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Interaction of Immobilized hTNF- with a Monoclonal Antibody in Aqueous Environment
Investigated by In Situ FTIR ATR Spectroscopy
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Introduction
Human tumor necrosis factor- (hTNF- ) (Fig. 1) plays a prominent

role as mediator of cellular immune response and inflammation (1).
The monoclonal hTNF- -antibody used belongs to the immuno-
globulin G1 (IgG1) subclass and was isolated from a human/murine
cell line and is clinically applied. The final aim is to exchange this
immunoglobulin by synthetic peptides binding to hTNF- and
impeding its biological activity.

a a

a

a

By in situ Fourier Transform Infrared Attenuated Total Reflection
(FTIR ATR) measurements, we investigated the antibody recognition
of hTNF- having been immobilized on the Ge surface of a multiple
internal reflection element (MIRE).

a

Materials and Methods
The experiments took place in a Single Beam Sample Reference

(SBSR) flow through cell (2) (Fig. 2); it had two cuvettes on both sides
of a Ge ATR plate placed above each other, called reference (R)- and
sample (S)-compartment. Solutions and buffers are moved through
the compartments by means of a peristaltic pump. The temperature
was regulated by screwed-on metal plates, in which water of 25°C
circulated.
All used proteins were dissolved in a phosphate buffered saline

(PBS): 10mM Na-phoshpate pH7.6, 100mM NaCl, 0.02% (w/v) Na-
azide. hTNF- used in this work was a recombinant form from yeast
(Strathmann BiotecAG).

All FTIR spectra were recorded with a Bruker IFS 25 spectrometer
equipped with a “lift-model” SBSR mirror attachment (OPTISPEC,
CH-8173 Neerach, Switzerland) and with parallel (||) and perpendi-
cular ( ) polarized IR light (gold grid polarizer on a KRS-substrate). A
mercury-cadmium telluride (MCT) detector was used. All spectra
were scanned at 4cm resolution.

a

^

-1

At first, hTNF- (66,7µg/ml) was adsorbed in the S-compartment.
The remaining binding sites were saturated by a solution of bovine
serum albumin (BSA) (25mg/ml). During saturation of the S-
compartment BSA (25mg/ml) was adsorbed in the R-compartment.
Then a solution of hTNF- -antibodies (100µg/ml) was brought in
contact with both compartments simultaneously. The schematic
experimental path-ways for both compartments are shown in detail in
Fig. 3.

a

a

Results and Discussion
The first step of the experiment was the adsorption of hTNF- in the

S-compartment (Fig. 4A). Using he
surface concentration of the adsorbed protein was calculated to be

=(7.51±0.66)·10 molcm representing a coverage of 93%
(assuming a required area of 2065Å per adsorbed hTNF- -
molecule).
Saturation with BSA resulted in a replacement of already adsorbed

hTNF- molecules by BSAmolecules (Figs. 4C and 5), whereas in the
R-compartment BSA showed a surface concentration of

(Fig. 4B) representing 100% coverage.
The hTNF- -antibody recognized adsorbed hTNF- of the S-

compartment resulting in but did
not bind to the adsorbed BSA of the R-compartment (Fig. 6B).
Therefore, the binding of the hTNF- -antibody was performed by
specific recognition of its antigen. Comparison of surface
concentrations resulted in a 5 to 1 molecular ratio between hTNA-
and hTNF- -antibody. A summary of concentrations and dichroic
ratios (amide II) of all used proteins is found in Table 1.
Finally, the stability of the adsorbed was checked

. T
in the S- compartment

a

G
a

a

a a

a

a
a

the thin film approximation, t

average

=(5.70±0.49)·10 molcm

=(1.41±0.12)·10 molcm (Fig. 6A)

proteins by
washing with BSA buffer solution for hours (Fig. 7) he complex of
hTNF- and its antibody showed a decrease of
adsorbed total protein of about 7.4 % (Figs. 7A and 7B), whereas the
adsorbed BSAof the R-compartment remained quite stable (Fig. 7C).
Having established a method for immobilization of hTNF- and for

building up a stable reference system, the preconditions are met to
exchange the antibody by peptides in future experiments.
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Fig. 4: Polarized IRATR absorbance spectra of adsorbed hTNF- and BSA.

A
B

C

a
a G

G
a a
a

q

: Adsorbed hTNF- of the S-compartment; reference, PBS pH7.6; surface concentration , (7.51±0.66)·10 molcm ;
dichroic ratio R (amide II), 1.82±0.13 (R = 1.67 ) : Adsorbed BSA of the R-compartment; reference, PBS
pH7.6; surface concentration , (5.70±0.49) ; dichroic ratio R , 1.78±0.13 .

: Effect of BSA on immobilized hTNF- ; reference, adsorbed hTNF- of the S-compartment. During the saturation
process, some already adsorbed hTNF- -molecules are replaced by BSA molecules; see also Fig. 5. Buffer, PBS pH
7.6; T, 25°C; angle of light incidence , 45°; number of active internal reflections N, 26.8.

-12 -2

iso

thin film ±0.12
·10 molcm (amide II) (R = 1.67±0.12)-12 -2 iso

thin film

Fig. 5: Polarized IR ATR absorbance spectra of the effect of BSA on immobilized hTNF- (cutout of Fig. 4C)a
a

b
a a b b a

a
a q

. The
spectra show an increase of -helix-structures (positive peaks at 1655 cm [amide I] and 1548 cm [amide II]) and a
decrease of -sheet-structures (negative peaks at 1633 cm [amide I] and 1521 cm [amide II]) (see ref. 3). Because of
the secondary structure composition of hTNF- (no -helices, 45% -sheets) and BSA (no -sheets, 68% -helices) it
can be concluded that during the saturation process some adsorbed hTNF- molecules are replaced by BSAmolecules;
reference, adsorbed hTNF- of the S-compartment. Buffer, PBS pH7.6; T, 25°C; angle of light incidence , 45°; number
of active internal reflections N, 26.8.

-1 -1

-1 -1

Table 1: Summary of concentrations in solution for protein adsorption, surface concentrations and dichroic

ratios (amide II) for hTNF- and BSA (immobilized on Ge) antibody (bound to immobilizeda and hTNF-

hTNF− ).

a
a

-
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Fig. 6: Polarized IRATR absorbance spectra of hTNF- -antibody

A

B

a

G

q

bound to hTNF- but not to BSA.a
a a a

a

: hTNF- -antibody bound to hTNF- of the S-compartment; reference, adsorbed hTNF- of the S-compartment after
saturation with BSA; surface concentration , (1.41±0.12)·10 molcm ; dichroic ratio R (amide II), 1.69±0.12

. : This spectrum shows no binding of the hTNF- -antibody to BSA of the R-compartment. Therefore, it is
allowed to use BSA for saturating remaining binding sites of the S-compartment; reference, adsorbed BSA of the R-
compartment. Buffer, PBS pH 7.6; T, 25°C; angle of light incidence , 45°; number of active internal reflections N, 26.8.

-12 -2 (R =
1.67±0.12)

iso

thin film

Fig. 7: Polarized IRATR absorbance spectra of total amount of protein and loss of protein of both compartments
after rinsing with a washing solution.

A

B

C

: Total amount of adsorbed protein consisting mostly of hTNF- (see Fig. 4A) and hTNF- -
antibody (see Fig. 6A) and of a small amount of BSA ; reference, PBS pH7.6; dichroic ratio R,
1.72±0.12. : Loss of adsorbed protein of the S-compartment after rinsing with a washing solution

. Due to the small loss of 7.4% it is not possible to discriminate between the portions of loss
of individual proteins; reference, total amount of protein of the S-compartment. : Loss of BSA of the R-compartment
after rinsing with a washing solution . The spectrum shows no loss of
BSA due to the fact that the washing solution contained a small amount of BSA; reference, BSA of the R-compartment
after saturation. Buffer, PBS pH 7.6; T,25°C; angle of light incidence , 45°; number of active internal reflections N, 26.8.

a a

q

of the S-compartment
(see Figs. 4C and 5)

(100 µg BSA/ml PBS
pH7.6) for 10.5h (1ml/20min)

(100 µg BSA/ml PBS pH7.6) for 10.5h (1ml/20min)

Fig. 2: Single Beam Sample Reference (SBSR) ATR arrangement for a thermostatted flow through cuvette with
two compartments. The Ge plate functioning as multiple internal reflection element (IRE) and support for, e.g.,
adsorbed proteins is divided into the sample (S) and the reference (R) compartment by the sealing of the cuvette.
Solutions and buffers are moved through the compartments by means of a peristaltic pump. During IR measurement,
alternative change from sample to reference and vice versa is performed by computer controlled lifting and lowering of
theATR cell body.

Fig. 3: Schematic description of the pathways of the ATR SBSR experiment for the sample and the reference
compartment. Each step is monitored by IR spectra acquisition. Sample-compartment: After adsorption of human
tumor necrosis factor (hTNF- ) to the Ge IRE, the remaining free binding sites are saturated with bovine serum
albumin ( BSA). Finally, antibody for recognition of

a a
hTNF- is added. :All binding sites of the Ge

IRE are saturated with BSA. Finally, antibody is added to ensure that no recognition of BSAtakes place.
a Reference-compartment

Fig. 1: Ribbon-pictorial of the human tumor necrosis factor- (hTNF- )

A B

a a a
b b a

. The trimeric hTNF- consists of
antiparallel -sheets (45%), -turns and random-conformation; it has no -helices.

: front view. : view from the top. Data from X-ray structure analysis (Eck, M. J., Sprang, S. R. (1989) J. Biol. Chem.
264 pp. 17595, pdb-file: 1TNF).

substance
Conc. in solution

[mg/ml]
Surface conc.

G/10-12 [mol cm-2]
Experimental

dichroic ratio Rexp

hTNF-a 0.067 7.51±0.66 1.82±0.13
BSA 25 5.70±0.49 1.78±0.13

hTNF-a-antibody 0.100 1.41±0.12 1.69±0.12
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