
complica-tions. 

Currently, an increasing num-
ber of people suffer from cataract 
disease, and ap-proximately 10 
million IOLs are implanted world-
wide each year. There is high 
demand for the development of 
new IOL devices with proper-
ties to fulfill different optical and 
bio-logical requirements of each 
patient. The design parame-ters 
for the PPX-IOL device are flex-
ible, modifications are simple, 

and most important of all, the 
optical and biological properties 
are customizable to a specific 
patient’s needs. This PPX-IOL 
device may pave the way to the 
next generation of biomedical op-
tics products.

__________________________
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(a)-(b): Fabrication process and the prototype of the PPX-IOL; (b)-(e): The customizable optical and biofunctional properties of PPX-
IOL.

Western blotting (WB) is 
widely used in life sci-
ence studies and clin-

ical diagnoses to detect target 
proteins in tested samples, such 

as cells or tissues, via specific 
antibody–antigen interactions. 
However, reducing both of the 
high material consumption costs, 
such as expensive antibodies, 

and long operation times, is still 
necessary to break through the 
WB efficiency bottleneck, espe-
cially in mass detection process-
es.

A novel western blotting device using 
thin-film direct coating with suction 
(TDCS) originally invented at NTU
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Intuitively, these two expecta-
tions present a dilemma because 
further reducing the antibody 
consumption would prolong the 
operation time and increasing the 
antibody concentration could de-
crease the operation time but in-
crease the material costs based 
on the standard WB protocol. It 
is important to note an issue that 
arises in the standard protocol 
due to the widespread use of 
highly diluted solutions of prima-
ry antibodies (generally between 
0.5 and 5 μg/mL to reduce ma-
terial costs): millions of solvent 
molecules are homogeneously 
distributed around each solute 
(antibody) in the dilution process. 
As a result, a much longer path is 
formed, preventing the antibodies 
from contacting and binding to 
the antigens on the membrane. 
Moreover, the thicker the solution 
in the incubation container is, the 
lower the average contact proba-
bility of the antibody on the mem-
brane becomes. This hinders the 
chemical reaction process and 
thus requires a much longer incu-
bation time. Theoretically, gentle 
agitation, for example by an orbit-
al shaker, could help to enhance 
the contact probability during the 
chemical reaction, but this would 
also increase the amount of anti-
body waste adhered on the walls 
of the incubation container. 

Based on this analysis, keep-
ing the membrane area constant 
and reducing the depth of the 
probing solution not only short-
ens the average contact distance 
of the antibodies to the antigens 
on the membrane (to enhance 
the chemical  react ion, thus 
shortening the operation time) 
but also reduces the material 
consumption costs (due to the 
lower solution requirements). A 
miniaturized coater1 for thin-film 
direct coating (TDC) has been 

developed. The μm-thin film of 
highly diluted antibody solution 
(0.04 μg/mL) was then directly 
and uniformly coated on the test-
ed membrane. This novel TDC 
technique invented at NTU could 
markedly reduce the amount of 
antibody required for WB with 
an even better signal2. Further-
more, by using the advanced 
technique of TDC with suction 
(TDCS) to further enhance the 
performance, the signal-to-noise 
rat io of immunoblott ing can 
be further increased, and the 
amount of antibody consump-
tion can even be reduced by a 
factor of 100 in comparison with 
conventional WB. Theoretically, 
the corresponding operation time 
can be reduced from 3 hours in 
conventional WB to approximate-
ly 5 minutes or even less using 
TDCS3. This novel device can be 
applied to the high-throughput 
screening of antibody-drug tar-
gets, functional assays, and cell-
based binding assays, as well as 
technology transfer for industrial 
commercialization.

__________________________
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TDCS prototype and some of the authors of the recent paper3 (From left to right: C.-Y. 
Liu, A.-B. Wang and S.-C. Chang)
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