ARCHIVES OF BIOCHEMISTRY AND BIOPHYsICS 100, 270-278 (1963)

Physicochemical and Immunochemical Studies on the Reaction of
Bovine Serum Albumin with p,p’-Difluoro-m, m’-dinitrodiphenylsulfone

SAROJ 8. TAWDE! J. SRI RAM? axo M. RAJA IYENGAR?

From the Department of Pathology, The University of Michigan, Ann Arbor, Michigan; and the Department
of Biochemistry and Nutrition, School of Public Health, The University of Pittsburgh,
Pittsburgh, Pennsylvania

Received August 27, 1962

Bovine serum albumin (BSA) was reacted with the bifunctional reagent p,p’-
difluoro-m,m’-dinitrodiphenylsulfone (FNPS) under varying conditions. While
intramolecular cross linkages involving the lysine and tyrosine residues were the
major modifications, formation of intermolecular linkages (dimerization), favored by
high protein concentrations, was observed under all conditions studied. The modi-
fied derivatives exhibited decreased precipitin reactions with the antiserum prepared
against the native protein indicating that the protein was denatured to some extent
during the modification. FNPS appears useful as a general reagent for conjugation

of two proteins.

INTRODUCTION

Reaction of proteins with bifunctional
reagents can give rise to three types of
modification: (a) intramolecular cross link-
ages, (b) intermolecular cross linkages re-
sulting in dimers or higher polymers, and
(¢) simultaneous intra- and intermolecular
cross linkages. Wold (1) reported that the
bifunctional reagent p,p’-diffuoro-m,m’-
dinitrodiphenylsulfone (FNPS) reacted with
bovine serum albumin (BSA) forming intra-
molecular NPS bridges to give a derivative
with almost unchanged hydrodynamic and
antigenic properties. The new cross linkages
apparently stabilized the over-all structure
of BSA from denaturation by heat, alkali,
urea, oxidation, and reduction, but the more
subtle features responsible for the integrity
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of the antigenic sites were lost after heat
treatment (2). An extension of these studies
revealed that in addition to intramolecular
linkages, intermolecular linkages were also
formed on reaction of BSA with FNPS,
suggesting the possible usefulness of FNPS
as a reagent for conjugation of two proteins.

EXPERIMENTAL

Crystalline BSA was obtained from Armour
and Co. Rabbit y-globulin (RGG) and egg al-
bumin (EA) were products of Pentex, Inc. The
various amino acids used were purchased from
Nutritional Biochemicals Corporation. FNPS was
prepared as described by Zahn and Zuber (3).

Reaction or FNPS witH PROTEINS

This was carried out essentially as described by
Wold (1), by adding the desired volume of an
acetone solution of FNPS (15.6 mg./ml.) to the
protein dissolved in 1% sodium carbonate. The
reaction mixture was stirred until clear, exten-
sively dialyzed against distilled water, and lyo-
philized. All the products were yellow and water
soluble. A variety of derivatives of BSA were
prepared by changing the protein to FNPS molar
ratio, concentration of the protein and temper-
ature. In the following, each derivative was desig-
nated by a letter denoting the temperature of its
preparation (room temperature or cold), with the
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molar ratio of FNPS to BSA and protein concen-
tration as subsecripts. A derivative of EA cor-
responding to Ci,1; was also prepared. In one
experiment a mixture of BSA and RGG in the
proportion of 3:1 (by weight) was reacted with
FNPS under conditions corresponding to Cio,19.

NPS-Lysine

Ng, N’g - (m,m’-Dinitrodiphenylsulfone-p,p’)
bis-L-lysine, was prepared as described by Wold
1.

Acetylated BSA

Two derivatives were prepared as described
previously (4), but with smaller amounts of acetic
anhydride, to give about 40 and 759, acetylation.

CHARACTERIZATION OF NPS DERIVATIVES
orF BSA

Estimation of NPS Groups

No method for the direct estimation of the
number of NPS groups introduced in the protein
was described in the earlier work (1). In the
present studies, the yellow color of absorption
maximum of 420 mu given by the product of re-
action of FNPS with amino acids and proteins
was utilized to devise an assay system for the NPS
groups of the derivatives. FNPS (0.1-1.0 uM)
dissolved in 0.2 ml. acetone was reacted with 3
ml. of 29 lysine in 19, sodium carbonate at room
temperature. After 1 hr. of reaction, the mixture
which was initially turbid became clear. (Excess
of amino acid insured complete reaction of FNPS
without any concomitant hydrolysis.) The solu-
tion was diluted to 25 ml. and read against a
blank containing the amino acid and acetone. The
calibration eurve relating moles of FNPS to the
absorbaney at 420 mu is given in Fig. 1. Similar
calibration experiments were also performed with
glyeine (which gave comparable values with
lysine), cysteine, histidine, serine, and alanine
(which gave about 1.4 times the color relative to
lysine), and tyrosine (which gave only a third of
the color given by equimolar amounts of lysine).
The absorbaney at 420 mu of suitable dilutions of
the various NPS proteins was determined against
an appropriate solution of the unmodified proteins
as blanks, and the moles of NPS groups per mole
of the protein were determined from the calibra-
tion curve. The molecular weight of BSA was
assumed to be 69,000.

The following inherent limitations of this
method are recognized: (a) Reaction products of
FNPS with amino groups alone are yellow. As
FNPS reacts with tyrosyl groups also, these
derivatives may go undetected by this method
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Fi1a. 1. Calibration curve for the estimation of
NPS groups. Various amounts of FNPS in 0.2 ml.
acetone were reacted with 3 ml, of 29 lysine in 19}
Na,C0;. 0.D.s of the reacted products was
estimated.

unless at least one of the two functional groups
reacts with an amino group. (b) This procedure
utilizes the color value of an amino acid for cali-
bration purposes. It is questionable whether the
molar extinction coefficient of NPS-lysine remains
the same when the amino acid is part of a poly-
peptide chain.

AMINO AcCID ANALYSES

The protein samples were analyzed for the
constituent amino acids by the method of Spack-
man et al. (5), using a Beckman automatic re-
cording amino acid analyzer. Fach determination
was performed in triplicate.

SEDIMENTATION STUDIES

The lyophilized protein samples were dissolved
in sodium phosphate buffer (0.05 M, pH 7.0),
dialyzed against 500 vol. of the same buffer, stirred
at 4°C., and used for subsequent studies.

Approach to Equilibrium

Archibald’s method of approach to equilibrium
was employed (6). A 1.09% (w/v) solution was
centrifuged at 20 & 0.2°C. in a Spinco model E
ultracentrifuge equipped with RTIC unit. The
protein solution (0.6 ml.) was layered over 0.1 ml.
of Dow-Corning No. 555 silicone fluid. Centrif-
ugation was carried out for 64 min., and pictures
were taken at 16-min. intervals at a bar angle of
80° on Kodak metallographic plates. The plates
were evaluated (7) after tracing the patterns at
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8X enlargement. Synthetic boundary runs were
carried out under the same conditions in a cup-
type cell (8).

Sedimental Velocity

Sedimentation veloeity experiments were
carried out at a speed of 59,780 r.p.m. The sedi-
mentation coefficients were compared using a
two-dimensional microcomparator* and reported
as Svedberg units converted to standard con-
ditions in water at 20°C. The per cent of protein
polymerized was estimated by measuring the
areas under the schlieren patterns during the
velocity sedimentation runs. The total area under
the pattern was measured in an earlier picture
before the faster sedimenting peaks had sepa-
rated. The area under the main slower peak was
measured in a later picture after it had separated
from the faster sedimenting aggregates. The
difference between the two, after applying cor-
rection for radial dilution, is reported as per cent
of total area. Due to the enhancement of the area
under the slow peak caused by the Johnston-
Ogston effect (9), the values for the polymers
are probably minimal.

Diffusion

Diffusion coeflicients were estimated by the
spreading of protein—solvent boundary formed in
a cup-type synthetic boundary ultracentrifuge
cell. The dialyzate, 0.2 ml., was layered over
0.35 ml. of protein solution, and the degree of
spreading was followed at a speed of 10,589 r.p.m.
The apparent diffusion coefficients were cal-
culated from the schlieren pattern by the height-
area method. Zero-time correction was applied
by extrapolating the apparent diffusion coeffi-
cients to infinite time, and was then corrected for
standard conditions (20°C. in water). No cor-
rection was applied for the dependence of sedi-
mentation coefficient on concentration (10) since
at the low centrifugal field employed its effect was
considered to be small.

EstmvarioN oF ToraL N, AMINO NITROGEN
AND TyrosyL Groups

Nitrogen content of the protein solution was
estimated by the Markham modification of the
micro-Kjeldahl procedure (11).

The residual amino groups of the derivatives
were estimated by the colorimetric ninhydrin
procedure (12). As the plots relating the amount
of protein to the color do not pass through the
origin, the method deseribed by Schick and Singer

¢+ David W. Mann, Inc., Lincoln, Mass.
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(13) for the calculation of per cent loss in amino
groups was employed.

Tyrosyl groups were estimated as described by
Herriot (14).

PapPeER ELECTROPHORETIC STUDIES

Electrophoretic patterns of the derivatives
were studied on eellulose acetate paper in barbital
buffer, pH 8.6. After the run the dried paper
strips were stained with 0.29, ponceau in 39 tri-
chloroacetic acid and washed with dilute acetic
acid. In some experiments, the separated spots
were eluted in 0.1 N NaOH and estimated colori-
metrically at 560 mu.

ProTEOLYSIS STUDIES

Rates of hydrolysis of BSA and the various
derivatives by trypsin, chymotrypsin, and pepsin
were determined as described previously (15).

IMMUNOCHEMICAL STUDIES

Rabbit antisera against BSA and NPS-BSA
(Ris,17,) were obtained using alum-precipitated
antigens in a single course of immunization.
Calibration of antisera and calculation of cross
reactions were described previously (16).

Inhibition Experiments with NPS-Lysine

To three 1-ml. aliquots of anti-NPS-BSA
serum were added 0.07, 0.35, and 0.7 mg., re-
spectively, of NPS-lysine in normal saline and
incubated for 0.5 hr. at 35°C. One milliliter of
antigen corresponding to the equivalence point
was then added, and after 6-7 days incubation in
the cold, the specific precipitates were estimated.
Controls contained the antiserum, the antigen,
and 1 ml. of normal saline.

In another experiment, six 1-ml. aliquots of
the antiserum (in duplicate) were incubated with
1 ml. of saline containing 0.7 mg. NPS-lysine
prior to the addition of 1 ml. of the antigen. Each
day for 6 days, the test solutions and the controls
(which contained no NPS-lysine) were centri-
fuged, and the specific precipitates were
estimated. At the highest concentration of NPS-
lysine used, the molar ratio of ‘‘inhibitor” to
antibody was estimated to be at least 250.

Heat Denaturation of Antigen

Approximately 1% solutions of the proteins in
0.05 M phosphate buffer, pH 6.9, were incubated
for 25 min. in a boiling water bath. The cooled
solutions were used in subsequent studies without
further treatment.
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Gel Diffusion Studies

The technique of Allison and Humphrey (17)
was employed with slight modifications. A large
Petri dish contained 1.59% agar. In the center a
narrow rectangular slit was made to contain
antiserum. On either side of this antibody a
series of cylindrical holes were made equidistant
from the canal as well as from each other; in these
were placed gelatin solutions of varying conecen-
trations which were allowed to set around small
wells designed to contain the antigen solutions
(Fig. 5 represents this arrangement). The antigen
diffusing out of the gelatin cylinder would thus
come in contact with the antibody under the
conditions of the Ouchterlony technique (18)
and give a precipitin band. Gelatin cylinders of
concentrations of 10, 15, 20, 25, and 309, protein,
were employed in these studies. After introducing
the antigens and the antiserum into the appropri-
ate wells, the Petri dishes were maintained at
2-4°C. until preecipitin bands appeared (4-6 days).

RESULTS AND DISCUSSION

In studies with amino acids, FNPS reacted
with «-amino and e-amino groups giving
vellow NPS derivatives. Glycine required
only one-half the molar equivalent of the
reagent for complete reaction, while lysine
required equimolar amount, indicating that
both of the functional groups of the reagent
fully participate in the reaction (1). The low
color reaction obtained with tyrosine may
have been due to a preferential reaction of
FNPS with the phenolic hydroxyl over the
a-amino group. When cysteine was reacted
with an excess of FNPS, the product still
gave a positive nitroprusside reaction, sug-
gesting that the sulthydryl group was free.

Reacrion or FNPS witn BSA

The extent of modification of the various
amino acid residues of BSA was evaluated
by total amino acid analysis of BSA and
the NPS derivatives. In Table I the data
for BSA obtained under our experimental
conditions are compared with the values of
Stein and Moore (19). On reaction with
FNPS, only the lysyl and tyrosyl residues
of BSA decreased. Cysteine content was not
determined. The extent of modifications of
tyrosyl and amino groups was also esti-
mated by the colorimetric procedures. But
these methods, although reproducible,
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TABLE I

Amino Acip CowmposiTioN oF BSA

Moles/69,000 g.

Present studies Stein and Moore

Asparagine 56.2 56.5
Threonine 32.7 33.7
Serine 26.5 27.7
Glutamic acid 79.8 77.4
Proline 31.6 28.5
Glycine 17.2 16.7
Alanine 45.5 48.4
Valine 30.4 34.5
Methionine 3.9 4.3
Isoleucine 12.1 13.7
Leucine 63.9 64.5
Tyrosine 19.8 19.3
Phenylalanine 25.8 26.2
Lysine 60.2 60.4
Histidine 17.3 17.8
Arginine 23.0 23.4

proved unsuitable for determining the num-
ber of residues modified.

In Table II are presented the sedimenta-
tion and diffusion data on the various NPS
derivatives with the extent of chemical
alteration determined from complete amino
acid analyses. Control BSA, treated in the
same manner as the modified derivatives
except for the addition of FNPS, was in-
distinguishable from native BSA. Different
preparations of the same NPS derivative
showed variations which could have arisen
if some FINPS precipitated from acetone on
addition to the protein solution, making the
reaction partly heterogeneous. It is to be
noted that all of the preparations contained
a faster sedimenting component, probably a
dimer. Hughes (20) reported a value of 6.5
for the sedimentation constant of the mer-
cury dimer of mercaptalbumin. Moore and
Ward (21) obtained dimers of BSA with
sedimentation constants ranging between 6
and 6.5; on reacting BSA with the bifunc-
tional sulfhydryl reagent, N,N’-(1,3-phe-
nylene)bismaleimide. Up to 40% of the
protein appeared as dimer. In the present
studies, the proportion of the dimer in-
creased when the reaction was carried out at
higher protein concentrations. The differ-
ences in the sedimentation rates of the mono-
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TABLE II
CHARACTERIZATION OF NPS DrRIvaTIVES OF BSA
Reaction conditions for preparation
Amino acid
Mol WS | Teacted
. oles reacte: Sedi . Diffusi
Derivatives FlngS Concen- . Temper- %;%‘:1%5/ 69,000 g. cotfsrglr}xttigon c;n:tsé:.glt]
taken | tration [ Time [ “ % .0 69,000 g.
per mole of BSA
of BSA Lysine | Tyrosine
% | m | cc. Svedberg Units sq.cm./sec.
Control (BSA) 0. 0. 0. 3.8 4.46
Ry, 14 (1) 10 1 1 20-25 10.5 | 9.7 8.0 4.2(73%,; 6.0027%) 5.86
(2) 10.1 ) 11.8 | 7.4 | 3.9(78%); 6.3(22%,) 5.32
Cro.19 10 1 1 2-4 9.8113.5 5.4 3.9(75%); 5.1(25%)) 6.00
Cao, 19 20 1 24 2-4 6.6 | 20.9 9.2 4.4(66%); 5.3(34%) 4.90
Cao, 2% 20 2 24 2-4 14.0 | 21.0 8.8 4.3(64%); 6.0(36%)
Cro, 0% (1) 10 20 24 2-4 4.7 3.0 3.0 3.7(46%); 5.6(55%)
(2) 7.2 4.8 2.4 4.1(44%); 6.1(56%)

¢ Calculated from the differences in the amino acid composition of BSA and the respective NPS

derivatives.

® The figures in parentheses represent the percentage of component.

mers, as well as the dimers, in the various
preparations indicate varying degrees of
conformational changes under different reac-
tion conditions. The diffusion coefficients
are to be taken only as approximate since it
is difficult to evaluate the true diffusion
coefficients of polydisperse systems by the
technique employed.

All of the derivatives appeared homoge-
neous on paper electrophoresis, and the
change in mobility relative to BSA was in
conformity with the increased negative
charge resulting from the loss of amino
groups. Formation of intermolecular cross
linkages mediated by FNPS was also con-
firmed on paper electrophoresis. For this,
BSA was reacted with RGG under conditions
of the preparation Cy, 1 in the ratio of 3:1
by weight. The reaction product exhibited,
on paper electrophoresis, a third component,
moving with a mobility intermediate to that
of BSA and RGG and constituting 8-10 %
of the total protein.

ProTEOLYSIS STUDIES

In Fig. 2 (4-C), the rates of hydrolysis of
BSA are compared with those of various
NPS derivatives utilizing trypsin, chymo-
trypsin, and pepsin. Reaction of BSA with
FNPS resulted in an apparent reduction in

the rates of hydrolysis by the three enzymes
as measured by the liberation of TCA-
soluble peptide fragments. Loss of e-amino
groups of lysine, which contribute bonds
susceptible to trypsin (22), and tyrosine
residues (22, 23), which provide points of
attack at the carboxyl end to chymotrypsin
and at the amino end to pepsin, should
result in reduced susceptibility to these
enzymes. The derivative Cy, 2, in which
only about one-third of lysine residues and
one half of tyrosines were modified, two-
thirds of the lysine residues, and all the
guanidyl groups of arginine (22) should still
provide susceptible bonds to trypsin. But
this derivative, in the assay system em-
ployed here, appeared totally inert not only
to trypsin, but to chymotrypsin and pepsin
as well. One explanation for this is that the
intramolecular bridges might render large
areas of the protein unavailable to the
enzymes. Another possible explanation is
that the formation of intramolecular linkages
might prevent the release of TCA-soluble
fragments even though peptide bonds have
been cleaved by these enzymes, On heating
the derivative Ky, 14 1ts susceptibility to
trypsin and chymotrypsin increased slightly.
no such increase was observed with pepsin;
Thus some subtle changes appear to take
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Fia. 2. Rates of proteolysis of BSA and NPS derivatives. A. Trypsin reaction mixtures:
105 mg. protein in 15 ml. water + 17 ml. of 0.1 M borate buffer pH 7.85 -+ 1 ml. enzyme
(200 mg.%). Total volume 33 ml. Digestion at 25°C. At specified time intervals 4 ml. of
reaction mixture was removed and 3 ml. of 109, TCA was added to stop the reaction. O.D s
of the filtrates was estimated. B. Chymotrypsin: Reaction mixtures as described for tryp-
sin. (. Pepsin reaction mixtures: 50 mg. protein in 27 ml. of 0.1 N HCI 4+ 1 ml. enzyme (42
mg.9,). Other details as described above. ©, BSA; X-X, Ry, 1%; [, Ri0, 1% (heated); O,

Cro, 195 V, Cao, 1%5; and @, Cao, 29;.

place on heating NPS derivatives. In pre-
vious studies (15), heating BSA resulted in
a 15-fold increased susceptibility to trypsin
and chymotrypsin, while the rate of hy-
drolysis by pepsin became lower.

IMMUNOCHEMICAL STUDIES

The effect of modification of BSA with
IFNPS on the precipitin reaction with anti-
BSA is shown in Fig. 3. Aggregated or de-
natured proteins generally are shown to
exhibit a pattern of decreased sensitivity to
antigen excess in the precipitation reaction
(24). In addition to such a decreased sensi-
tivity to antigen excess, all the NPS deriva-
tives exhibited decreased cross reactions
with anti-BSA (60-80 %). Asthe ultracentrif-
ugal studies have indicated the presence of
varying amounts of dimers in all the NPS
derivatives, these precipitin curves represent
the composite of the behavior of the mono-
mers and dimers of each preparation. Since
previous studies have shown that neither the
amino (16) nor the tyrosyl (25, 26) groups of
BSA were important for the reaction with its
antibodies, the decreased cross reactions of
the derivatives with anti-BSA are attributa-
ble to ‘““denaturation’ occurring during the
modification reaction, denaturation being
defined to include all nondegradative
conformational changes of the protein.
Moreover, differences in the sedimentation
constants of the monomers as well as dimers
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Fig. 3. Precipitin reactions of BSA and NPS
derivatives with anti-BSA (Dil. 1 — 5). ©®, BSA;
A, Rw,l% (1 and 2); O, Clg,l%; V, Czo.l%; and -,
Rip.19, (heated).

(Table 11) prepared under different reaction
conditions also suggest conformational
changes. On heating Ry 1 its reactivity
with anti-BSA was almost completely lost,
in agreement with the finding of Wold (1).

Precipitin studies with the antibodies ob-
tained against NPS derivative R, 12 are
presented in Fig. 4. BSA exhibited a poor
cross reaction (25%) with the antiserum
produced against the modified derivative.
This would suggest that significant struc-
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tural alterations have taken place in BSA
during the modification and that some of the
modified configurations are the major deter-
minants in the antibody producton (27).
Cross reactions of other NPS derivatives
with this antiserum did not correlate with
the number of NPS groups. In fact, a second
preparation of Ry, 14 gave a lower cross reac-
tion than Cay, 14 or Ca, 2, which were pre-
pared under entirely different conditions.
Some structural features accompanying the
modification reaction, rather than the intro-
duced NPS groups, thus appear to be the
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F1g. 4. Precipitin reactions of the BSA and

NPS derivatives with anti-NPS-BSA (Rio.15)

(Dll 1 - 25) A, R10,1%(1); E, Rlﬁ-l%(2); O,

Cioag; YV, Cu.u9; @, Ca.0g; O, BSA; and X-X,

Rip.19, (heated).
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common antigenic features shared by the
various NPS derivatives. This was confirmed
by the absence of any cross reaction be-
tween NPS-EA and anti NPS-BSA and by
the inhibition experiments with NPS-lysine.
NPS-lysine at a molar excess as high as 250
did not inhibit the reaction of R, 1+ with
its homologous antiserum. As this apparent
lack of inhibition could arise if NPS-lysine
did combine with the antibodies but was
gradually displaced by the NPS-BSA in the
6-7 days of incubation employed, the extent
of inhibition was also studied as a function
of period of incubation (1-6 days). None was
observed at any stage of the precipitin
reaction.

GEL DIFFUSION STUDIES

Attempts were made to compare the
molecular weights of BSA and NPS deriva-
tives by the technique of Allison and Hum-
phrey (17). BSA diffused through a gelatin
concentration of 25 %, but not 30 %, in agree-
ment with these authors. This would corre-
spond to a molecular weight of about 70,000,
All of the NPS derivatives, surprisingly, gave
a single precipitin band and exhibited similar
diffusion patterns (Fig. 5); none of them dif-
fused at a concentration higher than 15 %.
This would correspond to the presence of a
single component in all of the preparations, of
a molecular weight of about 150,000, if the
molecular weight were the only factor deter-
mining diffusion through the gelatin. As this
conclusion is at variance with ultracentrifu-
gal studies which showed the presence of one

1 2 3 4 8
BLEEO®®

o =

I~

v}——rc

Fra. 5. Gel diffusion studies. 1-5. Gelatin cylinders, concentrations 10, 15, 20, 25, and
30%, respectively. 4. Well containing BSA. B. Well containing NPS-BSA. C. Trough

containing anti-BSA. D. 159, agar medium.
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half or more of the monomeric component
in all of the preparations, the possibility
that the decreased net positive charge of the
protein (due to the reaction of amino groups
with FNPS) might have caused the observed
diffusion pattern was considered. Acetyla-
tion reaction decreased the net positive
charge of a protein without significant
change in molecular weight (4, 28). In gel
diffusion, acetylated BSA was found to
behave exactly like the NPS derivatives,
failing to diffuse through a gelatin concentra-
tion of 20%. It would thus appear that
changes in net charge of the protein could
lead to erroneous conclusions, if one relied
solely on diffusion characteristics in gelatin,
for determination of molecular weight of
proteins.

COMMENTS

These studies revealed that the reaction of
BSA with FNPS is accompanied by some
configurational changes in the protein.
Furthermore, although the reaction is pre-
dominantly intramolecular, some intermole-
cular linking (dimerization) takes place
under all conditions studied. By the choice
of appropriate conditions, it appears possible
to direct the reaction predominantly toward
one or the other type of cross linking.

Intramolecular linkages are of interest
since they may stabilize the native structure
of the protein. With BSA, although stabiliza-
tion from gross changes by conditions which
usually cause denaturation was observed (1),
subtle configurational changes, detectable
by sensitive immunochemical and biochemi-
cal techniques, were not prevented.

Formation of intermolecular covalent link-
ages between two protein molecules is of
practical interest. In addition to bismalei-
mide (21) referred to earlier, bis-diazotized
benzidine is a possible reagent as this was
used to prepare aggregated globulin (29).
Diisocyanates have been used to prepare
antibody—ferritin conjugates, but a two-
step reaction eliminating the direct contact
of the reagent and antibody had to be em-
ployed as the antibody was otherwise inac-
tivated (30). Furthermore, the chemistry
of this reaction appears poorly understood as
the amount of the reagent bound to the
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protein was unaccountably high (13). Em-
ploying I'NPS, conjugation of antibody to
ferritin was accomplished under conditions
causing little inactivation of antibody (31).
Conjugates of BSA with RGG and EA were
also prepared by means of FNPS5 and it
appears possible to employ FNPS as 3
general reagent for conjugation of proteins.
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