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Abstract: Messenger RNA purified from the anti hemin monoclonal antibody (1D3) secreting hybridoma was
amplified by RT-PCR and the nueleotide and amino acid sequences of the antibody were determined. The
role of complementarity determining regions (CDRs) in porphyrin recognition and its immunochemical
feature of the antibody were investigated by using ELISA, fluorescence measurement and computational
calculation of the conformation. All CDR peptides of the heavy chain of the antibody were synthesized and
their affinity constants to porphyrins were determined. The value of CDR2 of heavy chain (CDRH2) of 1D3
was 1.5×105/M for protoporphyrin and 7×107/M for TCPP, respectively, while that of the whole antibody
showed to be 1.2×107/M for TCPP. Though CDRH2 is a 17 meric peptide, it showed higher affinity than the
whole antibody (1D3). Porphyrins can be considered to firmly bind with CDRH2, while CDRH3 is not
involved in the antigen binding. CDR-1 may participate in the recognition with a small contribution. By the
computational analysis of steric conformation, it was suggested that CDRH1 and CDRH2 co-operatively
function in the recognition of porphyrin. Copyright © 1999 European Peptide Society and John Wiley &
Sons, Ltd.
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INTRODUCTION

Many monoclonal antibodies against synthetic por-
phyrin, for instance TCPP [1], and a partially modi-
fied natural type of porphyrin, N-methyl-
mesoporphyrin [2], have been produced so far.
However, the production of the monoclonal anti-

body to natural type of porphyrin, hemin, is
scarcely reported except our reference in which
some interesting immunochemical features of the
antibody were described by Uda et al. [3].

Molecular analyses of the antigen recognition
sites of antibodies have extensively developed [4,5].
The importance of the role of CDRs has especially
been pointed out. Many studies with respect to the
analysis of the interaction between an antigen and
antibody have been made by the method of X-ray
crystallography, NMR and so on. These approaches
give us much information about the interactions
between an antigen and antibody and also lead us
closer to an understanding of the recognition sites.
These methods are fairly advantageous but a huge
amount of data must be accumulated for obtaining
a general answer with respect to antigen recogni-

Abbreviations: PP, protoporphyrin; TCPP, meso-tetra (4-carboxy
phenyl) porphine; PEG, polyethylene glycol; BSA, bovine serum
albumin; PBS, phosphate buffered saline; CDR, complementarity
determining region; CDRH1, CDR1 of heavy chain; CDRH2, CDR2
of heavy chain; CDRH3, CDR3 of heavy chain; CDRL1, CDR1 of
light chain; CDRL2, CDR2 of light chain; CDRL3, CDR3 of light
chain; VH, variable region of heavy chain; VL, variable region of
light chain.
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tion. For this purpose, a large molecule antigen
such as a protein is not suitable because it is too
complicated to analyse and obtain an understand-
ing of the whole recognition phenomena. However,
it is important to clarify the immunochemical fea-
ture of each CDR segment of the antibody to un-
derstand the antigen recognition though the three
dimensional conformation may be changed from
its original form. In this study, natural- and artifi-
cial-type porphyrins were employed as antigens
and their interactions with the antibody and its
CDR segment peptides were examined.

MATERIALS AND METHODS

cDNA Synthesis, Amplification and Cloning

MRNA was isolated from 5×107 hybridoma cells
using an mRNA purification kit (Pharmacia, Upp-
sala, Sweden). For the PCR experiment, a 50 ml
reaction mixture containing 10 mg of mRNA, 20
pmol of VH1FOR primer [5%-d(TGAGGAGACG-
GTGACCGTGGTCCCTTGGCCCCAG)] or Vk1FOR
primer [5%-d(TGGATGGTGGGAAGATG)], 250 mM of
each dNTP, 10 mM dithiothreitol, 100 mM Tris–
HCl (pH 8.3), 10 mM MgCl2, and 140 mM KCl was
heated at 70°C for 10 min and then cooled to
room temperature. Reverse transcriptase (46
units: Toyobo, Osaka, Japan) was added and in-
cubated at 42°C for 1 h.

For amplification using a thermostable DNA
polymerase, a 50 ml reaction mixture containing 5
ml of the cDNA RNA hybrid, 10 pmol of the
primers VH1FOR or Vk1FOR and VH1BACK [5%-
d(AGGTCCAGCTGCAGCAGTCTGG) or Vk1BACK
[5%-d(GACATTCAGCTGACCCAGTCTCCA)], 250 mM

of each dNTP, 67 mM Tris–HCl (pH 8.8), 17 mM

(NH4)2SO4, 10 mM MgCl2, 200 mg ml−1 gelatin,
and 1.25 units of thermus aquaticus (Taq) poly-
merase (Takara, Kyoto, Japan) was overlaid with
mineral oil (Sigma, MO, USA) and subjected to 25
rounds of temperature cycling in a DNA thermal
cycler. A cycle was 1 min at 95°C (denature), 1
min at 30°C (anneal), and 2 min at 72°C (elon-
gate).

An aliquot of the PCR reaction was analysed by
gel electrophoresis and a DNA fragment of 350
base pairs was confirmed. It was excised and sub-
mitted to phenol-extraction and then ethanol-pre-
cipitation. In the next step, the fragment was
ligated to a M13 phage vector (Takara) digested
with the restriction enzyme SmaI or pGEM-T vec-

tor (Promega, WI, USA). In the M13 phage vector,
M13mp18 RF was digested with SmaI at 37°C for
5 h. The M13 backbone was also treated with calf
intestinal phosphatase. The PCR product was re-
acted with the klenow fragment and extracted
with phenol. Then the fragment was also reacted
with polynucleotide kinase, extracted with phenol,
purified on a 2% low-melting-point agarose gel
and ligated to a M13 phage vector. pGEM-T vector
was also used because PCR products can be in-
serted directly. The sequences of the clones con-
taining V gene inserts were determined by Auto
Read Sequencing Kit (Pharmacia) using M13 uni-
versal and reverse primers.

Nucleotide Sequence Analysis

To determine the nucleotide sequences, the heavy
and light chain cDNA fragments were inserted into
a M13 or pGEM-T vector (TAKARA). Nucleotide se-
quencing was carried out using the T7 sequencing
kit (Pharmacia) with the M13 universal and re-
verse primers using automated DNA sequencer
(ALF, Pharmacia).

Fluorescence Measurement

Fluometric titrations were carried out on a Spec-
trofluorometer FP-777 (JASCO, Tokyo, Japan). In
the measurements, lEx=332 nm and lEm=630.5
nm were used for PP-PEG, and lEx=422 nm and
lEm=644 nm for TCPP.

Peptide Synthesis

Peptides used in the experiments were synthesized
by the Fmoc solid-phase method using an auto-
mated peptide synthesizer (Applied Biosystems
431A, USA). After deprotection of the resultant
peptides from the resin, the peptides were purified
by reverse-phase high performance liquid chro-
matography (RP-HPLC, Waters mBONDASPHERE
C18 column, 17–21% acetonitrile gradient for 20
min at flow rate 2 ml min−1). The purified peptide
was submitted to another HPLC analysis under
the condition of 10–40% acetonitrile gradient
(0.1% TFA) for 30 min at a flow rate of l ml min−1

using puresil C18 column (4.6×150 mm; Waters).
The HPLC charts for each CDR peptide are pre-
sented in Figure 1. The peptide was also identified
by ion spray type mass spectrometry (API-III;
Perkin-Elmer Sciex, Ontario, Canada). These re-
sults are summarized in Table 1 along with the
purities.
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Figure 1 HPLC analysis for CHRH1, CDRH2 and CDRH3.

ELISA

One hundred microlitres of hemin-BSA dissolved in
PBS solution (10 mg ml−1) was poured into each
well of a 96 immunoplate (Nunc, Denmark) and
incubated overnight at 4°C. Blocking was per-
formed using 0.1% gelatin for 30 min at room tem-
perature. After the plate was washed with PBS
three times, 50 ml of 1D3 antibody and the same
volume of various concentrations of hemin-PEG,

PP-PEG or TCPP were simultaneously added, fol-
lowed by 1 h incubation at room temperature. After
washing of the plate, 100 ml of the alkali phos-
phatase labeled anti mouse Ig antibody (Zymed,
USA) was added and then the substrate reaction
was carried out for color development. The absorp-
tion band at 405 nm was used for measuring the
degree of enzymatic reaction by the immuno reader
(InterMed NJ-2001).

Copyright © 1999 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 5: 24–31 (1999)
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Table 1 Purity and the Mass for Each
CDR Peptide

Purity (%) Mass (m/z)

(+1) 670.0 (670.3)*CDRH1 90.9
(+2) 335.6 (335.6)

(+2) 1002.1 (1002.0)CDRH2 91.4
(+3) 668.3 (668.3)

(+1) 925.4 (925.4)97.9CDRH3

* ( ), expected mass.

Figure 3 Fluorescence changes of the interaction be-
tween antibodies and PP-PEG. F0: fluorescence intensity of
antigen alone. F: fluorescence intensity when antibody
was added.

RESULTS

In order to investigate the recognition site for hemin
and to clarify its chemical feature in the antibody,
ELISAs were performed to evaluate the apparent
affinity constants of the 1D3 whole antibody and its
heavy and light chain. The purified chains were
obtained using two kinds of gel chromatography
after the reduction of the 1D3 antibody with dithio-
threitol in accordance with the references [6]. Figure
2 shows the results for the immunoreactions of
those antibodies with protoporphyrin–polyethylene
glycol (PP-PEG). The 1D3 whole antibody displayed
the highest affinity being about 2×107/M. As the
antibody belongs to IgM, the value per ligand be-
comes 2×106/M. That of the heavy chain is roughly
estimated to be 105/M. With respect to the light
chain, the value can not be calculated because the
affinity is too small.

Figure 3 shows the results of the fluorescence
changes when 1D3 antibody was reacted with PP-
PEG instead of hemin-PEG, as hemin has small
fluorescence intensity. The relative fluorescence in-
tensity increased as a function of the concentration
of 1D3 antibody. In contrast, another antibody (MA-
15 [7]) which was used as a control did not show
this change. The affinity constant was calculated
from the relative intensity of fluorescence change
according to the equation described in explanation
of Figure 4. The reciprocal plot 1/(F−F0) versus
1/[C] for 1D3 antibody was taken as shown in the
figure. A linear relationship was observed. From the
slope and intercept of the y axis, the affinity con-
stant per ligand was calculated to be 1.4×106 /M.
The value is almost the same as the previous value
obtained from ELISA.

Messenger RNA was extracted from 5×107 hybri-
doma cells and the nucleotide sequences were de-
termined according to the procedure described in
the sections ‘cDNA Synthesis, Amplification, and
Cloning’ and ‘Nucleotide Sequence Analysis’. Figure
5 represents the results for the nucleotide and the
deduced amino acid sequences of the variable re-
gions of the heavy and light chain of 1D3 antibody.
The variable region of heavy chain (VH) subgroup
was identified to be II(A) with reference to the data
base [8]. The sequences of 1–8 and 103–113 were
used for binding of the primers. In 1D3 antibody,

Figure 2 The results of ELISA for 1D3 antibody and its
heavy and light chains in the immunoreaction with PP-
PEG.
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the 1–98 amino acid sequence belongs to the J558
VH family, the DH gene is FL16.1 and JH is the JH4
gene. In the light chain, the Vk family was III group
and the genes were made up of Vk21 and Jk2.

To clarify the role of each CDR segment for anti-
gen recognition, the affinity constant of the anti-
body and each CDR segment synthesized were
examined by the fluorescence measurement.

Figure 6 presents the results of the fluorescence
changes of the immunoreaction to TCPP by the
whole 1D3 antibody, CDRH1, CDRH2 and CDRH3.
The whole 1D3 antibody and the CDRH2 peptide
displayed decreases in the relative fluorescence in-
tensity, while those of CDRH1 and CDRH3 slightly
increased.

The affinity constants were calculated as repre-
sented in Table 2. The value for CDRH2 is a little
higher than that for the whole antibody. CDRH1
has a low affinity as expected. In the case of
CDRH3, it was impossible to calculate the accurate
value because of the very small changes. From the
results shown in Figure 6, the value of CDRH3 was
estimated to be less than 105/M. In general, these
facts suggest that CDRH2 plays an important role
in the recognition of porphyrins.

Computational calculations were performed for
the investigation of the steric conformation of the
1D3 variable region using software AbM (Oxford
Molecular Ltd., UK). Plate 1 displays a model of the
main amino acid chains. CDRH1 is located in the
slightly inner part of the heavy chain, while CDRH2
is on the surface. CDRH3 is difficult to observe
because it is hidden by the light chain. The N-termi-
nal of CDRH2 begins at the blue position. The for-
mer half is close to the CDRH1 segment. CDRH1
and CDRH2 seem to be closer in distance to each
other compared with CDRH2 and CDRH3.

DISCUSSION

The antibody forming system relies very strongly on
VH rather than VL, because a similar DNA sequence
of VL is frequently used to form antibodies having
different specificities [9]. It has also been pointed
out that CDRH3 plays an important role in recog-
nizing a large molecule like protein. However, there
has been much discussion on the role of CDRH3 for
the recognition of or specificity to the antigen. From
the reports published so far, we find completely
opposite descriptions. Some [10–12] describe the
importance of CDRH3. Others [13–15] mention that
CDRH3 has little relation with respect to antigen
recognition. In these discussions, CDRH3 should be
divided into two categories from the point of view of
the type of antigen. One is a large molecule like
protein and the other is a small molecule like hap-

Figure 4 Reciprocal plot of the fluorescence change of
1D3 antibody. 1/(F−F0) was plotted against 1/[A], where F

is the measured fluorescence of a solution containing the
antigen with a given antibody concentration [A] and F0 is
the fluorescence of a solution of the antigen alone. (PP-
PEG; 1 mM in PBS.)

Ag+Ab

k+1

X
k−1

Ag · Ab

� K=k+1/k−1= [Ag · Ab]/[Ag] · [Ab]

where [Ag] is free antigen, [Ab] is free antibody, [Ag · Ab] is
antigen–antibody complex.

If [Agt]= [Ag]+ [Ag · Ab]

where [Agt] is total antigen,

� [Ag · Ab]/[Ag]=K[Ab]/{1+K[Ab]}

� {F−F0}/{F�−F0}=K · C/{1+K · C}

where C is the concentration of antibody.

� 1/{F−F0}=1/(F�−F0)K · (1/C)+1/{F�−F0}

The relative fluorescence intensity of the antigen bound
with antibodies was plotted 1/(F−F0) against 1/[C], where
F is the measured fluorescence of a solution containing
the PP-PEG with a given antibody concentration [C], and
F0 is the fluorescence of a solution of the PP-PEG alone.
From the slope and the intercept of y axis of the straight
line, the affinity constant was calculated from the bottom
equation.
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Figure 5 Nucleotide sequence and deduced amino acid sequence of the anti hemin monoclonal antibody (1D3). DDBJ/
EMBL/GenBank accession number [heavy chain (D84492); light chain (D84493)]. Complementarity-determining regions
are underlined. (a) Heavy chain, (b) light chain.

ten. In this study, we employed the latter case to make
it simpler to understand the phenomena. The molec-
ular size of hapten almost corresponds to that of one
or several amino acids. On the other hand, there are
about 220 amino acids in the Fv segment in the
antibody. When the antibody binds a small molecule
like porphyrin, it is curious why such a large number
of amino acids are needed for the recognition of such

a small molecule. It is plausible that some amino
acids of the antibody are not necessarily for antigen
binding. Or, in some cases, they may disturb the
antigen recognition. In the case of a small molecule,
it is likely that even CDR does not take part in the
antigen recognition. To answer these questions, the
chemical features of each CDR should be investigated
in detail and their roles must be clarified.

Copyright © 1999 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 5: 24–31 (1999)
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Figure 6 Fluorescence changes of the interaction of 1D3
antibody and the CDRs of the heavy chain to TCPP. TCPP,
0.5 mM.

left-hand side (the green color is the framework of
the light chain). CDRH1 and CDRL1, white; CDRH2
and CDRL2, purple; CDRH3 and CDRL3, red. The
conformation of the antibody was analysed by use
of a work station (Silicon Graphics Inc., PA, USA).
The software was AbM from Oxford Molecular Ltd.
(Oxford, UK). Pimms was used as a molecular
graphics software (Oxford Molecular Ltd.). It is con-
sidered that porphyrins are bound with the former
part of CDRH-2 (red color) via hydrophillic interac-
tion and with the latter one via hydrophobic interac-
tion]. As CDRH1 and the former half of CDRH2 are
hydrophobic, these can bind the porphyrin ring
(pyrrole group) co-operatively via hydrophobic inter-
action. At this time, electron transfer could occur
from protoporphyrin to the antibody. In the case of
TCPP, there may be a strong ionic interaction with
the latter half of CDRH2, because it is hydrophilic.
Then the electron transfer occurs from CDRH2 to
TCPP which attracts some electrons. This different
flow of electrons will contribute to the different di-
rection of fluorescence change. As ionic interactions
are formed in the case of TCPP in addition to the
hydrophobic interaction, the affinity constant of
TCPP is higher than protoporphyrin.

Though the separated light chain showed very low
affinity, the light chain in the whole antibody may
contribute to the recognition of the antigen. As
CDRL3 is close to CDRH2 and CDRH1 from Plate 1,
CDRL3 may concern with the antigen recognition to
a small extent. However, the other two CDRs,
CDRL1 and CDRL2 are excluded.

Other investigators [13] have pointed out that
CDRH3 does not participate in the hapten binding
but relates to the carrier protein. In this study,
CDRH3 is not considered to participate in the recog-
nition of the porphyrin molecule from the fluores-
cence results and the computational analysis. This
is ascribed to the following two reasons. One is that
the CDRH3 has intrinsically no chemical affinity to
bind the hapten. The other will be the location of the
CDRH3 in the antibody, which is far from the CDRH2.

Although it has been considered that the intact
antibody is best for the antigen binding, there may
exist excess amino acids which make it difficult for
the antigen to approach its binding site. Therefore,
the CDRH2 segment has a possibility to have higher
affinity than the native whole antibody.

Some investigators [16,17] have already developed
designing of bioactive peptides using the CDR seg-
ment of the antibody. For the application to an
artificial enzyme, these types of basic studies
should be performed extensively. Furthermore, the

From the data described previously, it is obvious
that the VH domain of 1D3 antibody plays an im-
portant role for the binding of a porphyrin molecule
rather than the light chain. In the heavy chain, the
most important CDR was CDRH2 by considering
the results of Figure 6. Surprisingly, the affinity
constant of CDRH2 to TCPP was same order or a
little larger compared with that of the whole anti-
body. Some amino acids in the antibody may dis-
turb the antigen binding. When the antigen binds to
the recognition site, the affinity constant may in-
crease if there are no conformational constrains in
the antibody. Although the strong affinity of CDRH2
with the antigen should be emphasized, it is plausi-
ble that the specificity may become low. This point
will be clarified in detail in the near future.

From the computational analysis, CDRH1 and the
former half of CDRH2 were found to be closely
located to each other [Plate 1—The heavy chain is
on the right-hand side (the yellow color is the frame-
work of heavy chain), while the light chain is on the

Table 2 Results of Affinity Measure-
ments

Affinity constant (/M)

1D3 1.2×107

1.3×105CDRH1
CDRH2 6.8×107

CDRH3 B105

Antigen, TCCP.
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specificity must be taken into account along with the
binding affinity at the next stage in order to under-
stand the recognition mechanism accurately.

Acknowledgements

This study has been supported in part by the Grant-
in-Aid for Scientific Research of the Ministry of Edu-
cation, the Yazaki Memorial Foundation for Science
and Technology and the Sasakawa Scientific Re-
search Grant from The Japan Science Society.

REFERENCES

1. A. Harada, K. Okamoto, M. Kamachi, T. Honda and T.
Miwatani (1990). Monoclonal antibodies as tailor-made
hosts for porphyrins. Chem. Lett., 917–918.

2. A.G. Cochran and P.G. Shultz (1990). Peroxidase activity
of antibody–hemecomplex. J. Am. Chem. Soc. 112,
9414–9415.

3. T. Uda, Y. Ohkawa, E. Hifumi, N. Umenobu and K. Ogino
(1993). Production and immunological characterization
for anti hemin monoclonal antibody. Chem. Lett. 11,
1923–1926.

4. W.V. Williams, D.A. Moss, K. Kieber-Emmons, J.A.
Cohen, J.N. Myers, D.B. Weiner and M.I. Greene (1989).
Development of biologically active peptide based on
antibody structure. Proc. Natl. Acad. Sci. USA 86, 5537–
5541.

5. G.A. Guilliver, W.D. Bedzyk, R.G. Smith, S.L. Bode, S.Y.
Tetin and E.W. Voss, Jr. (1994). Conversion of an
anti-single-stranded DNA active site to an anti-fluores-
cein active site through heavy chain complementarity
determining region transplantation. J. Biol. Chem. 269,
7934–7940.

6. A. Johnstone and R. Thorpe in: Immunochemistry in

Practice, Blackwell Scientific Publications, Oxford 1987,
[Translated into Japanese by S. Migita, T. Fukumoto, H.
Ohta, Nishimura Co. Ltd. 1992].

7. T. Usagawa, M. Nishimura, T. Uda and Y. Nakahara

(1989). Preparation of monoclonal antibodies against
methamphetamine. J. Immunol. Methods 119, 111–115.

8. E.A. Kabat and T.T. Wu (1991). Identical V region amino
acid sequences and segments of sequences in antibodies
of different specificities. J. Immunol. 147, 1709–1719.

9. E.A. Kabat, T.T. Wu, M. Reid-Miller, H.M. Perry, K.S.
Gotterman and C. Foeller in: Sequences of Proteins of

Immunological Interests, 5th edition, NIH, Bethesda, MD
1991.

10. R. Taub, R.J. Gould, V.M. Garsky, T.M. Ciccarone, J.
Hoxie, P.A. Friedman and S.J. Shattil (1989). A mono-
clonal antibody against the platelet fibrinogen receptor
contains a sequence that mimics a receptor recognition
in fibrinogen. J. Biol. Chem. 264, 259–265.

11. M. Levi, M. Sallbag, U. Ruden, D. Herlyn, H. Maruyama,
H.Wigzwll, J.MarksandB.Wahren (1993).Complemen-
tarity-determining region synthetic peptide acts as a
miniantibody and neutralizes human immunodefi-
ciency virus type 1 in vitro. Proc. Natl. Acad. Sci. USA

90, 4347–4378.
12. K. Igarashi, K. Asai, M. Kaneda, M. Umeda and K. Inoue

(1995). Specific binding of a synthetic peptide form an
antibody complementarily determining region to phos-
phatidylserine. J. Biochem. 117, 452–457.

13. S. Ohno, M. Mori and T. Matunaga (1985). Antigen-bind-
ing specificities of antibodies are primarily determined
by seven residues of VH. Proc. Natl. Acad. Sci. USA 82,
2945–2948.

14. T. Kieba-Emmons, M.M. Ward, R.E. Ward and H. Kohler
(1987). Structural considerations in idiotype vaccine
design. Monogr. Allergy 22, 126–133.

15. C.Y. Kang, T. K. Brunck, T. Kiebre-Emmons, J.E.
Blalock and H. Kohler (1988). Inhibition of self-binding
antibodies (autobodies) by a VH-derived peptide. Science

240, 1034–1036.
16. W.V. Williams, K. Kieber-Emmons, J. VonFeldt, M.I.

Greene and D.B. Weiner (1991). Design of bioactive
peptides based on antibody hypervariable region struc-
ture. J. Biol. Chem. 266, 5182–5190.

17. H.U. Saragovi, D. Fitzpztrik, A. Raktabutr, H. Nakanishi,
M. Kahn and M.I. Green (1991). Design and synthesis
of a mimetic from an antibody complementarily-deter-
mining region. Science 253, 792–795.

Copyright © 1999 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 5: 24–31 (1999)


