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Schematic of ProteinChip Reader
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NV
Hydrophobic ProteinChip Arrays
Hydrophilic ProteinChip Arrays
Anion Exchange ProteinChip Arrays
Cation Exchange ProteinChip Arrays

Immobilized Metal Affinity ProteinChip Arrays
Preactivated ProteinChip Arrays



SELDI ProteinChip™ Amays:
----- for Epitope Mapping
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Definition of Antigenic Determinants: Epitope Mapping



The SELDI Process and ProteinChip"™ Arrays

* Sample ﬂ goes directly onto the ProteinChip™ & ray G5
* Proteins o are captured, retained and purified directly onthe chip (affinity capinre

* Fetentate Map™ 15 “mead™ by Surface-Enhanced Laser DesorptionTonization (s ELDI)
* Eetained proteins canhbe processed directy on the chip

ProateinChip™ Array
Chemical, Biochemical or Biological Affinity Capture Surface



Filter
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Computer

Optical detection system

G.JIN, et al, Rev. Sci. Instrum., 67, 2930-2936 (1996).



Immunoglobulin G monolayer

G. JIN, etal., ANALYTICAL BIOCHEMISTRY, 232, 69-72 (1995).



DEFINITION OF ELLIPSOMETRY PARAMETER

Epi Epr
Esi o o Esr
)
$1 \ Ept
St

The reflection coefficient in the plane of incidence is

Ip = Epr/ Epi =|rp|- €1%r

The reflection coefficient in the plane perpendicular to the plane
of incidence is

rs = Egr / Esj = 15| €19
The ratio is defined as ellipsometry parameter

p=Tp /Ts =Tey-eld



Basic principle for PCSA system

Sample

i N

P

AN

Compensator

Analyzer

Polarizer

2
I=K gg;glz?[sinz (A — An) +sin2Asin2A sin? (P— P ]]

for protein adsorption on silicon wafer

2 - 2
7= kIR e Ao sin?(P,,_P,)

8Pn is proportional to the film thickness d for thin film
d=kT

# thickness is proportional to the square root of 1
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P.Q. Ying, etal., COLLOIDS AND SURFACES B: BIOINTERFACES, Vol 32/1 pp 1-10, 2003.



Questions for chip preparation

How to immobilize ligands ?

What the optimized surface concentration
of ligand is?

How to minimize the steric hindrance

How to decrease the unspecific
oinding......




Protein A modification for Oriented antibody
Immobilization

Qs

and)

Before modification

VY

After modification
Zhanhui Wang et al, Journal of Biochemical and Biophysical Methods, Vol.57, (2003) p.203-211
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Questions for protein detections

How to Increase the sensitivity?

How to minimize ligand and sample
consumption?

How to save the test time?
How to decrease the cost?



Solution reservoir

iii' l‘ll llll

microfluidic system and micro-reactor

Patented by Z-H. Wang and G.Jin, et al. 2003
G. Jinetal, EMBEC'05, 3rd EMBEC, Prague, Czech Republic, Nov. 20 - 25, 2005
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Specifications:

channel: 48

Flux: autol-1000 pl/min
Probe: 1 mm?2x 24

Sample Amount: 15 pl/unit

Nov. 2005, Fabricated in | mech. CAS



MAReader — IE1000

--------

Nov. 2005, Fabricated

Specifications: in | mech. CAS
Test area: 12x36 mm?2

Th resolution: <0.5 nm
Lateral Res: <3 um
Sampling time: 0.1
S/image

||||||||
TRCAR LR SR
....................



SURE TR AT E M CALS-3Z 4N

Fig 3.Comparison of the OPC and the ECLIA for measurement of
CA15-3 in 60 patients with breast cancer and breast diseases

~=— ECLIA
~—OPC

1 5 9 1317 21 2529 33 37 41 45 49 53 57

serum samples

LEHEREFHM

e H-G. Zhang, Cai Qi, et al. CLINICAL CHEMISTRY 2005, Vol. 51(6),1038-1040



Detection of Hepatitis B

HBeAg
Anti-HBsA(g

Detection of a Hepatitis B patient serum with protein chip: Anti-HBsAg, Anti-
HBeAg, HBcAg, HBsAg and HBeAg were first immobilized covalently on
protein chip in triple by microfluidic system. Result showed three makers were
positive, which were HBsAg, HBeAg, and Anti-HBcAg, respectively, which
was in an agreement with ELISA
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The result of immunoglobulin GC(;I gG)
reacted with its antlbody (anti-1gG)
during the binding process.

G. Jin, et al., World Congress on Medical Physics and Biomedical Engineering, 23-27 July, 2000, Chicago, U.S.A
Z-H. Wang, et al, Anal. Chem., VVol.75, No.22 (2003) p.6119-6123



Protein competitive adsorption detection with the biosensor
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Adsorption of collagen (0.1 mg/ml) and then co-adsorption of collagen
(0.1 mg/ml) and BSA (1.0 mg/ml) on hydrophobic (A) and hydrophilic
(B) surfaces.

P.Q. Ying, et al, COLLOIDS and SURFACES B: BIOINTERFACES. 32(1). 1-10, 2003



Fib-antiFib, 1gG-antilgG, HSA-antiHSA in-situ detection

’ - ._ -
- Fib/anti-Fib

IgG/anti-1gG

K,(M1st) Ky(sh)

. Fib/anti-Fib 1.9Xx104 9.3X103
HSA/anti-HSA ; :

IgG/anti-1gG 2.4X 104 6.4X103

HSA/anti-HSA 1.6 104 4.2X103

Zhanhui Wang, et al., Anal. Chem. 2003
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Flu

orescent Sensors for Systems Biology
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Imaging ellipsometry applied to biological sensing

group at the Chinese Academy
nces’ Institute of Me-
n Beijing has demon-
s ellipsometry, a tech-
1aterials science and

strated th
nique ¢

in the semi

for use in
technique offers users the ability
to simultaneously detect multiple ana-
Iytes without the need for the conjugated
markers or radioactive labels that can limit
the application of an immunosensor to
particular biological systems,

Gang lin, a professor at the institute,

cxplained that ellipsometry analyzes po-
larized light that is reflected or transmit-

ted by a sample. “When a polarized light
beam illuminates a sample at an angle of
incidence, normally the polarized states
of reflection or transmission are different
from that of incident light, since the sam-
ple modulates the polarized state.” These
states carry information about the opti-
cal properties of the sample and can be
used to deduce the presence and thick-
ness of a film growing there.
Ellipsometry was used as early as 1945
to study the interaction of antigens and
antibodies, the researchers note. Imaging
ellipsometry, which incorporates mi-
croscopy techniques, parallel probe beams
and CCD camera technology, offers en-

hanced lateral and vertical spatial reso-
lutions and a larger field of view that en-
ables the interrogation of thinner films
over larger surfaces.

This is a boon far biological sensing,
Jin said, because protein monol:
complex layers on a surface can display
average thicknesses on the order of a
nanometer. Moreover, with a field of
view of several centimeters and a lateral
spatial resolution of a few microns, im:1g-
ing ellipsometry can simulianeously in-
terrogate multiple analytical areas on a
lab-on-a-chip for high-throughput

screening.
In their work, the researchers employed

IQPHOTONICS
N|

IANUARY 2004 « BIOPHOTONICS INTERNATIONAL - 29

an imaging ellipsometer that they built
in the lab, They prepared both a single-
sample bioprobe and an eight-sample
I in chip from silicon substrates, coat-
ing the hydrophobic site on the former
with bovine serum albumin (BSA) and
those on the latter with human fibrinogen
(Fib), human immunoglobulin G (1gG),
human serum albumin (HSA) and BSA
They designed a 1-ml reaction cell wi

1
optical windows for the probe and signal
beams from the ellipsometer, into which
antiserums could be added for the ex-
periments,

In the case of the bioprobe, they col

Scientists have
demanstrated that
imaging ellipsometry is
suitable for use in
immunoassays,
including this protein
chip with 30 analytical
areas. The intensity of
the gray-scale images
of the areas indicates
the thickness of the
film that forms as
antigens on the surface
interact with
antibodies introduced
into the sample
chamber. Courtesy of
Gang Jin.

lected gray-scale images of the surface,
after they had exposed it to 0.1 to 30
pg/ml of anti-BSA and had sbated it for
30 minutes at room lemperature.
Measurements took approximately one
second. The intensity of the signals was
praportional to the square of the th k
ness of the layer that formed as the anti-
gens and antibodies interacted to form
complexes, and the scientists could nh--‘
duce the surface concentrations of
BSA/anti-BSA complexes from this calcu-

lated thickness. i
The protein chip functioned similarly.

With several types of antigens immobi-

lized on the chip, however, th

Te able

to introduce an antiserum mixture con

taming 0.1 mg/ml each of anti-1gc,, anti.

HSA and anti-Fib and to determine the
presence of the antibodies by simultane
ously resolving the films that formed ar
the 0.75 * 0.75-mm analytical are th

archers
note that the ellipsometer’s lateral reso-
lution of 3 pm enables it to measure films
on much smaller spots than this, so the
technique should be compatible with pro-
tein chips featuring many more analvtical
areas.

To establish the further functionality
of imaging ellipsometry, they prepared

their respective antigens, The ¢

another pratein chip with Fib, HSA and
w recorded series of images of the

IgG
chip as they added a mixture of antiserum
1o the reaction cell. Converting the real-
time, gray-scale images into surface con-
centrations and plotting them as a func-
tion of time yvielded binding curves for
each of the proteins. Such information
may be useful with multianalyie chips,
in which the reactants are monitored for
kinetics information, and with cross-re-
active chips, in which different proteins
bind to the same analyte but display dif.
ferent affinities.

in said that the sc
imaging ellipsometry for prac.

tists will cominue

I
tical applications in the biosciences. They
expect to collaborate with industry on s
svelopment, and they predict thar the
technique will find commercial uses, 0
Daniel S. Burgess
Analytical Clemisery, Nov. 15, 2003 p

6119-6123.









Parallel way
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Serial way
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Cell array

A gray scale image of spots array
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