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@‘ectmlyﬁc cell and process for the labeling of proteins and peptides.

An electrolytic cell for the labeling of pro-
teins, peptides and other crganic molecules FIG. |
empioys a cathodic half cell and an anodic half
cell, where a porous working electrode is
located in one haif cell and a counter electrode -
is located in the other of the half cell, the two
half cells being divided by a separator. A refer-
ence electrode located in the half cell contain-
ing the working electrode, and placed outside
the cumrent path between the working electrode
and the counter electrode confers precise con-
trol 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. Satu-
ration of the working electrode with non-
radioactive label coupled with a ratio of working
electrode surface area to volume of half cell
containing the working electrode between
0.001 to 10 cm~! minimizes the problem of loss
of activity of radiolabel due to adsorption on the
working electrode.
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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;

15 (c) contacting sdid material to be labeled with a labeling agent; and

{d) passing a cumrent 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 monoclional antibodies with halagens or other lab-
els, such as technetium and rhenium. It is intended that the term “label” as used herein include labels which

20 can be either radioactive or non-radioactive. The cell employs a cathodic half cell containing a catholyte and
an anadic half cell containing an anolyte divided by a separator which assists in preventing the gross mixing
of the anolyte and cathalyte while permitting the flow of ionic current. Labeling of the proteins, peptides and
other arganic molecules may occur in either half cell at a working electrode. When the label is oxidized to be-
come a labeling agent, a porous anode placed within the anodic half cell serves as the working electrode and

25 acathode placed within the cathodic half cell serves as the non-waorking or counter electrode. When the label
is reduced to become a labeling agent, a porous cathode placed within the cathadic half cell serves as the work-
ing electrode and an anode placed within the anodic half cell serves as the non-working electrode. A reference
electrode placed outside the cument path between the working electrode and the nonworking electrode confers
precise control of the working electrode patential, which allows the maximum rate of labeling to be achieved

30 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, easter scale-up of
the process, and, in the case of radiolabeling, reduced volume of liquid radicactive waste.

Description of the Figures

Figure 1 shows a schematic diagram of the electrolytic ceil 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;
40 Figure 5 shows a front elevational view of a separatar;
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 shaws a plan view of a cltamp;
Figure 9 shows a side view of the clamp of Figure §;
45 Figure 10 shows a plan view of a combined clamp and heat sink; and
Figure 11 shows a side view of the combined clamp and heat sink of Figure 10.
In a preferred embaodiment, cell 10 consists of two identical glass halves, a first glass cathodic half cell 12
and a second glass anadic half cell 14 (Figs. 1, 2 and 3). First glass 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
50  while secand glass half 14 has an arnular ring 20 with a ground glass face, said ring 20 circumscribing an open-
ing 21, an open top 22, and a reaction chamber 23. Squeezed between ring 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), 2 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 diametler of the tubber gaskets 24 and 32 determines the aclive area
55  of the anode 28.
A thermometer adapter 34 holding a silver/silver chloride 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
cathade 40. While Figure 1 shows glass half 14 having a magnetic stir bar 38 located therein, glass half 12 is
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an end 54 which acts as and replaces fixed bar 42. The block 52 also has a base 56 and an upstanding wall
68 (of which end 54 is a part) which surrounds cell 10 and serves as a support for the celf 10, The temperature
of the block 52 could be maintained in any number of ways, including placing it in an incubator or circulating a

15 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 generai requirements are that the materials of construction be compatible
with the process chemicals under the conditions employed, maintaining their structural mtegnty and not adding

20 undesirable materials to the product.

Radioactive and non-radioactive halogens can be used for the labeling of proteins, peptides and other or-
ganic molecules, particularly monoclonal antibodies. Among the other labels contemplated for use in the pres-
ent 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

25  28is made from ametal selected from the group consisting of gold, platinum and a mixture of90% platinum/10%
rhodium. It is postulated that gold may be a better anode material for jodinations where the protein, peptide or
other organic malecule 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, lead, lead dioxide, noble metals {Groups Vil and 1B in the Periodic Chart) and their oxides (for example,

30 platinum axide), 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. Nable metal oxides, however, are
not suitable for icdinations or radioiodinations due to the formation of iodate.

35 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 car-
bon, stainless steels, noble metals (Groups Vil and IB in the Periodic Chart) and their oxides {for example,
platinum oxide), and transition metals such as copper and nickel.

While metal contact ring 30 is not a critical component of the cell 10 assembly, it does assure that an elec-

<« tical contact is maintained with the working electrode. The metal 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 situa-
tions 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.

Whether a porous cathode or a porous anode serve as the working electrode, it is important that the edges

45  of the working electrode be covered by the gaskets 24 and 32 so as to diminish mass transfer at the edges.
Enhanced mass ransfer to the edges makes it difficult to maintain a uniform potential across the working elec-

= trode 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

50 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 elecirode outside the current path,

The separator 26 assists in preventing the gross mixing of the anolyte and catholyte while permitting the
fiow of ionic current between anode and cathode. The separator 26, in general, should be electrically insulating,

55  and may be made of a wide variety of materials, including, but not limited o, fritted glass, sintered glass pow-
ders, porous or foamed plastics such as Teflon™, asbestos diaphragms, porous ceramic materials, ion ex-
change membranes and ultrafiltration membranes. In one aspect of the invention, separator 26 is a Nafion™ -
117 cation exchange membrane. By being cationic, the separator 26 ensures that the radichalides remain in
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dioactive iodide left in anode half cell 14 which has to be separated from the radiolabeled protein. A disadvan-
tage of placing the radiohalide in the catholyte is that much of the radichalide remains in the separator 26. How-

15 ever, this may not be a disadvantage in a commercial application where repeated or continuous use may make
the initial saturation of the separator 26 irrelevant.

Any supporting electrolyte can be used in the catholyte or anolyte. Examples of supporting electrolytes
commonly used include sedium chloride, phosphate buffers, tetraalkylammonium salts and alkali metal acet-
ates. Also, the cell 10 may be used without any supporting electrolyte in the working electrode compariment,

20  if this is desired for process reasons.

Regardless of the supporting electrolyte utilized, some form of stiring must be used in the half cell con-
taining the working electrede 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 sparg-
ing gas into the half cell. it is contemplated that stirring in both half cefls would provide benefits when the labeling

25 agentis 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 con-
tains the working electrode, a different fonm 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

30 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 pre-
cise control of the anode potential, which allows the maximum rate of halogenation to be achieved while min-
imizing oxidative damage to the protein. Placement of the reference electrode 36 outside the current path, how-
ever, makes it essential that the working electrode be porous. The reference electrode 36 may be any of a va-

35 riety of such electrodes commonly used for controt ar 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 sofvents being used is quite low. For example, some sofvents which can dis-
solve iodide or iodide sources such as phenyliodide will not dissolve other electrolytes and, therefore, may not

40  impart conductivity. Such a situation 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 placed directly adjacent
to the separator 26 so that a current can flow and iodination of the protein, peptide or organic malecule can
still occur. Since the material to be halogenated is in the anodic half cell 14, a conductive solventin the cathodic
half cell 12 may be used. This construction is shown in Figure 1. Where anodic solvent conductivity is not a

45 factor with respect to avoiding unwanted chemical reactions between the solvent and the material to be halo-
genated, however, a conductive solvent may be used and the anode 28 may be placed anywhere within the
anodic half cell 14. One efficient means available for placing the anode 28 directly adjacent to the separator
26 is to chemically deposit the anode material onto the separator 26. Example 16 below demonstrates one way
of achieving this deposition.

50 One drawback of using noble metals as the anode materials of the present invention is that they have a
high capacity to adsorb iodide and other halogens. For example, it has been found thatadsorption of radiciodide
onto the anode used for its oxidation to produce the active iodinating species accounts for aimost all the inef-
ficiency 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. It is well known that the size of the anode

s5  relative to the volume of anolyte determines the time needed for potential-controlled 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 areafhalf cell volume ratno
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scopic roughness, which is detenmined 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.

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

15 of non-radiohalogen. _ '

In operation, cell 10 can be operated by controlling the warking electrode potential, the cell current, or the
overall cell voltage, i.e., the potential across the anode and the cathode). The applied current may be direct ar
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 placement of the reference

20 electrode outside the current path allows 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 cell current times solution resistance)
to the potential between the reference and warking electrodes. When the cell current or potential is controlied,
this geomefry provides for more precise measurement of the working electrode potential. In the case of iodin-
ations and radiciodinations in aqueous media, it has been found that for some substrates precise potential con-

25  trol of the anode is essential in order to achieve a high, reproducible yield.

The invention will be further clarified by a consideration of the following examples, which are intended to
be purely exemplary of the present invention.

EXAMPLES 1-13: IODINATION OF MONOCLONAL ANTIBODIES

Table A summarizes the Examples 1-13 results of electrolytic radioiodinations of @ 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 labeled proteins, peptides and other organic molecules. Because the amount of }-125 used in

35 these experiments was so 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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el ectr ode | oEsaredd Prptisatemert dlectrolysis at 650 mV using 1 mM iadide in the radioiodination cell

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

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

9. HPLC evidence of aggregation

10. immunoseactivity = 78.4%

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

12. 9 mg MAb

15 13. 6 mg MAb ]

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 sozaking 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 radiciodide remained in the anode

20 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 1-125. After
stirring briefiy, the entire anclyte was withdrawn using a 10 mL syringe and counted using a Capintec™ CRC7

25 radioisotope calibrator. The anolyte was placed back in the cell, stirring begun, and electrolysis camried out at
controlled potential. The potentiostat was a model CVIB cyclic voltammograph, supplied by Bioanalytical Sys-
tems, Inc. (BAS-West Lafayette, IN). The cumrent was monitored using a digital voltmeter.

The electrolysis was interrupted periodically in order to count the anolyte and to withdraw a 50 pl sample
for HPLC analysis. The sample was diluted with 200 uL of eluent (400mM PBS containing sodium azide) and

3 injected onto a gel permeation column. UV (280 nm) and radiation detectors in series provided quantitation of
the relative amounts of unbound and MAb-bound 1-125. ’

Following the conciusion of the electrolysis, sometimes the anode 28 was removed from the cell 10 and
counted. When this was done, this measurement was used to directly obtain the percentage of the initial I-125
thet had become adsorbed on the anode 28. (The anode 28 is the only celi component that was ever found fo

35 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.

40 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 |, leaving open sites onto which 1-125 could adsorb without exchanging with previously
adsorbed 1. It is hypothesized that when no carier 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 MAD) resuited in very

45 good iodination yields, but showed evidence of aggregation of the MAbs. Aggregation is 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, resulting in the
yield shown.

50 In the next group of experiments (Runs 4-9), the anode was pretreated by oxidizing iodide (no MAb present)
in the cell where the radiciodination was to take place, followed by extensive rinsing of the cell (notes 5,6 to
Table A). With this pretreatment, it 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 iodide
and/or iodine from the pretreatment, so these experiments may have had an undetemmined level of carrier after

55  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 mast of the activity ending up on the anode. However, ad-
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EXAMPLE 14: IODINATION OF MONOCLONAL ANTIBODIES WITHOUT THE USE OF SOLUTION-PHA-
SE CARRIER

Example 14 fliustrates similar or better yields are obtained without the use of solution-phase carrier when
production scale activity levels of 1-125 are used.

The cell of the present invention was used in an improved process for radioiodination of a tumor-specific
MAD with 1-125, This material is useful for the detection of small tumors, for example, or those tumors that may
ctherwise not be detected, for surgical remaval.

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 ImM solution of non-radioactive iodide in order to saturate the iodine ad-
sorption sites. The anode used in the experiment had been used for two prior experiments without repeating
the iodide electrolysis but was soaked between experiments with IM NaOH followed by careful rinsing with phos-
phate 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 § mL added to the anode compart-
ment. The cathode compartment was filled with PBS. The anolyte was stired magnetically as electrolysis was
begun at +0.650 V (vs. a silverfsilver chloride reference electrode). Electrolysis was stopped after 80 minutes
and the anolyte removed. The anolyte and the cell were counted in order to detenmine 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 trichloroacetic acid showed that 5.0% of the anclyte radioactivity was nat covalently
bound to the antibody. This result together with the total anolyte count indicated that the total yield of radicio-
dinated product based on the initial 1-125 was 87%. HPLC analysis of the anolyte indicated that >97% of the
radiclabeled antibody was in monomeric fonm; 82.7% of the radiolabeled antibody was immunoreactive.

in addition to being able to achieve the radichalogenation of MAbs, the electrolytic cell of the present in-
vention and the process of its use is capable of achieving the radichalogenation 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 PRI-
OR TO IODINATION OF TYROSINE )

Gold was chemically deposited on a Raipore™ 4030 anion exchange membrane as follows:

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 minutes, the metalfized mem-
brane was removed from the reactor, rinsed with deionized water, and soaked 10 minutes in a solution of iodine
(imM) in 70% methanol, 30% water. The metallized membrane was then washed several imes with 70% me-
thanol 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 as in Example 15. At
88% iodide conversion, the yield of 3-iodo-L-tyrosine was 40% based on initial lodide (only the anolyte was
sampled).

EXAMPLE 17: ADDITION OF IODIDE TO CATHOLYTE PRIOR TO IODINATION OF TYROSINE

When labeling a compound with radioactive icdine, it may be desirable in some cases to minimize the un-
reacted radioiodide remaining in the product solution following electrolysis without resorting to excessively long
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Gold was vapor deposited to a thickness of 150 angstroms on polysulfone ultrafiltration membrane (mo-
lecular weight cutoff 100,000). This metallized membrane assembly was used for fodination of L-tyrosine using
the same procedure as in Example 18. At45% iodide conversion, the yield of 3-iodo-L-tyrosine was 54% based
on initial iodide (100% iodination selectivity within experimental error).

20
EXAMPLE 20: IODINATION OF NON-STEROIDAL ESTROGEN
The cell was used to effect the following iododestannylation reaction:
25
Sn(n-Bu)3 |
\ 7
30
35
tri-n-butylstannyl - iodotamoxiphen.
tamoxiphen
40

Tamoxiphen is a non-steroidal estrogen analog with affinity for the estrogen receptor and with antiestro-
genic 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.
45 The cell was assembied with a PYRh gauze anode (10% Rh, 80 mesh), Pt gauze cathode and Nafion™
117 cation exchange membrane separator. The catholyte was aqueous pH 7.0 buffer. The anolyte consisted :
= of approximately 5 ml. of methanal containing 0.086 g tri-n-butyistannyl tamoxiphen (0.00013 mole) and 0.042 !
g Nal (0.00028 mole). No other supporting electrolyte was added to the anolyte. Electrolysis was carmried out
with magnetic stirring of the anolyte for approximately 2.5 hr. at +500 mV vs Ag/AgCl (3M KCI). At this time
s0  thin layer chromatography of the anolyte (silica gel, eluent 5% methanol in chioroform) indicated complete con-
version of tri-n-butylstannyl tamoxiphen. The anolyte was removed from the cell, diluted with 30 m of diethyl
ether, and washed with 10 mb of 10% sedium metabisulfite and two 10 ml portions of IM NaOH. The organic
phase was separated, dried over anhydrous magnesiumn sulfate, and filtered. The solvent was evaporated un-
der a gentle stream of dry nitrogen, leaving 0.051 g {(0.00010 mole) of colorless oil. The 'H and 13C NMR spectra
55  of this product (in CDCI,) were consistent with the desired compound iodotamoxiphen.
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| “~— Sn(n-Bu),
-
HO
17-a-(tributylstannyl)- l7-a~-iodovinylestradiol
vinylestradiol

The cell was assembled with a gold electroformed mesh anode (geometric area 3.9 cm?), 304 stainless
steel gauze cathode (40 mesh) and Nafion™ 117 ati_bn exchange membrane separator. The catholyte con-
sisted of pH 7.0 buffer. The anolyte consisted of 5 mL of 10% water in methanol to which was added 0.060 g
of 17-a-(tributyistannyl)vinylestradiol (0.00010 mole) and 0.031 g of Nal (0.00010 mole). Electrolysis was car-
ried out at +600 mV {vs Ag/AgCl, 3M KClI) with magnetic stirring until thin layer chromatography (silica gel, eluent
20% ethyl acetate in hexane) indicated complete conversion of the 17-a-(tributyistannyl)vinylestradiol. The
anolyte was diluted with 20 mL of chioroform and extracted once with aqueous 10% sodium metabisulfite/1%
potassium fluoride. The aqueous phase was extracted once with 10 mi. of fresh chloroform. The chloroform
extracts were combined, dried over anhydrous magnesium suifate and filtered. The solvent was evaporated
under a stream of dry nitrogen, leaving 0.056 g of white solid. This material was dissolved in solvent and purified
by flash chromatography using 12 g of 40 micron silica gel and 25% ethyl acetate/hexane eluent. The homo-
geneous fractions were combined, and evaporation of the solvent gave 0.030 g (0.000074 mole) of white solid.

The 'H and 13C NMR spectra, fast atom bombardment mass spectrum and chemical ionization mass spectrum

were all consistent with the structure of the desired product 17-a-iodovinylestradiol.

EXAMPLE 22: BROMINATION OF ESTRONE ENOLDIACETATE

-16-a-[7"Brlbromoestradiol has potential utility for ihaghg af 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 enoidiacetate.
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- 7
_ AcO
HO
30
lé-a-bromoestradiol l§-a~bromoestrone~
3-acetate

15 mL of isopropeny! acetate, 2.0 g of estrone (0.0074 mole) and 0.6 mL of catalyst solution (0.1 mL con-
centrated sulfuric acid in 5 ml. isopropenyl acetate) were refluxed 2.5 hr. Approximately 4 mL of solvent was
then distilled over a period of 1.5 hr. 10 ml of isopropenyl acetate containing 0.5 mL of catalyst solution was
added and the mixture was slowly distilied to remove about one-half the volume. The remaining mixture was

40  chilled in an ice bath, diluted 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 long by 2 cm diameter) of 80-200 mesh neutral alumina. The solution was then evaporated under reduced '
pressure to a volume of abowt 50 mL and set aside to allow crystallization of the product, yielding 1.56 g of

45  white crystals (melting range 148-150°C, literature 149-150°C). *H and *3C NMR spectra were consistent with
the desired enoldiacetate {estrone-3-acetate-17-enclacetate).

The cell was assembled with a PURh gauze anode (80 mesh, 3.9 cm2 geometric area), a 304 stainless
steel cathode (40 mesh) and Nafion™ 117 cation exchange membrane separator. An electrolyte solution con-
sisting of 10 mL of tetrahydrofuran, 7 mL of diethyl ether and 33 ml. of buffer (2.81 g potassium acetate in 50

so  ml of 85% acetic acid, 15% water) was used for the anolyte and the catholyte. The anolyte was § mL. of elec-
trolyte containing 0.039 g estrone-3-acetate-17-enolacetate (0.00011 mole) and 0.013 g sodium bromide
{0.00013 mole). Electrolysis was camied out at +1200 mV (Ag/AgCi, 3M KCI) 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-enclacetate. The anolyte was added to 25 mi. of water and the mixture was extracted

55 three times with 10 mL portions of diethyl ether. The ether extracts were combined, dried over anhydrous mag-
nesium sulfate, and filtered. The solvent was removed under a stream of dry nitrogen, leaving behind 0.032 g
(0.000082 mole) of white solid. 1H and 13C NMR spectra of the product were consistent with 16-a-bromoestrone- .
3-acetate.
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EXAMPLE 23: RADIOIODINATION OF MONOCLONAL ANTIBODY B72.3

The cell was assernbled with a gold electroformed mesh ancde (670 lines/in., pretreated by soaking in ImM
non-radioactive iodine), 304 stainless steel mesh cathode and Nafion™ 117 cation exchange membrane sep-

20 arator. 3ml af 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 I-125 and 22 nmole carrier iodide (total iodide equivalent to 40 mCil-125) was added to the anclyte
chamber. With magnetic stiming, electrolysis was carried out at +800 mV {Ag/AgCl, 3M CI). An intermediate
sample taken at 30 min. indicated an iodination yield of 71.8%. After 90 min., 9.5% of the initial I-125 was ad-

sorbed on the anode, whnle 4.5% remained in solution and not bound to the antibody, resulting in an iodination
25  yield of 86.0%.

EXAMPLE 24: RADIOIODINATION OF MONOCLONAL ANTIBODY B72.3

The radiciodination performed in Example 23 was repeated except that the anode potential was set at +850
30  mV while using the same reference electrode. A sample at 30 min. indicated an icdination 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 icdination of L-fyrosine. Examples 16 and 17, on the other
hand, compare the addition of iodide to the anolyte with the addition to the catholyte using a cell with an anion
exchange membrane in each experiment. The advantage of adding the iodide to the catholyte is the minimi-
35 zation of unreacted iodide in the product solution. Examples 16, 17 and 19 are also examples where the sep-
arator 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, butlower or higher temperatures
may be used, the primary concern being stability of the materia) to be labeled. The pH, and concentration and
40  nature of buffer constituents may alsc 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 cleamess of understanding only and no unnecessary fimit-
45  ations should be understood therefrom, as modifications within the scope of the invention will be apparent to
those skilled in the art.

Claims

1. An electrolytic cell for labeling proteins, peptides, and other organic melecules comprising:
() a cathodic half cell and an anodic half celi divided by a separator;
{b) a working electrode in one of said cathodic half cell and said anodic half cell;
() a counter electrode in the other of said cathodic half cell and said anodic half cell; and
55 (d) a reference electrode located in said half cell containing said working electrode and outside the cur-
rent path between said working electrode and said counter electrode.

2. An electolytic cell in accordance with Claim 1, wherein said working electrode is made from a metal se-
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7. Anelectrolytic cell inaccordance with Claim 1, 2 or 4, wherein said working electrode is a porous electrode,

is laocated directly a_djacent said separator and is pretreated with non-radioactive labeling agent.
15

8. An electrolytic cell in accordance with Claim 1 or 4, wherein s2id separator is an anion exchange mem-
brane or a cation exchange membrane.

8. An electrolytic cell in accordance with Claim 1 or 4, wherein said separator is an anion exchange mem-
0 brane or a cation exchange membrane and said working electrode is a porous electrode,

10. An electrolytic cell in accordance with Claim 1, wherein said working electrode is pretreated with non-ra-
diohalogen.

11. An electrolytic cell for labeling proteins, peptides, and other organic molecules comprising:
(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;
(<) a separator 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) a second 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 sand-
wich said first gasket, said separator, said porous working electrode, and said second gasket there-
between;
(h} a counter electrode in the other of said cathodic half cell and said anodic half cell; and
(i) a reference electrode located in said half cell containing said working electrode and outside the cur-
rent path between said porous working electrode and said counter electrode.

12. An electroiyﬁc cell in accordance with Claim 11, wherein said porous working elecrode is made from a
metal selected from gold, platinum and a mixture of 90% platinun/10% rhadium.

45 13. An electroiytic cell in accordance with Claim 11, wherein said counter electrode is made from a metal se-
lected from stainless steel and platinum.

14. An electrolytic cell in accordance with Claim 11, wherein said porous working electrode is pretreated with

_ non-radiohalogen.
50
15. An electrolytic cell in accordance with Claim 11, wherein said electrical contact means is a metal ring con-
tact.
16, An electrolytic cell in accordance with Claim 11, wherein a working electrode material is deposited on said
55 separator.

17. An electrolytic cell in accordance with Claim 11, wherein said porous working electrode is located directly
adjacent said separator. :
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mai n er of ways, including placing it

circ Mgﬁ ’"I’ﬂ H hrough a channel in the bl ock 52. 'HIISQIJE?TQ-@@ BEeN
descrtb a,bove nstructed of glass, it may be consjruct enIEm_A@my of 4
wi de variety of rraterl al s, including various plastics s

pol ypropyl ere, Ambwweéwra@brancewmm{mmm}msaambummzmﬁ ciend i gretr@dteaanny
conbi nati on of npdicheleeedri al s. The general requirenents are that-the

mat eri al s 0fye CRANGHtfolficlchiR beddRarc AR Bikiin B4, §6 ke, bhelell SaiddbRIEESSan GG TkRALeS UNder
t he condl_r,lonSm&mﬁhajeé;.onasahangeaiemrdng their structural int egrl ty and not
addi ng undesj rabl e mater|

Rad oactive and

non- r adi oact?ve IR aeﬁn{'zaaﬁa e,ﬁgaa% 3; hw LIS IEraE. popt | des
and ot her orgagu;dgeag;g Iecu es, par monocl onal ant | Anmong t he
other |abgls contenpl ated for use |n the present invention are technetl um
and rheni um”Tﬁ Hcgmpay er rad| oactive or non-

radi oact i ve. ﬁ%ﬁg%@%ﬁﬁﬁg@jﬂﬁ& e haLpus anode 28 serves as
t he working el eQ&)E fer el R AE 8MPof said cathodic halfceﬂ and said anodic half cell;

(d) a clamp having a fixed bar adjacent one of said cathodic haif celf and said anodic half celi and a
movable bar adjacent the other of said cathodic half celf and said anodic haif 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 half cell.

1§

22. An electrolytic cell in accordance with Claim 21, wherein said fixed bar is a heat sink.
20

23. Anelectrolytic cell in accordance with Claim 22, wherein said heat sink consists of a base and an upstand-
ing wall surrounding said cell.

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

25. An electrolytic cell in accordance with Claim 21 or 23, wherein said fixed bar, said movable bar are con-

figured to the shape of the backsides of said cell, and said fixed bar, said movable bar and the backsides
of the cell are fiat.

26. An electrolytic cell in accordance with Claim 21 or 25, further comprising a reference electrode located in
said half cell containing said working electrode.

27. An electrolytic cell in accordance with Claim 26, wherein said working electrode is made from a metal se-
lected from gold, platinum and a mixture of 90% platinum/10% rhodium.

28. An electrolytic cell in accordance with Claim 26, wherein said counter electrode is made from a metal se-
lected from stainless steel and platinum.

29, An electrolytic cell in accordance with Claim 26, wherein said working electrode is pretreated with non-
40 radichalogen.

30. An electrolytic cell in accordance with Claim 21, or 26, wherein said separator is an anion exchange mem-
brane or a cation exchange membrane.

4 31. An electrolytic cell in accordance with Claim 27, 26, 27 or 30, wherein said working electrode is a porous
electrade.

= 32. An electrolytic cell in accordance with Claim 30 or 31, wherein said working electrode is located directly
adjacent said separator.

%0 33 An electrolytic celf in accordance with Claim 30 or 32, wherein said working electrode is pretreated with
non-radioactive fabeling agent

34. An electrolytic cell in accordance with Claim 32, wherein the ratio of the surface area of said working work-

ing electrode to the volume of said anodic half cell is from 0.001 to 5000 e,
55

35. An electrolytic cell in accordance with Claim 34, wherein the ratio of the surface area of said working work-
ing electrode to the volume of said anodic half cell is from 0.05 to 10 cm™1,

15
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anode - Hm w wﬂﬂm metal sel ect ed fromthe group co LTﬁﬁ IBEEN
platin of 90% pl ati num 10% r hodi um post B Ql-éﬁ Phat

gol d may be- ‘a Bet fer *anode material for iodi natlons vvhere the —10-
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effect the de5|(J) ifgd BBt SrbgsaR feibdubiy i€ &N, t's resistance to corrosion.
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advant ageou? G RrEcetsd aPRETPe WA 35 erdish iaclyeps popfenipg saﬁwrwvy*mf'eéwer Frbnt | y
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38. A process in accordance with Claim 36, which includes providing an anion exchange membrane or cation

15 exchange membrane to serve as said separator.

39. A process in accordance with Claim 38, wherein said membrane is an anion exchange membrane and
said contacting step comprises the step of adding said labeling agent to said half cell containing said coun-
ter electrode and allowing it to migrate through said anion exchange membrane to said porous working

2 electrode for reaction with the material to be labeled.

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

41. Aprocessinacceordance with Claim 38, which includes making said porous working electrode from a metal
25 selected from gold, platinum and a mixture of 90% platinum/10% rhodium.

42. A process in accordance with Claim 38 or 41, which includes making said counter electrode from a metal
selected from stainless steel and platinum.

30 43. A process in accordance with Claim 38, wherein said step of passing cumrent comprises the step of con-
trolling the working electrode potential with said reference electrode.

44. A process in 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 A process in 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 labeling agent is a radioactive labeling agent.
‘o .
47. A process in accordance with Claim 46, in which the radioactive labeling agent is a radioactive halide.
48. A process in accordance with Claim 47, in which the radioactive halide is I-125.
45
50

55
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hal ogenating agents. Noble nmetal oxides, however, are not suitable for

igﬁ%nations or radioiodinations due to the formation of| €§N
porous cat hode serves as the working el ectrode, any e|e;{P#§§%§§ CHE np
or .sem conducting material may generally be used as thejlcat hod® it

Exanpl es of suitable materials include various fornms of carbon, stainless
steels, noble netals (Goups VIIlI and IBin the Periodic Chart) and their
oxi des (for exanple, platinumoxide), and transition netals such as copper
and nickel. Wile nmetal contact ring 30 is not a critical conponent of the
cell 10 assenbly, it does assure that an electrical contact. i s maintained
with the working el ectrode. The netal contact ring 30 is especially useful
when very thin pieces of expensive platinumor gold are used as the anode
or cathode in the working electrode. 1In situations where these thin pieces
of platinumor gold cannot w thstand direct connection to a
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power source by an alligator clip, the nmetal contact ring 30 can serve as
t he tontact point. Whether a porous cathode or a porous angde _serve as the

wor ki ng el ectrode, it is inportant that the edges of the wyr T '
be covered by the gaskets 24 and 32 so as to dimnish mass tbgﬁgﬂﬁ% é§ EEN

edges. Enhanced nmass transfer to the edges nakes it diffic

uni form potential across the working el ectrode which may cause probl ens
with the |abeling agent. For exanple, if the potential is not high enough,
no active labeling agent will be produced fromiodide; while if the
potential is too high, iodide will be oxidized to iodate, which is not an
active | abeling agent. Were 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
t he edges of the working el ectrode. Were the edges. of the working

el ectrode are uncovered, hoanqs,&$t IS nore difficulg?F lmcate the

ref erence el ectrode outside tdrrent path. The separaldor 26 assists in
preventing the . '

22 22
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20
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gross mxing of the anolyte and catholyte while permtting the flow of
ionic current between anode and cat hode. The separator 2@ an general
shoul d be electrically insulating, and nay be nade of a f _
materials, including, but not linmted to, fritted gl ass, snmsqn&@Tgbe§§EEN
shestREPLACED N

powders, porous or foanmed plastics such as Teflan[err],
di aphragns, porous ceramc materials, ion exchange nenbréﬁ§§:a“u
ultrafiltration nenbranes. In one aspect of the invention, separator 26 is
a Nafion[err] 117 cation exchange nenbrane. By being cationic, t he-
separator 26 -12- ensures that the radiohalides remain in the anode
conpartnent of the present invention. The present invention al so

contenpl ates utilizing an ani ongexchange menbrane as the separator 26. In

this enbodi ment, the radiohaligg added to “cat hol yte and the halide
di ffuses across the anion nmenbRa separ@tor |n response to a

"\

+

FIG. 8
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concenttation gradient. The halide then encounters the porous netal |ayer
28 yphere, if the layer is at a suitable potential vs. the reference

el ectrode 36, the halide is oxidized to an active hal ogenati ng agent and
reacts with the protein material if the porous anode 28 is sufficiently
porous. Presently avail abl e ani on exchange nmenbranes useful for this
enbodi nent are the Rai pére[err] anion exchange nenbranes 1030, 4030 and
5030 (Pall RAI, Inc.). An advantage of placing the radiohalide in the _
catholyte is that the problem of separating unreacted radi oactive nmateri al
from radiol abel ed protein is dimnished. This result is further enhanced by
pl aci ng porous anode 28 directly adjacent separator 26. Wth such an
arrangenent, the radioiodide regcts with the protein at porous anode 28 as
it enters anode half ceLL_;4tféﬁd_Lhe_@ell is turned off when there is
essentially no unreactjed radioactive igdide left in anode half cell 14

whi ch has to be separdted fromthe radiol abel ed protein. A disadvantage of
pl aci ng the radiohalide in the catholyte is that nuch of the radiohalide
remains in the seE@rator 26. However, |this
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‘fray not be a disadvantage in a comrercial application where repeated or

continuous use may neke the initial saturation of the SERAIAIAMEMENT SHEET

-irrel evant. -13- Any supporting electrolyte can be uged in the cathal yt
or anol yte. Exanples of supporting el eetrol ytes comonl
sodi um chl ori de, phosphate Buffers, tetraal kyl ammoni um

e

gl iSRS | |

netal acetates. Also, the cell 10 may be used w thout any supporting
el ectrolyte in the working el ectrode conpartnent, if this is desired for
process reasons. Regardl ess of the supporting electrolyte utilized, sone
formof stirring nust be used in the half cell containing the working
el ectrode to assure adequate m xing of reagents and contact wth the

working el ectrode. In the cell 10 described above, stir bar 38 provides the

m xi ng. O her nmethods for providing mxing include sparging gas into the
half cell. It is contenplated that stirring in both half cells would

¢

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 electrolytic cell to achieve the
radiolabeling of proteins, peptides and other organic
molecules.

Piesently known techniques for labeling
proteins, peptides and other organic molecules with
halogens or other labels suffer from several drawbacks.
Chemical labeling proéesses, 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



provi de benefits when the |abeling agent is located in o
the material to be labeled is located in the other half eREPLAGEMENTSHEET
enbodi ment of the present invention for hal ogenation of rotelfikgtg{
anodic half cell 14 contains the working elpectrode, a di fif bate

anode 28 and a superior arrangenment of anode 28 and refe
I's used. The use of a thin piece of porous anode 28 material in the manner
shown in Figure 1 provides for nore econom cal use of expensive precious
met al anodes, i nEMHsEE epohdayl dtecixiqies t or npcbdawiimy @rocedures, and
provides for precsf«GURK Ol 1 0f i ddEnanggie: ot e i+?'f?8ﬁ1 fb,%m%r& h&dide.
efficiency of the hal ogenation reaction. The p acenent of the reference

el ectrode 36 outside the current path also confers precise control of the
anode potential, which aIPéﬁéeﬂﬁee%ﬁfFﬁﬁﬁpﬁﬁﬂéa&ft@ﬂhﬁﬁﬁﬁﬁ$0ﬂ°F016€Ell“g

achi eved while nmigidiging, oxégeidee sadogendd dhgantet iol.ecifll &6 6EEt
REPLAQFNENT SHEE]l_ialogens or other labels, such as technetium and

rhenium, suffer from other drawbacks. For exanmple,

electrochemical labeling'g;ocesses often use platinum or
gold as the anode and cathode of the electrolytic cell.
Using current electrochemical techniques, biological

o materials can be iodinated on a microgram scale with up
to 80% incorporation of radioiodine. In order to get
short reaction times, many workers use a relatively high
ratio of anode surface area to electrolyte volume. This
ratio is commonly accomplished by using a platinum
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 precludes maintaining a
uniform potential across the anode surface, particularly
in solutions of low conductivity. Also, their geometry
does not allow easy variation of the surface
area/électrolyte volume ratio. This result is due to
the fact that, for any shape, area does not increase as
fast as volume. Further, these crucibles use relatively
large amounts of platinum or gold which must be either
thrown away after each use or subjected to cumbersome
cleaning procedures which generate liquid radioactive
waste.

Present electrochemical technigques also suffer
from drawbacks similar to chemical techniques. For
example, in the context of the commercial -production of

radiolabeled monoclonal antiboccies (MAbs), the anodes,



- 14- of the reference el ectrode 36 outside the current;=pad
it essential that the working el ectrode be porous. That HEPEﬁGﬁMEVEBﬂ&EIOne
36 may be any of a variety of such el ectrodes conmonl yj used kg Ey)
neasurement of the working el ectrode pogential. Anong beteol rs o
of the electrolytic cell 10 of the present invention,
pl aci ng porous anode 28 directly adjacent separator 26, is |ts ease of
construction and its ability to operate effectively even when the
conductivity eghthbdesol membgabpesngandedtherquidmpdmemtd-osf ekhepl e, sone

sol vents whi ch ve hed [ C nyl i odi de
wll not di ssSIlg%Qrgﬁz%qlgl ggtl(riobg?eg%&glg '?'ﬁg ga?{l%té&l ‘plé? ?ir}n%art
conductivity. rsdeﬁaétSV?ué?P§ﬂlﬁ§yaéﬁm§t wﬁéﬁeqgﬁﬁnﬁﬁxﬁﬁ@agacbmyecan occur

if salts or \A@serteae@sebeaanhakb@ Ry %e&bfsgatrlyorkaﬂkg%ye rﬁ@@eaél{?k%%l%%' ution
I's poorly conductive, the anode can g aced d rec%ﬁ¥ adj acent to the

separdtor 26 §8 FH&tegféﬁﬁﬁéﬁy e n“ﬁﬁow aﬁ & JRHARD P ?ﬂewbﬁéﬁeﬂﬁ

peptite or orgaascu@oteeuhas@@@a&twhbnoecwﬁc1éﬁdyxn§fmbg@tEHaal1bc%be
hal ogenated is in the anodic half cel

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 in one of said
cathodic half cell and said anodic half cell;
(c) a counter electrode in the other of said
cathodic half cell and said anodic half cell;
and _
(d) a reference 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 celi 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) a sepérator adjacent to said first gasket;



15, a conductive solvent in the cathodic half cell 12 may be used. This
construction is shown in Figure 1. Were anodi ¢ sol vent =candi Gyt g F
a.factor with respect to avoi ding unwanted chem cal re {mEmMN\ESGHEEﬁE
solvent and the material to be hal ogenated, however, a condu?lteém ent

Fhate £ 0ET. AOAECT hal

may be used and the anode 28 nay be pl acéd anywhere w
cell 14. One efficient neans avail able for placing thet :
adj acent to the separator 26 is to chemcally deposit the anods mat eri al
onto the separator 26. I 0 strates one cpievi ng
this deposifion. -15F%§.e %ré&ﬁggk g?ggg?ﬁg‘g%ﬁ%§?é§é¥§¥%§e?ﬁepgnode
materials of the presentsqh@eﬁ?PéﬁaF§fthHheFﬁéyjﬁaﬂﬁzw¢ﬂ&ﬁn@a@hecty0de
adsorb iodide and other hel pgeasedFeh examBkesaiily has fisei fipune EBat
adsorption of radioi odide onto,the anode ui%d an.ItS oxl dat1on to produce
the active iodinating sptlfeS2ifcdinfscsppit cell; :

s (e) an electrical contact means operably

=

engaging said working eliectrode for connecting
said working electrode :zo a power source;

(£) a second gaskét aciacent 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) 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;
or

(3) ' (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 cell;
(c) a counter electrode in the other of said
cathodic half cell and said anodic half cell:
(d) a clamp having a fixed bar adjacent one of
said cathodic half cell and said anodic half
cell and a movable bar adjacent the other of
said cathodic nalf cell and said anodic half

celi; and



almost all the inefficiency in the use of the |sotope{wﬁ§nhsEMENT°HEET

el ectrochem cal | abeling of antibodies provided that fhe

techgﬁggEI:‘
controll ed potential or controlled current was proper\xynerf all}
wel | known that the size of the anode-fel ative to thelyoture

determ nes the tinme needed for potential- controlled ele
hence, the anode cannot always be made smaller w thout r
unreasonably long electrolysis tinmes. Therefore, the pr

I pranmpatay

anolyte
ctrolysis, and,
esulting in

obl em of | oss of

' ng

activity to adsorptiorelon mérnsinpeienirgl saidef hkadranddmovaddee ather way.

Thi's probl em can be nidy gggiéé%fgg%%g&ﬁ@réﬂaﬂﬁlhﬁe iR

surface areal/half cell volune r at has now be

'é'u% QJ&‘C%%P&'GI

en found t

the AV ratio is too &g |angd dﬁ@;l%’r’é%t?%)’r@/ﬁ%P%Fﬁﬁ?raP@tW@@d’e@a%l le if it

is too large, excessiyfHabsc HalfdtODRl dsle $9iadaabatiico
concern refers speC|f|caIIy to radi ohal ogenation; other

MaQ@CWesL1 Thi s
el ectrochemni cal

conversions or types- r adi ol abel reactéoné may of Ir%lginot be subj ect
to tht's difficulty. A r%rr%?esf%n%% F YHeEA ?&88 dé’ |ngtothe
radlohalogenaabealah proteins, peptities asDkjer rdroadithaopeefdrased

range is 0.0p44Qn comprises:

(a) providing an electrolytlc cell
cathodic half cell and an anodic ha
divided by a separator; providing a
working electrode in one of said ca
cell and said anodic half cell; pro

having a
1f cell
porous
thodic half
viding 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 sa
working electrode and said counter
(b) inserting the material to be 1
said half cell containing said work
electrode; ' '
(c) contacting said material to be
- with a labeling agent; and S

(d) passing a current through said
electrolytic cell.

The present invention provides an
electrochemical cell for use in an improved

id porous
electrode;
abeled into :
ing

labeled

process for

the labeling of proteins, peptides and other organic

molecules, particularly monoclonal antibodies with

halogens or other labels, such as technetium and

rhenium. It is intended that the term "label" as used

herein include labels which can be either radiocactive or

non~-radiocactive. The ¢ell employs a cathodic half cell



10 [err]. The geonetric area is calculated fromthe gross~phys+ear———=—7
measur ements of the electrode. The paraneter that actuﬂ IREPHACEMEND SHEET: |
the tinme required for the electrolysis and the capacity {fo adgo gﬁﬁﬁ

is the real surface area. The real surfacl-area -16- |V &etea ~g-- réagg"t,
the m croscopi c roughness, which is determ ned by the for : 0
(e.g., porous vs. snnoth) the hi story of the electrode, and other factors.
The real area may be Iar | 1 er th n the one%r' area. This
problemis al so |%1%? s & ﬁﬁbdﬁﬁgﬁfc ah%i ention by
saturating the a:rwd:eaﬁﬂr@‘ atxheam:i]epttaf adinidededy af separptesenthigtvention

w t h non-radi ohal X |ohal en wth
t he adsor bed no%S% %ﬂ:&qﬁx g}p ur |'{%Zttk{f1% #Jkﬁ %ﬁg%grggcé%urt%% o8 %ods
are proposed foramghtaatdidlyt« héu_alr&)ct&mmmg noner é&lowhalfog@nlcsoakl ng of
the porous anode.ad el tULL AAHPNGE QIRD ¥ OLihQ, peptides and other

¢

organic molecules may occur in either half cell at a
working electrode. When the label 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
workihg 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 potentlal, 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 liquid radioactive waste.

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;



insertion in the electrolytic cell 10; and subjecting the.porous..anode 28
to electrolysis while located in a solution of non-radq RePOACENiENT SHEET
operation, cell 10 can be operated by controlling the rking el ectrode
potential, the cell current, or the overall cell volta e Daie. 0. SEPI98. ...
potential across the anode and the cathode). The appli eb=tti=rent—ray—be
direct or alternating, or the applied potential may be constant or varying
according to any given waveform depending on the requirenents of the
process of interest. Wignrehé phbeBtbaErb&tﬁQqﬁvﬁﬂffﬁflhei?%a?ggeﬂg of tge
ref erence el Sj {he current path all ows e contro o be nor
preci se. The :%%%%gggyﬁeggg%’for this control is that this geometry
mnimzes the contribution of the IR drop (product of cell current times
sol ution resistance) Fé9uRe gossawisak Boowser litva triedmabneieandtwar ki ng

el ectrodes. Wigsbéheggekérgurrent or potential is controlled, this geonetry
providgs for nore precise neasurenent of the working el ectrode potential.
In the

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 16 shows a plan view of a combined clamp
and heat sink; and '

Figure<§i/£hows a side view of the combined
clamp and heat Sthk of Figure 10.

In a preferred embodiment, cell 10 consists of
two identical glass halves, a first glass cathodic half
cell 12 and a second glass anodic half cell 14 (Figs. 1,
2 and 3). PFirst glass 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 between ring 16 and
ring 20 are a first rubber gasket 24 (Figs. 1 and 4)y, a



REPLACEMENT SHEET -17- case of iodinations and radi oi odj.ratiens—w=
media, it has been found that for sone substrates preci eRﬁRUM%ﬂWEHT r

of the anode is essential in order to achieve a high, rgprodu .
The invention will be further clarified by a considerat @at@f.f.tﬁé%%m-
exanpl es, which are intended to be purel y°exenplary of t

i nvention. EXAMPLES 1-13: | ODI NATI ON OF MONOCLONAL ANTI BODI ES Table A
sumari zes the Exanples 1-13 results of electrolytlc radi oi odi nati ons of a
nonocl onal antihody wi.th I-1 The ex nts were perforned,usi t he

el ectrol ytic ce%le G35 RS éi‘el t Jon & PYELY n?ﬂnghgseﬁfi‘ggiss that
varyi ng t he anoamds 69f, laadle(tladbeilscg madrtigmt au anbgle. pleandafnentana ta

hal ogen woul d have.q bgodelqhdled abpl ednill a1 8] 8  ReRLLACR ARG D! el

organi ¢ nol ecul es.” Because t he amount™ of ese experinments
was so small coiffaledst ®lEsesadsorgitowh dapfiiduyesf2t beransbe 128, 81 #a®n

phase - 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 chloride 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
12 and 14 to a 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 ciamp 42 shown
in 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 configquration of half cells 12 and
14. Preferably, both the respective bars and the
respective backsides of the half cells are flat for even
pressure distribution and good contact. The clamp 42
could also beé an integrai part of a metal block 52 that
could serve as a neat sirk (Figs. 20 and 11). The



carrier

i odi de (non-radioactive iodide) was used to obtai fFFthe T .
non-radi oacti ve | abeling agent, especially a non-radi oact VRETHAY ﬁﬁ}?§gé?-
one that meets the standards of the U.S. Nucl ear Regul at otly  Conhifs SEBnI396

L

-1 8- -19- Notes colum: 1. anode.is Au el ectrof or me¢| TRE&h-TOOO
i nes/inch 2. anode i s Au el ectrof orfred mesh, 670 lines/Tnch 3. anode
Is Pt oxide on Pt nesh 4. anode pretreatnent: soak in iodide solution at
open circuit outside of the radioi odination cell 5. anode pretreatnent:

el ectrol ysi spa5cR582Mhown in Figures 10 and 11 consists of a

movable bar 46 and an end 54 which acts as and replaces
fixed bar 42. The block 52 also has a base 56 and an
upstanding wall 38 (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 iﬁ
in an incubator or circulating a £luid 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
general requirements are that the materials of
construction be compatible with the process chemicals
under the conditions employed, maintaining their N
structural integrity and not adding undesirable
materials to the product. |

Radicactive 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 radicactive 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 s postulated that gold may be-
a better anode material Zor iodinations where the



Usi ng 40 or 50 nicronolar iodide in the radioi odi nati on g&F 6"
pretreatnent: electrolysis at 650 mV using 1 nM i odide i ﬁﬁﬁ?ACEMéﬂ¥§ﬁkET
B

radi oi odi nation cell 7. anode pretreatnent: exposure tg 1 [ S’
' detp b Ok

=2

open circuit outside of the radioi odi natimn cell 8. ang i
el ectrolysis at 650 nV using 1 mMiodi de outside the radiorodi nation cell
9. HPLC evi dence of aggregation 10. imrunoreactivity = 78.4% 11. carrier

i odi de was added after the 1-125 was al ready adsorbed on the anode 12. 9 ny
MAb 13. 6 ng MAlprBdfeore gepdanidey af diteercaldgadljctheleepdeator b2, a
cati on-exchangey , heat Qiﬂ% boillng:ip 2Mni ty] jd for
2 hours in ordergﬁo@qef;}{r%‘%\?g,\ﬁrsrspurl tfgos’;l he e %Jz‘i%ggégg\ivas Tt[&ng?nc%orrala\%fted
to the salt for@ay SRAGHESIN peephte ufder eemsaphdectPBS) matirial
menbrane 26 prevgRt b WP ae Ynode. Examples of suitable

: materials include various forms of carbon, lead, lead

dioxide, noble metals (Groups VIII and IB in the

L

Periodic Chart) and their oxides (for example, plaﬁinum
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 radioiodinations 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, stainless steels, noble metals (Groups VIII and
IB in the Periodic Chart) and their oxides (for-example,
platinum oxide), and transition metals such as copper
and nickel. '

While metal contact ring 30 is not a critical
component of the cell 10 assembly, it does assure that
an electrical contact is maintained with the working
electrode. The metal 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




anti bodies fromthe anolyte to the catholyte. The -2 —7
ensured that the radioiodide remained in the anode conp rBﬁE#ﬁCEMh%‘EEFFTl
was assenbl ed with an anode 28 pretreated using one of tihe nme hé:@?

described in the notes to Table A Bogq t he cathode 12 4ginBateh eEB$"~

conmpartnents were filled with PBS. [If ‘carrier iodide tobe used 1T was
added to the anolyte first, followed by freshly thawed MAb and finally
radi ochem cal 1-125. After stirring briefly, the entire anolyte was

wi t hdrawn uspéige 2 Aaumeesxsgfl aaeamgsewt e@lgssl Nh x@@éi‘tﬁ%@é& CRC7
radi oi sot ope cal i brator anol yt'e was pl aced back in the cell stirring

begun, and efER¥rdPySpE §8FVPeésoG eafopbActoPCdd thot enti al . The
potentiostat was a nodel CVI B cyclic voltanmograph, supplied by

Bi oanal yti cal Systemwhelthar (BAorME dafhy®d ter 4 Ndordlie eub@@nt was

moni t or ed usgggvg gégkgalw%g Eg%tgﬁect*ode, it is important that the

* edges of the working electrode be covered by the gaskets
24 and 32 so as to diminish mass transfer at the edges.
Enhanced mass transfer to the.edges makes it difficult
to 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 bétween 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
plastics such as Teflon™, asbestos diaphragms, porous
ceramic materials, ion exchange membranes and
ultrafiltration membranes. In one aspect of the
invention, separator 26 is a Nafion™ 117 cation
exchange membrane. 3y being cationic, the separator 26



The el ectrolysis was interrupted periodically in order .. c +
and to withdraw a 50 [err] sanple for HPLC anal ysis. I[I]@E;a_amﬂmmasyi:m
diluted with 200 pL of eluent (400nM PBS contai ning soflium a 3t ﬁﬂs
|njected onto a gel perneation colum. UV (280 nn) an mﬁgr PaiS88c:t.0
in series provided quantitation of the ralzative anount ss=eb—uroareaTT——
MAb- bound | -125. Followi ng the conclusion of the electrolysis, sonetines

t he anode 28 was renoved fromthe cell 10 and counted. Wen this was done,
this measurenent was used to directly obtain the percentage of the initial
|-125 that had %%%%ﬁ%saHEBFbéBeoﬁa@H@haAeéeszge«(ame iamoklee 28nP€et he only
cel | conponent ¢baparesesyesrl enadpresharsiigridicas] y radioacti ve
following electrolysis.) The anolyte was always counted, and if the anode
28 was not, REPLACE SHEET -21- the anount adsorbed qn .the anode 28
was taken {0 be the difPoFeRtE Bt S HEIhi2+5P EBBﬁFmBﬁ&tFﬁb fina

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 separatSr 26 in response to a
concentration gradient. The halide then encounters the
porous metal layer 28 where, if the layer is at a
suitable potential vs. the reference electrode 36, the

.

halide is oxidized to an active halogenating agent and
reacts with the protein material if the porous anode 28
is sufficiently porous. Presently available anion
exchange membranes useful for this embodiment are the
Raipore™ anion exchange membranes 1030, 4030 and 5030
(Pall RAI, Inc.).

An advantage of placing the radiohalide in the
catholyte is that the prcblem of separating unreacted
radiocactive material from radiolabeled protein is
diminished. This result is further enhanced by placing
porous anode 28 directly adjacent separator 26. With
such an arrangement, the radioiodide reacts with the
protein at porous anode 28 as it enters anode half
cell 14, and the cell is turned off when there is
essentially no unreacted radiocactive iodide left in
anode half cell 14 which nas to be separated from the
radiolabeled protein. A disadvantage of placing the
radiohalide in the catholyte is that much of the
radiohalide remains in the separator 26. However, this
may not be a disadvantage in a commercial application
where repeated or continuous use may make the initial
saturation of the separator 26 irrelevant.



dnolyte count. Due to the difficulty of quantitatively j ¥#%E?%?%F?— “““

anolyte with a syringe, any unaccounted for radioactivit REBLAGEMENESHEETh
in the residual solution, and the m ssing quantity was ded qostggpagggyt
count. The first three experinents in ble A were perfdy R8® ‘usiag=Au- -

anodes that were soaked in iodide outside of the cell irmwhich the
radi oi odi nation was to take place. This treatnent probably did not produce
saturation coverage of adsorbed I, |eaving open sites onto which I-125

coul d adsorb wi thout exghanfiig Midd) Preti QIS Yeadanr Bedulsed lin ithe
hypot hesi zed that when no carrier iodide | s used, the I-125 is taken up
al nost quant i atRQérfenyrt RBCANS®e. BX8MBLes |of RHMBROLRENEf carrier iodide

(10|0dnrmlbe ioﬁidcgtewgea &mﬁ&r@f nMQbhsreasuht:q]gﬂldmh s/muxﬁogﬁllbedh@at i on

yi el ds, but showed, eyi den of aggregation of the S, . Aggregation .i s

Senerai |y knoRROBFnE ks BUER e Hoh e Y LANMS et | hEaARe. od i

product in thaetal ebemngt¢est.he Mlisedi sthei cetlilorl Ginua phlae masedogiid-hawptt vity.

Run #3 was be ' r _sim I UN eLli verified

That sho T 1589 bUpBRIRIAE AIBe R W dife ARrik 2hy Cb1bbeiRRe
compartment, if this is desired for process reasons.

Regardless of the suppofting electrolyte
utilized, 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. 1In the cell 10 described above, stir bar 38
provides the mixing. Other methods for providing mixing
include sparging gas into the half cell. It is
contemplated that stirring in both half cells would
provide benefits when the labeling agent is located in
one half cqll 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
Figqure 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



carrier iodide was added at the indicated | evel and the r ey
continued, resulting in the yield shown. In the next gri0@WEPLACENERT SARETS
(Runs 4-9), the anode was pretreated by oxidizing iodi (no. MAh present)
in the cell where the radioi odinati on wagyto take place Dhadldﬁéﬂﬁb
extensive rinsing of the cell (notes 5,6 to Table A). Whthis—= !
pretreatnment, it appeared that no carrier iodide was necessary in order to
get good yiel ds. However, separate experinents -22- indicated that it
was difficult tofcehpl ebéleyenespetebyrodesidtg citsiodet titei odirdenanglaan,

Il odine fromthe reat t th experinents nmay have had a

undet er m ned |e9§PS§F?éaE§?§F ;?t8?g§ﬁF}aR|ﬁQﬁ1 %R%n ?f?heﬁeeiﬁﬁﬁﬁ?de

evi dence of aggbegapironsef {The KRbsrehget led ennatodg 03p m&Yt heeangxpdr igrent s
in Table A (run 1,gn ) € PR r degut si t he
cell (notes 7 aﬁa%gftéoo?hgf%ﬁte%ggggg?%%i$Qﬁhgﬁf*e§€%§efegf%?g?ﬁqg SWas
accurately knowfeasurement of the working electrode potential.

Among the other advantages of the electrolytic
cell 10 of the présent inventicn, and especially of
placing porous anode 28 directly adjacent separator 26,
is its ease of construction ancé 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 dissolvé other electrolytes and,
therefore, may not impart conductivity. Such a
situation may exist where unwanted reactions can occur
if salts or water are present. In this situation where
the anolyte solutign is poorly conductive, the anode 28
can be placed directly adjacent to the separator 26 so
that a current can:flow and iodination of the protein,
peptide or organic molecule can still occur. Since the
material to be halogenated is in 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 solvent may be used and the anode 28 may be
placed anywhere within the anodic half cell 14. One
efficient means available for placing the anode 28
directly adjacent to the separator 26 is to chemically
deposit the anode material onto the separator 26.
Example 16 below demonstrates cne way of achieving this

deposition.



Wth no added carrier, the yield of |abeled material wa 1Qr ERTEREETO
the activity ending up on the anode. However, addition faggﬁﬁagggggqgﬁgt
of carrier substantially inproved the yield w thout any eric@ ofl" KO
aggregation of the MAbs. It appeared frgnthese results | CArFie
be added at |east up to a level such that the nolar ratio of total iodide
to MAb was approximately 0.2 wi thout damage to the anti body. Exanples 1-13
illustrate that, where the amobunt of 1-125 used was very small conpared to
t hg aﬂsolr pti Ion fcapaci F%@fdi@g‘b@@l@dﬁf 2x8sixt@enaanbod1ectfa1aa@i£_mﬁtaﬁ@agent
and the | eve carrier i de_were very inportant ctors in.determning
the yield of P St AT Tong E q%eeﬁfsei%htseld’x’&{‘?‘n??i LF F-ﬁi‘%&t?‘&fy PAS & Mab
in the range &figh0-c@@ioidye tacidamb widdide tdnd othao baloigemssherfFdhe
met hod of ano e | - | i agd} y.el ectrolysis
%@caﬂ(ggtef, %ttg”'%ﬁse"ﬂaénéc}xdgf&nd acgi?qé odh 85 PRS oY o

rather than by presoakin . ] ) )
radiociodide onto the anode used for its oxidation to

(D

produce the active iodinating species accounts for
almost all the inefficiency in the use of the isotope in
the electrochemical labeling-of antibodies provided that
the technique of using controlled potential or
controlled current was properly performed. It is well
known that the size of the anode relative to the wvolume
of anolyte determines the time needed for potential-
controlled 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). 1t has now been found that if the A/V
ratio is too small, long electrolysis times are needed;
while if it is too large, excessive loss of radiohalide
td_adsorption occurs. This concern refers specifically
to radiohalogenation; other electrochemical conversions
or types-of radiolabeling"feactions.may or may not be
subject to this difficulty. A géneral range for the A/V
ratio pertaining to the radiohalogenation of proteins is
0.001 to 5000 cm™! and the preferred range is 0.05 to
10 cm!. The geometric area is calculated from the
gross physical measurements of the electrode. The
parameter that actually determines both the time
required for the electrolysis and the capacity to adsorb

halogen is "the real surface area. The real surface area
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EXAVPLE 14: | ODI NATI ON OF MONOCLONAL ANTI BODI ES W THOUT
SOLUTI ON- PHASE CARRI ER Exanple 14 illustrates simlar or
gbt ai ned wi thout the use of sol ution-phase carrier when

activity levels of 1-125 are used. The gg@_(ﬁ t he prese
used in an inproved process for radioiodination of a tunor- speC|f|c MAb
wth I1-125. This material is useful for the detection of small tunors, for
exanpl e, or those tunors that may ot herw se not be detected, for surgical

removal . The CeH\rY\@§ see&trla%he%t inér Ql\i'&%saéb@ﬁ@'b’éﬁﬂﬁégge h i2HL and
a geonetric anoge surf § rea of 2. é? ne side nbrane used to
(! t

separate the an a&eaﬁaﬂe ddéhgoﬁﬁéﬂtﬂ§1 QMﬁQ%F$E@¢%nE%rE]'1PP%9W%mg
cati on exchangevsenbmaseh )Theth@mnd.@traﬁtyerdfaltmasw@d:ﬂr@a@ct aaBiowrek mesh,
670 lines [err] el gtrhad g@n pr treated b ctrol sis of 3. %erﬁJ

sol ution of non-2Falf8act V& i greﬁ &F(ﬂb% ALITE a2 THRLLEE Mdan
adsorptlon S|te3heTgeoaa@decuse@a|n t he experinent had been used for two

pri or experlnents wi t hout repeating the iodide electrolysis but was soaked
bet ween

This problem is also minimized in a preferred
embodiment of this inventian 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 electrolysis while located in a
solution of non-radiohalogen.

In oberation, 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 cathode). The
applied current may be direct or alternating, or the
applied potedtial 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 placement of the reference electrode
outside the current path allows 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 cell current times solution resistance) to
the potential between the reference and working
electrodes. When the cell current or potential is
controlled, this geometry provides £for more precise

measurement of the working electrode potential. 1In the



experiments with 1M NaOH fol | owed by careful rinsing wi tihRERCAPEMENT SHEET
buffered saline (PBS). The foll ow ng procedure was used |for

radi oi odi nation: 2 nmL of PBS containing 60 ng of anti body Dafe: AL50§ ----- ﬁ%!%
solution (105 nG) and sufficient pH {,PBS to make a tot ame Of 5 NL
added to the anode conpartnent. The caZhode conpartment was filled with
PBS. The anolyte was stirred nagnetically as electrolysis was begun at
+0. 650 V (vs. a REPLACEMENT SHEET 24 silver/silver chloride reference

el ectrode) . dElRCIO! M iSh A@Sodd omdraét@{o@ﬂqgw%%s i hddes@gol yte
renoved. The ol yte and the cell re counted in orﬁ&gqto determ ne the

| oss of radM5%Dd detk PatikFPri bAuad Erat afRbesSOme: suRAtEAYRF ysis, 96. 4

nCi were presediden ];idtﬁbremﬂil/t@ombtcbf Sf Gt &l anedR rned ddsddei gl bn
PreC|p|tat|on(%%f Joroace§lc acid showed that .5.0% of the anolyte
S

radi oact i vi t3F VEY erd | P BB unbEPECTRE - BAE BA®ES This resul t

together with the totaI anol yte count indicated that the total yield of
radi of odi nat ed produthebisedndnonhe iildi piealf ur-tixs: waba8¥94iedPbg anal ysi s of

the anol yte dduli ifdest 1130 98 OF o1 16w AE Ok aRphed 2 RYare
intended to be purely exemplary of the present
invention.

EXAMPLES 1-13: TODINATION OF MONOCLONAL ANTIBODIES

Table A summarizes the Examples 1-13 results of
electrolytic radioiodinations of a monoclonal antibody
with I-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 labeled proteins, peptides
and other organic molecules. Because the amount of
I-125 used in these experiments was so small compared to
the adsorption capacity of the anode 28, solution phase
carrier iodide (non-radiocactive iodide) was used to

~ obtain the results. A non-radiocactive labeling agent,
-especially a non-radioactive halogen, is one that meets
the standards of the U.S. Nuclear Regulatory Commission.




was in nmononeric form 82.7% of the radiol abel ed anti body_was.
i mmunoreactive. In addition to being able to achieve th ggLR@gﬂneg@gﬁEﬁn
of MAbs, the electrolytic cell of the present invention

-its use is capable of achieving the radi ohal ogenati on
peptides and organic nol ecul es. The fol |l owipg specific, !
directed to several enbodinents of the present invention and are not to be
construed as limting the scope of the invention. Exanple 15: |odination O
Tyrosine At pH 9.0 The cell was assenbled with a Pt gauze cat hode, gold
el-ectrof ornmed nesh anode (670 |lines per inch, geonetric area 3.5 cnR) and
Nafion 117 cation_exchange nenbrane separator. The catholyte was pH 9.0

buf fer (0.20 M potassi um phosphate, 0,10 M sodi um cgl oride, adjusted to pH
9.0 with NaCOH). |The ano|ytE con<isted Rfi 3.0 i 1.0 miA L tyjosine (3.07
mcronole) in pH 9.9 buf&ersard 12. ¢ m—of pH 9;.5@ bufif en. 150|mi croliters of
10. 0 nM Nal sol gti (153{1@161‘@5’- Bdﬁe) wWas [daded (€D | the ol yte via
syringe and el edtrqysi b Wers c?_a'.rrl e¢d owut| at +6§OQ vs. Ag/ A CI*"{O’BM Kd).
The anol yte only was st]rrjed jmagne i cafl 90 |mi nut ¢s,
el ectrol ysi s wag—tegrmnpteg—andrthg—afot araty —tgt1 gFEfn‘}essure
liquid chromatograpgy. R, 84% i qdide ¢onyversion, the Jitel d of
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-25- on one side and 0. 1M hydrazine solution (pH 13) on_ the othee—AFe
m nutes, the netallized nenbrane was renoved fromthe 1 ACEMENTSSHEEH
delonlzed wat er, and soaked 10 minutes in a solution o |ne éégwbsé

met hanol, 30% water. The netallized nﬁpbrane was then{iwashdd! ti-
“changes of pH $.0- -—a

I O

with 70% met hanol and soaked in severdal
El ectrolysis using this netallized nenbrane as the anode and separator was
performed in the sanme cell and followed the sane procedure as in Exanple
15. At 88@6|Q§&g§c|%g%¢r5|on the yield of 3-iodo-L-tyrosine was 40% based
on initial onl'y the anol yte was sanpl ed). EXAWMPLE 17: ADDI TI ON OF
| ODI DE TO CATHOLYTE PRI OR aiden AT (N €7t TYRoBIRE wWeeh /| A9 ng a

conpound wi th radi oactiiyss f pekkwme, it nay be desirable in sone cases to
m nim ze the unreacted radioi odide re nlngoln t he product _sol ution

fol l owing el ectrol ysi% wit e b3ty formed 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 radiociodination
cell
9. HPLC evidence of aggregation
10. immunorééctivity = 78.4%
1. carrier iodide was added after the 1-125
was already adsorbed on the anode
12. 9 mg MAb
13. 6 mg MAb

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 anoliée to the catholyte. The



éxcessively long electrolysis tines. This concept can befqﬁgq TehaiNOs it dh
non-radi oactive iodide by using the present invention in ffhe follow ng

manner: the cell was assenbled using the netallized nenbr Jep @ SEPAIO0R
th-the

Exanpl e 16. The el ectrolysis was carried Ut as in Exanpl :
exceptions that the iodide was added to the catholyte, and both anol yte and
catholyte were magnetically stirred. The yield of 3-iodo-L- tyrosine was
45% based on the initial iodide added to the catholyte, and the

concentration ohembtiade 25 tHeAnMsiredansd feséi ¥88Yo188%de rembin,
EXAMPLE 18: IOQ%NAL%CN OF, TYRCSINE@ﬁT H 7.0 Electrolysis was carri 6¢ out
AR08 S GRS ‘Hﬁg

usi ng the sane ceIF, procedure as in Exanple 15, except

that the pH of the anolyte and catholyte was 7.0. At 85% i odi de conversion,
the yield of 3-iodo-L-tyrhosioel hvak0 5886 bassembhednitiithl anodirdsde EXAVMPLE 19

VAPOR QEPCBITICyrgﬁr@QEQdeggié]ggg of the methods described in the
y 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 entire 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 bequn, and
electrolysis éarried out at controlled potential. The
potentiostat was a model CV1B cyclic voltammograph,
supplied by Bioanalytical Systems, Inc. (BAS-West
Lafayette, IN). The current was monitored using a
dig%tal voltmeter.

?

' The electrolysis was interrupted periodically
in order to count the anolyte and to withdraw a 50 uL
sample for HPLC analysis. The sample was diluted with
200 pL of eluent (400mM PBS containing sodium azide) and
injected onto a gel permeation column. UV (280 nm) and
radiation detectors in series provided quantitation of
the relative amounts of unbound and MAb-bound I-125.

Following the conclusion of the electrolysis,
sometimes the anode 28 was removed 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 cnly cell component that was ever found to be
significantly radioactive following electrolysis.) The
anolyte was always counted, and if the anode 28 was not,



ULTRAFI LTRATI ON MEMBRANE PRI OR TO | ODI NATI ON OF TYROSI NE
deposited to a thickness of 150 angstrons on pol ysul f one
menbr ane (nol ecul ar wei ght cutoff 100,000). This netall

assenbly was used for iodination of 1t_yrosme usi'ng the
in Exanple 18. At 45% i odi de conversion, the yield of 3-lU

ld was.vapor

! Hsbﬂkbkh'éﬁ%i stkeT

was 54% basedron initial iodide (100@6|0d|nat|on sel ecti vi

|ty mﬁthln

experinmental error). EXAMPLE 20: | ODI NATI ON OF NON- STERO DAL ESTROGEN The

cel | was useﬂetamahhtchdgggb@@|dHMeH5 lap@adetganyd ataen
[err] tri-n dotannxughen no

| st a
is a non-st® g%éé%“&&%&&é’ﬁe@néﬂ% Wlttﬁa&f oty 3 ’fﬁ%

and with anolyte count. Due to the difficulty of quan

removing the anolyte with a syringe, any unac

solution, and the missing quantity was added
anolyte count.

The first three experiments in Table
performed using Au anodes that were soaked in
outside of the cell in which the radiociodinat

reQCbéor&he - 217-
é B gn Tanoxi phen
$PPdgen receptor
titatively
counted for

radioactivity was assumed to be in the residual

to the

A were
iodide
ion was to

take place. This treatment probably did not produce

saturation coverage of adsorbed I, leaving open sites

onto which I-125 could adsorb without exchang

ing with

previously adsorbed I. It is 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 MAb)

resulted in very good iodination yields, but showed
evidence of aggregatian of the MAbs. Aggregation is
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, afte

r it was

verified that the I-125 was taken up by the anode,
carrier iodide was added at the indicated level and the
electrolysis continued, resulting 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, it

- appeared that no carrier iodide was necessary

in order

to get good yields. However, separate experiments




N : . : : : : R -
antiestrogenic activity in vivo. The radiol abel ed i odo de}f iRERLACEMENT SHEET

potentially useful as a gamma-ray emtting tracer for the
|.odot anoxi phen is prepared in this exanple using non-radi
order to denonstrate the applicability of2the invention.

Elf}:{(t::slecqos(gpdwn

S TACiE - IR

assenbled with a Pt/ Rh gauze anode (10% Rh, 80 nesh), Pt gauze cathode and
Nafion[err] 117 cation exchange nenbrane separator. The cathol yte was
aqueous pH 7.0 buffer. The anol yte consisted of approximately 5 nL of

net hanol cont ailmdiga @B&hpt rit wasudyf Siauhyl tbaronpplede 10. 08033 nBy, )

and 0.042 g Na'rigoseigﬁ(?llmcg@)thé\bigﬂ@é éH@PQEEEB%SEe%E%% Wife Was added

to the anol yte. ySi S was carried out’ w

netic stirring of the

anol yte for ap@IB&IRAEISAY, 55@rthese «SmperMgstAgnAYChavesmadian - At this
time thin |ayerfduimi G @piyvel &becanel yteatskhi gaigel rreldigptepdfe

- nmet hanol in chl rofcwéz I-ndi cat ed conglete conver.si on of
tamoxi phen. THe'&rfol¥A% HAsSY ERRUEE £

, tri-n-butylstannyl
AFIRRIBELPD @f) khed MAR% 30 nL of

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 activit§ ending up on the anode.

However, addition of a modest amount of carrier

substantially improved the yield without any evidence of

aggregation of the MAbs. It appeared from these results

that carrier could be added at ieast up to a level 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 I-125 used was very small compéred to the adsorption
capacity of the anode 28, the method of anode
‘pretreatment and the level of carrier iodide were very

important factors in determining the yield of labeled
MAb. Yields (based on initial I-125) of labeled MAb in
the range of 70-80% were. achieved with little or no

carrier when the method of anode pretreatment with non-

radioiodide was by electrolysis rather than by

presoaking the anode.



o et e e 4 o ettty

-é8- di et hyl ether, and washed with 10 nL of 1096sodiun1nétg§p§N¢§MEﬁT@m¢ET
two 10 nL portions of 1M NaOH The organi ¢ phase was sepa%ated dried over

anhydrous magnesium sul fate, and filtered. The sol vent wa gg@pO}ﬂSEPMI
a gentle streamof dry nitrogen, IeaV|ng 0.051 g (0.00010
colorless oil. The and [err] NWR spec? a of this product (in [err] wer e
consistent with the desired conpound iodotanmoxi phen. EXAMPLE 21:

| ODI NATI ON OF 17-[err]-(TRI BUTYLSTANNYL) - VI NYLESTRADI OL Radi ol abel ed
derlvatlves(EXAEPBE'Q@OV'TH TNTTRA IR MDA S @51 ggMMa- em L ting

har maceuti cal s tha es. This
gxanple denonstr at es the uMLTHOY To {THEL JSE OF {SOLUTARN-REASK{ CARRIER

17-a-iodovi nyl estradi ol via |ododestannylat|on of
17-a-(tributyl stannyl Exémpyle- 1@stinadistlrat@d similar or better yields OH

di ol
Lerr] 17-a- (g bubyl $1308Y) ) thout tneldsd 5PIQY %H%%U%ggég égglig?tra 0

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

The cell of the present invention was used in
an improved process for radioiodination of a tumor-
specific MAb with I-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 ‘gcld
electroformed mesh, 670 lines in~! that had been _
pretreated by electrolysis of a 1mM 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 iodide electrol&sis but was soaked between
experiments with 1M NaOH followed by careful r1n51ng
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 éiéctrolysis was begun at +0.650 V (vs. a



-29- The cell was assenbled with treftergpd nes
area 3.9 [err] 304 stainless stelTHIRGHEET MASIBEEN 40 nmesh]] BRERLAGEMENT SHEET
117 cation exchange nmenbrane sepgr at orREPEACEEAt hol |t e COI’]EI ste fsﬁ-{ h/a_s
buffer. The anol yte consi sted of i n et d

added 0.060 g of 17-[err]- (trlbutylstaﬁ%@T)V|nylestradlol
and 0.031 g of Nal (0.00010 nole). Electrolysis was carrled out at +600 nv
(vs Ag/AgCl, 3MKCO) with magnetic stirring until thln | ayer chr omat ogr aphy

(silica gel, % el hyl, acet e d conplete
conver.sion of t%e&f‘/-zsa ‘(Vterr bu ﬁ?re Cil%anénpﬁ’g]&el'Z?IIQI é% Fﬁ ‘The anol yte was
diluted with Zﬂ-aﬂ_tmlMS)ﬁ'CﬁS)rsﬂ@@mbéxaﬁmm e@lﬂomceumﬁﬁhaaqluémss 10% sodi um
met abi sul fi t e/;lgpAta dHUJdl“”Tﬂi J%ﬁ?@QQ§RHStHQa§SlWa%d?g nce

with 10 nL of fresh ch orof orm ormextracts were co |ne

dried over anHyHrife hreigh ks taasine atke ks i PEeradioipd deoltment

" adsorption at the anode. After electrolysis, 96.4 mCi

were present in the anolyte while 8.6 mCi remained in
the cell.

Precipitation with trichloroacetic acid showed
that 5.0% of the anolyte radiocactivity 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
radiochalogenation 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 PRIOR TO
IODINATION OF TYROSINE

Gold was chemically deposited on a
Raipore™ 4030 anion exchange membrane as follows:
using a two compartment reactor with the membrane itself
as che separator, 0.02M AuCl; (pH 1) solution was placed

This Sheet H.

LT




was evaporated under a stream of dry nitrogen, |eavi ngre=056 af - I
solid. This material was dissolved in solvent and puri WﬁﬁLBQEMﬁggguéé%
chromat ography using 12 g of 40 mcron silica gel and 25@6etﬂ¥%s
acet at e/ hexane eluent. The honngeneog _fractions wer el &§fbi ,Egﬁﬁgsm'
evaporation of the solvent gave 0.030 S (0.000071 nol ey-ofrwhite solid. The
[err] and [err] NWMR spectra, fast atom bonmbardnent nass spectrum and
chem cal ionization mass spectrumwere all consistent with the structure of
the desired gif ashects 1ds [ 54 ] imow*@ywﬁﬁéag@phtismwﬁ: orBRGM NATI ON
OF ESTRONE E DIACEH@TE 16-?err]- err%bronnesiiadlgl has potential utility
for imagi ng Of HumarPbreasts thbEEef hat"e Re bR nté&ero DS, This
exanpl e denorestovetd st rors Vit ese scobr | hei moed redihadeive izea ogrtodr f hi s
compound fr i . REPL ACEMENT T - 30+ i I l1.10s
applied to t e(iegér({c)aﬂnpee;\%t?%nm’o?“ R°i ht ef rrsé"gtpgé?negfr \gﬁrel)ggg‘r?ol g&"&@et%‘#e.

70% methanol, ' 30% water. The metallized membrane was

'y

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 as in Example 15. At 88% iodide conversion,
the yield of 3-iodo-L-tyrosine was 40% based on initial
iodide (only the anolyte was sampled).

" EXAMPLE 17: ADDITION OF IODIDE 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 radiciodide remaining in the préduct
solution following electrolysis without resorting to
excessively long electrolysis times. This concept can
be demonstrated with non-radiocactive iodide by using the
'present invention in the following manner: the cell was
assembled using the metallized membrane described in
Example 16. The electrolysis was carried out as in
Example 15, with the exceptions that the iodide was
added to the catholyte, and both anolyte and éatholyte
were magnetically stirred. The yield.of 3-iodo-L~-
tyrosine was 45% based on the initial iodide added to
the catholyte, and the concentration of iodide in the
anolyte was effectively zero.



[err] estrone-3-acetate- estrone 1 feRorace '“gngT
[err] HO 16-a-bronoestradi ol 16-[err]-bronnestFBﬁELAggggbﬁate
-31- 15 nL of isopropenyl acetate, 2.0 g of estrone (O. SERJ396 6.

m. of catalyst solution (0.1 nL concentratged sul furic aclddHh-5
| sopropenyl acetate) were refluxed 2.5 hr. Approxi mately of sol vent
was then distilled over a period of 1.5 hr. 10 nL of isopropenyl acetate
containing 0.5 nL of catal yst solution was added and the m xture was slowy
distilled to regrr@palpouls :onerdst fathon Vol UrerRos TRE BEMRENIZNE M Xt ure was
chilled in an ice bath, diTuted wih 50 nL of anhydrous diethyl ether, and
washed with 10 nL

Electrolysis was carried out using the same
cell, anode, membrane and procecure as in Example 15,
except that the pH of the anolyte and catholyte was 7.9,
* At 85% 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 PRIOR TO
 IODINATION OF TYROSINE

Gold was vapor deposited to a thickness of 150
angstroms on polysulfone ultrafiltration membrane
(molecular weight cutoff 100,000). This metallized
membrane assembly was used for iodination of L-tyrosine
using the same procedure as in Example 18. At 45%
iodide conversion, the yield of 3-iodo-L-tyrosine was
54% based:on initial iodide (100% iodination selectivity
within experimental error).

EXAMPLE 20: TODINATION OF NON-STEROIDAL ESTROGEN

The cell was used to effect the following
iododestannylation reaction:



sat ur at ed aqueous sodi um bi carbonate. The organi c phase was dried over
anhydrous magnesium sul fate, filtered and evaporated to €55 =
resi due was dissolved in 1 L of 20% ethyl acetate in hegﬂégﬁ(gg%%gggggsa
t hrough a short colum (5 cmlong by 2 cmdianeter) of - 200 rrgsgpmm-’ral
al umi na. The solution was then evapora€®d under reduced A
vol unme of about 50 nL and set aside to allow crystallization of the

product, yielding 1.56 g of white crystals (nelting range [err] literature
[err] and [err] NVR spectra were consistent with the desired enol di acetate
(estrone-3- acetate-17-enol acetate). The cell was assenbled with a Pt/ Rh
gauze anode (80 nesh, 3.9 [err] geonetric area), a 304 stainless steel

cat hode (40 nesh) Jand.Nafi ofpés8u)117 cation gxchange nbrane separ at or

An el ectrol yte sﬁlungn\consistino of 10 nl_qy _tefrahydrofuran, 7 nL of

di et hyl ether and 33 2.81 g potassiumagetate-in 50 nL of 85%

acetic ,acid, 15% water s athyhyte. The
‘antaininq 0.039 ¢

anolytée was 5 mL of ele
~estrone-3-acetate-17-enol acetaie (0.00011 nole) and 0.\013 ¢ sodi um br om de

tri-n-butylstannyl iodotamoxiphen .
tamoxiphen

Tamoxiphen is a non-steroidal estrogen analog
with affinity for the estrogen receptor and with
antiestrogenic activity invivo. The radiolabeled iodo
derivative is potentially useful as a gamma-ray emitting
tracer for the receptor. Iodotamoxiphen is prepared in
this example using non-radicactive iodide in order to
demonstrate the applicability of the ‘invention.

The cell was assembled with a Pt/Rh gauze anode
(10% Rh, 80 mesh), Pt gauze cathode and Nafion™ 117
‘cation exchange membrane separator. The catholyte was
aquébus PH 7.0 buffer. The'anolyte consisted of
approxiﬁately 5 mL of methanol containing 0.086 g tri-n-
butylstannyl tamoxiphen (0.00013 mole) 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 anolyvte for approximately
2.5 hr. at +500 mV vs Ag/AgCl (3M KCl). At this time
thin layer chromatography of the anolyte (silica gel,
eluent 5% methanol in chloroform) indicated complete
conversion of fri-n-butylstannyl tamoxiphen. The
anolyte was removed Srom the cell, diluted with 30 mL of



REPLACEMENT SHEET -32- (0.00013 nole). Electrolysis was carried_out_a
+1200 nVvV (Ag/AgCl, 3MKC) with magnetic stirring of the q,{gymbg_m@misﬁaa'n
| ayer chromatography (silica gel, eluent 20% ethyl acetalje i n hexane)
showed conpl ete conversion of estrone-3-agetate-17-enol a .o cERCae......
anol yte was added to 25 nL of water and m xture was pxtLatibd—tk ;
times with 10 nL portions of diethyl ether. The ether extracts were

conbi ned, dried over anhydrous magnesium sulfate, and filtered. The sol vent

was renoved und re of dry nitragen,. | eavjng behi 0.032 g

(0. 000082 nDIe)gg?%aﬁﬁtg%ggfrdénﬁeyﬁffg dwF§¥}?ikﬁ%;§%€c?€§ %?gf%@ product
vere consi st entmekahisglfiter amdeswoond- Slageirdtinn® @64y NaOH. The
16-Lerr]-bromoest ang3paagkalas( del Q%Qe]fao,' U 0P NEPOUNRYaBug M Of

tetrahydrofuran (THF) and chilled t err] ‘under nitrogen
i sopropanol / dr y"REBeBANR. sBlipteh andVTiltered -al (PheusPlvent was
’ evaporated under a gentle stream of dry nitrogen,

’I

leaving 0.051 g (0.00010 mole) of colorless oil, The ly
and !3C NMR spectra of chis product (in CDCl;) were
consistent with the desired compound iodotamoxiphen.

EXAMPLE 21: TIODINATION OF 17-a~(TRIBUTYLSTANNYL)-
VINYLESTRADIOL

Radiolabeled derivatives of 17-a-iodovinyl-
estradiol are also useful as gamma-emitting
pharmaceuticals that bind selectively to estrogen
receptor sites. This example demonstrates the utility
of the cell for synthesis of 17-a-iodovinylestradiol via
iododestanﬁylation of 17-a-(tributylstannyl)-vinyl-
estradiol: '

OH
A sn(n-Bu),

HO

lTﬂf(tributylstannyl)— 17-a-iodovinylestradiol

vinylestradiol



hydride in THF was added slowmy with rapid magnetic stirring. After

stirring for 10 mnutes, the mxture was quenched by addimg_ BT [P
ethyl acetate in THF (prechilled to [err] The mxture wa €F§$@%§$%W§b
30 1 GeSPRIASA 10 |

m nutes, then the isopropanol/dry ice bath was repl aced

m. of chilled 3M aqueous HCO was sl owg9added to finish

nm. of 3M[err] was added and the m xture was allowed to warmto room
tenperature. The m xture was extracted three times with 10 nL portions of
di ethyl ether. The ether extracts were conbined, dried over anhydrous

magnesi um sul fate, and"fi FEeleHasSEREFBMRLEENYoED Re 991 Qent under a stream
of dry nitrogelreatimflethdl OdSsly dhode S| §&btid byr Je eaneah3r osictify., Tua | ayer

A 5 : :
Fesi due nd cared o e FalEL Sa AR e Gt B, BRe EIOn T 17 S
subj ect ed t o F3tESN EnTrEaegreghyr 416 sepdr aksh. si Theacgsholaitent 25%
ethyl acetat edds Qs pFOPHMRLELSr. The anolyte consisted of
5 mL of 10% water in methanol to which was added 0.060 g
of 1l7-a-(tributylstannyl)vinylestradiol (0.00010 mole)
and 0.031 g of NaI (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 chloroform and extracted once with agqueous 10%
sodium metabisulfite/l% 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 in
solvent and purified by flash chromatography using 12 g
of 40 micron silica gel and 25% ethyl acetate/hexane
eluent. The homogeneous fractions were combined, and
evaporation of the solvent gave 0.030 g (0.000071 mole)
of white solid. The 'H and - !3C NMR spectra, fast atom
bombardment mass spectrum and chemical ionization mass
spectrum were all consistent with the structure of the
desired product l7-a-iodovinylestradiol.

EXAMPLE 22: BROMINATION OF ESTRONE ENOLDIACETATE

16-a-{’"Brlbromoestradiol has potential utility
for imaging of human breast tumors that contain estrogen
receptors. - This example demonstrates a synthesis of the
non-radioactive analog of this compound from estrone in




o{ honogeneous fractions followed by evaporation of the $ptvent vi el ,
0.024 g of white solid (the nmajor conponent, [err] = 0.31 BEWEC%'\@%?% FGT
[err] NWR spectra of this product were consistent with 16 SEP 1996

16-[err]-bronoestradi ol. The carbon-13 NVR data suggest 1| 1o it [

stereochemistry at position 17 is al pha-3BXAVPLE 23: RADI O ODI NATTON OF
MONOCLONAL ANTI BODY B72.3 The cell was assenbled with a gold el ectroforned
mesh anode (670 lines/in., pretreated by soaking in [err] non-radioactive

i odine), 304 stainless steel nesh cathode and Nafion[err] 117 cation
exchange nmenbrawBisbp&hat oell 3smbppflipH FoPBSends giacedion dheagat hol yte
chanmber. 3 nL o C I5Rlen f i body, 1.44 nC of 1-125
and 22 nnol e ca???gfﬁeqi gg ('%%:tg IB| o] |é§dg%&%vaaterg}ll to 40 nO |-125) was
added to the anolyte chanber. Wth magnetic stirring, electrolysis was
carried out at +800 nV (Ag/Agd, 3M O -). An internediate sanple taken at
30 min., indicated an iodination yjeld of 71.8% After 90 nmin., %8¢ of the
initial 1-125 was adsorbed on theg;anode, while 4.5% renai ned in |so| uti on
and not bound to the antib

estrone-3-acetate-~
estrone 17-enoclacetate

OH

A
t——
Br

-~

AcO

.16-a~bromoestradiol 16-a-bromoestrone-
3-acetate



resulting in an iodination yield of 86.0% EXAMPLE 24: RADI

MONOCLONAL ANTI BODY B72. 3 The radi oi odi nati on perfornmed REERS Mgﬁggwﬁgﬁ
repeat ed except that the anode potential was set at +850 ﬁ/ vvh!‘ICF SESF 1996t he
sane reference electrode. A -34- sanmple at 30 mn. i rad A
jodination yield of only 31.8% Exanpt&s-15 through 24 ilTustrate
additional uses of the electrolytic cell of the present invention. Exanples
15 and 18 illustrate the effect that pH has on the iodination of

L-tyrcsine. Exanmples 16 and 17, on the other hand, conpare the addition of
lodide to the anolyte with the addition to the catholyte using a cell wth
an ani on exchange nenbrane in each experinent. The advantage of adding the
i odide to the cathol y1® m5 éheisbpropeayl oacetatereactfedy iafliset ronéhe

product sol utiOho 72 WIS 21 o6 W P MR SO EXRMRLBR (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 1.5 nr. 10 mL of
isopropenyl acetate containing 0.5 mL of catalyst
solution was added and the mixture was slowly distilled
to remove about one-half the volume. The remaining
mixture was chilled in an ice bath, diluted 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 long by 2 cm diameter) of 80-200 mesh
neutral alumina. The solution was then evaporated under
reduced pressure to a volume of about 50 miL and set
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 !3C NMR spectra were
consistent with the desired enoldiacetate (estrone-3-
écétate-l?-enolaceﬁate).

The cell was assembled with a Pt/Rh gauze anode-
(80 mesh, 3.9 cm? geometric area), a 304 stainless steel
cathode (40 mesh) and Nafion™ 117 bation exchange
membrane separator. An electrolyte solution consisting
of 10 mL of tetrahydrofuran, 7 mL of diethyl ether and
33 mL of buffer (2.8l 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-i7-enolacetate
(0.00011 mole) and 0.013 g sodium bromide



where the separator 26 serves as a solid support for the deposition of the
anodic material to allow the anode 28 to be adjacent tHge arator 20,
Finally, Exanples 20, 21, 22, 23 and 24 illustrate the 5\ ééﬁ§%3ﬁT§ﬁEET
ot her organic nolecules. In the above exanples anbient fe I gggg
chosen for conveni ence, but |ower or 3%er t enper at ur g ngv1b§%g?; [l
primary concern being stability of the material to be | @beTed. The pH, and
concentration and nature of buffer constituents may also vary over w de
ranges, the pr(WUOQQ”ﬁbQESat'E’iﬁ@gi‘b'ﬂzg‘ib”%atsh%asrt@l@d'cSti’t gthe material

to be | abel ed. The potential of e Wor | ectrode, the ra |o of the
wor ki ng el ect rbHé0@rBY ﬂ69%6994n935eKF100WH#§ AEnatel preshhetnaf of hene

reference elecéﬁ@ﬂytarantme ﬁﬂ&ﬂs1Eyewhbﬁhothd§¥ﬁﬂnyn(éﬁﬁléé ?épellng can
be achi eved mh|£ nh ?51 gg RXIda ive da to tg§§$ ein or egoi ng
detail ed descrFptfd YgPvEN L gre Pé&rﬁ@s SRR %ﬁéh?@ﬁ°ﬁﬂF9 and no
unnecessary |iobhatrshonsbfuledthenerdensetad e-ler-adficlaceisate. 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
13c NMR spectra of the product were consistent with 16-
a-bromoestrone~3-acetate.

0.064 g l6—a-bromoestrone-3-acetate
(0.00016 mole) was dissolved in 5 mL of tetrahydrofuran
(THF) and chilled to -78°C under nitrogen in an
isopropanol/dry ice bath. 2 mL of 1.0M lithium aluminum
hydride in THF was added slowly with rapid magnetic
stirring. After stirring for 10 minutes, the mixture
was quenched by adding 4 mL of 1l:1 ethyl acetate in THF
(prechilled'to -78°C). The mixture was stirred
5 minutes, then the isopropanol/dry ice bath was
replaced by an ice bath. 10 mL of chilled 3M aqueous
HC1l was slowly added to finish quenching. 10 more mL of
3M HC1l 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. Thin layer chromatography (silica
gel, eluent 25% ethyl‘acetate in hexane) of this residue
indicated at least five éomponents. The mixture was



-35- nodifications within the scope of the invention w ?ﬁﬁﬁé EHEQT
those skilled in the art. -36- WHAT IS CLAIMED IS: 1 %ﬁﬁé ect;@?ytlc

cell for labeling proteins, peptides, and other organic r’rBEt%cllI@s_S. P 1998....
conprising: (a) a cathodic half cell and an anodic hal f {lcell—divi
separator; (b) a working electrode i n=8de of said cathodic half cell and
said anodic half cell; (c) a counter electrode in the other of said
cathodic half cell and said anodic half cell; and (d) a reference el ectrode
| ocated in sai | L _centaining said mor t d .sj_de the
current path bg?mg%%tggigomg?ﬁf gC§%8@FF88§a3 aldqi {Q?@?9§|39#§§ﬁg_

1, eluent 25% ethyl acetate in hexane). Combination

of homogeneous fractions followed 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 l6-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 lmM non-radiocactive 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 antiboéy, 1.44 mCi of I-125 and 22 nmole carrier
iodide (tqtal 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, 3M
Cl”). An intermediate_sample taken at 30 min. indicated
an iodination yield of 71.8%. After 90 min., 9.5% of
the initial I-125 was adsorbed on the anode, while 4.5%
remained in solution and not bound to the antibody, .
resulting in an iodination yield of 86.0%.

EXAMPLE 24: RADIOIODINATION OF MONOCLONAL ANTIBODY
372.3

The radioiodination performed in Example 23 was
repeated except that the anode potential was set at
+850 mV while using the same reference electrode. A



-2. An electrolytic cell in accordance wwth Claim1, wherein said working
el ectrode is made froma netal selected fromgold, platilhg ShefrdHEEs
of 90% pl ati nunf 10% rhodium 3. An electrolytic cell in hg%%r g%cg Wi t

‘Claim1, wherein said counter electrode_js nmade froma eah!r om
stai nl ess steel and platinum - 37- I.-”IMZ'n electrolytic irt%}ei f:ﬁﬂwaml
wth Caiml, wherein a working el ectrode material is deposited on said
separator. 5. An electrolytic cell in accordance with Claiml, 2 or 4
wherein said LkisAg gleglyr i par. ec ) n.electrolytic
cell in accorggncg md?ﬁ %Pa?ﬂ??,%éﬁgggﬁ%Hﬁﬁgiéf%ﬁgg?ﬁlmgr ?ﬁgdeP%cPP e is

a porous el ect3dd8%and is |ocated directly adjacent said separator. 7. An
el ectrolytic cell in accordance with

Examples 15 through 24 illustrate additiona)

, uses of the electrolytic cell of the present invention.
, Examples 15 and 18 illustrate the effect that pH has on
the iodination of L-tyrcsine. Zxamples 16 and 17, on
the other hand, compare the.addition of iodide to the
.anolyte with the addition to the catholyte using a cell
with an anion exchange membrane in each experiment. The
Y 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 stability 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 damagé to the protein.

The foregoing detailed description is given for
clearness of understanding oanly and no unnecessary

limitations should be understood therefrom, as



Claim1, 2 or 4, wherein said working electrode is a porous el ectrode,
| ocated directly adjacent said separator and is pretreated .
non-radi oactive |abeling agent. 8. An electrolytic cell in cBERPIRCEMENT SREET
Caim1l or 4, wherein said separator is an anion exchange

cation exchange menbrane. 9. An el ectrot'i*}ﬁrc cell in accord rRﬁéeanquEﬁaM
1 or 4, wherein said separator is an ani on exchange nenbrané o
exchange nmenbrane and said working electrode is a porous el ectrode. 10. An

| ectrol yt th Oa d work
cl oot odb 13 prett e o wTh ok FakOhar oyeh, OF Chgpi AEnEABI R byt ¢

cell for |abel idRPHrentei e epse delsilhed dbheheoagani ¢ nol ecul es
conprising: (a) a first cathodic half cell having an annular ring
ci rcunscri bing an opening and a

?



second anodic half cell having an annular ring ci rcunscri i RepARACLRERI BHEET
wher ei n-said—first—anmutar-ring and sai d second annul ar rijhg face _each

other; (b ' | kg adj acent to said first annul ar rl@gkﬂagﬁngﬁﬂﬂﬁﬁﬁnn
separ at or I ‘ﬂﬁm!!i 9!” first gasket; (d) a porous wor ki;;gg:pu—ap-t—r-aﬁlg:——-—
adj acent s , Wherein sai-86arking electrode is Located in

one of said cathodic half cell and said anodic half cell; (e) an electrical
contact neans operably engagi ng said working el ectrode for connecting said
wor ki ng el ectrode to a power source; (f) a second gasket adjacent to said
second annul ar ring; (g) a neans for clanping said first annular ring to
said second annular ring in such a fashion as to sandwi ch said first
gasket, said separator, said porous working el ectrode, and said second
gasket therebetween; (h) a counter electrode in the other of said

WHAT IS CLAIMED IS:

l. An electrolytic 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 cell;
(c) a counter electrode in thé other of said
cathodic half cell and said anodic half cell;
and ' ; :

(d) a reference electrode located in said half
cell containing said working electrode and
outside the current path between said working
electrode and said counter electrode.

2. An electrolytic 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.

3. An electrolytic cell in accordance with
Claim 1, wherein said counter electrode is made from a
metal selected from stainiess steel and platinum.



‘cathodi ¢ halT celT and said anodic half cell; and (i) a reﬂrmﬁpéﬁcghﬁﬁ&@ﬁﬁgT

| ocated in ntai ni ng said working el ectrodg|and qutside the
current patﬂ“ﬂlMllﬁﬂllJl|mrous wor ki ng el ectrode and saia eatndeb SEP 1898
el ectrode. ~* -Q9-t 12, An Electrolytic cell in accordance ' -
wherein said porous wor ki ng el ectrode_gg-nade froma metal selected from
gold, platinumand a m xture of 90% pl ati nunf 10% r hodi um 13. An

el ectrolytic cell in accordance with Claim 11, wherein said counter
electrode is nmade froma netal selected fromstainless steel and plati num
14. An electrolytic ceMIiamagmgugkﬁmytﬂﬁtdeIlain1&écowﬂanme1wmﬂnlporous
wor ki ng el ect I'$ pretreated MAﬁE naon a electrolytic
cell in accorgggge antkgsfgﬁﬂ111?° éP3|EE§§F§% rica cég act neans is
a deposited on said separator.

. 5. An electrolytic cell in accordance with
Claim 1, 2 or 4 wherein said working electrode is a

porous electrode.

6. An electrolytic cell in accordance with
Claim 1, 2 or 4, wherein said working electrode is a
porous electrode and is located directly adjacent said
separator. .

7. An electrolytic cell in accordance with
Claim 1, 2 or 4, wherein said working electrode is a
porous electrode, is located directly adjacent said
separator and is pretreated with non-radioactive
labeling agent.

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 elecﬁrolytic cell in accordance with
Claim 1 or 4, wherein said separator is an anion
exchange membrane or a cation exchange mpmbrane and said
working electrode is a porous electrode.

10. An electrolytic cell in accordance with
Claim 1, wherein said working electrode is pretreated
with non-radiohalogen.



“metal ring contact. 16. An electrolytic cell in accordancﬁ

wherei n a| p lﬂm material is deposited on said sep Vﬁ#%$é£ﬁ§HEEB
electrolytm ml 11 ance with Caim11l, wherein sai [ qu
Jiody. [ BeL R SR .

el ectrode 'is Icocat srectly adjacent gald separat or. 181
cell in accordance with Claim1l7, mheré n said porous working electrode 1S
pretreated wi th non-radi ohal ogen. 19. An electrolytic cell in accordance

with Claim1l1l, 16 or 18, wherein said separator i s an ani on exchange

menbrane or a cation ch rgﬁgy cto I t|c cell in
accordance with d ai mq)%l aﬁl%g%l @%ﬁ‘ erei nEl:Egl gbgega?)at dP1S Pratedmison

exchange menbP@RElIGPSa aB€i BAhEXcRAAgaigeRDlasa Laml cemprisingd- porous
working el ectrode is lqqat ed fifeaCtdh Rl RC e 1 £aLH18CRALANG a1y

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) a separator 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) a second 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 therebetweeni

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

(i) 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.



21. An electrolytic cell conprising: (a) a cathodi c half=eetk ant—an—aroehC

hal f cell divided_by a separator; (b) a working electr dEHLnCEME*&TfS%Td

cat hodi ¢ half cell and said anodic half cell; (c) a co nterlebe (ﬁg;
063 .

e navi n. JEHRSNIRY IBAIE  one”oocs § St neg o

anodi ¢ hal f cell 4nd“a "ovable bar adj acent the other of said cathodic half
cell and said anodic half cell; and (e) neans jOInIng sald fixed and
novabl e bars together far | vi ng, cl ssure id cell

hol di ng sai d separ at or et%&g‘xg% gfﬁ dlcg%f ?H %ncecf%ﬁgdlc hal f
cell. 22. An ef %molﬁulwheebhnlBaadcppd@nﬁewmnwnﬂgzﬁkﬁQQFOGBen@lmaﬁad
fixed bar is agpggt, Sh@%a%zgeléﬁtghe%%BﬁlébTa‘f? at fh@kcordance %J}é]alﬁl

22, wherein said heat sink consists o ase a an upst andi ng ma
surroundlng saPf 38k| Plaginnm/dP&cerhedytife cel | in accordance with

-

13. An electrolytic cell in accordance with
Claim 11, wherein said counter electrode is made from a
metal selected from stainless steel and platinum.

14. An electrolytic cell in accordance with
Claim 11, wherein said porous working electrode is
pretreated with non-radiohalogen. '

15. An electrolytic cell in accordance with
Claim 11, wherein said electrical contact means is a
metal ring contact.

16. An electrolytic cell in accordance with
Claim 11, wherein a working electrode material is
deposited on said separator.

17. An electrolytic cell in accordance with
Claim 11, wherein said porous working electrode is
located directly adjacent said separator.

18. An electrolytic cell in accordance with
Claim 17, wherein said porous working electrode is
pretreated with non-radiohalogen.

19. An electrolytic cell in accordance with
Claim 11, 16 or 18, wherein said separator is an anion
exchange membrane or a cation exchange membrane.

20. An electrolytic cell in accordance with
Claim 11, 16 or 18, wherein said separator is an anion
- exchange membrane or a cation exchange membrane and said



- Claiﬁ121 or 23, wherein said fixed bar and sai d anabI@,bar ate:sz###}ﬁﬁﬁ
“to the shape_gL—%he—back§FH§§“bf said cell. 25. An eIe'tagﬁwﬂmﬂﬁENﬂ$H B

~accordance with wherein said fixed barj said nD§EEI
-are conflgur ﬂﬂﬂ“ “ g‘ \ t he backsji des of said ;jdt&: _

-41- cell, said movatle bar and th
cell are flat 26. An electrolytlc cell in accordance with Cdaim 21 or 25,
further conprising a reference electrode |ocated in said half cel

cont ai ni ng sai | P 7 #gg y n _accordance
with C aim 26, Bw\ﬁg‘r:llél %gé‘gllgl%\tmq%%tr% g %t%rgl |’£ré)(5 éwfg ﬁ’@laéﬁeﬂgel ect ed
from gol d, plaﬁahdnﬁéﬁéfaﬁﬂndee of 90@6p|at|nunilO@brhodlun1 28. An

el ectrolytic cell in accordance with C aim 26, wherein said counter

electrode is made froma ., an electrolytic cell 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 cell:
(c) a counter electrode in the other of said
cathodic half cell and said anodic half cell;
(d) a clamp having a fixed bar adjacent one of
said cathodic half cell 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 half cell.

22, An electrolytic cell in accordance with
Claim 21, wherein said fixed bar is a heat sink.

23. An electrolytic cell in accordance with
Claim 22, wherein said neat sink consists of a base and
an upstanding wall surrounding said cell.

24. An electrolytic 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. An electrolytic 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



-netal sel ected fron1stain|ess.steel and pl ati num 29. AnjeE 1
Jin accordaﬁ‘e‘mifﬁ"t]aln126 wherein said working electr cﬁFpE9 'Yfﬁﬁég#

- An electrolytic cell in accor %e W6 m
n Bﬂl{ parator is an ani on exchange ngmftane” or AoeArTon
fa

mnth non
or
exchange

Q)

1s Am el ectrolytitékell in accordance wth Caim 21,

26, 27 or 30, mhereln said working electrode is a porous electrode. 32. An
electrolytic cell in accordance with Clain130 or 31, wherein said working
el ectrode is J|Qqqated direc adj cent sal arato electrolytic
cell in accor&aglc,’e \ﬂ‘fﬁ‘aéléa q\%’%%i r’%‘? éi?dgﬁér I?l“l‘ﬁ WN%ctrode’is
pretreat ed wbaeksdlesadifoardtd \ceell]abnie r@.astgent : -42- 34. An electrolytic
cell in accordance with C aim 32, wherein the ratio of the surface area of

sai d

26. An electrolytic cell in accordance with
Claim 21 or 25, further comprising a reference electrode
located in said half cell containing said working
electrode.

27. An electrolytic eell 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. An electrolytic cell in accordance with
Claim 26, wherein said counter electrode is made from a
metal selected from stainless steel and platinum.

29. An electrolytic cell in accordance with
Claim 26, wherein said working electrode is pretreated
with non-radiohalogen.

30. An electrolytic cell in accordance with
Claim 21, or 26, wherein said separator is an anion
exchange membrane or a cation exchange membrane.

3l.- An electrolytic cell in accordance with
Claim 21, 26, 27 or 30, wherein said working electrode
is a porous electrode. '

32. An electrolytic cell in accordance with
Claim 30 or 31, wherein said working electrode is
located directly adjacent said separator.

33. An electrolytic cell in accordance with
Claim 30 or 32, wherein said working electrode is
pretreated with non-radioactive labeling agent.



< wor ki ng working—el"ectrode to the vol ume of said anodi c KaFE=EerF

TS 1T T O]
- 0.001 to 50 . ‘ectrolytic cell in accor danjcBERHGEMENT SHEET
. wherein thej&hﬂﬁjﬁﬂmﬁ“mm ace area of said working ‘*ki ng Flﬁe a%to
“the volume dofy*Sai'dvanedi e half cell is from0.05 to 10 [ppﬁ?‘36:~gigr s'S

for labeling proteins, peptides and otﬁ&?'brganic mol ecUT &5 wWhi ¢ch
conprises: (a) providing an electrolytic cell having a cathodic half cel
and an anodic half cell divided by a separator; providing a porous working
el ectrode in one of saig cathadi c .half .cell i ' | f. cell;
provi ding a counter elggfr%ﬁaéﬁ$ﬁﬁé§%ﬁ %é %?fgaig gg %%%%? aﬂ%l% Il and
sai d anodi ¢ hd&l¥aigel|32, amdepedni thagratief efetde duiaeeearesarédsangsai d
hal f cell contgii; | Ki r ede d t S hgseyr .pat h
betveon sai d e erl Sordl Gopreeas 460 A e enF duar o
i nserting the Mtfergedl t bs bErpBbBL 881 K0 59810d GFRIf cel | containi ng said
wor ki ng el ectrode;

" : 35. An electrolytic 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 0.05 to 10 cm™i.

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
11 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. A process in accordance with Claim 36,
which includes positioning said porous working electrode
- directly adjacent said separator.



-passing a current—through said el ectrolytic cell. 37. A Of @ePERCEMENT SHEET
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membr ane or*cation exchange nenbrane to serve as said separator. 39. A
process in accordance with C aim 38, wherein said nenbrane is an ani on
exchange nenbrane and i d_contacting step conprises. the. ste f. addi ng
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“(c) contacting said material to be |abeled with a IabelHngggenL; and _(d)

39. A process in accordance with Claim 38,
wherein said membrane is 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 process in 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 process in accordance with Claim 38,
which includes making said porous working electrode from
a metal selected from gold, platinum and a mixture of
90% platinum/10% rhodium.

. 42, A process in accordance with Claim 38 or
41, which includes making said counter'electrqde from a
metal selected from stainless steel 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.

44. A process in accordance with Claim 43,
wherein said contacting step comprises the step of
addiné said labeling égent to said half cell containing
sald working electrode. _ ,
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rhodium 42. A process in accordance wr&4-Cl ai m 38 or 4T, Which T Ncl udes
maki ng said counter electrode froma netal selected from stainless steel

and platinum 43. A process in accordance with Claim 38, wherein said step
of passing current conprises the step of controlling the working el ectrode

potential with said refléreftPEIeREF otfe. 222°T A2PFEC ¥ Klaiouréimnce with
C ai m 43, whereherephdssoat 36hitag t3hep st Idcutsr 14€s SRR thegd%igng sai d
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said counter electrode and allowing it to migrate
. through said separator to said porous working electrode
for reaction with the material o be labeled.

46. A process in accordance with Claim 37, in
which the labeling agent is a radioactive labeling
agent.

47. A process in accordance with Claim.46, in
which the radicactive labeling agent is a radioactive
halide.

48./A process in accordance with Claim 47, in

which t adioactive halide is I-125.



45. A process in accordance with C aim 43, wherein saLd con
conprises the step of adding said | abeling agent to i§
containing said counter electrode and allowing it to
separator to said porous working el ectrode for react
to be | abeled. 46. A process in accordance with Ca
| abel i ng agent is a radioactive |abeling agent. 47. process in accordance
with Caim46, in which the radioactiv45-l abeling agent is a radioactive
hal i de. 48. A process.in accordance with Caim47, in which the

radi oactive halide is |-125.

- ELECTROLYTIC CELL AND PROCESS FOR

THE LABELING OF PROTEINS AND PEPTIDES

ABSTRACT

.Anekmuobnmmxﬂibrﬁmlﬁhﬂugcﬁjxo&mm,pqnuhsamdoﬂmroqmnm
molecules employs a cathodlc half cell (12) and an anodic half cell (14), where a porous
workmg electrode (28) is located in one half cell (12) and a counter electrode is located in
the other of the half cell (14), the two half cells (12, 14) being divided by a seperator (26).
A reference electrode located in the half cell containing the working electrode (28)., and
placed outside the current path between the working electrode (28) and the counter electrode
confers precise control of the working electrode potential, which allows the maximum rate
of labeling to be achieved Whﬂe minimizing oxidative damage to the protein, peptide or
organic molecules. Saturatien of the working electrode (28) with non-radioactive label
coupled with a ratio of working electrode surface area to volume of half cell containing the
working electrode between 0. 001 to 10 cm-! minimizes the problem of loss of activity of
radiolabel due to adsorption on the working electrode
Fig. 1
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silver/silver chloride reference electrode). Electrolysis was stopped after 90 minutes and
the anolyte removed. The -anolyte and the cell were counted in order to determine the
" Joss 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 trichloroacetic 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 fnonomeric 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 proteiris, 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 15: lodination Of Tyrosine At pH 9.0

The cell was assembled with a Pt gauze cathode, gold electroformed mesh anode
(670 lines per inch, geometric area 3.5 cm?) and Nafion 117 cation exchange membrane
separator. The catholyte was pH 9.0 buffer (0.20 M potassium phosphate, 0.10 M
sodium chloride, adjusted to pH 9.0 with-NaOH). The anolyte consisted of 3.0 ml 1.07
mM L-tyrosine (3.07 micromole) in pH 9.0 buffer and 2.0 ml of pH 9.0 buffer. 150
microliters of 10.0 mM Nal solution (1.53 micromole iodide) was added to the anolyte
via syringe and electrolysis was carried out at +600 mV vs. Ag/AgCl (3M KC1). -The
anolyte only was stirred magnetically. After 90 minutes, the electrolysis was terminated
and the anolyte analyzed using high pressure liquid chromatography. At 84% iodide
conversion, the yield of 3-.i6do-L-tyrosine was 72% based on initial iodide.

Example 16: Chemical Deposition Of Gold Anode Onto Anion Exchange
 Membrane Prior To lodination Of Tyrosine
'Gold was chemically deposited on a Raipore™ 4030 anion exchange membrane as
follows: using a two compartment reactor with the membrane itself as the separator,
0.02M AuCl; (pH 1) solution was placed '



