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Micro Total Analysis System
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»Progress in uTAS

sImprovement of precise machining techniques
*Miniaturization of detectors

Micro Total Analysis System (uTAS)
Analytical system is developed on the chip

Lab-on-Chip
Sample and reagent injection, and reaction “ = -
Chemical laboratory is realized on the micro chip .

Portable analytical instruments

uTAS ‘ { Decrease in sample, reagent, and waste volume
Shortening of assay time

Most of present uTAS is based on the flow injection analysis (FIA)

’f 1 The tniversiry of Ketakyushy
QW i nmmxe




Flow Injection Analysis (FIA)
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»Principal of FIA

SAMPLE

PUMP

CARRIER g "./’ -\:.

Liquid sample and reagent are added to the system, allowing the
sample/reagent to be mixed and reacted.

UV-vis
MIXING COIL DETECTOR

The resulting product forms a concentration gradient corresponding to the
concentration of the analyte in the sample.

When the reaction is color reaction, the absorbance of the product is to

be measured with UV-VIS detector. i, { The hniersie of Kabyus
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Purpose of the Present Work
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» Subject of the Present uTAS

Small versatile detector, such as UV-VIS,
has disadvantages of selectivity and < >
sensitivity.

High performance detector has
disadvantages of size and cost.

The novel uTAS by small detectors with selectivity and sensitivity is required.

» Purpose of the Present Work

Urinary assay system for the point of care testing (POCT) is investigated by uFIA technique.

Urinary glucose and urinary protein are target analyte.
UV-VIS is used as the detector.

Urine is multi-components system. Separation of glucose and protein is
l » | combined to the uFIA system as the
Selectivity is required to the system. pre-treatment part.
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Determination of Urinary Glucose and Protein
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» Relationship between Urinary Glucose and Diabetes

Healthy Border Diabetes
Before meal ~100 mg/dL  ~100 mg/dL 100 mg/dL~
After meal ~100 mg/dL  ~500 mg/dL 500 mg/dL~

»Decision of Urinary Protein Test with Conventional Test Paper

Un-Detected Border Detected
~300 ug/mL  300~1000 pg/mL 1000 pug/mL~
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Experimental
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» Fabrication of the uFIA Chip

uFIA chip was fabricated on PMMA plate with precise machining center.

»uFIA System

. Reagent
carrier

i Sample
carrier __,

Reagent
Absorbance determination

Syringepump
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Waste
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Single Component Assay
with puFIA without Separation Part

AAAAAAA A A A DA DA A A A DA A DA A A A A A DA A A DA A DA A A A A A DA A DA A A A A A DA A A DA A DA A A DA A DA A DA A A DA A DA A A DA A A A A A A A A A A A DA A A A A A A A A A A A A A A A A A A A A A A A A A A A

» Single Glucose Assay

: Reagent
carrier
: Sample

carrer —_— Pumping rate = 0.10 mL/min fiber interval = 10 mm
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Single Component Assay
with puFIA without Separation Part
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» Calibration Curve for Single Glucose » Calibration Curve for Single Protein

020 Pl;’”?p:ng I’Iatle |: |O:|L0| n]Lllm:nl T T |fl|be|r Ilntlerlvall ? ]I.Olmlm 0035 :' LR L2
| V=333l [} ] - Y =5.80x10°X+3.58x10° ]
- 2 _ -
V,=833+50uL ] 0.030 |- =0.982 |
0.15 _ [ :
0.025 | .
L 01wl . g 0020 ]
9 < § ]
0.015 .
< - z z
0.05 - Ay = 1.77x10°X[Glu] + 8.62x10° 0.010 | ]
R*=0.994 . r ]
i LOD : 2.56 mg/dL ] 0.005 | .
0.00 - . s _
C 1 | I I | I I | I I | I I | I 0000 o b by by b by Ly n-

0 50 100 150 200 250 0 100 200 300 400 500

[Glucose] ( mg/dL) [BSA](ng/mL)

Present uFIA system works well for single component assay system

. f m"imétwsir:; of‘;i{ﬁﬂﬁrgwfﬁu
O ENAMHBRILAS




Multi-Component Assay
with pFIA without Separation Part
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»Determination in Artificial Urine

When the concentrations of glucose and protein

Component Conc. are determined using calibration curve obtained
NaCl 1.0 g/dL by single component system,
Urea 1.0 g/dL
Creatinine 0.05 g/dL 166 pg/mL of protein is determined.
Albumin 300 pg/mL s I L
Glucose 80 mg/dL  ——— 1 34.9 mg/dL of glucose is determined.
Acetone 160 mg/dL
Sodium Nitrite 0.1 mg/dL

Human Hemoglobin 30 ug/dL

The interference with other components progresses.

The separation of the analyte from other urinary components is necessary
prior to the detection.
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Adsorptive Separation System
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Adsorption or lon exchange are suitable to be combined with FIA system.

A 4 \ 4
Hydroxyapatite is used
Activated alumina is used for protein separation.

for glucose separation.

Buffer solution should be used, because
both pH and ionic strength affect to the

Adsorption is achieved in pH = 3~11. :
adsorption.

Elution is achieved with water.

Adsorption is achieved with low buffer
concentration (pH < 6.5).

Elution is achieved with high buffer
concentration (pH > 6.3).
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Urinary Glucose Assay with
uFIA with Separation Part
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»Scheme of uFIA chip

60
Fiber !
Position<_ <]
| _ AT
e Separation
Part 50
Carrier Reagent Water Sample Reagent Carrier §  E—
(Water) | 25.0uL | 3.33uL | 3.33uL | 833uL | (Water) Inlet —AW Outlet
i -
Glucose is adsorbed.
v

Glucose is eluted.

v

Color reaction progresses.
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Urinary Glucose Assay with
uFIA with Separation Part
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Detector
—_— Separation part

Carrier | Reagent | Water | Sample | Reagent | Carrier
(Water) | 25.0 uL | 3.33puL | 3.33 uL | 8.33 uL | (Water)

0.3} - (3
- [Glucose] 1 1
200 mg/dL | | Waste water
| 100 mg/dL | |
, 02| comgd :
3 I OmgidL | [
< 11
o1l ; The glucose can be determined after the
Tt adsorption-elution process with activated
alumina adsorbent.
00 - 1

0 50 100 150 0 50 100 150 200
Time (sec) [ Glucose ]| (mg/dL )

When the artificial urine ([Glu] = 80 mg/dL) was applied, 85.3 mg/dL of glucose was
determined.

The interference with other components can be suppressed with the present simple s
analytical system. i 5




Urinary Protein Assay with
nFIA with Separation Part
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Inlet #1 > p 50,
Inlet #1
Carrier 100 mM buffer | 10 mM buffer | Sample Carrier Separatioge
(10 mM buffer) 80 pL 30 L 3.33uL | (10 mM buffer)  2° Part
l l . Inlet #2
Protein is eluted, Protein is adsorbed. 60
‘ Color reaction progresses — ~
Inlet #2 g prog ' Fiber/ 15
Position . |
o — -

Two inlets, for sample and reagent stream, were used since hydroxyapatite was dissolved
by acidic reagent solution.

The protein eluted from the separation part was reacted with the reagent after the confluence.

The tniversiry of Ketakyushy

) L METAS




Urinary Protein Assay with
nFIA with Separation Part

AAAAAAA A A A DA DA A A A DA A DA A A A A A DA A A DA A DA A A A A A DA A DA A A A A A DA A A DA A DA A A DA A DA A DA A A DA A DA A A DA A A A A A A A A A A A DA A A A A A A A A A A A A A A A A A A A A A A A A A A A

O.6""'I""I""I""I T T T T T T
05 L 10(£gs£}mL };Zg:gégx 10 X + 6.61 x 10 :
800 pg/mL 1l LoD = 15.8 ug/mL ]

0.4 F o0 pom 1| ] : .

- 1s0s0m. ] The protein can be determined after

9 H 0 pg/mL « e 0 .
Fosp 1 the adsorption-elution process with
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The pH adjustment is important for the effective adsorption-elution.
The dilution with 10 mM buffer is required to adjust pH value for the artificial urine.

When the artificial urine ([BSA] = 300 ug/mL) was applied after 21 times dilution,
252 ug/mL of protein was determined.

The interference with other components can be suppressed with the present simple
analytical system.
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Conclusion
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Urinary assay system with uFIA system was investigated, with following results.

(1) uFIA system can be developed on the PMMA plate, based on the spectrophotometry.

(2) Interference with the co-existing components in the urine progresses with the
conventional protocol.

(3) The actual concentration of the analyte can be determined, when the separation part is
combined to the uFIA system.

(4) The present uFIA system with separation part can be the template for the simple
analytical system with the sensitivity and selectivity.

This work was supported by fund from the MEXT via Kitakyushu innovative cluster project.
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