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Study on a method for delivering scFv recombinant antibody into cultured cells

Osamu Nakajima®, Akiko Hachisuka, Reiko Teshima, Jun-ichi Sawada

We try to develop a method for delivering antibody from blood circulation through blood brain barrier to
brain. In order to achieve this goal, antibody has to cross cellular membrane of brain capillary endothelial cells
twice. As a first step of our study, we examined the ability for scFv antibody to cross cellular membrane of
RBL-2H3 cells once and be delivered into the inside of the cultured cells with the help of TAT peptide. TAT
peptide was originally found in Tat protein from the HIV-1 virus and known as one of protein transduction
domains. First, oligonucleotide encoding TAT peptide was linked to 5' terminal of gene fragment of scFv
antibody by PCR technology. TAT-linked scFv gene fragment was subcloned into pET-23b vector and
successfully expressed in E. coli as inclusion body. After solubilization and purification, TAT-linked scFv
recombinant protein was added to the culture of RBL-2H3 cells. TAT-linked scFv delivered into RBL-2H3
cells was detected by means of immunocytochemistry using fluorescence microscopy. TAT-linked scFv
crossed cellular membrane more efficiently than scFv without TAT peptide.
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EcoR T site TAT peptide

scFv

K >

Asn Ser Tyr Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg Gln Val Gln Leu Gln
G AAT TCG TAC GGT CGT AAG ARR CGT CGC CAG CGT CGC CGT CAG GTT CAG CTG CAG CA

primer 1

primer 2

primer 3

Fig.1 Addition of TAT sequence to scFv antibody by PCR
scFv gene fragment was subjected to 3-step PCR to add oligonucleotide encoding TAT peptide to the 5' terminal of scFv gene fragment.

hroughout the 3-step PCR the same anti-sense primer was repeatedly used. Sense primers were changed in the process: For the first, the second,

the third step primer 1, 2, 3 were used, respectively. The three sense primers overlapped. At the 5' end of the oligonucleotide encoding TAT

peptide, EcoR 1 site was introduced to facilitate subcloning into pET-23b vector. To adjust open reading frame of the recombinant protein to that

of the vector one nucleotide G was added behind the EcoR I site.
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Fig.2 The structure of TAT-linked scFv antibody gene fragment in pET-23b

After addition of oligonucleotide encoding TAT peptide, scFv antibody gene fragment was subcloned into pET-23b. For subcloning EcoR | site

was introduced to the 5' end of the oligonucleotide. The scFv gene fragment contained V gene fragment at the 5' end, V| gene fragment at the 3'

end and a linker between them. T7 tag and histidine tag were added to the recombinant protein at the N terminal and the C terminal,

respectively, both of which were derived from pET-23b vector.
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Fig.3 Expression of TAT-linked scFv antibody in E. coli
E. coli strain BL21(DE3)pLysS was transformed with pET-23b alone
or TAT-linked scFv in pET-23b. Total proteins from E. coli described
above were compared with or without 0.4 mM IPTG in SDS-PAGE
(8-16 T% gel). The arrow indicated TAT-linked scFv antibody in lane 5.
lane 1: molecular weight marker
lane 2: BL21(DE3)pLysS transformed with pET-23b alone, without
IPTG
lane 3: BL21(DE3)pLysS transformed with pET-23b alone, with IPTG
lane 4: BL21(DE3)pLysS transformed with TAT-linked scFv in pET-
23b, without IPTG
lane 5: BL21(DE3)pLysS transformed with TAT-linked scFv in pET-
23b, with IPTG
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Fig.4 Solubilization and purification of scFv antibody and
TAT-linked scFv antibody

scFv antibody and TAT-linked scFv antibody were expressed in E.
coli as inclusion body. The inclusion body was washed and
solubilized in buffer containing 8 M urea. After removal of urea by
dialysis the recombinant proteins were obtained as a single band on
SDS-PAGE (8-16 T% gel).
lane 1: molecular weight marker
lane 2: scFv antibody
lane 3: TAT-linked scFv antibody
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Detection of TAT-linked scFv antibody in RBL-2H3 cells by fluorescence microscopy (1)

scFv antibody or TAT-linked scFv antibody was added to the culture of RBL-2H3 cells. The recombinant antibodies delivered into the cells were

detected immunocytochemically. Mouse anti T7 tag antibody was diluted 30,000 fold and used as the first antibody. Alexa 594-labeled goat anti

mouse IgG antibody was diluted 1,200 fold and used as the second antibody.120 and 113 areas were measured for fluorescent intensities for scFv

antibody 4 nM and TAT-linked scFv antibody 4 nM, respectively.
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Fig.6 Detection of TAT-linked scFv antibody in RBL-2H3 cells by fluorescence microscopy (2)

scFv antibody or TAT-linked scFv antibody was added to the culture of RBL-2H3 cells. The recombinant antibodies delivered into the cells were

detected immunocytochemically. Rabbit anti mouse lambda L chain antiserum was diluted 500 fold and used as the first antibody. FITC-labeled

goat anti rabbit 1gG antibody was diluted 300 fold and used as the second antibody.127 and 146 areas were measured for fluorescent intensities

for scFv antibody 4 nM and TAT-linked scFv antibody 4 nM, respectively.
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