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Full cDNA and corresponding amino acid (AA) sequences of 6B9 monoclonal antibody (mAb) against lyco-
pene was obtained using Step-Out RACE technology. Variable (V) and constant (C) regions were identified.
The light chain of 6B9 contained 238 AA IgM with the highest level of identity (0.93) to both the anti-VEGF
receptor antibody and anti-collagen type II FAb CIIC1. The heavy chain was composed of 634 AA with a high
identity (0.9) to the Ig mu chain C region. Potential posttranslational modification regions in both chains were
identified alongside with disulfide bond sites. The obtained information can be used for making chimeric
constructs containing 6B9 mAb (or its fragments) and lycopene, a powerful carotenoid with antioxidant as well
as antiproliferating properties, which can be implemented in the treatment of an aggressive form of prostate
cancer and possibly other malignancies.
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Introduction

L ycopene is a linear tetraterpene formed by eight con-
densed isoprene units and contains 11 aligned hydrogen

bonds.(1) The presence of hydrogen bonds confers unique an-
tioxidant properties to lycopene, which exceed the antiradi-
cal potential of alpha-tocopherol and carotene multiple times,
helping to explain the widespread attention given by many
researchers to the biological role of lycopene in modern redox
medicine.(2) Lycopene cannot be synthesized in the human
body(3) and needs to be ingested from lycopene-containing food
products, such as tomatoes, papaya, watermelon, and some
others.(4) The structural variability of the lycopene molecule
predetermines the existence of various lycopene isomers. Plants
contain predominantly all-trans-lycopene isomers.(1,2) How-
ever, physical factors (heating, supercritical CO2 exposure, pro-
oxidizing factors) can induce reisomerization of lycopene and
formation of cis-isoforms.(5) Lycopene present in the human
body is represented by a balance of cis- and trans- isomers.(1,4)

As mentioned, the high antioxidative potential of lycopene
has attracted the attention of many researchers in recent
years. Although lycopene is classed as a nonessential mi-
cronutrient and there is no recommended value for daily in-
take as yet, it has been proclaimed recently that lycopene
deficiency could be harmful to human health status and leads
to increased risk of cardiovascular disease and cancer.(6,7)

Decreased levels of lycopene in serum and/or plasma speci-
mens have been reported in aging individuals as well as in

cardiovascular disease, metabolic, and neurological disor-
ders.(7) On the other hand, lycopene supplementation has
been shown to improve health status parameters in some
normal physiological and pathological conditions.(8–11)

Despite the growing body of epidemiological and experi-
mental evidence relating to the pivotal role of lycopene in
human health and disease, there is no standardized protocol
for lycopene measurement in biological specimens. The ex-
isting methods for lycopene quantification include highly
elaborate and expensive high-performance liquid chroma-
tography methods as well as mass spectrometry for identifi-
cation of lycopene isomers.(12,13)

Recently,(14) we have developed monoclonal antibodies
against lycopene which work in different biological systems
and specimens in terms of quantitative and semiquantitative
assays. In the present article, we report on the amino acid
sequence of the newly developed monoclonal antibody
against lycopene and discuss the possibilities for its use.

Materials and Methods

Generation of monoclonal antibody against lycopene

Monoclonal antibodies against lycopene were raised as
previously described.(14) Briefly, lycopene gold conjugate
was used for immunization of mice. Lycopene was dissolved
in EtOH (0.5 mg/mL) and the solution was heated until the
crystals were dissolved. The colloidal gold solution was
mixed with lycopene–EtOH at a ratio of 5:1 (v/v) and kept at
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room temperature for 20 minutes. The conjugated lycopene
(t-LC-gold conjugate) obtained was immediately used for
injections. Suspensions of t-LC-gold conjugates were mixed
with complete Freund’s adjuvant and injected intraperito-
neally with a 3-week interval between the first and second
injections and a 2-week interval between remaining injec-
tions of conjugates. Serum samples from the immunized mice
were routinely screened using indirect ELISA. After 72 hours
following the final intravenous boost, the spleens of the mice
(positive responders) were removed and dispersed and a fu-
sion protocol with Sp-2 cells was performed. Positive clones
were subcloned by limiting dilution. Antibodies were isotyped
with a mouse monoclonal antibody isotyping reagent (Sigma-
Aldrich). Finally, a positive clone 6B9, which worked most
consistently in different assays, was established and deposited
at the Institute of Genetics and Selection of Industrial Micro-
organisms (Moscow, Russia).

RNA extraction

The hybridoma cells were washed three times with ice-
cold PBS by resuspension and centrifugation (4�C at 3000 g)
and lysed with 1.0 mL of TRIzol Reagent (Invitrogen) by
passing through syringe and needle. The lysed cells were al-
lowed to remain at room temperature for 5 minutes, after which
0.2 mL of chloroform was added to the tubes and the speci-
mens were vortexed for 1 minute. The samples were centri-
fuged at 14,000 g for 10 minutes at 4�C and the upper phase
was carefully transferred to new tubes for further analysis. The
total RNA was precipitated by addition of 0.5 mL of isopropyl
alcohol and the tubes were incubated at -20�C for 15 minutes.
The specimens were then centrifuged again (10,000 g for 10
minutes at 4�C). The supernatant was discarded and the pellet
washed with 70% ethanol then dissolved spectrophotometri-
cally in 0.05 mL of DEPC-treated water. Total RNA concen-
tration was measured.

cDNA preparation

Synthesis of the first strand of cDNA from total RNA was
performed using the MINT cDNA Kit (Evrogen) in accor-

dance with manufacturer’s instructions. Briefly, 1 mg of pre-
heated RNA specimens were mixed with 3 mL of water, 1mL
of primer, and 1mL PlugOligo adapter, overlaid with mineral
oil, and incubated at 70�C for 2 minutes. Samples were then
cooled down to 42�C and mixed with the second part of the
reaction mixture containing revertase. cDNA synthesis was
performed at 42�C.

Step-out RACE

The full cDNA sequence for light and heavy chains of IgM
against lycopene was obtained by implementation of Step-out
RACE Technology (Mint RACE cDNA amplification set;
Evrogen). For the sequencing of the heavy chain coding re-
gions three different specific primers were used: adapter
primer-5¢-AAGCAGTGGTATCAACGCAGAGT as well as
IgM specific primers—IgM-synt1 5¢-ACAACACTGAAGT
CATCCAG and IgM synth 3¢-PCR 5¢-ACGAGGGGGAA
GACATTTGG. To sequence the light chain coding regions it
was first necessary to determine the class of the constant re-
gion. PCR with light chain class-specific primers demonstrated
that both clones were kappa class. Then the same adapter
primer and kappa class-specific primer mIGKC/out-R 5¢-
CATTCCTGTTGAAGCTCTTG were used for Step-Out
RACE. A detailed description of the protocol for Step-Out
RACE is given elsewhere.(15)

Sequence analysis

Sequence analysis was performed using the Lasergene 7
software package and Serial Cloner 2.6.1 (Massachusetts).
Protein structure prediction was performed with ProteinPre-
dict software.(16) Potential disulfide bonds were identified
with the DiANNA algorithm.(17)

Results

Table 1 shows the full amino acid (AA) sequence of
both the light (238 AA) and heavy (634 AA) chains of the
lycopene-specific monoclonal antibody 6B9 with variable
(V-region, highlighted in light gray) and constant (C-region,

Table 1. Full Amino Acid Sequence of 6B9 Light and Heavy Chains

Light chain 6B9

METDTLLLWVLLLSAWVPGSTGNIVLTQSPALASVSLGQRATISCRASESVDNYGKSFMHWYQQKPGQPPRLLIY
LASNLESGVPARFSGSGSRTDFTLTIDPVEADDAATYYCQQNNEDPPTFGGGTRLEIKRADAAPTVSIFPPSSEQ
LTSGGASVVCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSMSSTLTLTKDEYERHNSYTCEAT
HKTSTSPIVKSFNRN

Heavy chain 6B9

MNFGLSLIFLALILKGVQCEVQLVESGGDLVKPGGSLKLSCAASGFTFSSYGMSWVRQTPDKRLEWVATISSGGSY
TYYPDSVKGRFTISRDNAKNTLYLQMSSLKSEDTAMYYCARHPGWGAWFAYWGQGTLVTVSAESQSFPNVFP
LVSCESPLSDKNLVAMGCLARDFLPSTISFTWNYQNNTEVIQGIRTFPTLRTGGAYLATSQVLLSPKSILEGSDE
YLVCKIHYGGKNRDLHVPIPAVAEMNPNVNVFVPPRDGFSGPAPRKSKLICEATNFTPKPITVSWLKDGKLVES
GFTTDPVTIENKGSTPQTYKVISTLTISEIDWLNLNVYTCRVDHRGLTFLKNVSSTCAASPSTDILTFTIPPSFADIF
LSKSANLTCLVSNLATYETLNISWASQSGEPLETKIKIMESHPNGTFSAKGVASVCVEDWNNRKEFVCTVTHRD
LPSPQKKFISKPNEVHKHPPAVYLLPPAREQLNLRESATVTCLVKGFSPADISVQWLQRGQLLPQEKYVTPHLV
TERTVDKSTGKPTLYNVSLIMSDTGGTCYEGEVNAEEEGFENLWTTASTFIVLFLLSLFYSTTVTLFKVKSAPM
PEPGAPGFYFTHSILTVTEEEWNSGETYTCVVGHEAL

Total RNA was extracted from the hybridoma clone 6B9 and full cDNA and amino acid sequences were obtained as described in
the ‘‘Materials and Methods’’ section. ‘‘V’’ region is highlighted in light gray, ‘‘C’’ region is highlighted in dark gray.
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highlighted in dark gray). Figure 1 shows the AA composi-
tion pattern of both molecules. Serine, threonine, and leucine
were the most abundant AA in the structure of the light chain
with proportions of 12.6%, 9.4%, and 8.4%, respectively.
Histidine, methionine, and cysteine formed the minority of
AA in the light chain (proportions between 1.2% and 1.6%).
The predominant AA in the heavy chain of IgM 6B9 was
serine (9.9%) followed by leucine (9.6%) and threonine (9.3%).
Methionine, histidine, and tryptophan were represented at a
much smaller percentage (1.4%–2.0%).

Figure 2 shows the overall alignment of the 6B9 IgM
light and heavy chain molecules. The amino terminus in
both molecules starts with short protein-binding signal
(AA 1–2, defined with red rhomb) followed by a helical
region. This region was slightly larger in the light chain
(AA 4–20, shown beneath the scale as a brown segment) as
compared with the heavy chain (AA 4–15). The remaining
part of both molecules contains multiple stranded regions
(shown in blue). Moreover, there is a region with potential
polynucleotide-binding capacity in the light chain of IgM
(AA 42–46, shown by flags with yellow circles), which was
absent in the structure of the heavy chain. This region was
followed by three protein-binding regions—between AA

53–68, 112–128, and 212–214 in the light chain of IgM
(shown in the Figure 2 by flags with red rhombs). Overall,
the heavy chain contains almost the same number of po-
tential protein-binding sites, mostly associated with the
amino terminal area.

Blast search analysis showed that the light chain sequence
of 6B9 IgM has the highest level of identity (0.93) to both the
anti-VEGF receptor antibody and anti-collagen type II FAb
CIIC1 as reported by others.(18,19) On the other hand, the
heavy chain of 6B9 IgM has a high identity (0.9) to the Ig mu
chain from C region.(20)

Analysis of the molecular structure of the light chain of
IgM 6B9 also allowed us to verify potential disulfide bond
sites. A favorable neighboring AA environment explains the
high probability of disulfide bond formation between AA
residues 45–114 (RATISCRASES-AATYYCQQNNE, with
probability of 0.75) and between AA residues 160–220
(GASVVCFLNNF-HNSYTCEATHK, with an even higher
probability of 0.95). These residues can participate in the
formation of native intramolecular and extramolecular dis-
ulfide bonds and can be used for the creation of recombinant
constructs containing the light chain of 6B9 IgM. The heavy
chain of 6B9 IgM contains a larger number of high proba-
bility disulfide bonds as shown in Table 2.

In addition, unmatched cysteine abundantly present in
the structure of light and heavy chain IgM is known to be
highly susceptible to chemical modification, which can
promote generation of further structural variants and ana-
logs such as IgM constructs with trisulfide bonds or thioe-
ther linkages.(21,22)

Glutamate is another important amino acid for posttrans-
lational modification. Polyglutamylation is a reversible
modification of antibody originating from the successive
covalent attachment of glutamic acid (up to 20 residues) to an
internal glutamate residue of the heavy and light chains of
immunoglobulins leading to changes in antibody affinity
and other biological properties of Ig molecules.(23,24) Poly-
glutamate regions were identified in the light chain of 6B9
between residues AA 124–127 and at AA 154–155.

Table 2. Disulfide Bonds in 6B9 Heavy Chain

AA topography Matching sequences

19–354 LKGVQCEVQLV–NVSSTCAASPS
41–115 SLKLSCAASGF–TAMYYCARHPG
116–443 LVAMGCLARDF–RKEFVCTVTHR
227–337 DEYLVCKIHYG–LNVYTCRVDHR
274–431 KSKLICEATNF–GVASVCVEDWN
384–627 SANLTCLVSNL–GETYTCVVGHE
491–551 SATVTCLVKGF–DTGGTCYEGEV

Total RNA was extracted from the hybridoma clone 6B9; full
cDNA and amino acid sequences were obtained as described in the
‘‘Materials and Methods’’ section.

Cysteine residues involved in the formation of disulfide bonds in
the heavy chain of 6B9 are underlined.

FIG. 1. Amino acid composition of light (A) and heavy (B) chains of 6B9 IgM. Total RNA was extracted from the hybridoma
clone 6B9; full cDNA and amino acid sequences were obtained as described in the ‘‘Materials and Methods’’ section. Round
square diagram shows representation of individual amino acids in sequences of the light and heavy chains of 6B9 IgM.
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The heavy chain of 6B9 is characterized by more abundant
representation of glutamate. In particular, glutamate-rich
regions were located between residues AA 120–131 and AA
548–604. The latter contained seven glutamate residues.

Additional studies are required to identify other important
posttranslational modification sites, including deamidation of
asparagine, and several forms of N-linked glycosylation.
These sites could also be useful for chimeric construction.

Discussion

The sequencing and cloning of immunoglobulin genes is
the first and often success-limiting step in the design and
preparation of chimeric and/or modified immunotherapeutic
antibodies. According to the results shown above, we have
succeeded in preparing mRNA and amplified cDNA from
hybridoma clones and obtained the sequences of heavy chain
and light chain genes for immunoglobulin M 6B9 monoclonal
antibody (mAb) against lycopene. The information obtained is
essential for preparing immunotherapeutic and artificially de-
signed antibody–ligand complexes, which can be constructed
with lycopene-specific antibodies and/or their fragments.

Lycopene is a carotenoid, phytochemical, with a low intes-
tinal absorption rate and low ability to pass through biolog-
ical membranes.(2,7) The mechanisms behind transmembrane
transport of lycopene remain poorly understood and require
detailed investigation. Lycopene is known(25) to be distributed
around the organs and tissues of the human body by lipoproteins
(low-density lipoprotein [LDL] and very low-density lipopro-
teins) and to pass through membranes of hepatocytes and other
LDL receptor-expressing cells through mechanisms of receptor-
mediated uptake. However, cells and tissues with low expres-
sion of LDL-receptor or structural elements separated from the
systemic circulation by histo–hematic barriers are deprived of
lycopene influx mediated by lipoprotein transport and uptake.(7)

Most tumor cells are known to have abnormal regulation of
LDL receptor expression and are subject to constant antioxidant
deprivation.(26,27) Reportedly, there is a complete loss of regu-
lation of the LDL receptor expression in androgen-independent
prostate cancer.(28)

On the other hand, multiple experimental studies suggest
that antioxidants and lycopene in particular, are extremely
potent antineoplastic agents and are capable of inhibiting can-
cerous cell growth under in vitro conditions.(29) Such an effect

was observed and reported in numerous cell lines, including
prostate cancer cells, brain tumors, and lung cancer cells.(30,31)

However, multiple attempts to use lycopene treatment in a
clinical setting have produced negative or highly questionable
results,(32) which can be explained by poor bioavailability and
low penetration capability of lycopene in cell membranes of
cancer cells. Moreover, lycopene intake by cancer cells might
be limited by glycoprotein P, which is a major gatekeeper for
xenobiotic entry to neoplastic cells.(33,34)

It is a feasible and attractive prospect to develop chimeric
lycopene antibody conjugated to lycopene, which can be used
for delivery of lycopene to tumor cells through a receptor-
mediated pathway and bypassing, thereby, interaction with
glycoprotein P. These chimeric constructs could be highly
effective for the treatment and reduction of tumor growth in
highly aggressive forms of prostate cancer and brain tumors.
Conjugation of lycopene to the whole mAb 6B9 molecule or
its fragments can be done by exploiting the intrinsic affinity
of mAb 6B9 for lycopene or by coupling mAb 6B9 to lyco-
pene through different functional sites in the 6B9 molecule
reported above, including free thiol groups generated by
either partial reduction methods or cysteine residues in the
antibody sequence. Implementation of lycopene chimeric
constructs composed of lycopene and mAb 6B9 could open
new possibilities in the treatment of cancer.
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