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Immunoassay has been extensively used as andsd tool in biotechnology and
biomedical field. Though there are so many methadgst, recently, open-sandwich
immunoassay (OS-lA) for the non-competitive deteatiof haptens has been developed
which is based on the phenomenon of increased asB8on of two antibody variable
domains (M; and V) upon binding with antigens. In this study we ddiahed OS-IA for
thyroxine (T4;3, 3’, 5, 5'-tetraiodo-thyronine), which is the mosommonly measured
thyroid hormone for diagnosis of thyroid functiostimulation of thyroid gland by the
pituitary hormone (TSH) causes the release of T4bloodstream. It exists either as a
complex with carrier protein or as a free form ilodd. Only the free portion (unbound) of T4
is responsible for the biological action.

So on the first chapter of PhD thesis | overvéethis area and made introduction to
the following two topics: 1) Direct construction @fpen-sandwich enzyme immunoassay
for one-step noncompetitive detection of thyroid rimmne T4, and 2) Micro
open-sandwich ELISA to rapidly evaluate thyroid hmme concentration from serum
samples.

In Chapter 2, direct construction of open-samdw enzyme immunoassay for
one-step noncompetitive detection of thyroid hormdid is described. To obtain antibody
fragments suitable for OS-1A swiftly by-passing earconsuming conventional hybridoma
technology, direct acquisition of such genes frommunized mice by phage display
technology was attempted. After obtaining antibodyregion genes from the spleen of
immunized mice, we successfully isolated anti-T4ibadies using a Fab phage display
system (pDong system) with an estimated diversityx10°. To estimate the affinity of
the two isolated clones, indirect competitive ELISWith immobilized T4-BSA was
performed. For the both clones, unconjugated T4 gletely inhibited the binding of Fab
to T4-BSA in a dose-dependent manner. In both cases obtained 1g was about 5-13
ng/mL, indicating their high antigen binding afftgi Also, the clones showed similar
cross-reactivity to another thyroid hormone ,3,3trGodothyronine (T3).

After the deletion of ¢1 gene from pDongl b$grAl digestion and self ligation, the
resulting phagemids were used for the expressioW gdisplaying phage (M-phage) and
free light chain (\-C.) for OS- ELISA The culture supernatant containivig-phage and
L chain was added to the microplate immobilized twigoat anti-human kappa chain



antibody, and the bound phages were detected witirld13 HRP conjugate. As a result,

D11 showed a clear antigen-dependent increase gmadj suggesting its suitability to

OS-lA. According to the dose-response, a signiftcaignal at 1 ng/mL of free T4 was

detected. On the other hand, F11 showed higheradigmen in the absence of antigen, but
low signal in the absence of immobilized anti-ligbbhain antibody, suggesting stronger
Vu/V . interaction of this clone than D11.

The results of phage OS ELISA indicated the exigrity of D11 in OS-IA than F11.
With the intent of clarifying this reason, we deténed the nucleotide sequences of the
two clones. To our surprise, from the deduced amawod sequences of the W both
clones share very similar primary structure everhivi three CDRs for both ¥ and V..
However, two residues (37 and 74) iny nd four located in V(31, 94, 96 and 100) are
different between the two, which make them distimet Among them, the residues H37,
L96 and L100 are located at the;W . interface and could be attributable to the strange
Vy !/ V. interaction in F11. Especially, the H37 of D11small Ala, while that of F11 is
Val. This residue is also in the interchain intex¢a and potentially playing an important
role in Vy/V_ interaction. However, preliminary experiment tocéange \4/V, sequences
of D11 and F11 in pDongl indicated that both ¥nd \_ are important in deciding the
Vu/V interaction strength in the absence of antigen.

To further confirm the T4-dependency in phagé& @&LISA of clone D11, we
attempted to reproduce the assay with purified dasproteins. As in our previous studies,
we usedE. coli maltose binding protein (MBP) as a fusion partfmrthe ease of soluble
expression the fusion proteins and also their imitipdtion/conjugation. Hence, the
obtained purified proteins were either immobilizddectly (MBP-V,) to the microplate,
or used as a conjugate with horseradish peroxid&deP-MBP-V,) to probe its binding
activity to the other variable region fragment (MBR). The result indicated similar or
superior antigen (free T4)-dependent associatiorpofified HRP-MBP-\{; conjugate to
immobilized MBP-\[ than \-displaying phage, which successfully detected ldsmn 0.1
ng/mL T4 in PBS solution Furthermore, we tried to apply OS-ELISA to estimafd
concentration in serum using the recombinant prodei The estimated total T4
concentration using an ethanol-extracted pooledusemwas 90 ng/mL (9 pg/dL). The
value was in good agreement with the normal adattge of 5-12ug/dL.

In the third chapter of this thesis, micro opsandwich ELISA to rapidly evaluate
thyroid hormone concentration from serum was ddsmdi Since the patients suffering from
thyroid diseases are increasing, rapid and seresiissays are strongly desired. To answer
such demand, here we tried to integrate the sersitDS-1A into a microfluidics-based
analytical system. The resultant system is expedtetiold the promise of integrating an
entire laboratory onto a single chip (i.e., lab-afchip) equipped with a thermal lens
microscope (TLM), requiring less reagents, sampbdumes and short analysis time (20
min). The two variable domains (Mand V) of the anti-T4 antibody D11 were expressed
as fusion proteins withe. coli maltose binding protein (MBP) and MBPRVHRP were
used to perform the os(open-sandwich) ELISA in artpable micro-ELISA system
(LELISA IMT-501). Greater than 99% of T4 is reversiddound to plasma proteins, while
approximately 0.03% of T4 exists free in the blodd precipitate the plasma proteins, a



brief ethanol extraction was carried out both thentrol (T4/T3 deficient, Sigma,
Germany) and test sera (healthy human donor).

Using the glass microfluidic chip equipped with and structure to keep microbeads
for the reaction, first we optimized the measuremeanditions for antigen T4 in PBS.
MBP-V, in PBS was mixed with polystyrene beads for ovgirj which was added with a
blocking agent in PBS (PBS-IB) to block the remaigisurface. The detection limit was
influenced by the incubation/washing conditions ah& blocking agent concentration in
these reactions. The reactions of HRP-labeled MBP-V4 and MBP-V beads were also
carried out in the presence of various concentrediof PBS-1B, and final concentration
of 5% gave the highest signal/background (S/B)acatience we used these conditions in
the following microchip experiments. Finally, HRPBW-V, at various concentrations
was introduced into the microfluidic chip at vartiow rates and the resulting S/B ratios
were evaluated. Consequently, it was found that theaction with 0.5 pg/mL
HRP-MBP-V, at 2 ul/min gave the best result and we succefsfdétected less than 1
ng/ml of free T4. The total serum concentration is a specand sensitive index of
thyroid function. Based on the established conditiowe estimated the total T4
concentration of a healthy individual using etharedtracted sample sera. The obtained
value was 80 ng/ml (= 8 pg/dl), which coincided Wweith the normal adult range for the
total T4 in serum of 5-12g/dl.

In the forth chapter of the thesigonclusion and perspective are describddis
would be the first micro open-sandwich ELISA consited with antibody fragments
directly selected from immunized mice. This systewill be applied to the sensitive
detection of many diagnostic markers.



