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Development of Microarrayer for DNA Chips

Suk—-Yoel KIM

Department of Mechanical Design, Graduate School PUKYONG

National University

Abstract

Microarrayer makes DNA chip and microarray that contain
hundreds to thousands of immobilized DNA probes on surface of a
microscope slide. This paper shows the development results for a
printing type of microarrayer. It realizes a typical, low-cost and
efficient microarraver for generating low density microarray. The
microarrayer 1s developed by using a robot of three-axes
perpendicular  type. It is composed of a computer-controlled
three-axes robot and a pen tip assembly. The key component of
the arraver is the print-head containing the tips to immobilize
cDNA, genomic DNA or similar biological material on glass
surface. The robot is designed to automatically collect probes from
two 96-well plates with up to 32 tips at the same time. To prove
the performance of the devcloped microarrayver, the general water
tvpes of inks such as black, blue and red. The inks are distributed
at proper positions of 96 well plates and the three color inks are
immobilized on the slide glass under the operation procedure. As
the result of the test, it can be shown that it has sufficient

performance for the production of low integrated DNA chip

consisted of 96 spots within 1 cm® area.
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Table 1. Functions and features of TMS320C32

Index Functions and features

 16-/32-bit Integer and 32-/40-bit floating-point operations
Summary |- Modified harbard structure(three-internal bus, one-external

| bus)
" The three medels(40/50/60MHz) acording to clock
. frequency
Operatcl]ng_ 2 clock per cycle
P I the 60Miz, operating speed : 30 MIPS, 60 MFLOPS,

330 MOPS

- Two 256 32-bit single-cycte, dual-Access on-chip RAM
blocks

Memory | Enhanced external memory interface that supports
8-/16-/32-bit-wide external RAM for data access
Program execution from 16-/32-bit-wide external RAM

- Eight extended-precision registers

- Parallel arithmetic logic unit (ALU) and multiplier

Internal | execution in a Single Cycle

structure |- 32bit barrel shifer

* Two address generators with eight auxiliary registers and
two auxiliary register arithmetic units (ARAUs)

- One serial port
Vo - Two 32-bit timers
- Two-channel direct memory access (DMA) coprocessor

with configurable priorities

TMS320C3290 W el = 2709] DMA(Direct Memory Access) #| o]
71, 270} 328] & Elelv] 17fle] A-EE A X E 37 B2 Ao HH
Z~E|{bus control register) 52 WH TRl A7t YA gk 2ot

2olzgel Mt LEs GFEAAA btz NEE e} o
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A9 NEE WA 5 Qe

|5, EF RS-232C % RS-4835 4,
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Table 2. The signals of input/output port

Input Output
Contents No. Contents No
Limit switch 6 .
Photo sensor 3 Control signal for 9
Power switch 1 stepping mator
Reset switch 1 Water pump 1
Pause switch 1 Vacuum pump |
Distance sensor ] Buzzer 1
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Table 3. The specification of stepping motor and motor driver

Stepping motor Stepping motor driver
Contents Units Contents Units
Number of phases 2phase Maximum input
40kHz
Step angle 1.8° frequency
Input Voltage 12V Maximum voltage 46V
Current 0.4A Maximum current 6A
Holding torque 3.2kef - o |




~HErE cdolye FRrs AHERZE =dtold (1L297)¢ dual
bridge driver(L298), ¥ & 3 2(PC847, diod), 71238 22 T4 9}
PCB hoard¥ Photo. 2¢| 4 ®.o] 11, Photo. 3¢ Microarrayere] 23

A~ R Solo)uE BolFc)

E)

Photo 2. PCB board of stepping motor driver

Photo 3. Installed stepping motor driver in microarrayer

_‘|5_



2.6 24
261 3% Axw =X
Microarrayere 3% Auwdefe] 3oz sfudy & 9458
253t el = Photo. 49 2t}

FHe e e 2YAXNE FE TE AT AAREH Y 27
A A 3de] g dAHE P egA A 95 Fedh
Base plateo] = 2709 96Well-plate’} #asolA F 192719 spot=
&g 93, BlAES Felo|lE ZFdbAE E3 & 79 Sotol=
27} Fo 7k

Photo 4. The

developed microarrayer

_..16_



262 Tip # Tip holder
Tip # Tip holders microarrayer® #1474 %2] sl 2 A4 &
gl probed A7 = A ee abm, A A 24 E spote] 7)o}

FHE A3, ofFH Aefe) probe folo] FAYE A 7hel] g o] <

O

3 4E TFE F AEE sob g} Fig. 102 pin type tipe] =2
&

o2 1B BEG §AL £ ok AAL o

H1
1l
i
=
S|
o
(o
A
O 1
°

SoloF o = of 2

Elefo} Fhoh

oN_

go] spot A7) MM tipol BAAA F

Fig. 10. Schematic representation of spotting

pin and its tip.

Fig. 115= spotting 2] €2l & veld Aoz oy agsof st 7)# A

2 2w Ao He)z dolws kel 73 o] 47

el Al Frselof @ot mE Ae@edl A Feow £ o



o
=
o
£=
i
|
o
N
-
o
-
[e3
-
2
g
L

i
chipZ Aoyl Yol HoAxDa el tipe FAl

spotting®@ 4 Qlojof dluf, oju ztzle] tipe) A 5o Tas|ol Fu}.

_ Liguid DNA
I probe

. _ lmmobilized
/ probe

f— Bonding

2
g

: / - ~— Moving stage or arm
Jig with shock absorbor —

Fig. 11. Spotting mechanism using the pen tip.

DNA probeE TUd Fo 2 F43 ¢ A E (ipe vaire o
Photo. 59 gtol A Flejobstar 243 spote] AE S A7) e 1
w5 glass B9} "ol E|EE 51Tk Tipe] Eo] T G2 =
Eabel 2% ol 4717l Trio] AW 4 Aww Tipsl welEwa

skl g ol o3 ol o] of

!
4
p
_{
LU

Al a3 Tipat Tip holder® A 7}

ol

rolAl e b AR S E HE £ Ak o) FAel spotting D ¥

dEodAlE A3 b e S @ Tipel E A Z9 WA 2 g

_

'ul

TodEs oAed 2 AT A& Tipe  ArrayitAh €] Chip

Makerd& A}§3tct Table 4% ChipMaker49] 524 & v ol =},

_]8_



Mig.
16 Nov 97
Telechem International

Photo 5. The shape of ChipMaker4 in the microarrayer

Table 4. The specification of ChipMaker4

Contents Units
Catalog number CMP2
B Spot diameter{m) 120-130
Uptake volume(ut) 0.25
Minimum spot spacing(zm) 120
Delivery volume(n ¢) 0.6
Maximum subgrid per pin(spots) 36%36
Density(spots./cn’) 6,330
Maximum number of spots(18mmx72mm) 82,944
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Photo 6. The shape of tip holder in the microarrayer
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Photo 7. The shape of clean station

Photo 8. The shape of base plate
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Fig. 13. Sample of network model.
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(Fig. 14)
M:IN M:N
Seller }F Count_,w— Consumer
’\’ Sale ’/ </ Buy :\/»
L - Project }ém g

Fig. 14. Sample of relational model.

* Microarrayer systemel] ] €] database model
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Fig. 17. Login screen of integrated

management software for microarrayer.
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DNA Chipg 233t

- -Gmm

Photo 9. An example of microarray

printed by developed arrayer

Table. 32 A4 spotting?] ZF 2 Hol= A Y2 el

Table 5. Spotting specs of the developed microarrayer

Contents | Units
Spotting Size [mr] o 0.01304
Pitch [rm] 500
Velocity [spot/sec] 11
Integration ratio [EA/cn] 1,536
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Fig. 21. The shape of image after

processing.

A71M @l 4 HEe A A7)i= Table. 6 3} 2ol Holzo),

Table 6. The number of pixels at each spot

1 2 3 4 5 6 7 8 9 110 | 11 | 12

1 | 36 | 40 | 38 | 36 | 42 | 40 | 35 | 39 | 40 | 34 | 38 | 32

2 | 33 |38 |36 |37 |41 3737373737 38| 33

3 34 31 {40 | 38 |39 |39 |35!39 |38 |34 37| 34

4 1 35 | 29| 43 | 40 | 34 40 | 38 | 34 | 37 | 38 | 31 | 31




Table 7. The result of interpreting descriptive statistics

Contents Units Contents Units
Mean 36.60417 Skewness 0.180599
Standard error 0.32528 Range 16
Median 37 Minimum 29
Mode 37 Maximum 45
Standard deviation 3.187076 Sum 3514
Dispersion ; 10.15746 Number 96
Kurtosis | -0.14636 | Confidence level(95.0%) | 0.645761 |

golE S Seld CFEEe HAEIRS T 4 9, o3 Haf
Aok MESTE B 48 3 4 oL, Ha5e) BEE 3% g

t}(Table 8, Fig. 22)

Table 8. The frequency distribution

No. of pixel Frequency No. of pixel Frequency
32 7 39 8
33 5 40 8
34 10 41 3
35 11 42 1
36 8 43 3
37 13 44 1
38 13 435 l
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Q ave - Q min - Q i (6)
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Table 9. The result of interval probability

Minimum diameter 120
Maximum diamecter 130
Standard diameter 125
Maximum frequency pixel 37,38
Minimum pixel 34.0992
Maximum pixel 41.1008
- Plmin<=X<=max.) 0.70492
(10)e] 2= FAE Adez B ow Ho HATFHe) spor £0
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