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The lower right photograph is an outline of genomic analysis kit, and the lower left
one shows a DNA chip named "GENE SILICON" included in the kit. DNA probes are
immobilized with high density on the surface of the GENE SILICON. So, it becomes
possible to detect multiple target DNA at the same time. The photograph shown above
the kit is an enlarged fluorescence image which is detected after a reaction with target
DNA. By analyzing the image, it becomes possible to determine the sequence of the
target DNA.

By utilizing our original surface treatment technology, we succeeded in analyzing

target DNA with high sensitivity.
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Electrochemical Investigation into Effects of Sulfur-Stain Resistance by Aluminum

Oxide Passivation on Tinplate

Akihiro Yosuiba, Naomi Tacuchi, Misato UeNo, Shinichi Taya, Kunihiro Y OSHIMURA

Synopsis : “Tinplate”, a tin-coated steel sheet, has been one of our main products and produced as a

traditional container material like a food can for a long time. Because of prevent sulfurization
discoloration formed inside of cans, it has with using a passivation (chromium oxide treatment) on
surface of tinplate and coating techniques (pigment additive, multiple coating). Toyo Kohan has
made an effort to develop a variety of passivation on the tinplate which is advanced sulfur-stain
resistance without being influenced by coating techniques.

In this paper, an aluminum oxide passivation that is one of the passivations under development
with sulfur-stain resistance was evaluated and studied the mechanism of sulfur-stain resistance by
using the electrochemical measurement.

When the aluminum oxide passivation film was coated on the tinplate, it was identified by using
electrochemical measurement that stannous oxide, SnO as the start point of sulfurization on the
tinplate surface reduced and the reaction of a Sn ion or a Fe ion and a S ion in the model liquid
solution were inhibited. In addition, it was identified that the aluminum oxide passivation film
coated on the tinplate was more than the chromium oxide passivation film by Auger image
observation.

As a whole, the aluminum oxide passivation is considered to be better sulfur-stain resistance than
the chromium oxide passivation from the point of view of the datum reciprocally.

Keywords : tin oxide ; passivation ; aluminum oxide ; sulfur-stain resistance ; electrochemical measurement
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Fig.1 Schematic diagrams of cross sectional composition of
tinplate with a passivation film
(a) Tinplate with a chromium oxide passivation
(b) Tinplate with an aluminum oxide passivation
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Table 1 Coating conditions in various lacquers

lacquer type Epolxy phenol Polyester phenol
acquer lacquer
Pre-baking condition
(External print 190°C X 10min
equivalent)
Coating condition 50-60mg/dm? 90-100mg/dm?
Baking condition 200C X 10min 190C X 10min

Table 2 Model liquid condition for dipping solution

Reagent concentration pH
(MDL-cysteine hydrochloride 0.6wt%/L
@Sodium dihydrogen phosphate | 25mmol/L | 7.0
@Disodium hydrogen phosphate | 50mmol/L
Storage condition 90°C X 48h

Model liquid condition

| | | im| ] | | Sample

Sample .
o Masking tape

Model liquid

Scm

Fig.2 Schematic diagram of container for storage

Measurement area
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Table 3 Measurement conditions of anodic polarization tests

Model liquid is adjusted pH
4.7 by using glacial acetic
acid.

Model liquid |Reagent: Na2S-9H-0
condition Concentration :2g/L

Measurement | RT/atmosphere
environment | Model liquid:37C

Counter Pt
Electric electrode
specification | Reference
electrode Ag/AgCl
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(a) Chromium oxide passivation

(b) Aluminum oxide passivation

(a)-Cr

(a)-SEM

(b)-Al

(b)-SEM

low hi?]

Fig.4 Element mapping on passivated coating surfaces of tinplate by Auger image analyses
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Fig.5 Results of sulfur-stain resistance tests of tinplate with
passivation
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Fig.6 Anodic polarization of tinplate with no passivation

treatment
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Fig.8 Anodic polarization of tinplate with an aluminum oxide
passivation
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Development of the Nickel-Cobalt Alloy Plating Material for Alkaline Manganese

Battery Cathode Case

Koh Yosuioka, Shinichiro Horie, Kazuhiko IsaHarA, Tatsuo ToMOMORT

Synopsis :

Toyo Kohan has developed nickel plating materials for alkaline manganese batteries and has
applied to market demand. Nickel plating steel sheets are used as cathode cases of alkaline
manganese batteries. And generally, the materials are shaped to cathode cases by press forming
after annealing. The necessary characteristics of the materials are low electric resistance and less
elution into electrolyte.

Recently, required characteristic of the batteries is long prevention life. However, nickel-only
plating cannot realize such sufficient characteristic. Cobalt plating layer is found to be useful for
controlling the increment of internal resistance of the batteries caused after long-term preservation.
On the other hand, it was revealed that cobalt is incline to elute into electrolyte.

Therefore, annealed materials of the nickel-cobalt alloy plating is developed, which is superior in
the low electric resistance and the solubility-resistance after long-term preservation.

Keywords : nickel-cobalt alloy plating ; alkaline manganese battery ; long-life ; solubility-resistant
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Cathode case (Nickel-top)
- Anode active material (10mol/L-KOH)
Cathode active material

Package film (outside of cathode case)
- Collector

Separator

Insulation ring

Gasket

Anode cap

@

Fig.1 Structure of an alkaline battery
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HEEBAY E % 2CocEHL, EMENROD > E K
L LTCo®h» EDfiitZta L 72, Mitz2iED 52T
Co® > & FEIINI®D > & JZ & g U CHERERS o 21 K
PUER D23, BRI L TR LT, KEHRADF
ARPSOIEPHHLL, 22T, MAERECENRS
Ni& ZHEHICEN 3Con MH k% H T 2Ni-Cotr 4
Do INRETH B EHIWTL 7,

FRHCHE E 2 2 D, IEMED 7L ARIGICHE L 72
o ZWEDEETH S, TAH ) BHMIEMEHR DD - ¥
fMIE, IS I A7 7y =T LRI I NS
72, TV ABIESAFIH L 720> FRFEIRD S5,
Ni#h - X130 -> ZH OB X b Fe-Nifh#fg (F#)
LHCE A NS (BE) 028G 2 b, Fe-Nifkiik

J&Iz X SR & B MEDA EL ST, D oM S
Nifg iz & b M 2 mTakrsm BT 2 2 &5
EMoFeZ iz s, ZoRE LT, EMEN
T CTIRKE A AFAEDIH S 4, IR 2 I
BN, HAE, WekéEDEMIM BB HH S0
T3,

Z 2CARETIE, Nivw o & L g U CRRIRFE o itk
MicER, poOoBMKICHT 2MARESASETH 2
Ni-Cofa4® > E DBIIM (540 > ERICELIEZ 5
i) 1T DWW THGE 2 CoD & H RO MGT %175 72, at
Tk > M O & I BRI 7L A ) Bith & (F
L, SBHEFEIC D WT HIREE L 72,

2. RREE

2.1 s

2.1.1 oK

& o SR OB ARG RSN (LT, AyEslii &
#5302, Ni-Cordxd - 2hoCon&HIE (BT,
Coar B LEH & £id) 87 ZNi-Coldrd > E &ML 72
W AEHIA DL AR K & & M kMt Ak % Table 112787,
Ni-Co&4:® o> ¥, Table 2128797 v MifER—R &
Lo EWRICHIBE 2 3L  2FINT % 2 & T4 DCo/
NiELDO O > WAL, & O > ZRK %\ TTable
BICRT OO EEMICTIT o7z, £, Do EKICT7 LD
YFERTIZE W TT00°CT Lo [ O BB % i L 72

Table 3 Plating conditions

Plating bath temperature 60°C
Current density (CD) 10A/dm?

pH 4.0

Agitation Air

Table 1 Specification of substrate

Chemical composition/wt% Mechanical profiles
Thickness
YP TS EL
C Si M P S /mm
! " N/mm? N/mm? %
0.03 0.01 0.28 0.009 0.009 235 354 38 0.25

Table 2 Plating bath compositions

No g/l cc/L Co/Ni
’ NiS04 NiCl, CoS04 CoCl, H3B03 NaCl Surfactant mole ratio
A 250 40 0 0 30 0 1 0.00
B 241 40 9 0 30 0 1 0.03
C 235 40 15 0 30 0 1 0.05
D 220 40 30 0 30 0 1 0.11
E 190 40 60 0 30 0 1 0.24
F 160 40 90 0 30 0 1 0.41
G 105 40 145 0 30 0 1 0.91
H 50 40 200 0 30 0 1 2.00
I 0 30 170 90 30 0 1 7.38
J 0 0 250 90 30 20 1 (Co plating)
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2.1.2 IFMis

LR6EI7 )L A ) B D 0 > S22 ZE T 254, #
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700°C T4 M 0 BALEE % i U 7=, 314 U 72 WEAR 75 N /b
D& > ZHER % Table 4121,

LROEU M 1%, B0, 26mmod ¥ iEdi i il oy @ -
SE LB AL 725, 6 LBOLEMRH LI &M
TEXCATEOM P TR PIPHEEE E) 12X bE
B 7 AL LR EIR O 7L A& A L
7z,

.3 TILAYEI
TwﬁU it o R X LR D
WX DRl 72, SHiL 727 v h Y E

G2 fES 5 2 &
T Mo 1A PN A4 T o

&b - EfEN % Table 512, B ERL 7 v — % Fig. 21283 7,

LRIz 7V AR L 72 ARG 12 7 % b v N CREE IEDE
eI EICKOBMEL 72, 2%, NHHNSEER L L
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V) Y= FrEMHALL,

RSTHIREM X ORI 2 EMiEE (T~ s
v, BB I OKBLA ) v L EELHER) 2 v RIS
B L7e_ Ly b & IERRE NI A L OMEFRIE L 72,
Ly bV vy 7NN G TH 22 8L —F — 2 A
L, SR (10mol/Lo/KIg{k A vV 7 AVEKR) % 1mliEA
L7, RO CIEMIEYE & AR X DL 728
G (B{uiish, Kigba v v az&87 VIR %
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Lo LETIHIEMEROEZ v 74 VINLL, Al
EEE (ABERICTO 2Ry MEBEL 72Snd > X HiR
Mok X OBHRSETTE) Z B ENICEEL, 7L A
THL®H B ETLROED 7 VA ) EithZz (ERLL 72,

~

Table 4 Plating conditions of cathode cases
Atapplied annealing after Ni-Co alloy plating

Sample name Ni100 Co100 Ni-Cob50
Co ratio
Ni-Co (wt%) 0 100 %0
Inside layer Thickness
of a cathode case (pm) 0 0.1 0.2
Ni Thickness 10 10 10
layer (um)
Outside Ni Thickness
of a cathode case layer (g m) 1.0 1.0 1.0
Anneal ing
(after plating) A A A
Table 5 Plating conditions of alkaline batteries
N/A:not applied annealing after Ni-Co alloy plating
A:applied annealing after Ni-Co alloy plating
Sample name Ni100 Co100 Ni-Co50
Co ratio
Ni-Co (wt%) 0 100 %0
Inside layer Thickness
of a cathode case (e m) 0 0.1 0.2
Ni Thickness 10 10 10
layer (g m)
Outside Ni Thickness
of a cathode case layer (g m) 1.0 1.0 1.0
Annealing N/A N/A N/A
(after plating) A A A

PP
film

"

(DUltrasonic cleaning @C?nductlve (@Cathode active
material

@Separator

- - |
®Anode active ®Anode cap @Caulking
material (Collector)

Fig.2 Production flow of an alkaline battery
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Fig.3 Dissolution test of plating sheets

Silicone rubber
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Electrolyte
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Fig.4 Dissolution test of cathode cases
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Fig.5 Gas collection method
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Fig.6 Sample state of the anode polarization curve
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Fig.7 Relation between Co composition of Ni-Co alloy and
Co/Ni mole ratio
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Fig.8 SEM images according to Co composition
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Fig.9 Relation between Co dissolution and Co composition
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Fig.10 Relation between dissolution inside of cathode can
and Co composition
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Fig.11 Relation between open circuit voltage and Co
composition

N/A : not applied annealing after Ni-Co alloy plating
A @ applied annealing after Ni-Co alloy plating
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Fig.12 Relation between internal resistance and Co

composition
N/A : not applied annealing after Ni-Co alloy plating
A : applied annealing after Ni-Co alloy plating
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Fig.13 Relation between short circuit current and Co
composition
N/A : not applied annealing after Ni-Co alloy plating
A : applied annealing after Ni-Co alloy plating
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Fig.14 Relation between intermittent discharge and Co
composition
N/A : not applied annealing after Ni-Co alloy plating

A : applied annealing after Ni-Co alloy plating
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N/A : not applied annealing after Ni-Co alloy plating
A : applied annealing after Ni-Co alloy plating
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Fig.16 Relation between gas volume and Co composition

N/A : not applied annealing after Ni-Co alloy plating
A : applied annealing after Ni-Co alloy plating
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Fig.17 Relation between Current density and electric potential on plates (a polarization curve according to Co composition)
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Continuous Manufacturing Technology of Nickel-Cobalt Alloy Plating Steel Sheet

for Alkaline Manganese Battery Cathode Case

Yuji Nakano, Eiji OkaMarsu, Daisuke MATSUSHIGE

Synopsis :

Keywords :

The nickel-cobalt alloy plating material has battery characteristics comparable to the pure cobalt
plating material at an initial stage and after a long-term preservation. In addition, the material has
function to reduce the elution amount of metal ions to a strong alkaline electrolyte by controlling
the composition ratio of cobalt in the nickel-cobalt alloy plating layer. However, the ratio is
influenced by a processing conditions of the nickel-cobalt alloy plating such as plating bath
composition, current density, pH, plating bath temperature and stirring rate. Also, it is estimated
that the concentration ratio of nickel ion and cobalt ion in the nickel-cobalt alloy plating bath is
varied depending on the balance between consumption on the cathode and supplement on the
anode.

Therefore, we investigated the suitable processing conditions to obtain the target composition
ratio of cobalt in the plating layer and developed the manufacturing method to control the
supplement balance of each ion from the anode at laboratory. Furthermore, we executed an
examination on a continuous manufacturing line to evaluate the stability of the composition ratio of
cobalt in the plating layer and the concentration ratio of nickel ion and cobalt ion in the plating
bath.

nickel-cobalt alloy plating ; processing condition ; anode ; continuous manufacturing ; ion supply balance
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Table 1 Chemical compositions for plated materials

Chemical compositions [wt.%]

C Si Mn P S
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Table 2 Processing conditions

Ni-Co alloy plating bath compositions Current Bath
densi pH Air flow rate
No. | NiSO,4-6H,0 | NiCl,-6H,0 | CoSO,4-7H,0 H3;BO, Surfactant Mole concentration ratio of Co ensity temperature
g/dm® g/dm® g/dm® g/dm® vol%b % A/dm? - c dm®/sec

1 250 0 0.0

2 233 16 5.1

3 218 32 10.2

4 200 50 16.1

40 30 0.1 5~30 4.0+0.2 60 0.14

5 188 64 20.5

[§ 174 79 250

7 157 96 30.8

8 105 153 48.9
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Fig.1 Relationship between composition ratio of cobalt in the

nickel-cobalt alloy plating layer and mole concentration
ratio of cobalt in the nickel-cobalt alloy plating bath
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Fig.2 Relationship between composition ratio of cobalt in the
nickel-cobalt alloy plating layer and current density
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Table 3 Difference in mole concentration ratio of cobalt with composition ratio of cobalt in range of 40-60 wt.%

Mole concentration ratio of Co [%]

Current density [A/dm?]

40 wt.% 60 wt.% Difference
(@) (@-®)

5 16.4 75

10 223 9.7

20 295 11.7
_ 35 70
= g @® lNianode, & Coanode
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Fig.3 Difference in mole concentration ratio of cobalt with
composition ratio of cobalt in range of 40-60 wt.%
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Fig.4 Relationship between anode dissolution efficiency and
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Table 4 Total anode dissolution efficiency and Total plating efficiency

Anode mixed ratio of Co [wt.%]

0.0 376 443 497 61.9 100.0
Total anode dissolution efficiency [%] 96.5 93.0 92.8 921 91.6 949
Total plating efficiency [%] 94.6 97.2 99.8 96.6 96.0 92.8
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Fig.6 Variation of (a), (b), (c) and (d) as a function of plating area in the laboratory
(a) Concentration of nickel ion in the plating bath
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(c) Mole concentration ratio of cobalt in the plating bath
(d) Composition ratio of cobalt in the plating layer
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Specific Surface Pretreatment Technology for Direct Electroless Precious Metals Plating

on Stainless Steel Substrates with High Coverage and Ultrathinness

Tomoyuki Tsuruba, Nobuaki Mukal, Takahiro YosHDA, Kazumasa SHIMATA

Synopsis

Keywords :

wE

: Various internal materials have been used as components of Polymer Electrolyte Fuel Cell because

of having high electrical conductivity and high corrosion resistance. For example, a stainless steel
substrate as a separator, on which a precious metal such as Au and Pd is coated, are well-known.
When Au is plated on such a stainless steel substrate, an underlying Ni plating layer is usually
formed on the surface in order to improve adhesion between the Au layer and the substrate. Under
corrosive environment, however, when pinholes on the Au layer occur frequently, the Ni dissolves
from the base Ni plating layer and the Au layer might be peeled off finally. Furthermore a large
amount of metal dissolves from the stainless steel base material by galvanic corrosion. Generally
the increment in Au layer thickness is effective for preventing pinholes. However in cost
performance, it is unreasonable for the Au layer thickness to be thinner than that in present state.

By adjusting the thickness of oxide film on the stainless steel surface and by special modification
treatment without using original underlying Ni plating process, Toyo Kohan has developed a thin
precious metal plated stainless steel with good coverage and adhesion, which is excellent in
corrosion resistance and conductivity. In this paper, we discuss the performance of this plating
material and the deposition mechanism of Au plating by analyzing the structure.

electroless plating ; precious metals ; stainless steel ; pretreatment ; corrosion resistance
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Fig.2 Oxidation film thickness of the stainless steel surface after the preprocessing
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SEMiiifg 2 7" 9. %> ZPDw > EEAE, ICP-AES
WX B0 5, £4% 3nm, 10nm, 20nmTdH > 7z,
NoDH - ZWEOHEFLZH T2 L, MOTH D> F
B0 659, Aud > ERETIE98.2%, PAE X UPtd -
EETIZ100%TH - 7=,

3.3 ®HozROMHE Fig.3 SEM image of Au (a), Pd (b) and Pt (c)
Fig.4lzAudh > EM oM L LT, Mil&tks X VEfilht plating film surface
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Table 1 Surface modification and plating properties (N.D.:No Data)
. Au plated layer
Kind Cncen- Immersion
of tration Te:np. time Plating frterfacial
acid (vol%) ) (sec.) Property Adhesion
Property
5 O O
10 O O
70 15 O 0o
20 O O
25 60 120 O O
180 O O
50 300 O O
600 O O
20 O O
70 40 O O
A 20 60 O O
60 60 O O
50 300 O AN
30 O X
25 60 O X
300 O X
30 X N.D
10 70 60 X N.D
300 X N.D
30 X N.D
5 60 X N.D
300 X N.D
10 X N.D
30 X N.D
25 60 X N.D
120 X N.D
300 X N.D
B 60 30 X N.D
10 60 X N.D
300 X N.D
30 X N.D
5 60 X N.D
300 X N.D
30 X N.D
C 10 70 60 X N.D
300 X N.D
X N.D

No treatment
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Fig.4 Corrosion resistance (a) and contact resistance (b) of
Au plated material

Fizmd. WErkEic > wTid, M5 OSUS3I6LE M 23
Fe, Cr, Mo, NioO#iEHEA38ppmTH % DIZX L T,
Audh > EMTIRE Y S —VEHERD NNy 7 RH0E
1922 emS, RIFMEEI3ppmTH Y, MWD
SUS3I6L& b b @&t 22 2 Ehbhotz, £,
A TEREFE IO WM RN B W CEE LR TH %
PEiHIc O WThH, WEIC K 5, SUSIELEM L D b
FHL RO Z b ol 26 ORERIIBE R
KRV ZEMITIEREDT R 2.

3.4 SUS316LOERMEIREDREHT
Fig.5cSUS316LZEA OSBRI DAESIC X D #il &
N7:Cr/OElLE L OACr/FesifE k% 7u v b L 7f5R %
9. Table 11TR L7z - EME X OEEEBSRIF & 72
L5 L HEREL A IRA T % £, Cr/0=0.05~ 0.20, Cr/
Fe=0.50 ~ 0.80 & & 2 RMiHK DA B TDA, Ho
EMEBIOEEEDBRIF 20> IR ER S I LD
Mot 61, Fig.6ic (KX1) %7 3 A DIRIE2S
A%, FIE70°C, EHEREIODE 1) ZikLIRn
BRIER 607 B X LI L »SUS3163E41 2 D Fe
2piiiE, Ni 2p#E, # X OCr 2pHE dXPSIC & 2 1k
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Fig.5 AES intensity ratio of Cu / Fe and Cu / O according to
pickling immersion time
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Fig.6 XPS peak shift of Fe 2 p (a), Ni 2 p (b) and Cr 2 p (c) by
pickling treatment time
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waZzbzeRd, (N1) %L TREICIE, Fe 2pild
2BV TT707e VAL ICFe (metal) ¥ — 27 23590 ¢ #BLL T
B, B2, Ni2piiiEic B \v» T83eVA i IZNi
(metal) E— 27250 < FBL 2. —F, REBFH60MDE
ORI S SE L O£ I2 X, 2D & 9 Z2iEVFe (metal),
Ni (metal) DE—7 3L, T, BERH0MIZE-
TiX, 857eVAhEICNIOF{LYITEK %2 "% T 2Ni-OD & —
7B ICHEB L 72, 72, Fig.7ic (R1) Zii d
A DIRPE25(RFE%, WMMIET0°C, BEEKI0ME (1) %
il 7z S 72 VIR 60T B L OB it L o SUS316LH:
MEHEHOBIHTEMEEE X OB R Eyi <y — v 257,
R DSUSII6LEH IFFETH Y, CrzERm L L«
MnCrz04DBLIEDEAE L Tz, 72, (RN1) %k
TR L0OFP 88 TIIXPSOFE R L L L, Fe® T
ELZBLBICEE L, 2o, REVPPPHNTVDE I L
Bhrol, —J, RERE0MEZ TIE, ZHbXPSH
R EEPL T, JEAEDONIBRILY & 5 W I3 B0 S ONi
FEALNCAE T 5 & & BIZ, ZDJEHH100nmAEE DD
BIRDE L 2> TWB Z Edbhrot, 748, Cr 2pluE

Carbon Analysis poin
film o
Base

'I-l"( awy .O) 2c
Carbon Analysis point
film
Base

Carbon film <

Base

Analysis poin
Corrosion _| Y

layer

Amorphous Ni

IZDoWTE, RELZEMIFMERTE Rd o7,

4. EER

SUSSI6LIEM I IC, - FEME) THiVICH D 5
T, BERIEL, 0, BEEDPRIL %205 EHA]
HE & 72 B EMHE, BlokiicEions, (A1)
27 S I WRE A DM O SEAE T Tld, SUS3I6LHEM#E
A DR E O Crig b Y 23 RG22 7 @, 9 - ERGHNHE
Iokwv, 7%, BAD (K1) 2k T44T TR,
SUS316LME:AM 21 O Crig (b 23— Fr £ S 1 5 L FIRFIC,
W S ES AR R G T BFedt, NiJEE(L L @0
RIBICHIIT 22810k D, B - EIEORRE) ST & 7%
2 THIAREDSR A IEIT L, BB Ry A4 M TERD -
EBETT D, 20D, FERWIC, o ENEGIET
T2 EEbiC, BEMGED THWIERICE LT HEEED
oo ERHREE RS EEZoNS, —FH, (K1) %
7 S RGBS T Tid, SUSSI6LIEM 28 2305y
ZNigt % Tk E LEE2ER L TE D, BodIRE

(b)

oxide or

microcrystalline Ni oxide

Fig.7 Cross-sectional TEM image and diffraction pattern of the surface layer of SUS316L before treatment (a),
after 10 seconds treatment (b) and after 60 seconds treatment (c)
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Fig.8 Plating-related confirmation to the materials of various shapes

BE2BEIXETVDEIE265b»5 K91, oA
RETH 2 A, HMFEME ENIBLYIEOBEPE N0,
FRICEEDE D E LB EEILNS,

5. FEERMH~NER

AFHSCE A % W7 EERD - Z LM A 7H 50
27 E MR IR L T TARETH D, E
72SUS3I6LUA DO FEM I b 3 fIGA[RETH 5, —Hl& L T,
ATV L AMSA 7 (¢bmm SUS304) BIURAT VLA
&8 (100um, 100X v 2 2 SUS316) ~DAud > &
LT AERZFIg.8ICR T, AT VL ANAL TONEE
FORT VLV AMOELZ DT ET, BEINTE), %
EHIEDREFTH D Z EEMERL .

6. &8

Rk RMBEIZ L D, By AL 7 MEERD - Z
DR EE 72 SUSSI6LIEEM EAD D - E3H[RE L 72 5538, T
&, FEEDORMGE S FTSUSSI6LEM R Z D b DD
R EE2ZHEEICaYy ta—L T35 2 LICk ) FRET
2HbDEEZOND, fEoTC, MO THVL® - EFITE W
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ENTE, EEMILCEM a2 D5 TE 205 &
Mz R(HTE 2 LEZ 5, BICAMTORARRINE 2
LS REUFRIC LD, —#AYICZSUS3I6L L b b IS
AN EEEETAMF Y v XD L EMEEEZET 205 %
MEBEO N2 LHICb B> TETREL, RKEODEY
V) > 7o KRR D 512 DRk 4 70578 ~ D & B
DI TE S,
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MHBARTF L ZEDEERICEEYT S
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HORP R - PR e Lt

Development of DNA Chip for Detection of SNPs Involving a Side Effect of Gemcitabine

Noriaki NakamurA, Koichi Hravama, Hirofumi'Y AMANO

Synopsis : The toxicities of Gemcitabine, which is one of anti-cancer drugs, have been reported to correlate
with the 4 polymorphisms (rs11141915, rs1901440, rs11719165, rs12046844). We have developed
a DNA chip to detect these polymorphisms using the GENE SILICON. In order to improve the DNA
chip detection accuracy, we examined PCR conditions, hybridization conditions and washing
conditions. In addition, the threshold to judge the allele type was established using 171 DNA
samples. Using this threshold, we evaluated the correlation with the invader assay. As a result, all
alleles were consistent. We were able to develop the good precision DNA chip to analyze 4

polymorphisms.

Keywords : GENE SILICON ; DNA chip ; gene polymorphism ; Gemcitabine

1. &

AR, AETEHIEORCKI X D A DRREELRIIN L T
B, 1980E» SHIEICE DL T THERIZD 6 W BHEED
PR OB, T, DAICKT ZIREE L H 48 L
TEY, BENA TV AITED, FEDATBAROMEATEE IS
U CHEBEEDSI» CRESN TR S,

DA DIBFIEIZ3MMICKANT 2 2 Loa3TE, THRE
ey, THORRYRE ), Mbgsik) H 5. T o faas
&, PiSAFI DG X ) AR 2T 2 FikTh b,
SARHREE IC X 2RISR 2 5 50, IURRAIRE CIERD
HDFFEEITHTH B,

(LT G S N B P AFNZ, MEDE D5 FKHs
PARBZIC X BT DREETH D, B A THIULH
LEJSRICAHEHETA Oy 2y Y e vypllvesnsg, 7o
¥ Evit, DNADKERETETH 2 IEREICIEPIL <
W2 7%, DNAEBLZBRIZAT 5 28 A MIBENICER D 3A £
52 LET, VAN REE 2 HE T 2267 5.
Lo Lahs, 2oL, (@EZ2MRORE S

FHEY 2 - oRIfEH SRS SN S, RENZEIEHE LT
W, PR, BB, L, EREZEBFET s, R
WEEEZEBEIHEHIC L DT AL HE SN TS,

CNSHEIEAIZEFIC X D BREDEZR S, RIEDOH
G 67 ) WESEELSNC EEAE T 24T OSNP (Single
Nucleotide Polymorphism) 23E# 2 2 & 2858 & 5
%02 2", SNPEIZSEIEELSN b DR E D 1A R}
EMANTE L Z1%M LoSMETERT 22 2L, &
&I BIHEDPER L TOIUZEFI AN D SIGEIC B2 K&
ETEERH 5. 2 ThLIX, FIDBAKITLSYEYD
RIVEH % SR AT I P S 2 72 0, ARIEDOSNP % [A] IR 1 fi#
Wid 2 2 EDu[EEZ%DNAT v 7DR%E %2415 72,

2. B&

DNAF v 7% 78 {EF oA 7 v —%2 T idlan
Kl

[BeADNA#H | = [PCREUE
= [Vt = [20Em ]

= [n4 7)) T4 R

*1 BANWISEAT HEEE 2 4 79 A4 = A 7N —7

w2 BARWIGEAT R 74 79 A v AN —7 F— 1Y) —5'—

*3 BEARFITSEIT 288 74 79 A4 v AR I N—T TV —7") — 5 —
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BEL S L 72 BEDNAZ ¢, B IC 3 7
585y % IR IS8 IE 3 % (PCR: Polymerase Chain
Reaction), Z DMIREY % —EDEEL T TDNAF v 7' &
B I TRIBEEE (N4 7V ¥4 AKE). DNAF v
7IiE, ZNFNOBEBFEICHIE L 72 78— 725 F D[
ELZINTEY, WIHEY IS YT 2DNADTFET L
WENA 7V F AR & D 2REZ U T 5. Sk
KSOGDNAZ P L, SOHINEICTHIE S 5. MR
P30 B L Cw b 720, DNAF v 7tz
AT 2 &g 7V ¥4 ARIGRIZIELC TR FT 5.
DUFICRE 2B 2R 3. 28, NRTH 24 HHD
SNP Okl 5 1&Table 112K,

2.1 DNAFvY7DEHERBREE
2.1.1 DNAF vy 7OfEH

3Smmf ® ¥ Y a v ¥ # 12DLC (Diamond Like
Carbon) [ % A4 4 V{LZARE B IC & b RIE (KE £
40nm) L7, Z0H, KISERPTORBLHICLD,
DLCERMIZT7 S /7 RE XAV R I VEEAZEXEAL,
ANKFUILELEN-EFrFL 22724 3 F (NHS
(N-Hydroxysuccinimide)) <z 27U {LL, itz 25
VISR S L e (g T —veyvav)) %
PEBLL 722 M= 2 7L 1%, DNAD K ICEH X 17
TIHETINEAEEKT S, Y—v)avics
0 — 7 ZDNAZ £ v b ¥ & (& 8 T ¥ 0 5
SPBIO2000) (c &k h AKXy b (d150umdDiiH) L,
BREBIC X > TAEBEOSNPE T 2200 70 —7%

Table 1 Reference SNP ID numbers of Target SNP HMICEEL L7, Fa— 7 D2EH % Table 210RT. %
-, DNAF v 7/ ig. 112
Target SNP ID number 8 7 7O E g LR
SNP1 rs11141915 2 . 1 . 2 *ﬁﬁ:DNAﬁ) % @DNAiEmE:B K Uﬁ%g%ﬁ
WEERER I (FFE AL S N BADNAZ w7, 774
SNP2 rs1901440 < — R ALY 2O TEG L, BT 94 ~—
X v b ZTable 312783, PCRZYV—< ¥4 7 7 —
SNP3 rs11719165 (Applied Biosystems®##!, GeneAmp® PCR System
W Tfro 7. PCROH NN
SNPA4 1512046844 9700) # H ’Cﬁ“)f_. CRD fH % % Table 41277,
PCR&AM:% Table 512737,
Table 2 probe of initial examination
. Number Tm
Polymorphisms | Allele type Probe name of bases (C)
SNP1 w1lc'1 SNP1W-25 25 64.9
variant SNP1V-25 25 58.8
SNP2 Wll(‘l SNP2W-29 29 56.7
variant SNP2V-29 29 58.7
SNP3 Wll(.i SNP3W-29 29 62.5
variant SNP3V-29 29 64.9
SNP4 w1lq SNP4W-29 29 54.3
variant SNP4V-29 29 59.1

Fig.1

DNA chip

Gene silicon DNA chip
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Table 3 Primer sequences

Polymorphisms | Primer Sequences (5’->3’)
SNP1 SNP1 forward | CATGCCAAGTCTCTGGTTGC
SNPI1 reverse CATGCAGCCTGGTCCAATC
SNP2 SNP2 forward | TTTATACGATGTCAACAACCTCC
SNP2 reverse GAGTCACTTCCTTCCTTCCTGA
SNP3 SNP3 forward | GCTCTCCCTGCTTGGTTTAC
SNP3 reverse | TGTCACAGCCAGAAATTGAC
SNP4 SNP4 forward | TCTGGTTCCCTGCTGGACAG
SNP4 reverse | AGATAATAGCAGGCCATTGGTTAAT

Table 4 PCR components

Table 5 PCR cycles

component volume(pL ) final conc. Temp. time Cycles
Primer mixture 4.0 variable 95 C Smin | 1
dNTP mixture 1.0 200 umol/L each 95 C 30 sec
10xPCR buffer 2.0 1x 58 C 30 sec | 37
Taq DNA polymerase | 0.2 0.5 U/uL 72 C 30 sec
Water 8.4 - 72 C 30 sec | 1
2.1.3 A 7VFALREICEOLHH SN, Wigy o WABEBETOAZE EMGIZREZ T4

BoNLMIFEDE NS 7Y 74 XFEEH (2,25
SSC/0.23%SDS) & #3:1THA L. ZDREBW%
DNAF v 71T L, "NA 7V ¥ A ZAhN—=% PR T,
—ERETURFIANA 70 A4 ARG %E T2 7, ~NA 7Y
FAXRINNEINA TV I AL XL V¥ ax—F— (F4
T v 78, HB-100) 2 a7z, ~NA 7Y ¥4 ARG,
NA TV F A RAN=2H L, DNAF v 72 kE (0.1
xSSC/0.1 w/v% SDSIEWE) 16 iRE L 728, Vv A
i (1xSSC) hTl0| ETFiciike 5 L7z,

DNAF v 7%V v AWM L, Ra%Y v AW
ZREID, HOH OU B A (HVE R R B
BIOSHOT) iz Cam i 2 ¥ L 7-.

2. 1.4 SOEREME X OHEMOHIH

HOEMHIER D & 2 NZFND AR v b O O P YLE %
BHLUSERIE L Lz, S5, HEETRAZ AT 2 5k
LT, (1) XZEMHOTHEM (index) Z&EH L 7.

2 XERT 0—THKE

U5 ffi = :
N o o — st + 237 1 — 7 SO

(1)

FWERME R A L 7 — 72 ek, S
FDNADMEEFIIZ LIRS 2, 2070, HEMH
FHET 3 7u—T7OlAAbYEERT 2 Z LT, ik
DNADEETRIOHERIDTRE L % %, & b DR TFRIE3
MDD, W22y F DY L5 i

H (wild), ZEGEG DA% 5] S kv 72008 2 48 B
(variant), F 75 OMEEF %25 SRV IZREEZ ~T 1
#1 (hetero) &3S,

2.2 =BHAB

2.2. 1 NAT7VFAREMFOMGT
BEFHOHERNE, N 7V 84 RABOTE7Ta—7
LR T — 7D 6B E Z2HOMEIEE HW 5. Mo
WEZA LI E L0, 7a—7BdN ey =7y
FDNA LRI RGBT 2 B EDSH D, 7'v— 7 Dk
BYEEANA 7 ¥4 RWRED ERICHEGEINT 5 (Fig.2
DFER). L LN, 71— 71T I32ARKBDNA % Hi
TEZ FRIREDSFEAELTED, ERREAEET 5122
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Fig.2 The relationship between Fluorescence intensity and
Specific reaction



B Vol.39

Table 6 probes of secondary examination

. Number o
Polymorphisms | Allele type probe name of bases Tm ( C )
SNP3W-25 25 48.2
wild SNP3W-26 26 53.6
SNP3 SNP3W-27 27 58.2
SNP3V-25 25 51.4
variant SNP3V-26 26 56.4
SNP3V-27 27 60.8
wild SNP4W-27 27 49.0
SNP4V-23 23 41.8
SNP4V-24 24 47.6
SNP4 variant SNP4V-25 25 50.2
SNP4V-26 26 52.1
SNP4V-27 27 54.3

NCRKIERIZED T 2 o mEMET 3% (Fig.2o
L), ZoZ &h o, BEFHOIEMAHENIZE, 7r—
TECRREZLTY =7y FDNAE KB L, 202K
BHDNA%Z RFFT 2 2 L WTHE N A 7V 74 iR % Ik
E LRI RS 0,

22T, ARG L e =TIl oANA, 7Y A R
DI P T 2 7 DGR 2 AT o 72, etk
BEFEY) EDNAF v 7%, NA 7V T4 A4 ¥ 2 _—
% —%\Th0, 52, 54, 56F 721358°CTIRFRIKIEG X+,
HEEEEIT 2 2 ETAg 7Y 54 ZREEZ GG L 7.

2.2.2 7u—70HEEHOREL

2.2, 1 CRE LRGN 7)) 74 REHBITB VT
BRIEOE WG Z BT 570, 70— 7 Ofw ik
BATG L 72, 3L 7 72— 7%Table 61c/R7. 7u—
7R ) ayERICEER L, EEFRESEEA O E H
WTRIEEE S 2T, HlLHEMOEEL30 (3
R E) 25 70— 7 O R0l RS R S L 72,

2.2.3 EEFEHEE DR E

AfE L 72DNAF v 7OREE 2 RGET % 720, EisTH
AT DOBRITHINC R L CEE T 515 % 9256 L
o, F, HBIORERBAEL 2Rk —2 2w, H
FED 3 012 & h BIfE% T L 72,

3. FHRLEEE

3.1 NTVFALXFGED&E

NA T A4 RARIEZEB0, 52, 54, 56X 721I58°CE L
ZNEFNIREANAL 7)) 54 Z&f70, B L2 HE )
5 3l % 17 - 7z, Table 21278 L 72SNP1 ~ 42D\ T3
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5N HIEE % Fig.3 ~ 612RT

SNPI (Fig.3) 1%, 52, 54, B X U56°CICB VT ~T
0 R DHEEIZ0.8FEETH o 7223, 58°CTIZ0. HFLEIZAK
T L7, ZHUESNPIW-25% b SNPIV-250TmfEi*) 23E L
ZEDS, NA TV I A DTS2 FERIREEICSNPLV-25
DFFWINGET 2 EMEI NS 728, 58°CTIZSNPIV-25
DHOCIRIE D KIE 2 AL GHEMESE T L2 &£ 2 5
na, £, ~7ToBOHEMIEL OHE2 N TH %
TEDB, N4 TV AL AWEIR0, 52, 54, X U56°C
KB OGHEE 2T 2 2 EBETHE EEZ N
%,

SNP2 (Fig.4) ¥, "4 7V ¥4 ZHED LRIt
~F a O EEDFER T L 72, 2 1UZSNP2V-29
X DSNP2W-290Tmfti* 23E\Z EH 5, NA 7Y ¥4
RHSERE 7 [ PRIRIE I SNP2W-290) /7 320103 T 5 L AHAE
S5 728, SNP2W-29D 1B D A 12 A HlE fiE 23
FRLZEEZEZOND, 2D LS, N 7T VF A X
FEIZ50, 52, & X UBLCICB W TERETRAZHM T2 &
NHETHZ EEZLND,

SNP3 (Fig.5) 1%, WAL ~7 u R OHEMHIB6E
X OB COLEMETIHHEL 7228, —JiT~T Ofl L ARAZ
WTNDIREICEWTHEHEL Tk, ZEHw 7
0— 70Tl E D> 7@, 50 ~58°CHOHNA 7Y
A ARETE I RRREEE BN ok LHEITE N
%, 2D, SNP3IZE\WTIE 7’ e — 7 OIS D Kbk
PR TH D EHEZ N5,

SNP4 (Fig.6) 1%, ~F 1%l & 28 5 o) | i H356°C
B L OB COLEMETURE L 7253, S4°CLU N CTIRHEEIZ 5y
HELTH D, FFIT50°CTRAFR % MER L 7.

M EofEEn 6, AREEEDSNPIZ 3 W T R I HE il %
SHET 2 2 EDTEE RN, T A RRERER TS 2
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Fig.3 The relationship between hybridization temperature
and SNPI index
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Fig.4 The relationship between hybridization temperature
and SNP2 index

W TERDPSED, Bong 7V ¥4 DRETIE— I
WHHREDIE S D EIRREL B0, RELLERES
5703528 L UBLCTORIEHL Twi EHEZ 6N
%,

7, NA TV YA RBIZDNAF v 7 L KGR % R
T2 EME¥ ETIC, DNAF v 7REDIREIMET T
2 2 &7 u— 7 ORI 72 RBHNEST U CRIEE A
B3 28Nn0h 5. 22T, SNGEE TR OH Ay
TEBLNA 7V 5 A XWEHIPAS2 ~ 54°CD 9 &, DNA
F v TRADIREARTIC & 2E 28T 2 72 91254°C%
WHT3ZLicL7.

3.2 7O0—70OmELICHET =&Y

Wi DK R X b, SNP3IZH 1) 2 £in 7B o Efil1x
WL, F7-SNP4IZEFARL & ~F ailo oy & Hle LT,
AT R EERRGEE L TR D, HEMO S SED
MD3H B, % T, SNP3ESNPAIZHR L Tz 7' a—
7 DB O 21T > 72, HIEMEDTI DB L3
fToORERF— % % M7z, SNP3 & SNP4D#E S % Fig. 7%
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Table 7 Optimized probe
Polymorphisms | Allele type Probe name Number of bases
SNP1 wild SNP1W-25 25
variant SNP1V-25 25
wild SNP2W-29 29
SNP2 variant SNP2V-29 29
wild SNP3W-26 26
SNP3 ;
variant SNP3V-26 26
wild SNP4W-27 27
SNP4 .
variant SNP4V-26 26
Table 8 The number of genotyped sample
genotype SNP1 SNP2 SNP3 SNP4
Variant type 71 4 20 58
Hetero type 79 61 83 88
Wild type 21 106 68 25
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