The Feasibility of Radiolabeling for Human
Serum Albumin (HSA) Adsorption Studies

AT vaN DeErR SCHEER,* JAN FEIJEN,* JAN KLEIN ELHORST,?
PAUL G.L.C. KRUGERS DAGNEAUX, AND CEES A. SMOLDERS*

*Department of Chemical Technology, Twente University of Technology, and tDepartment of Pharmacy

Stadsmaten Hospital, Enschede, The Netherlands
Received February 12, 1976; accepted January 26, 1978

Human serum albumin (HSA) was labeled in various ways and with different radioactive labels
(Technetium-99m and Iodine-125). Characterization with electrophoresis on polyacryl gel and im-
munoelectrophoresis did not reveal differences between labeled and nonlabeled HSA. The release
of the label from labeled proteins in phosphate buffer (pH 7.4) was studied as a function of
time. 251-labeled proteins were stable and *™Tc-labeled proteins showed different stabilities de-
pending on the labeling method which was used. The adsorption behavior of labeled HSA and
HSA onto polystyrene (PS) and silicon rubbér (SR) was studied by using two methods. It appeared
that all labeled HSA compounds showed a preferential adsorption onto PS (and SR) substrates.
The 9mTc-labeled HSA showed a high value of the preferential adsorption factor (¢ > 1). The
¢ value for 2*I-labeled HSA was about 1.4. It was also shown that ¢ was dependent on the
kind of substrate used. The methods developed to determine preferential adsorption of labeled
proteins compared to their nonlabeled analogs are also generally applicable for different types

of compounds.
I. INTRODUCTION

The development of improved blood-
compatible materials requires a better in-
sight into the events which occur when a
foreign material is contacted with blood.
One of the initial events is the adsorption
of a protein layer at the blood—material in-
terface. This layer modifies the original sur-
face and has a strong influence on subse-
quent phenomena such as platelet adhesion
and blood coagulation (1, 2, 4).

Several methods are available to perform
protein adsorption studies. These are deple-
tion techniques (5—-10), spectroscopic tech-
niques, such as colorimetry (1-13), ATR/
IR (14-17), CD (18), and ellipsometry (19—
25), and radio labeling (7, 26-28). This last
method seems to be a very elegant one,
which offers the possibility of determining
the simultaneous adsorption of different
proteins onto a surface.
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The work published up to now, however,
hardly contains any information about the
influence of the label and the labeling tech-
niques on the protein adsorption data.

Protein adsorption studies with labeled
proteins are only useful when the bond be-
tween the label and the protein molecule
is stable under adsorption conditions and
when the adsorption behavior of the labeled
protein is identical with that of the nonla-
beled protein.

These aspects have been investigated for
99mTc. and !25I-labeled HSA (human serum
albumin), prepared by different labeling pro-
cedures.

Two methods have been used to study
the adsorption behavior of labeled HSA.
The first method comprises the measure-
ment of the adsorption isotherms of labeled
proteins on PS (polystyrene) and SR (silicon
rubber) from solutions containing different
concentration ratios of labeled to nonla-
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beled protein. The second method consists
of the simultaneous determination of the ad-
sorption of labeled and nonlabeled protein
on a PS latex, with a high specific surface
area.

II. THEORY OF ADSORPTION BEHAVIOR

The application of radio-labeled protein
in adsorption studies is only allowed when
the labeling method or the label itself does
not change the adsorption properties of the
protein. Therefore the adsorption behavior
of labeled protein molecules A has to be
compared with nonlabeled protein mole-
cules B, which differ from molecules A only
in the label.

Once it has been established that there
is no difference in adsorption between the
labeled molecule A and the nonlabeled
molecule B, one can use the labeled mole-
cules A in preferential adsorption studies
with a completely different molecule C. In
the derivations given below B can then be
replaced by C.

A simple model, derived from adsorption/
desorption kinetics and assuming mono-
layer adsorption, is used for the description
of the possible difference in adsorption be-
havior of A and B.

The rates of adsorption of A and B are
given by:

Rp = kA[A]'L/MA(l - 0)
ng = kg[ B]: LIMg(1 — 6)

[1]
[2]

where

nys, ng = the number of effective col-
lisons of molecules A and B
per unit of surface area and
time, m™2 sec™!
ks, kg = proportionality constants, m
sec™
[A], [B] = the concentrations of A and B
in the solution, kg m=3
M,., My = molecular weights of A and B,
kg mole™!
# = fraction of total available sur-
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face area, covered with A
and B
L = Avogadros number, mole ™

and

ns/ng = (kA'MB/kB'MA)[A]/[B]- (3]

The rates of desorption of A and B are
given by:

Py = (1/ty) L AJ/M, [4]
PB - (1/[3)'LBS/MB [5]

P,, Py = number of molecules A and B
leaving the surface per unit
surface area and time, m™
sec™!

ta, tg = mean residence time of A and B
on the surface, s

Ag, By = the amount of A and B adsorbed

onto the surface, kg m™

and

PylPg = (tg-My/tsMy)As/Bs. (6]

Three cases can be considered:

(i) The adsorption of A and B is ir-
reversible. This means that molecules once
adsorbed do not leave the surface, and the
ratio Ay/B; will depend on the ratio of the
numbers of collisons. For constant [A]
and [ B] we find:

Ag/Bg = (kAMB/kBMA)'[A]/[B]- [71

(ii) The adsorption of either A or B is ir-
reversible. In this case the surface will be
covered completely by the molecules which
adsorb irreversibly.

(iii) The adsorption of A and B is re-
versible (Langmuir). Equilibrium will be
reached when n, = P, and nz = Py, so:

nA/}'lB = PA/PB' [8]

From Egs. [3], [6], and [8] the ratio A,/B.
is then found to be:

Ag/B; = (taka/tskg)[ AV B]. [9]
Hence we find, in general:
AJ/B, = ¢[A])[B]. [10]
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The proportionality factor ¢ will be a con-
stant in the first and the third case men-
tioned above and infinite or zero in the
second case.

In order to get information about the value
of ¢ for a given system, measurements must
be carried out with a constant concentra-
tion ratio, [A}/[B] in the solution.

[AV[B] = C. [11]

The surface will be covered completely
with adsorbed molecules when the sum of
the surface fractions occupied by molecules
A and B equals one.

Sa-As + Sy B, = 1 [12]

where S, Sg = the specific surface areas of
A and B when the surface
would be occupied by one
of these species, m? kg™,

Assuming that the specific surface area of
A is x times that of B
SA = xSB [13]

the following expression can be derived,
using Eqgs. [12] and [13]:

Bs = (1 - .xSBAS)/SB
Ay/B; = A Se/(1 — xSpAy).

[14]
[15]

An expression for A, is found from Egs.
[10], [11], and [15]:

As = CHl(S5(1 + Chx)). [16]

This expression shows the relationship be-
tween the directly measurable quantity A,
and the parameters ¢ and x. Equation
[16] is, of course, valid only when the
exposed surface is completely covered with
molecules A and B. Using this expression
it is also possible to determine the quantity
¢ x, without knowing ¢ or Sp.

This can be done by performing two
series of measurements (adsorption iso-
therms) with different concentration ratios
C, and Cy(C, > C;). Each of these adsorp-
tion isotherms yields a maximum adsorp-
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F1G. 1. Two hypothetical adsorption isotherms of

labeled protein measured with concentration ratios
C, and C,.

tion (plateau value) for A, illustrated by
Fig. 1.
The ratio of these two values is:

Ag,/As, =y = (G/C)A + Cibx)/
(1 + Cypx) [17]

dx = (1 — yC/C)ICy(y — 1).  [18]
The specific surface area S, can also be
calculated from the two adsorption iso-
therms, via
Sa = (Cy — yCPI(Cy, — CPA). [19]
When ¢ x is determined by the method de-
scribed above, we have to evaluate the un-
certainty in ¢x, caused by the experimental
error in y. Because the adsorption iso-
therms measured with radioactive proteins
have an uncertainty in platean value of
about 5%, the estimated error in y becomes
0.1y.
The error in ¢x which may arise from
experimental error will be:

(5¢)

ac1 Casy

|5 )
aCZ C1,¥

A

Taking AC, and AC, as zero, we obtain:

_C}___C_Z [21]
C,C(1 — y)?

or

Adx = - AC,

* ACQ

- Ay. [20]

Aq')x:‘
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For experimental reasons, C, will not ex-
ceed 0.1 or ‘Cl — C2| < 0.1. Since for
values of ¢x not too far from 1, y will be
of the same order as C,/C,, and since
Ay = 0.1 y one finds that A¢x = 1.0.

This analysis shows that when only the
adsorbed amount of radio-labeled protein
can be measured, ¢x cannot be deter-
mined accurately enough to exclude prefer-
ential adsorption (no preferential adsorption
means ¢x = 1).

When larger surface areas (PS latex) are
used, the uncertainty in the determination
of A, will decrease. Moreover, it is pos-
sible to measure in addition the adsorbed
amount of nonlabeled protein (depletion of
protein in the solution). Up to this point we
can conclude that ¢ can be measured di-
rectly, but not very accurately, using Eqs.
[10], [16], and [17], in a system with ir-
reversible adsorption where the protein con-
centrations in solution do not change sig-
nificantly upon adsorption, and if Sy in
Eq. [16] is known from a separate ex-
periment.

In the case of depletion experiments
one should realize that protein concentra-
tions decrease upon adsorption which in-
fluences C when ¢ # 1. In the case of
reversible adsorption with depletion, there
is no problem in using Eq. [10] to find
¢. When the adsorption of A and B is ir-
reversible and depletion in solution occurs,
one can still find ¢ using a different ap-
proach.

The rates of adsorption can be expressed
as follows:

dA L 1
Ay = — — + — X —
da M, S
L
= kAl — (1 — 0 22
AlA] MA( ) [22]
dB L 1
nB:—-—‘_—__ —
dt My S,
kBl -6 3]
? M

B
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where S§;, = specific surface area of the
latex, m? m™3.
From Egs. [22] and [23] we obtain:

f’_l?_ = ks[ B] [24]
dA  kJA]
Integration gives:
A
In —
Ao = fé [25]
B kg
In —

]

Using Egs. [7] and [10], this expression for
experiments with depletion in solution is re-
lated to the preferential adsorption factor
¢ without depletion:

A

In = M
S [26]
B Mg

In —

0

where A,, B, = initial concentrations of A
and B, kg m™3.

Although in the case of irreversible ad-
sorption with depletion the straightforward
use of Eq. [10] is not allowed to find ¢, one
can define an experimental parameter ¢g.p
to be found from:

AJ/B, = dgep- A/B. [27]

The relation between ¢ and ¢y, can be
given by:

| — (B/B,)*Ms™: BB,

= . 28
d)d pl (B/BO)¢MA/MB 1 - B/Bo [ ]

and
11~ baent| = [1 — ¢]. [29]

From Eq. [29] one sees that ¢g.p gives an
overestimation of the preferential adsorp-
tion factor. Only in cases when ¢ — 1 will
baept — ¢. For reversible adsorption ¢geu
= ¢. It can be derived both from Egs.
[26] and [27] that the possible error in ¢ or
haep1, due to experimental errors, is about
8%, on the basis of relative errors of 2% in
the determined concentrations.
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II1. MATERIALS AND METHODS
Materials

Human serum albumin (HSA) (crystal-
line) was obtained from Sigma, No. A 9511.
9mT ¢ was obtained from Philips Duphar. 3/
(carrier free) was purchased from Amer-
sham (IMS-30). Polystyrene (PS); M,
= 670,000, M,/M, = 1.15, was obtained
from Pressure Chemical Company, Pitts-
burgh, Mellon Institute Special Polystyrene
Standard, lot. No. 13A. Stainless-steel
squares (total surface area 3.2 X 107* m?)
were coated with PS by dipping in a solu-
tion of PS in toluene (7%). The dipping
procedure was repeated after several hours
and the surfaces were dried during 15 hr at
20°C temperature. PS latex was prepared
by the method of Goodwin et al. (29). Par-
ticle diameter 0.56-107% m, { potential —72
mV in distilled water (pH 7.0). Silastic
Rubber (SR), Silastic sheeting, nonrein-
forced. Dow Corning Medical Grade Sili-
cone Rubber, Subdermal Implant Material,
lot. No. H 0 583. The sheeting was cut in
square pieces (total surface area 2.0 x 107
m?). Buffer was prepared by adding a solu-
tion of 0.01 M NaH,PO, and 0.15 M NacCl
to a solution of 0.01 M NaOH and 0.15 M
NaCl until a pH of 7.4 was obtained.

All chemicals used were analytical grade.

Labeling of HSA. Labeling of HSA with
9mTc was carried out by using:

(a) An incubation method (30, 31);
this product is indicated as °"Tc-labeled
HSA (i);

(b) A modified incubation method. This
method is similar to method a, except for
the pH during the incubation step (pH = 7.4
instead of 2); **mTc-labeled HSA (im);

(c) An electrolytic method (30, 32, 33);
9mTe labeled HSA (e);

Labeling of HSA with '2°I was carried out
by using:

(d) An electrolytic method (34). This la-
beling was carried out at pH 7.4 in buffer
solution at I~ concentrations lower than one
I- ion per HSA molecule and a potential
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FiG. 2. Percentage of label bound to HSA as a
function of time measured in buffer solution at 310° K,
pH = 7.4, [NaCl] = 0.15 M; labeling methods (a-f).

difference between the cathode and the
anode of less than 900 mV; '*I-labeled
HSA (e).

(e) An electrolytic method (micro). In
principle this method is similar to method
d. This labeling was carried out in a micro-
reaction cell designed by the IRI.! In the
cell the bottom (Pt) acts as the cathode and
a stirrer (Pt) acts as the anode. The reaction
volume is about 50 ul, and the electrolysis
is completed within 2 min instead of 4 hr
(method d); 2°I-labeled HSA (em).

(f) The lactoperoxidase method (35); 12%1-
labeled HSA ().

After the labeling procedures all protein
solutions (a—f) were dialyzed against buffer
solution to remove any unbound radioactive
label. Then the percentage of label bound
to the protein was determined by paper
chromatographic methods as used by Stern
et al. (36) and as described in a technical
report of the IAEA (37). These percentages
were determined at the end of each experi-
ment.

It appeared, in all cases, that more than
98% of the label was bound to the protein.
The release of the label from the labeled
proteins in buffer solution at 310°K (Fig. 2)
was studied as a function of time. From this
ﬁguré, it can be concluded that for the *°Tc-
labeled proteins only the **Tc-labeled HSA
(e) showed no significant release. Conse-

! Interuniversity Reactor Institute, Delft, Nether-
lands. Thanks are due to Dr. D. v.d. Hamer for
assistance in the experiments.
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Fi1G. 3. Electrophoretic pattern of HSA (Sigma,
A 9511). Electrophoresis was carried out on poly-
acrylamide gel at pH = 7.4, [NaCl} = 0.15 M in phos-
phate buffer.

quently protein labeling by methods a and
b was not further investigated. The '*°I-
labeled proteins showed no release of the
label.

Characterization of proteins. HSA (Sigma,
A 9511) was characterized by disc electro-
phoresis on polyacrylamide gel with a Shan-
non apparatus; three bands were observed
(Fig. 3), which correspond with HSA mono-
mer, dimer, and trimer.

Chromatography using a column packed
with Sephadex G-100 showed only the pres-
ence of monomer and dimer.

Immunoelectrophoresis using rabbit anti-
human serum did not reveal the presence
of other proteins.
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Labeled HSA (**™Tc-labeled HSA(e), '*1-
labeled HSA(e), **I-labeled HSA(em), or
125]_Jabeled HSA(1)) was mixed with HSA
{nonlabeled), and the different mixtures
were investigated by disc electrophoresis.
It was shown that the radioactivity was pres-
ent only in the three colored bands, and
the amount of radioactivity correlates with
the intensity of the color of the bands, in-
dicating that the electrophoretic behavior of
the labeled proteins has not changed sig-
nificantly by the labeling methods. Chroma-
tography of a mixture of **I-labeled HSA
(em) and HSA using a Sephadex G-100 col-
umn yields two fractions (monomer and
dimer) with activities in accordance with the
relative protein concentrations.

Immunoelectrophoresis of the same mix-
ture showed that the immunoactivity was
not changed by the labeling method.

Methods

The adsorption experiments were carried
out by using two methods:

(i) Adsorption onto PS and SR platelets.
With this method only the amount of ad-
sorbed radio-labeled protein can be meas-
ured. The total protein concentration in the
solution during each adsorption experiment
remains almost constant.

(ii) Adsorption onto PS latex. In this case
the adsorbed amounts of labeled as well as
nonlabeled protein can be measured. The
total protein concentration in the solution
during each adsorption experiment de-
creases as a result of the large surface area
of the latex.

PS latex was added to a partially 2°I-la-
beled protein solution of known concentra-
tion. After 24 hr adsorption time, the mix-
ture was centrifuged at 20,000g. The pro-
tein concentration in the supernatant was
determined by two methods: (a) Folin-phe-
nol method (11), and (b) by measuring the
radioactivity in the solution.

The adsorption experiments with the PS-
coated surfaces (3.2 X 107 m?) and the
SR surfaces (2.0 X 107*m?) were carried
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out in a thermostated adsorption cell con-
taining four trays in which the samples im-
mersed in buffer solution can be separated
from the main solution (Fig. 4).

Contact of the solid surfaces with the
liquid-air interface was avoided during the
adsorption experiments and the rinsing
procedures. This is important because ‘‘de-
naturated’’ protein layers might be deposited
on the surfaces which are studied.

A typical adsorption experiment was
performed as follows: the cell (Pyrex
glass) was cleaned in a ‘‘chromic acid”’
cleaning mixture and rinsed thoroughly,
first with tap water and then with redis-
tilled water. After drying, the cell was
connected with a thermostated bath
(310°K) and placed on a magnetic stirrer
with buffer solution. The surfaces were
attached with nylon ropes to the glass
cover and brought into the buffer solution.
After temperature equilibration the sur-
faces were drawn several times through the
liquid—air interface in order to remove
any air bubbles. Then the trays were
lifted and a concentrated, partially labeled
protein solution was injected into the stirred
solution. During the addition, special care
was taken to make sure that the needle was
situated well below the liquid—air inter-
face. After complete mixing, stirring was
stopped and the trays were lowered to the

IING

c|J_1L] F

®)

Fi16. 4. Thermostated adsorption cell, contain-
ing four trays in which samples immersed in buffer
solution can be separated from the main solution. A,
connection with the thermostated bath; B, magnetic
stirrer; C, surfaces under investigation; D, nylon rope
in glass tubing; E, glass cover; F, trays.

B
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FiGg. 5. Surface concentration of ™Tc-labeled
HSA(e) (A;) on PS as a function of total HSA
concentration in the solution (A + B). Concentra-
tion ratios of labeled to nonlabeled protein; C,
= 1.15 x 1072 and C, = 4.67 x 1072,

bottom, which allows the surfaces to con-
tact the protein solution.

This procedure was developed to avoid a
possible contact of the surfaces with a non-
homogeneous protein solution, which might
cause deviations in the adsorption data.
After the desired adsorption time, the trays
were lifted and the glass cover with trays
and sample surfaces was placed on a beaker.
Then the solution in the trays was dis-
placed by buffer solution until the solution
in the trays was free of activity. The trays
were lowered and the surfaces were placed
into counting tubes.

The measured activity on the surfaces
was not affected by further rinsing. The
amount of radioactive protein on the sur-
faces is calculated by comparing the meas-
ured radio activity in counts per 180 sec
with the activities of the solution samples.
The activity was determined with a scintilla-
tion counter (Baird Atomic, spectrometer
model S 30).

IV. RESULTS

1. Adsorption onto PS and SR Platelets

Figure 5 shows the results of the adsorp-
tion of ?MTc-labeled HSA(e) using two
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FiG. 6. Surface concentration of *™Tc-labeled
HSAC(e) (A) on SR as a function of total HSA con-
centration in the solution (A4 + B). Concentration
ratios of labeled to nomlabeled protein; C, = 1.15
X 1072 and C, = 4.76 x 1072,

concentration ratios of labeled to non-
labeled protein, C, = 1.15 x 107% and C,
= 4.76 x 1072 onto PS.

Using Eqs. [18] and [21] we can calculate
that in this case ¢x = 66 + 20. This means
that the °™Tc-labeled HSA(e) adsorbs
preferentially as compared to nonlabeled
HSA. The results of a similar experiment
with SR are shown in Fig. 6. Now ¢x = 5.4
+ 3.5. This implies that proteins labeled in
the same way show different adsorption be-
havior upon exposure to different surfaces.
125]-labeled HSA(em) was tested in the same
way on PS-covered platelets (Fig. 7). In
this case ¢x was 1.0 = 2.9 (Eqs. [18] and
[21D). :

2. Adsorption onto a PS Latex

These experiments were carried out with
1%5]-labeled HSA(e), ‘?*I-labeled HSA(em),
and ?*I-labeled HSA(1).

Using Egs. [26] and [27], values of ¢ and
daep for the different cases can be calcu-
lated. These data are given in Table 1.

V. DISCUSSION

When labeled proteins are used for ad-
sorption experiments it is necessary to in-
vestigate the stability of the bond between
the label and the protein molecule. This
was done with the different ™Tc¢- and 251-
labeled HSA preparates.
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Figure 2 shows that *"Tc-labeled HSA
(incubation method, i and im) is not stable
under adsorption conditions. Consequently
these compounds were not further investi-
gated. The remaining labeled proteins were
characterized by electrophoretic methods.
These methods all indicate that the labeled
proteins resemble the nonlabeled ones in
their electrophoretic behavior and no
preferential labeling of HSA monomer,
dimer, or trimer was observed.

Subsequently, adsorption experiments
were carried out to detect any possible
different adsorption behavior of the labeled
protein as compared to the nonlabeled.
Adsorption experiments with *"Tc-labeled
HSA(e) onto PS and SR platelets (Figs. 5
and 6) show a preferential adsorption of the
labeled protein. The preferential adsorp-
tion, expressed by ¢x (Eq. [18]) was
different for the two polymer surfaces (on
PS: ¢x =66 =20 and on SR: ¢x =54
+ 3.5). This means that the difference in
adsorption behavior between labeled and
nonlabeled protein is a function of the sub-
strate used. Because *™Tc-labeled HSA(e)
shows preferential adsorption it was not
used in further experiments.

G

T
6

o
—

3 y 5
Hsafkg.m?] -
Fi1G. 7. Surface concentration (A,) of ?*I-labeled
HSA(em) on PS as a function of total protein con-
centration in solution (A + B). Concentration

ratios of labeled in nonlabeled protein; C, = 1.6
x 1072 and C, = 6.4 x 1072,
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TABLE 1

Experimental Data for the Adsorption of Differently Labeled Proteins onto PS-Latex?®

Protein AlA, B/B, ¢ A/B AgllTis Pdept
125] labeled HSA(e) 0.362 0.488 1.42 0.0119 0.0199 1.67
125]-labeled HSA(em) 0.421 0.520 1.32 0.0129 0.0193 1.50
125]-labeled HSA(l) 0.438 0.528 1.29 0.0134 0.0192 1.43

o Adsorption after 24 hr. T = 298°K, pH = 7.4, [NaCl] = 0.15 M, phosphate buffer.

For #]-labeled HSA(e) on PS (Fig. 7),
ox is 1.0-x 2.9, indicating that in this case
the test method is not sensitive enough to
conclude whether preferential adsorption
takes place. This method was also used by
Brash et al. (27) who measured the adsorp-
tion of ?5I-labeled HSA [labeled by the
iodine monochloride method of MacFarlane
(38) onto polyethylene (PE)]. Also in that
case the method is not sensitive enough
to exclude preferential adsorption.

Horbett et al. (39) measured the pre-
ferential adsorption of hemoglobin com-
pared to other proteins onto PE, using
radio-labeled proteins.

Lee et al. (15, 26) and Dezeliéz et al. (7)
also used different ?5I-labeled proteins for
competitive and kinetics adsorption experi-
ments. The possible influence of the labeling
on the adsorption behavior of the proteins
was not investigated. When ¢x is close to 1,
a more accurate method for the determina-
tion of possible preferential adsorption is
required. This was achieved by using as the
substrate a PS latex with a high specific
surface.

Now the adsorption causes a significant
decrease of the protein concentration in
the solution. The decrease of the total
protein concentration [A + B] in the solu-
tion after 24 hr can be measured spectro-
photometrically, and the decrease of the
concentration of the labeled protein [A] by
measuring the radioactivity of the solution.
The preferential adsorption parameters ¢
and ¢gep can now be calculated by using
Egs. [26] and [27].

Table I shows values of ¢ and ¢y, for
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125].labeled HSA, labeled in different ways,
which can -be measured with an-accuracy
of about 10%.

All labeled proteins show values of ¢ and
¢qem F 1 indicating preferential adsorption.
It is also shown that ¢ # ¢y, indicating
irreversible adsorption. In conclusion,
when labeled proteins are used for adsorp-
tion studies it is necessary to determine
whether preferential adsorption occurs,
even when the bond between the label and
the protein is stable under experimental con-
ditions and when the labeled proteins show
the same electrophoretic behavior as the
nonlabeled ones.
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