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Abstract: Monoclonal 11B3 anti-TNT (trinitrotoluene) antibody was expressed
as a monovalent and bivalent form using different prokaryotic and eukaryotic
expression systems. Recombinant expression in Escherichia coli, mammalian
cells and the methylotrophic yeast Pichia pastoris was performed to obtain di-
sulfide-linked and glycosylated antibody forms. The generation of antibody and
subsequent evaluation of the expression rates were performed using intracel-
lular, excretory and periplasmatic expression techniques. All methods involved
striving for native expressed antibody with maintenance of its functionality only.
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INTRODUCTION

For protein production in the laboratory, the most suitable prokaryotic sys-
tem is the gram-negative bacterium Escherichia coli because of its rapid growth
in high cell densities, easy generic and availability of a large number of vector
systems. The first demonstrated expression of functional fragments of antibodies
was for E. coli in prokaryotic periplasma. The secretion in periplasma was forced
by genetic fusion of antibody fragments with a signal sequence of some periplas-
matic protein.!:2 The building of disulfide bridges is ensured through the oxida-
tive nature of the periplasmatic compartment.3

Protein expression without a signal sequence results in it remaining in the
cytoplasma. Native isolation with ultrasound is possible if the protein is soluble
in the cytoplasma. It has to be considered that cytoplasma is not an oxidative
compartment, and hence the actual protein must go through redox active systems
to achieve its functionality.
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In addition to E. coli, other organisms can be used in which antibody frag-
ments were successfully expressed and partially secreted into the medium, which
is an enormous advantage for preparative and commercial expression. For easier
laboratory expressions, each organism should be matched with E. coli regarding
its ease of handling and diversity of possibilities.

In yeasts, the eukaryotic folding and post-translational modifications are
merged through simple cultivation. The methylotrophic species Pichia pastoris
can metabolize methanol as the only carbon source and also secrete and process
recombinant proteins.*> The high yields and functionality of the secreted recom-
binant immunoglobulins underline the importance of yeasts for this application.
For scFv (single chain fragment variable) molecules, yields of over 100 mg I-!
were obtained, which exceed the expression in E. coli by more than hundred times.®

Without doubt, the usage of mammalian cells (COS, CHO, HEK, etc.) is the
most suitable approach for expression of recombinant proteins. The problems
with post-translational modifications are thereby almost excluded. The conver-
sion of antibody fragments into complete immunoglobulins of different isotypes
and their expression in mammalian cells have been demonstrated many times
with no loss of binding activity.”~10

The use of recombinant antibody has significant advantages compared with
conventional antibody and its use has become more popular nowadays due to the
fact that no animals are required in the manufacturing procedure of the recom-
binant antibodies. In addition, the manufacturing time is relatively short com-
pared with the conventional method. Moreover, the quality of the final products
is higher that those manufactured by the non-recombinant method.

In this work, recombinant antibodies specific for TNT were expressed in
mono- and bi-valent format in different expression systems. The aim of the work
was, on the one hand, to examine the expression efficiency in prokaryotic and
eukaryotic systems and, on the other, to use these antibodies for the detection of
TNT and its derivatives. The best expressing system should then be used for the
commercial production of the most sensitive antibody format for TNT detection.

EXPERIMENTAL
Vectors

The vectors pcDNA3.1+ and pPICZo-ABC for eukaryotic expression in mammalian
cells and yeast Pichia pastoris were commercially purchased from Invitrogen Life Techno-
logies (Karlsruhe, Germany). The E. coli expression vector pET26b(+) was purchased from
Novagen (Schwalbach, Germany) and the phagemid-vector pHEN2 from G. Winter, Center of
Protein Engineering, MRC Cambridge, UK.

Antibody fragments

The gene for the scFv-fragment 11B3 of mouse origin, as well as the genes for the Cy2
and Cy3 regions of human IgG was available.
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Oligonucleotides
The employed oligonucleotides were synthesized by Metabion (Martinsried) (Table I).
TABLE I. Utilized oligonucleotides

Name Sequence 5'-3' Target  Restriction

region sites
11B3 Bsi for Gatccgtacgtgtgggatggcccaggtgaag 11B3-scFv Bsiwl
11B3 Asc back Gatcggcgegecacctaggacggtecagettg 11B3-scFv Ascl
11B3 Sfi for (pPICZaB) Gatcggeccageeggecttatggeccaggtgaag — 11B3-scFv Sfil
11B3 Nde for Ggaattccatatggcccaggtgaagcetg 11B3-scFv Ndel
11B3 Not back (pET) Attcttatgcggccgeccgttttatttccagett 11B3-scFv Notl

Standard molecular biology techniques

PCR, ligation, restriction, DNA dephosphorylation, agarose gel electrophoresis, DNA
extraction from agarose gels, classic plasmid preparation, alcohol precipitation, DNA quanti-
fication, efc. were performed according to standard protocols.!!

Production of competent E. coli cells, transformation and expression

Electrocompetent E. coli cells, transformation, periplasmatic and intracellular expression
were performed according to standard protocols.!!-13

Standard techniques in protein biochemistry

Immobilized metal ion affinity chromatography for protein purification using a Ni-NTA
(nickel nitrilotriacetate) matrix, PAGE (polyacrylamide gel electrophoresis), protein determi-
nation, Western blot, dialysis, antibody purification via the Fc region using protein A/G-
-PLUS-agarose, etc. were generally performed according to standard protocols.!!
Eukaryotic expression in yeast and mammalia

Antibody expression in yeast P. pastoris and mammalia was performed according to stan-
dard protocols.!:14 For the expression in P. pastoris, the standard vector pPICZIgGscFv-Fc,
which already contained an a-factor as a signal sequence and an expression cassette (Cy2 and
Cy3 genes), was available. Using restriction sites Sfil and Ascl, any scFv can be cloned into
the cassette and a dimer IgGACI, with constant Cy2 and Cyx3 regions, is generated as the
result of the expression.

For expression of the IgGAC1-dimer in mammalian cells, HEK (humane embryo kidney)
cells were mostly used. The available vector was pcDNA3.1/Zeo, which contained a CMV
promoter, a rat signal sequence, a gene for zeocine resistance and an expression cassette with
the genes for the IgG domains Cy2 and Cy3.

RESULTS

Starting from the TNT-specific scFv-fragment of mouse origin, named 11B3,
monovalent and bivalent antibodies were generated. The fragment was produced
in different formats, i.e., it was expressed in a monovalent form as scFv and the
scFv were further used for the generation of bivalent antibodies. In order to use
the scFv in the bivalent form, the IgGACI constructs were made. To analyze the
binding properties of antibodies, the free TNP—Tris (trinitrophenol-tris-(hydroxy-
methyl)aminomethane), as well as the TNP—protein conjugates were used.
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Monovalent antibody 11B3-scFv

For the cloning and expression of the monovalent antibody, a vector pet26b(+)
with a stronger T7-promoter was chosen, in which the amplified 11B3-scFv gene
was inserted between the restriction sites Ndel and Notl. During the insertion, the
signal sequence was removed, which meant a predisposition for intracellular ex-
pression in E. coli strain BL21 DE3. The expression was performed for 3 hours at
25 °C using the lactose analog IPTG (isopropyl-f-D-thiogalactopyranoside) as
inducer. The protein was purified from the cytosol supernatant with a NiNTA-ma-
trix and subsequently analyzed by SDS-PAGE and immunoblot. The band of 28
kDa on the membrane for the Western-blot confirmed the successful expression
of the antibody (Fig. 1).

M 1
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37kDa
T Fig. 1. Analysis of purified 11B3-scFv using
28 kD immunoblot. 15 pl of protein probe (1) was se-
25 kDa . parated under reducing conditions on a 12 %
i SDS-gel together with 10 pl of protein marker
P — (M). The presence of protein was confirmed after

transfer onto a PVDF-membrane and detection
with murine anti-His-IgG-antibody (1: 2500)
and anti-mouse-IgG—AP conjugate (1: 2500).

The determination of the protein concentration gave a value of 65 pg/ml.
The antibody was further biotinylated for usage in the TNP-assay.

Bivalent construct 11B3-IgGACI

The bivalent construct 11B3-IgGACI is a synthetic molecule obtained after
cloning the murine 11B3-gene in the expression cassette with constant C;2 and
Cy3 regions of the human gamma heavy chain. Expression of 11B3-IgGAC1 was
performed parallel in two expression systems, i.e., yeast Pichia pastoris and the
human cell line HEK293.

Expression in human HEK293 cells

As the expression cassette, the vector pcDNA3.1 was available, which had a
strong viral promoter and genes for the constant regions of the human gamma
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heavy chain. The restriction sites Bsil and Ascl were chosen for the cloning of the
11B3-gene. After ligation and transformation, characterization of the clones was
performed with PCR. The obtained amplificates confirmed the cloning of
the11B3-scFv insert in the vector.

The recombinant DNA was further employed for the production of stable
secreting cell lines. From ca. 300 ml expression supernatant, the antibody was
purified using protein A-agarose and analyzed by Western blot (Fig. 2). The elu-
ted amount of 4.5 ml gave a total protein quantity of about 410 ug (90 pg/ml);
hence the expression rate for the 300 ml culture was about 1.37 pg/ml. The pu-
rified protein was directly used in the assay for confirming its functionality. This
immunocomponent proved to be very sensitive in the assay for detection of TNT-de-
rivatives. Using 60 ul of antibody solution at a concentration of 225 ng/ml, 25
fmol TNP-Tris was identified.

M 1
—-
i —
150 kDa
100 kDa
i
Fig. 2. Immunoblot of purified 11B3-IgGACI.
10 pl of protein marker (M) and 10 pl of pro-
tein sample (1) were separated on a 7.5 %
SDS-gel under non-reducing conditions. The
presence of protein was verified after transfer
e

onto a PVDF-membrane and detection with
anti-human-IgG—AP conjugate (1:2500).

Expression in yeast

After ligation of scFv and transformation, the clones were controlled using
PCR. One of the selected clones was chosen for inoculation of the overnight
culture with zeocine and subsequently for DNA isolation. The isolated DNA was
then linearized and inserted into yeast cells using electroporation.

After yeast electroporation with yeast DNA, a three-day-expression was
performed with one of selected clones. A very small quantity of the protein was de-
tected on a PVDF (poly(vinylidene difluoride)) membrane with anti-human-IgG
(1:2500) conjugated with AP (alkaline phosphatase) or HRP (horseradish pero-
xidase). No protein was visualized on an SDS-gel. Accordingly, expression in
HEK-cells was preferred.



144 SIMONOVIC ez al.

DISCUSSION
Cloning and expression of recombinant immunoreagents

The bivalent 11B3-IgGACI1-construct was successfully expressed in the sta-
ble human embryo cell line HEK293. Deletion of the Cyl region offered the
advantage of a lower molecular weight, which contributed to the enhanced sec-
retion. The high expression yield facilitated the purification of the 11B3-antibody
on a protein A-matrix. The only problem with this antibody was the deter-
mination of its molecular weight, which was necessary for the precise determi-
nation of the protein concentration. According to the primary sequence, computer
calculations gave a value of 104 kDa. An apparent appearance of these antibodies
on an SDS-gel and Western blot was at about 130 kDa due to glycosylation. The
functionality of this antibody and its binding properties were successfully veri-
fied in ELISA for detection of TNT-derivatives. According to these results, it can
be concluded that this construct expressed in mammalian showed complete and
correct folding and oxidation. Alternatively, 11B3-IgGAC1 was expressed in
yeast cells but, due to low yields, this expression was not the subject of further
investigations.

Monoclonal 11B3-scFv was expressed in two different systems. First, it was
supposed to have been expressed under a Lac-promoter with a signal sequence,
but this failed as the antibody was expressed mostly within inclusion bodies in
the cytosol. It was further attempted to perform intracellular expression without a
signal sequence under the stronger T7-promoter. This expression gave better an-
tibody yields, which were about 0.5 pg per ml of culture. For detection of mono-
valent antibodies in ELISA, biotinylation was performed in order to detect these
antibodies with the streptavidine—HRP conjugate.

The reason for the bad expression efficiency can be a frequent presence of

codons for some amino acids in the gene sequence.!> The origin of the scFv-gene
can be the reason for the difference in expression efficiency. Another reason
could be potential problems in the post-translational modifications or folding at
11B3-scFv.3 It could also be possible that more hydrophobic domains were for-
med in 11B3-scFv, whereby insolubility of the protein occurred. Some experi-
ments concerning higher yields of expressed protein were performed under a lo-
wer temperature and IPTG concentration,!® but no improved expression was re-
gistered. Solubility enhancement of 11B3-scFv can be achieved by co-expression
of bacterial chaperons!® or eukaryotic disulfide isomerases,!7 which should be a
future line of research. It has already been confirmed that the fusion of 11B3-scFv
with the enzyme f-lactamase gave a higher expression rate than for the single
antibody.
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NU3BOJ

PEKOMBMHAHTHA EKCITPECUJA MOHOBAJIEHTHUX U BUBAJIEHTHUX AHTHU-
-TNT-AHTUTEJIA — EBAJIYALIUJA PA3JIMYUTUX EKCITPECUOHNX CUCTEMA

MIJIAZIEH CI/IMOHOBI/ITll, CBETJIAHA 3J'IATAHOBI/IT1—MI/IHOHIEBI/IT12,
MHPOCJIAB M. BPBUR® u BPAHUCJIAB CHMOHOBHR !
! Wncimuimiyin sa ofuily u pusuuxy xemujy, Ciliydenisicku impz 12—16, 11000 Beozpad, *Ipupodno-mailiemaifiuux
akyaitieis, Ynusepauitieini y Kpazyjesuy, Padoja [Jomanosuha 12, 34000 Kpazyjesar, u > Xemujcxu paxyaitiei,
Yuusepauitieiti y Beozpaoy, Citiyoeniticku Tpz 12—16, 11000 Beozpao

Momnokinoncko 11B3 antuteno crnenupuano 3a TNT (TpHHUTPOTONYEH) EKCIIPUMHUPAHO je Y
MOHOBAJICHTHOM M OMBaJICHTHOM 00Ky KOpHCTehH pa3imidunTe MPOKapUOTCKE U €yKapHOTCKE eKC-
npecuoHe cucrteme. PexomOunaHTHa ekcrnpecuja y Escherichia coli, henujama cucapa U MeTHIIO-
tpodHOM KBaciy Pichia pastoris u3BeneHa je na 6u ce JOOWIIE TIMKO3WIOBAHE U JUCYI(GUAHIM
MOCTOBHMa Be3aHe Gopme antutena. CTBapame aHTHTeNa U eBallyaldja IIPUHOCA eKCIIPEcHje U3Be-
JICHU Cy NPUMEHOM TEXHUKa HHTpaIelyJlapHe, eKCKpPEeTOpHe U IepHuInIa3Marcke excrpecuje. Cee
METOJIe YKJbYUHBAJIE Cy TEXKIbY 3a €KCIIPECHjOM aHTUTENA UCKJbYIHBO y HATHBHOM OOJIMKY IITO je
04yBaJIO HErOBY (DyHKITHOHAITHOCT.

(ITpumsbeno 7. ¢pebpyapa, peuaupato 2. jyiaa 2007)

REFERENCES

A. Skerra, A. Pluckthun, Science 240 (1988) 1038

M. Better, C. P. Chang, R. R. Robinson, A. H. Horwitz, Science 240 (1988) 1041

R. Glockshuber, T. Schmidt, A. Pluckthun, Biochemistry 31 (1992) 1270

J. M. Cregg, T. S. Vedvick, W. C. Raschke, Biotechnology (N.Y.) 11 (1993) 905

C. A. Scorer, R. G. Buckholz, J. J. Clare, M. A. Romanos, Gene 136 (1993) 111

R. Ridder, R. Schmitz, F. Legay, H. Gram, Biotechnology (N.Y.) 13 (1995) 255

G. A. Huls, 1. A. Heijnen, M. E. Cuomo, J. C. Koningsberger, L. Wiegman, E. Boel, A.

R. van der Vuurst de Vries, S. A. Loyson, W. Helfrich, G. P. van Berge Henegouwen, M.

van Meijer, J. de Kruif, T. Logtenberg, Nat. Biotechnol. 17 (1999) 276

8. L. Persic, A. Roberts, J. Wilton, A. Cattaneo, A. Bradbury, H. R. Hoogenboom, Gene 187
(1997) 9
9. L. Norderhaug, T. Olafsen, T. E. Michaelsen, 1. Sandlie, J. Immunol. Methods 204 (1997) 77

10. E. Boel, S. Verlaan, M. J. Poppelier, N. A. Westerdaal, J. A. Van Strijp, T. Logtenberg, J.
Immunol. Methods 239 (2000) 153

11. F. M. Ausubel, Current protocols in molecular biology, Wiley, New York, 1996

12. R. C. Sharma, R. T. Schimke, Biotechniques 20 (1996) 42

13. S. Fiedler, R Wirth, Anal. Biochem. 170 (1988) 38

14. C.R. Wood, M. A. Boss, J. H. Kenten, J. E. Calvert, N. A. Roberts, J. S. Emtage, Nature
314 (1985) 446

15. J. Schaber, C. Rispe, J. Wernegreen, A. Buness, F. Delmotte, F. J. Silva, A. Moya, Gene
352 (2005) 109

16. M. A. Heo, S. H. Kim, S. Y. Kim, Y. J. Kim, J. Chung, M. K. Oh, S. G. Lee, Protein
Expr. Purif. 47 (2006) 203

17. M. Schlapschy, S. Grimm, A. Skerra, Protein Eng. Des. Sel. 19 (2006) 385.

Nownhwb e~




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


