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Ink jet micro-chip: overview

Micro fabrication technology

Ink-jet device
Nano-pump
Micro&Nano-channel
Sensor

Industrial ink-jet recorder (left) and
ink-jet head (right) (Fuji electronic

systems Co. Ltd)

IJM ejects pico-liter amount of liquid
samples at very high temporal and
positional resolution with very high

reproducibility.
[ for surface reaction system on Analytical chemistry

Dispensing Pico~Nano liter amount of liquid samples J

Spotting technology for DNA micro array, nano-particles 3



Ink jet: PZT & BUBBULE JET

We used this device.

}
/[ Piezo electric type 1 [ Thermal ink-jet type }

Bubble

Piezo element

Ink chamber

Ink chamber
Micro heater
Pulse voltage (~=100V, 50~100 micro-second) Micro heater heats ink at the
is applied to piezo element. Piezo element chamber to make micro bubble.
distorted to push out the liquid from nozzle. The bubble compress the chamber

to eject the ink from nozzle.

» Generate no heat : fragile sample
(Antibody, Antigen, enzymes etc) /

 Very high reproducibility
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R.M. Verkouteren et, Anal. Chem. 2009, 81, 8577-8584.
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Micro analytical method with droplet

--------------------------------------------------------
0‘ e 0‘ %

96 holes plate u-TAS

Slow reaction : i  Fast reaction
in open chamber : @ in closed channel

Ejection of
\f ano-volume

“Open-type” n-TAS system
Fast reaction in microreaction chamber
(= nano~pico liter droplet)
made by an ink-jet microchip.



Characteristics for droplet as a reaction vial

Conventional Proposed Effect
Sample amount ~20uL ~20nL 1/1000
Time ~5h ~9 min X 60
Sensitivity 1 ~15 x5 <
Cost 10$ ~1ec. 1/100
Parallel meas. 96,384,,, ~ 1000 x10, x 2

Portability - Easy Hand held
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Control holding/passing solution on multicapillary glass

(b) (c)

27 mm

33 mm

>

F. Chen, H. Zeng, H. Nakajima, K. Uchiyama, J.-M. Lin, Anal. Chem., 2013, 85, 7413-7418
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1. Capture target antigen.

2. Probe detection antibody.

3. Chemiluminescence.

0

Substrate

hv

13






PS-beads on the MCP

_ 4 :
1 [ 5'503mm ]

N \/-\ \‘_' / > ¢ /
[ aabo00x 700 “,f@w.gga@A o L

SEM image of PS micro beads on the MCP.

Size of each microwell




Experiment setup

Channel 1: IgA -

Channel 2: Dilution solution I
Channel 3: Anti-IgA, HRP conjugated
Channel 4: CL substrate |

Ink-jet chip

Capillary plate

PDMS
Capillary plate

Fig. 2 Experiment setup

© _ Luminol, H,0,

s hv (425nm )

3 - aminophthalate

PMT

)
I
I
I
I
I
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Results and Discussion

signal intensity (mV)

2500 -
—— 2" Ab-HRP: 2000 droplets (1 ug mL™)
—+— 2" Ab-HRP: 1000 droplets (0.5 ug mL™)
20004 —— 2™ Ab-HRP: 500 droplets (0.25 ug mL")
—«— 2™ Ab-HRP: 200 droplets (0.1 ug mL")
1500
Y= 67.96x+141.56
1000 - ,
R%=0.9912
500 -
. -— /
+ : L —
04 * . e
- T T g
01 0.1 1 10 100 1000

IgA concentration (ng mL™)

Effect of the concentration of 2ndAb-HRP on the CL signal intensity

17



Comparison of the assay of human IgA in the multicapillary glass plate with the

microwell array and in the 96-well plate.

Incubation time (min)e Total assay~ Sample volume LOD-
Methodse E
Human IgA~ 22 Ab-HRP- time (min)e (UL)- (ng mL-T)e
M
Multicapillary plates 250 25+ <60~ 0.79¢ 0.10s
i
96-well plates 60« 60« . >140¢ 100~ 0.86+

18



summary

1. We established a novel chemi-luminescence diagnosis system for high-
throughput human IgA detection by inkjet nano-injection on a multi-capillary
glass plate change the solution and wash to separate bonded and free antibody

(or antigen) (B/F separation).

. The platform had the advantages of high speed and low reagent consumption.
Because of the use of inkjet technology, the platform also had the advantage of

potential automation and compaction.




KERODHNEA

14200 ybDRIE

2 HUJ\/&/ ﬁ.%*”l : L7=/ \’fZI_?j_U R
3429 ybZRAULVZELISA

A4 X vET)—BRKEIDTADIGFF
5 HROAINT ZT4—~DIis,

6 AT yMILBHE
A RX

SEES FRHETF O



Ink jet introduction

4 Sample introduction system

- Amplifier PC Inkjet microchip

D

DC power o o XY stage PEEK nut
supply ,
Photomultiplier tube J

Silicone sleeve
(0.380 mm i.d.)

Band pass filter

Reservior
He-Ne laser Reservior
nn / PEEK ferrule
Capillary tube
Dichroic mirror Acrylic tube
Objective lens Z stage

\

Fused silica capillary (0.375 mm o.d. 0.100 mm i.d. )



Ink-jet introduction

€ How to inject pL sample droplet

Expose capillary tip ~ Eject droplet just onto P [mmierse el
from solution surface ~ the center of capillary ~In the buffer solution



Quantitative Electrophoresis Mediated
Micro-Analysis (EMMA) by Drop-by---

Drop int roﬂHﬂw

EMMA |
Advantage ¢
1) Easy to automatic
2) Reproducible
Disadvantage
1) Low reaction efficie 5
2) Not always quantita®®

AIIUIY>L, £U1D, 44U, DIJID.



Inkjet device

EOF

. Overlap & mixing

Labeling agent | .

Incubation GGG

_ bowomede, @] NBD-F l)Aminoacid (EO BGE
XY-Axis Stage Capillary "“*-.._ / \

A) Diagram of the inkjet multi-segment introduction system for CE. B) Scheme for the drop-by-drop introduction process for EMMA.
(1)Multi-segment injection pattern of sample and reagent, (2) Overlapping of zones, (3) Incubation for labelling reaction, (4) Separation
by electrophoresis and detection.



Alternate sample/reagent
introduction by inkjet

R e 4 . A
Ser-e oM R
~ .

\ \ : . ,/ ”
\ \ ! Sl il =if """}" y, , ) . .
\ | i £ ¢ R wv.Ye A
- i - : M -
A b L e l#- o "- T ‘t* ra
- e S y _— T AR .
3 o 1 W ! 1 , | 4 e
f 1 ] _. { 3 ' ! " ‘..l LS
\ o S LR} :—-—L‘ i r :
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EMMA for immune reaction

1 2 Human IgG
Anti-DyL550 :
Inkj.et Plug-plug injection
_ device e
Hematocrit | ﬂﬁ.
tube w
V, Overlap & m1x1ngﬁ
) o _
Incubation
Capillary
B | Anti-DyL550 3
B Human IgG

. Zone separation Complex
2

4t EOF L“.ﬁ -

o Human IgG Anti-humanlgG-DyL550



Comparison of the Electropherograms
of the immune complex

1500
1400 |—— Off-line 400 drops
1300] | —— On-line (10+10)*20

Signal Intensity/mV

Time/min



Calibration curve for IgG

Peak Area (complex)

550
500
450

N w w H
(3] (= (3 (=
o o o o
1 1 | |

200 -
150 -
100
50 -

s, Y — 0.1836x + 58.121

2

@i R'=0.9912 )

400 - P
—_ //
350+ o
- ] : o
g 00 /// -
% 250 - //;/
E 2004 /’//
- A
& 100 }///

504

0 ; : : :
0 500 1000 1500 2000 . . .
IgG(ng/mL) Detection Limit

5ng/mL IgG

! L LBV B ELELR Y | L LNEU TR UL | v USRS LY | : LS R P
10° 10' 10° 10° 10*

Log Human IgG concentretion (ng/mL)
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Micro GC system for on site analysis

=asy connection to the pre-treatment devices

Loy egse, senztll zuel lght Y9t ‘ :
Agplicaplety gvilti-eglugnin system e

tection

Ultra small electric power consurmption

rastanalysis for objective constituant



Structure of On chip column

Capillary (inactivated)

AN

Kovar fitting

Pyrex glass (lid) Silicone (micro External view of on chip column (@76mm)
channel column)

@Silicon substrate was dry-etched to form spiral micro channel with 50~200um width and
~100um depth.
@ Three kinds of liquid phase (100% poly-siloxane, 5% Phnyl / 95% Poly-siloxane,
Polyethylene glycol) was coated by vacuum process and evaluated by normal c-GC
system.



On chip column unit

—1  Pyrexglass
(lid of channel)

Column (liquid phase
coated on the wall)

Silicon (column)

(Left: external view, Right: magnified view of cross section



Development of chip column with high resolution

column: 100 uym in width and depth, 17m in length
Large theoretical plate number >78,000

World highest record.

q n,‘.l“{"",““

19
ad 25cm/s

7.0 Split 500:1

6.0

5.0

4.0

) |
:,:ﬂ 'L__U\m I /N A

[

10.0 125

Relative Df(nm) Teroretical HETP/m
retention plate number

7.826 78,785 4634
(estlmated)



Inkjet sample injector with pressure feed back

@ Ink jet micro chip was applied to GC injection port

@ Pressure at the nozzle tip was fed back to sample loop

@ Reproducible sample introduction of nano-liter amount was successfully carried out
in the pressure range of 0 to 10kg/cm? at injection port.

Cable for PZT
drivie

Inkjet sample
injector




Signal intensity (uV)

Chromatogram for hydrocarbons

2.0x10° -
Direct 1 drop injection (~1nL sample)
1.5x10° A
1.0x10° A
5.0x10"
0.0 - JL_JLJL,JL_JL;
' | ' | ' | ' | ' | ' 1
0 2 4 6 8 10 12

Time (min)



Calibration curve for hydrocarbons
Introduced with Ink-jet

3.0x10°4 ® Decane Y=115.44X R®=0.9808
| ® Undecane Y=119.85X R’=0.9850 v
i Dodecane  Y=119.55X R’=0.9850 o
2.9x10°7 y Tridecane  Y=134.02X R’=0.9832 N
Tetradecane Y=131.79X R’°=0.9817
— 5_
% 2.0x10 f
= :
N 1,
@ 1.5x10° 1 %
@
cU -
\4
S 1.0x10°A 3
&J v
%
5.0x10"
w
3
0.0 T T T T T T T T
0 500 1000 1500 2000

Amount of hydrocarbons (ppm, w/w)
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Ink-jetting approach for porous particle formation

Sodium
poly (styrenesulfonate)

PSS) with water
(gj ’* Cables

*

Polymer solution

Inkjet microchip —»

] Mean £ SD (um)
40 (e> —=—21.3+0.59
oy ] —e—245%119
6 - —a—29211.19
X 304 —v—349+128
e ] ——418+1.42
O o) —— 452188
5 20+ ——49.8+2.31
Extraction solvent —p» 3
2 101
O 4
1-Butanol 04
°
oo 10- 200 30 40 50 60 70
%0 0 200
00 0000 Particle diameter (um)

RSC Advances, 2015, 5, 7297-7303

v Narrow size distributions v'Easily controlling the particle size




Preparation of hollow core-porous shell HDDA particles

23.42 + 1.07 um
CV =4.56%

Optical micrograph of the HDDA
particles (a) and its size
distribution (b).

20 25 30 35
Particle diameter (um)

SEM images of surface (c) and
interior structure (d) of HDDA
particle.

(e, f) Typical FE-SEM image of
the surface of HDDA patrticles.

Pore size 50—-200 nm



Drug release investigation

37°C t=0h |37 °C =12 h
(b) ()

40 °C t=0 h 40 °C t=b h | 40 °C t=12 h

(a) microspheres without fluorescein
(b, ¢) microspheres encapsulation fluorescein
(d, e, f) fluorescein release from the microspheres
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