salt form by soaking in phosphate buffered saline
(PBS). The membrane 26 prevented the passage of antibodies from the anolyte to the
catholyte. The membrane 26 also ensured that the radioiodide remained in the anode
compartment.

The cell 10 was assembled with an anode 28 pretreated using one of the methods
described in the notes to Table A. Both the cathode 12 and the anode 14 compartments were
filled with PBS. If carrier iodide was to be used it was added to the anolyte first, followed by
freshly thawed MAb and finally radiochemical I-125. After stirring briefly, the enure anolyte
was withdrawn using a 10 mL syringe and counted using a Capintec™ CRC7 radioisotope
calibrator. The anolyte was placed back in the cell, stirring begun, and electrolysis carried out at
controlled potential. The potentiostat was a model CV 1B cyclic voltammograph, sunpiied by
Bioanalytical Systems, Inc. (BAS-West Lafayette, IN). The current was monitored using a digital
voltmeter.

The electrolysis was interrupted periodically in order to count the anoiyte and to
withdraw a 50 L sample for HPLC analysis. The sample was diluted with 200 uL of eluent
(400mM PBS containing sodium azide) and 1njected onto a gei permeation column. UV (280 nm)

and radiation detectors in series provided quantitation of the reiat.ve amounts of unbound and
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Following the conclusion of the electrolysis, sometimes the anode 28 was rem oved
from the cell 10 and counted. When this was done, this measurement was used to directly
obtain the percentage of the initial I-125 that had become adsorbed on the anode 28. (The
anode 28 is the only cell component that was ever found to be significantly radioactive
following electrolysis.) The anolyte was always counted, and if the anode 28 was not, the
amount adsorbed on the anode 28 was taken to be the difference between the initial count and
the final anolyte count. Due to the difficulty of quantitatively removing the anolyte with a
syringe, any unaccounted for radioactivity was assumed to be in the residual solution, and the
missing quantity was added to the anolyte count.

The first three experiments in Table A were performed using Au anodes that were
soaked in iodide outside of the cell in which the radioiodination was to take place. This
treatment probably did not produce saturation coverage of adsorbed I, leaving open sites onto
which 1-125 could adsorb without exchanging with previously adsorbed |. Itis hypothesized
that when no carrier iodide is used, the I-125 is taken up almost quantitatively by the anode.
Use of a large amount of carrier iodide (100 nmole iodide to 33.3 nmole MADb) resulted in very
good iodination yields, but showed evidence of aggregation of the MAbs. Aggregation s
generally known by those skilled in the art to be detrimental to the product in that it changes
the biodistribution and pharmacologic activity. Run #3 was begun in a manner similar to run
#2 and, after it was verified that the 1-125 was taken up by the anode, carrier iodide was added
at the indicated level and the electrolysis continued, resuiting in the yield shown.

In the next group of experiments (Runs 4-9), the anode was pretreated by oxidizing
iodide (no MAb present) in the cell where the radioiodination was to take place, followed by
extensive rinsing of the cell (notes 5,6 to Table A). With this pretreatment, 1t appeared that no
carrier iodide was necessary in order to get good yields. However, separate experiments
indicated that it was difficult to completely remove by rinsing all of the jodide and/or iodine
from the pretreatment, so these experiments may have had an undetermined level of carrier
after all. In any event, there was no evidence of aggregation of the MAbs.

In the next group of three experiments in Table A (runs 10, 11 and 12), the anode was
pretreated outside of the cell (notes 7 and 8) so that it was certain that the level of carrier was
accurately known. With no added carrier, the yield of labeled material was poor, with most of
the activity ending up on the anode. However, addition of a modest amount of carrier
substantiaily improved the yield without any evidence of aggregation of the MAbs. it appeared
from these results that carrier could be added atleastupto a jevel such that the molar ratio of
total iodide to MAb was approximately 0.2 without damage to the antibody.

Examples 1-13 illustrate that, where the amount of 1-125 used was very small compared
to the adsorption capacity of the anode 28, the method of anode pretreatment and the ievel of
carrier iodide were very important factors in determining the yield of labeled MAb. Yields

(based on initial I-125) of labeled MAD in the range of 70-80% were acnieved with little or ro
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carrier when the method of anode pretreatment with non-radioiodide was by electrolysis

rather than by presoaking the anode.

EXAMPLE 14: 1ODINATION OF MONOCLONAL ANTIBODIES WITHOUT THE USE OF SOLUTION-
PHASE CARRIER

Example 14 iliustrates similar or better yields are obtained without the use of solution-

phase carrier when production scale activity levels of I-125 are used.

The cell of the present invention was used in an improved process for radiciodination
of a tumor-specific MAb with [-125. This material is useful for the detection of small tumors, for
example, or those tumors that may otherwise not be detected, for surgical removal.

The cell was constructed to provide an anolyte volume of 5 mL and a geometric anode
surface area of 2.9 cm? (one side). The membrane used to separate the anode and cathode
compartments was a Nafion™ 117 strong cation exchange membrane. The anode material was
gold electroformed mesh, 670 lines in"! that had been pretreated by electrolysis of a tmM
solution of non-radioactive iodide in order to saturate the iodine adsorption sites. The anode
used in the experiment had been used for two prior experiments without repeating the odide
electrolysis but was soaked between experiments with 1M NaOH foliowed by careful rinsing
with phosphate buffered saline (PBS).

The following procedure was used for radioiodination: 2 mL of PBS containing 60 mg
of antibody, 1 mL of I-125 solution (105 mCi) and sufficient pH 7 PBS to make a total volume of
5 mL added to the anode compartment. The cathode compartment was filled with PBS. The
anolyte was stirred magnetically as electrolysis was begun at + 0.650 V (vs. a silver/silver chloride
reference electrode). Electrolysis was stopped after 90 mins. and the anolyte removed. The
anolyte and the cell were counted in order to determine the loss of radioiodide to adsorption at
the anode. After electrolysis, 96.4 mCi were present in the anolyte while 8.6 mCi remained in
the cell.

Precipitation with trichioroacetic acid showed that 5.0% of the anolyte radioactivity
was not covalently bound to the antibody. This result together with the total anolyte count
indicated that the total yield of radioiodinated product based on the initial I-125 was 87%.
HPLC analysis of the anolyte indicated that >97% of the radiolabeled antibody was in
monomeric form; 82.7% of the radiolabeled antibody was immunoreactive.

in addition to being able to achieve the radiohalogenation of MAbs, the electrolytic
cell of the present invention and the process of its use is capable of achieving the
radiohalogenation of other proteins, peptides and organic molecules.

The following specific examples are directed to several embodiments of the present
invention and are not to be construed as limiting the scope of the invention.

EXAMPLE 16: CHEMICAL DEPOSITION OF GOLD ANODE ONTO ANION EXCHANGE MEMBRANE
PRIORTO IODINATION OF TYROSINE

Gold was chem:caily aeposited on a Raipore™ 4030 anion exchange membprane &s

follows:
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using a two compartment reactor with the membrane itself as the separator, 0.02M AuCl, (pH 1)
solution was placed on one side and 0.1M hydrazine solution (pH 13) on the other. After

45 mins., the metallized membrane was removed from the reactor, rinsed with deionized water,
and soaked 10 mins. in a solution of iodine (1mM) in 70% methanol, 30% water. The metailizec
membrane was then washed several times with 70% methanol and soaked in several changes of
pH 9.0 buffer. Electrolysis using this metallized membrane as the anode and separator was
performed in the same cell and followed the same procedure asin Example 15. At88% iodide
conversion, the yield of 3-iodo-L-tyrosine was 40% based on initial iodide (only the anolyte was
sampled).

EXAMPLE 17: ADDITION OF [ODIDE TO CATHOLYTE PRIOR TO IODINATION OF TYROSINE

When labeling a compound with radioactive iodine, it may be desirable in some cases

to minimize the unreacted radioiodide remaining in the product solution following electrolysis
without resorting to excessively long electroiysis times. This concept can be demonstrated with
non-radioactive iodide by using the present invention in the following manner: the cell was
assembled using the metallized membrane described in Exam ple 16. The electrolysis was carriec
outasin Example 15, with the exceptions that the iodide was added to the catholyte, and both
anolyte and catholyte were magnetically stirred. The yield of 3-iodo-L-tyrosine was 45% basea
on the initial iodide added to the catholyte, and the concentration of iodide in the anolyte was
effectively zero.

EXAMPLE 18: IODINATION OF TYROSINEATpH 7.0

Electrolysis was carried out using the same cell, anode, membrane and procedure asin

Example 15, except that the pH of the anolyte and catholyte was 7.0. At85% iodide conversion,
the yield of 3-iodo-L-tyrosine was 58% based on initial iodide.
EXAMPLE 19: VAPOR DEPOSITION OF GOLD ANODE ONTO ULTRAFILTRATION MEMBRANE
7 PRIOR TO IODINATION OF TYROSINE
Gold was vapor deposited to a thickness of 150 angstroms on polysulfone

ultrafiltration membrane (malecular weight cutoff 100,000). This metallized membrane

assembly was used for iodination of L-tyrosine usi'ng the same procedure asin Example 18. At
45% iodide conversion, the yield of 3-iodo-L-tyrosine was 54% based on initial iodide (10032
iodination selectivity within experimental error).

EXAMPLE 20: IODINATION OF NON-STEROIDAL ESTROGEN

The cell was used to effect the following iododestannylation react:on:

SUBSTITUTE SHEET



WO 92/21019 PCT/US92/03943
-15-

10
tri-n-butylstannyl iodotamoxiphen
tamoxiphen

Tamoxiphen is a non-steroidal estrogen analog with affinity for the estrogen receptor
15 and with antiestrogenic activity in vivo. The radiolabeled iodo derivative is potentially useful as
a gamma-ray emitting tracer for the receptor. lodotamoxiphen is prepared in this example
using non-radioactive iodide in order to demonstrate the applicability of the invention
The cell was assembled with a P/Rh gauze anode (10% Rh, 80 mesh), Pt gauze cathode
and Nafion™ 117 cation exchange membrane separator. The catholyte was aqueous pH 7.0
20 buffer. The anolyte consisted of approximately 5 mL of methanol containing 0 086 g tri-n-
butylstannyl tamoxiphen (0.00013 moie) and 0.042 g Nal (0.00028 mole). No other supporting
electrolyte was added to the anolyte. Electrolysis was carried out with magnetic stirring of the
anolyte for approximately 2.5 hr. at + 500 mV vs Ag/AgC! (3M KCl). At thistime thin layer
chromatography of the anolyte (silica gel, eluent 5% methanol in chloroform) indicated
25 complete conversion of tri-n-butyistannyl tamoxiphen. The anolyte was removed from the cell,
diluted with 30 mL of diethyl ether, and washed with 10 mL of 10% sodium metabisulfite and
two 10 mL portions of 1M NaOH. The organic phase was separated, dried over anhydrous
magnesium sulfate, and filtered. The solvent was evaporated under a gentle stream of dry
nitrogen, leaving 0.051 g (0.00010 mole) of colorless oil. The 'H and *CNMR spectra of this
30 Product (in CDCl) were consistent with the desired compound iodotamoxiphen
EXAMPLE 21: |ODINATION OF 17-a-(TRIBUTYLSTANNYL)-VINYLESTRADIOL

Radiolabeled derivatives of 17-a-iodovinylestradiol are aiso useful as gamma-emitting

pharmaceuticals that bind selectively to éstrogen receptor sites. This example demonstrates the
utility of the cell for synthesis of 17-a-iodovinylestradiol via iododestannylation of 17-a-

35 (tributylstannyl)-vinylestradiol:
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17-a-(tributylstannyl)- 17-a-iodovinylestradiol

vinylestradiol

The cell was assembled with a gold electroformed mesh anode (geometric arez

3.9 cm?), 304 stainless steel gauze cathode (40 mesh) and Nafion™ 117 cation exchange

membrane separator. The catholyte consisted of pH 7.0 buffer. The anolyte consisted of 5mlL

of 10% water in methanol to which was added 0.060 g of 17-a-(tributylistannyl)vinylestradiol
(0.00010 mole) and 0.031 g of Nal (0.00010 mole). Electrolysis was carried out at + 600 mV (vs
Ag/AgCl, 3M KCl) with magnetic stirring until thin layer chromatography (silica gel. eluent 20%
ethyl acetate in hexane) indicated complete conversion of the 17-a-(tributyl-
stannyl)vinylestradiol. The anolyte was diluted with 20 mL of chioroform and extracted once
with aqueous 10% sodium metabisulfite/|% potassium fluoride. The aqueous phase was
extracted once with 10 mL of fresh chloroform. The chloroform extracts were combined, dried
over anhydrous magnesium sulfate and filtered. The solvent was evaporated under a stream of
dry nitrogen, leaving 0.056 g of white solid. This material was dissolved n solvent and purified

by fiash chromatography using 12 g of 40 micron silica gel and 25% ethyl acetate/hexane

eluent. The homogeneous fractions were com bined, and evaporation of the solvent gave

0.030 g (0.000071 mole) of white solid. Thev’H and "*C NMR spectra, fast atom bombardment

mass spectrum and chemical ionization mass spectrum were all consistent with the structure of

the desired product 17-a-iodovinyfestradiol.
EXAMPLE 22: BROMINATION OF ESTRONE ENOLDIACETATE
16-a-["’Br]bromoestradiol has potential utility forimaging of human breast tumors

that contain estrogen receptors. This example demonstrates a synthesis of the non-radioactive

analog of this compound from estrone in which the cell is applied to the bromination of an

intermediate, estrone enoldiacetate.
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16-a-bromoestradiol 16-a-bromoestrone-
3-acetate
25 15 mL of isopropenyl acetate, 2.0 g of estrone (0.0074 mole) and 0.6 mL of catalyst

solution (0.1 mL concentrated sulfuric acid in 5 mL isopropenyl acetate) were refluxed 2.5 hr.
Approximately 4 mL of solvent was then distilled over a period of 1.5hr. 10 mL of isopropenyl
acetate containing 0.5 mL of catalyst squ‘Eion was added and the mixture was siowly distilled to
remove about one-half the volume. The remaining mixture was chilled in anice bath, diluted
30 with 50 mL of anhydrous diethyl ether, and washed with 10 mL saturated aqueous sodium
bicarbonate. The organic phase was dried over anhydrous magnesium sulfate, filtered and
evaporated to dryness. The residue was dissolved in 1 L of 20% ethyl acetate in hexane and
passed through a short column (5 cm 1ong by 2 cm diameter) of 80-200 mesh neutral alumina.
The solution was then evaporated under reduced pressure to a volume of about 50 mL and set
35 aside to allow crystallization of the product, yielding 1.56 g of white crystals (melting range
149-150°C, literature 149-150°C). 'H and C NMR spectra were consistent with the desired
enoldiacetate (estrone-3-acetate-17-enolacetate).
The cell was assembled with a PURh gauze anode (8C mesh, 3.9 cm* geometric area), &

304 stainless steel cathode (40 mesh) and Nafion™ 117 cation exchange memuorane separator.
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An electrolyte solution consisting of 10 mL of tetrahydrofuran, 7 mL of diethyl ether and 33 mL
of buffer (2.81 g potassium acetate in 50 mL of 85% acetic acid, 15% water) was used for the
anolyte and the catholyte. The anolyte was 5 mL of electrolyte containing 0.039 g estrone-3-
acetate-17-enolacetate (0.00011 mole) and 0.013 g sodium bromide (0.00013 mole). Electrolysis
was carried out at + 1200 mV (Ag/AgCl, 3M KCl) with magnetic stirring of the anolyte until thin
layer chromatography (silica gel, eluent 20% ethyl acetate in hexane) showed complete
conversion of estrone-3-acetate-17-enolacetate. The anolyte was added to 25 mL of water and
the mixture was extracted three times with 10 mL portions of diethyl ether. The ether extracts
were combined, dried over anhydrous magnesium sulfate, and filtered. The solvent was
removed under a stream of dry nitrogen, leaving behind 0.032 g (0.000082 mole) of white solid.
"H and *C NMR spectra of the product were consistent with 16-a-bromoestrone-3-acetate.
0.064 g 16-a-bromoestrone-3-acetate (0.00016 mole) was dissolved in 5 mL of
tetrahydrofuran (THF) and chilled to -78°C under nitrogen in anisopropanol/dry ice bath. 2mL
of 1.0M lithium aluminum hydride in THF was added slowly with rapid magnetic stirring. After
stirring for 10 mins., the mixture was quenched by adding 4 mL of 1:1 ethyl acetate in THF
(prechilled to -78°C). The mixture was stirred 5mins., then the isopropanol/dry ice bath was
replaced by an ice bath. 10 mL of chilled 3M aqueous HCl was slowly added to finish quenching.
10 more mL of 3M HCl was added and the mixture was allowed to warm to room temperature.
The mixture was extracted three times with 10 mL portions of diethyl ether. The ether extracts
were combined, dried over anhydrous magnesium sulfate, and filtered. Evaporation of the
solvent under a stream of dry nitrogen yielded 0.075 g of a slightly greenish residue. Thinlayer
chromatography (silica gel, eluent 25% ethyl acetate in hexane) of this residue indicated at least
five components. The mixture was subjected to flash chromatography (15 g 40 mesh siiica ge!,
eluent 25% ethyl acetate in hexane). Combination of homogeneous fractions foiiowed by
evaporation of the solvent yielded 0.024 g of white solid (the major component, R¢ = 0.31). The
'H and 3C NMR spectra of this product were consistent with 16-a-bromoestradiol. The carbon-
13 NMR data suggest that the stereochemistry at position 17 is alpha.
EXAMPLE 23: RADIOIODINATION OF MONOCLONAL ANTIBODY B72.3

The cell was assembled with a gold electroformed mesh anode (670 lines in’,

pretreated by soaking in 1mM non-radioactive iodine), 304 stainless steel mesh cathode and
Nafion™ 117 cation exchange membrane separator. 3 mL of pH 7 PBS was placed in the
catholyte chamber. 3 mL of pH 8.1 PBS containing 15 mg of antibody, 1.44 mCi of -125 and 22
nmole carrier iodide (total iodide equivalent to 40 mCi I-125) was added to the anolyte
chamber. With magnetic stirring, electrolysis was carried out at + 800 mV (Ag/AgCl, 3MCl). Ar
intermediate sample taken at 30 min. indicated an iodination yield of 71.8%. After 90 min,,
9.5% of tne initial I-125 was adsorbed on the anode, while 4.5% remained in solutior and not

bound to the antibody, resulting in an iodination yield of 86.0%
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EXAMPLE 24: RADIOIODINATION OF MONOCLONAL ANTIBODY B72.3

The radioiodination performed in Example 23 was repeated except that the anode
potential was setat +850 mV while using the same reference electrode. A sample at 30 min.
indicated an iodination yield of only 31.8%.

Examples 15 through 24 illustrate additional uses of the electrolytic cell of the present
invention. Examples 15 and 18 illustrate the effect that pH has on the iodination of L-tyrosine.
Examples 16 and 17, on the other hand, compare the addition of iodide to the anolyte with the
addition to the catholyte using a ceii with an anion exchange membrane in each experiment.
The advantage of adding the iodide to the catholyte is the minimization of unreacted iodide in
the product solution. Examples 16, 17 and 19 are also examples where the separator 26 serves
as a solid support for the deposition of the anodic material to allow the anode 28 to be adjacent
the separator 26. Finally, Examples 20, 21, 22, 23 and 24 illustrate the halogenation of other
organic¢ molecules.

In the above examples ambient temperature was chosen for convenience, but lower or
higher temperatures may be used, the primary concern being stabilit}/ of the material to be
labeled. The pH, and concentration and nature of buffer constituents may also vary over wide
ranges, the primary consideration again being the stability of the material to be labeled. The
potential of the working electrode, the ratio of the working electrode area to working cell
volume and the presence of the reference electrode are the means by which the maximum rate
of labeling can be achieved while minimizing oxidative damage to the protein.

The foregoing detailed description is given for clearness of understanding only and no
unnecessary limitations should be understood therefrom, as modifications within the scope of

the invention will be apparent to those skilled in the art.
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CLAIMS:

1. Anelectrolytic cell for labeling proteins, peptides, and other organic

molecules comprising:
(a) a cathodic half cell and an anodic half cell divided by a separator;

(b) a working electrode in one of said cathodic half cell and said anodic half

5 cell;
(¢) acounter electrode in the other of said cathodic half cell and said anodic haif

cell; and
(d) areference electrode located in said half cell containing said working

electrode and outside the current path between said working electrode ana

10 said counter electrode.
2. Anelectrolytic cell in accordance with Claim 1, wherein said working

electrode is made from a metal selected from gold, platinum and a mixture of

90% platinum/10% rhodium.

is 3. Anelectrolytic cell in accordance with Claim 1, wherein said counter
electrode is made from a metal selected from stainless steel and platinum.
4. Anelectrolytic cell in accordance with Claim 1, wherein a working

electrode material is deposited on said separator.

20 5.  Anelectrolytic cell in accordance with Claim 1,2 or4 wherein said

working electrode is a porous electrode.

6.  Anelectrolytic cell in accordance with Claim 1, 2 or 4, wherein said

working electrode is a porous electrode and is iocated directly adjacent said separator.

25 , . NP _
7. An electrolytic cell in accoraance with Ciaim 1, 2 or 4, wnerein saia

working electrode is a porous eiectrode, is located directly adjacent said separator and s

pretreated with non-radioactive labeling agent.
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8. An electrolytic cell in accordance with Claim 1 or 4, wherein said separator

is an anion exchange membrane or a cation exchange membrane.

9, An electrolytic cell in accordance with Claim 1 or 4, wherein said separator

is an anion exchange membrane or a cation exchange membrane and said working electrode

’ is a porous electrode.
10.  An electrolytic cell in accordance with Claim 1, wherzin said working
electrode is pretreated with non-radiohalogen.
10 11.  Anelectrolytic cell for labeling proteins, peptides, and other organic
molecules comprising:
(a) afirst cathodic half cell having an annular ring circumscribing an opening
and a second anodic half cell having an annular ring circumscribing an opening,
wherein said first annular ring and said second annular ring face each other;
15 (b) afirst gasket adjacent ta said first annular ring;
(c) aseparator adjacent to said first gasket;
(d) a porous working electrode adjacent to said separator, wherein said
working electrode is located in one of said cathodic half cell and said anodic half
cell;
20 “(e) an electrical contact means operably engaging said working electrode for
connecting said working electrode to a power source;
(f) asecond gasket adjacent to said second annularring;
(9) a means for clamping said first annular ring to said second annular ring in
such a fashion as to sandwich said first gasket, said separator, said porous
25 working electrode, and said second gasket therebetween;
(h) acounter electrode in the other of said cathodic half cell and said anodic
half cell; and
(i) areference electrode located in said half cell containing said working
electrode and outside the current path between said porous working electrode
30 and said counter electrode.
12.  Anelectrolytic cell in accordance with Claim 11, wherein said porous
working electrode is made from a metal selected from gold, platinum and a mixture of
90% platinum/10% rhodium.
35

13.  Anelectrolytic cell in accordance with Claim 11, wherein said counter

electrode is made from a metal selected from stainiess steel and platinum.
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14.  Anelectrolytic cell in accordance with Claim 11, wherein said porous

working electrode is pretreated with non-radiohalogen.

15.  Anelectrolytic cell in accordance with Ciaim 11, wherein said eiectrical

contact means is a metal ring contact.

16.  Anelectrolytic cell in accordance with Claim 11, wherein a working

electrode material is deposited on said separator.

17.  Anelectrolytic cell in accordance with Claim 11, wherein said parous

working electrode is located directly adjacent said separator.

18.  Anelectrolytic cell in accordance with Claim 17, wherein said porous

working electrode is pretreated with non-radiohalogen.

19.  Anelectrolytic cell in accordance with Claim 11, 16 or 18, wherein said

separator is an anion exchange membrane or a cation exchange membrane.

20.  Anelectrolytic cell in accordance with Claim 11, 16 or 18, wherein said
separator is an anion exchange membrane ora cation exchange membrane and said porous

working electrode is located directly adjacent said separator.

21.  Anelectrolytic cell comprising:
(a) acathodic half cell and an anodic half cell divided by a separator;

(b) aworking electrode in one of said cathodic half cell and said anodic half

cell;
(c) a counter electrade in the other of said cathodic half cell and said anodic half

cell;
(d) aclamp having a fixed bar adjacent one of said cathodic half ceil and said

anodic half cell and a movable bar adjacent the other of said cathodic half cell

and said anodic half cell; and
(e) means joining said fixed and movable bars together for applying clamping

pressure to said cell and holding said separator between said cathodic half cell

and said anodic haif cell.

22.  Anelectrolytic cell in accordance with Claim 21, wherein said fixed barisa

heat sink.

23.  Anelectrolytic cell in accordance with Claim 22, wherein said heat sink

consists of a base and an upstanding wall surrounding said cell.
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24.  Anelectrolytic cell in accordance with Claim 21 or 23, wherein said fixed

bar and said movable bar are configured to the shape of the backsides of said cell.

25.  Anelectrolytic cell in accordance with Claim 21 or 23, wherein said fixed
bar, said movable bar are configured to the shape of the backsides of said cell, and said fixed

bar, said movable bar and the backsides of the cell are flat.

26.  Anelectrolytic cell in accordanze with Ciaim 1 or 25, further comprising

a reference electrode located in said half cell containing said working electrode.

27. Anelectrolytic cell in accordance with Claim 26, wherein said working
electrode is made from a metal selected from gold, platinum and a mixture of 90%

platinum/10% rhodium.

28.  Anelectrolytic cell in accordance with Claim 26, wherein said counter

electrode is made from a metal selected from stainless steel and platinum.

29.  Anelectrolytic cell in accordance with Claim 26, wherein said working

electrode is pretreated with non-radiohalogen.

30. Anelectrolytic cell in accordance with Claim 21, or 26, wherein said

separator is an anion exchange membrane or a cation exchange membrane.

31. Anelectrolytic cell in accordance with Claim 21, 26, 27 or 30, wherein said

working electrode is a porous electrode.

32.  Anelectrolytic cell in accordance with Claim 30 or 31, wherein said

working electrode is located directly adjacent said separator.

33.  Anelectrolytic cell in accordance with Claim 30 or 32, wherein said

working electrode is pretreated with non-radioactive labeling agent.

34.  Anelectrolytic cell in accordance with Claim 32, wherein the ratio of the
surface area of said working working electrode to the volume of said anodic half cell is from
0.001 to 5000 cm™.

35. Anelectrolytic cell in accordance with Claim 34, wherein the ratio of the
surface area of said working working electrode to the volume of said anodic half cell is from
0.05to 10cm’.
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36. A process for labeling proteins, peptides and other organic molecules

which comprises:
(a) providing an electrolytic cell having a cathodic half cell and an anodic half

cell divided by a separator; providing a porous working electrode in one of said
cathodic half cell and said anodic half cell; providing a counter electrode in the
other of said cathodic half cell and said anodic half cell; and providing a
reference electrode located in said half cell containing said working electrode

and outside the current path between said porous working electrode and said

counter electrode;
(b) inserting the material to be labeled into said half cell containing said

working electrode;
(c) contacting said material to be labeled with a labeling agent; and

(d) passing a current through said electrolytic cell.

37.  Anprocessin accordance with Claim 36, which includes positioning said

porous working electrode directly adjacent said separator.

38. A processinaccordance with Claim 36, which includes providing an anion

exchange membrane or cation exchange membrane to serve as said separator.

39. A nprocessin accordance with Claim 38, wherein said membraneis an
anion exchange membrane and said contacting step comprises the step of adding said
labeling agent to said half cell containing said counter electrode and allowing it to migrate
through said anion exchange membrane to said porous working electrode for reaction with

the material to be labeled.

40. A processin accordance with Claim 37, in which said step of providing a
porous working electrode includes depositing a working electrode material on said

separator.

41. A processin accordance with Claim 38, which includes making said porous
working electrode from a metal selected from gold, platinum and a mixture of 30%

platinum/10% rhodium.

42. A processin accordance with Claim 38 or 41, which includes making said

counter electrode from a metal selected from stainless steef and platinum.

43. A process in accordance with Claim 38, wherein said step of passing

current comprises the step of controlling the working electrode potential with said reference

electrode.
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44.  Aprocessin accordance with Claim 43, wherein said contacting step
comprises the step of adding said labeling agent to said half cell containing said working

electrode.

45.  Aprocessin accordance with Claim 43, wherein said contacting step
comprises the step of adding said labeling agent to said half cell containing said counter
electrode and allowing it to migrate through said separator to said porous working electrode

for reaction with the material to be labeled.

46. A process in accordance with Claim 37, in which the Iabeling agentis a

radioactive labeling agent.

47.  Aprocessin accordance with Claim 46, in which the radioactive labeling

agent is a radioactive halide.

48. A processin accordance with Claim 47, in which the radioactive halide is
1-125.
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