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The present invention discloses a protein transistor device,
(21) Appl. No.: 13/691,547 wherein an antibody molecule (antibody-antigen) is bonded
to at least two gold nanoparticles in a high reproducible
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PROTEIN TRANSISTOR DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a protein transistor
device, particularly to a protein transistor device having
molecular junctions fabricated via bonding an IgG molecule
to gold nanoparticles in a self-assembly way.

[0003] 2. Description of the Related Art

[0004] As early as 1974, Avi Aviram and Mark Ratner had
proposed that a single organic molecule can be used to con-
struct a simple electronic element functioning as a rectifier,
which has been regarded as the origin of the molecular elec-
tronics. Recently, some research teams have explored bio-
molecules applicable to molecular electronics and used them
to explain some evolution phenomena occurring in the past
millions of years, such as electron transport, photochemical
conversion, and molecular recognition.

[0005] Tt is very difficult to control the connection of bio-
molecules and structures in the molecular scale. Although
many methods have been proposed to bond biomolecules to
structures, all of them lack reproducibility. Besides, the bio-
molecular electronics has another problem—performance
deterioration. In the technologies applying a single molecule
to a nanoelectronic element, electron migration and bond
breaking are the most common methods to form covalent
bonds between molecules and electrodes. However, the
abovementioned methods imply high uncertainty and insta-
bility in bonding. How to form stable current is another prob-
lem after the bonding is made thereby. Therefore, the current
technologies are unlikely to fabricate required molecular
structure in a large scale. Besides, the bonding of molecules
and structures may change molecular structure and affect the
function of the molecular-scale elements.

[0006] Accordingly, the present invention proposes a pro-
tein transistor device to overcome the abovementioned prob-
lems.

SUMMARY OF THE INVENTION

[0007] The primary objective of the present invention is to
provide a protein transistor device, wherein the IgG (immu-
noglobulin G) molecule is bonded to gold nanoparticles in an
antibody-antigen self-assembly way, which can generate
stable bonding for different molecules in a high reproducibil-
ity.

[0008] Another objective of the present invention is to pro-
vide a protein transistor device, wherein a quantum dot is
conjugated to a molecular junction, whereby the protein tran-
sistor device can be gated with different optical fields, and
whereby is diversified the application of the protein transistor
device.

[0009] A further objective of the present invention is to
provide a protein transistor device, which incorporates bio-
logical functions into the nanoelectronic elements and would
push the applications of the next-generation nancelectronics
in the many fields, such as biology, medical diagnosis, medi-
cine and quarantine.

[0010] To achieve the abovementioned objectives, the
present invention proposes a protein transistor device, which
comprises a transistor and at least two gold nanoparticles,
wherein the transistor has a drain, a source and a gate, and
wherein a nanochannel is formed between the drain and the
source, and wherein two gold nanoparticles are respectively
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arranged on the drain and the source, and wherein a first
antibody molecule is bonded to two gold nanoparticles
through the nanochannel in a self-assembly way to form
molecular junctions.

[0011] The present invention also proposes a method for
fabricating protein molecular junctions, which comprises
steps: respectively bonding at least two gold nanoparticles,
which function as interfaces stabilizing the molecules and the
electrodes, to two electrodes; applying a bias to the two elec-
trodes to enable a first antibody molecule to bond to at least
two gold nanoparticles in a self-assembly way and form
molecular junctions.

[0012] Below, embodiments are described in detail to make
easily understood the objectives, technical contents, charac-
teristics and accomplishments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 schematically shows the structure of a pro-
tein transistor device according to one embodiment of the
present invention;

[0014] FIG. 2 schematically shows that a quantum dot is
conjugated to a protein transistor device according to one
embodiment of the present invention; and

[0015] FIG. 3 is a flowchart of a method for fabricating a
protein transistor device according to one embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention proposes a novel protein tran-
sistor device intended to offer a versatile platform for inves-
tigations of single-molecule-based biological functions,
which may leads to large-scale manufacture of molecular
electronic circuits. Refer to FIG. 1 schematically showing the
structure of a protein transistor device according to one
embodiment of the present invention. The protein transistor
device of the present invention comprises a transistor 10 and
at least two gold nanoparticles 12. The transistor 10 has a
drain 14, a source 16 and a gate (not shown in FIG. 1). A
nanochannel 18 having a width of 5-15 nm is fabricated with
AFM (Atomic Force Microscope) and an electron beam litho-
graphic technology. The nanochannel 18 is between the drain
14 and the source 16. Two gold nanoparticles 12 are respec-
tively bonded to the drain 14 and the source 16. The gold
nanoparticle 12 can function as an interface stabilizing the
bonding of the molecule and the electrode. A high-reproduc-
ibility and high-stability first antibody molecule 20, which is
an IgG (immunoglobulin G) molecule in this embodiment, is
bonded to the two gold nanoparticles 12 through the
nanochannel 18 in a self-assembly way, whereby to form
molecular junctions. The first antibody molecule 20 has a Y
shape. Two arms of the Y shape are respectively bonded to the
surfaces of the two gold nanoparticles 12. The gold nanopar-
ticle 12 has a diameter of 5 nm. Applying a bias to the gate can
control the transistor 10 to regulate current and charge trans-
port. Varying the bias can change the characteristics of the
charge transport of the protein transistor device. The molecu-
lar junction can stabilize the bonding for different molecules.
[0017] Refer to FIG. 2 schematically showing that a quan-
tum dot is conjugated to a protein transistor device according
to one embodiment of the present invention. In one embodi-
ment, a quantum dot 22 is conjugated to a second antibody
molecule 24, and the second antibody molecule 24 is bonded
to the molecular junctions, such as the stalk of the'Y shape. In
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this embodiment, the second antibody molecule 24 is a high-
reproducibility and high-stability IgG (immunoglobulin G)
molecule; the quantum dot is made of cadmium selenide. In
addition to applying a bias to the gate, the transistor can be
turned on or off via applying an optical field to the quantum
dot 22. Therefore is diversified the application of the protein
transistor device.

[0018] Referto FIG. 2 and FIG. 3. FIG. 3 is a flowchart of
a method for fabricating a protein transistor device to inte-
grate a biological function and a transistor according to one
embodiment of the present invention. In Step S10, respec-
tively bond at least two gold nanoparticles 12 to two elec-
trodes. In one embodiment, the two electrodes are respec-
tively a drain 14 and a source 16, and a nanochannel having a
width of 5-15 nm is formed between the drain 14 and the
source 16. The gold nanoparticles 12 can function as an
interface stabilizing the molecule and electrode during bond-
ing. In Step S12, apply a bias to the drain 14 and the source 16
(apply a bias to the gate beforehand) to enable a first antibody
molecule 20 to bond to the two gold nanoparticles 12 in a
self-assembly way, whereby are formed molecular junctions
therebetween.

[0019] Inoneembodiment, the first antibody molecule 20 is
an IgG (immunoglobulin G) molecule. The first antibody
molecule 20 and the gold nanoparticles 12 can enhance the
detection sensitivity in biotest and instant inspection. The two
gold nanoparticles 12 function as the contact media. Applying
a bias enables the first antibody molecule 20 to bond to the
two gold nanoparticles 12 in a self-assembly way, which is a
novel self-assembly method having high reproducibility.
Thereafter, the current can be controlled via only applying a
bias to the gate. In fabricating a large size electronic circuit,
the required quantity of gold nanoparticles 12 is bonded to the
electrodes, and let the first antibody molecules 20 self-as-
semble to the gold nanoparticles 12.

[0020] The application of the protein transistor device can
be further diversified via the following steps. In Step S14,
conjugate a quantum dot 22 made of cadmium selenide to a
second antibody molecule 24. In one embodiment, the second
antibody molecule 24 is an IgG molecule. In Step S16, bond
the second antibody molecule 24 to the molecular junctions.
Ags the first antibody molecule 20 and the second antibody
molecule 24 are identical antibodies or antigens, they can
bond to each other stably. Thereby, the transistor can be
turned on or off via applying different optical fields. Other
antibody molecules having different functions can also be
bonded to the molecular junctions to meet requirements of the
market.

[0021] Inconclusion, the present invention integrates a bio-
logical function and a nanoelectronic element to form a high-
reproducibility and high-stability protein transistor device,
which will push the molecular electronics toward the next-
generation nanoelectronics and may apply to the fields of
biology, medical diagnosis, medicine and quarantine. The
present invertion can also apply to various biotests, such as
glucose tests, pregnancy tests, blood tests, virus tests, and
DNA tests. The present invention may further be used to
monitor the environmental poisons or fabricate artificial
noses. Therefore, the present invention is very useful has very
high market potential.

[0022] The embodiments described above are only to
exemplify the present invention but not to limit the scope of
the present invention. Any equivalent modification or varia-

Feb. 20, 2014

tion according to the characteristic or spirit of the present
invention is to be also included within the scope of the present
invention.

What is claimed is:

1. A protein transistor device comprising

a transistor having a drain, a source and a gate, wherein a

nanochannel is formed between said drain and said
source; and

atleast two gold nanoparticles respectively installed in said

drain and said source, wherein a first antibody molecule
is bonded to said two gold nanoparticles through said
nanochannel in a self-assembly way to form molecular
junctions.

2. The protein transistor device according to claim 1,
wherein current regulation and charge transport of said tran-
sistor are controlled via applying a bias to said gate.

3. The protein transistor device according to claim 1 further
comprises a quantum dot conjugated to a second antibody
molecule, wherein said second antibody molecule is bonded
to said molecular junctions.

4. The protein transistor device according to claim 3,
wherein said quantum dot is made of cadmium selenide.

5. The protein transistor device according to claim 3,
wherein said transistor is turned on or off via applying an
optical field to said quantum dot.

6. The protein transistor device according to claim 3,
wherein said second antibody molecule is an IgG (immuno-
globulin G) molecule.

7. The protein transistor device according to claim 1,
wherein said first antibody molecule is an IgG (immunoglo-
bulin G) molecule.

8. The protein transistor device according to claim 1,
wherein said nanochannel has a width of 5-15 nm.

9. The protein transistor device according to claim 1,
wherein said gold nanoparticle has a diameter of 5 nm.

10. A method for fabricating protein molecular junctions,
comprising steps:

bonding at least two gold nanoparticles respectively to two

electrodes; and

applying a bias to said two electrodes to make a first anti-

body molecule self-assemble to said two gold nanopar-
ticles to form molecular junctions.

11. The method for fabricating protein molecular junctions
according to claim 10, wherein said bias is applied to a gate
beforehand to supply said two electrodes with said bias, and
wherein said two electrodes are respectively a drain and a
source, and wherein a nanochannel is formed between said
drain and said source.

12. The method for fabricating protein molecular junctions
according to claim 11, wherein current regulation and charge
transport of said drain and said source are controlled via
applying a bias to said gate.

13. The method for fabricating protein molecular junctions
according to claim 11, wherein said nanochannel has a width
of 5-15 nm.

14. The method for fabricating protein molecular junctions
according to claim 10, wherein said first antibody molecule is
an IgG (immunoglobulin G) molecule.

15. The method for fabricating protein molecular junctions
according to claim 11, wherein said gold nanoparticle has a
diameter of 5 nm.

16. The method for fabricating protein molecular junctions
according to claim 10 further comprising two steps under-
taken after said molecular junctions have been formed:
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conjugating a quantum dot to a second antibody molecule;

and

bonding said second antibody molecule to said molecular

junctions.

17. The method for fabricating protein molecular junctions
according to claim 16, wherein said quantum dot is made of
cadmium selenide.

18. The method for fabricating protein molecular junctions
according to claim 16, wherein said second antibody mol-
ecule is an IgG (immunoglobulin G) molecule.
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