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(57) ABSTRACT 

An objective of the present invention is to provide a mea 
suring chip for a surface plasmon resonance sensor that can 
detect a small amount of target substances in high sensitiv 
ity. The present invention provides a measuring chip for a 
surface plasmon resonance sensor comprising a metal layer, 
one or more plasma polymerization layers formed on said 
metal layer, and a biologically active substance immobilized 
on the surface of said plasma polymerization layer. 
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MEASURING CHIP FOR SURFACE PLASMON 
RESONANCE BIOSENSOR AND METHOD FOR 

PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a surface plasmon 
resonance biosensor, speci?cally, a measuring chip for the 
same and a method for producing the measurement chip. 

[0003] 2. Background Art 

[0004] A number of methods using immunological reac 
tions are used in clinical tests for detecting target substances. 
Conventional methods are knoWn to be intricate and require 
labeling substances. Thus, immunological sensors using a 
surface plasmon resonance biosensor (SPR) is being used, in 
Which no labeling substance is required and a ligand can be 
detected With high sensitivity. This surface plasmon reso 
nance biosensor is based on the phenomenon that the 
intensity of a monochromatic light re?ected from the inter 
face betWeen an optically transparent substance such as 
glass and a metal thin-?lm layer is dependent on the refrac 
tive index of a sample placed on the re?ecting side of the 
metal. Accordingly, a sample can be analyZed by measuring 
the intensity of the re?ected monochromatic light. 

[0005] An optical part of a measuring cell for this surface 
plasmon resonance (surface plasmon resonance biosensor) 
has a structure shoWn in FIG. 2. Namely, porous material 5 
is formed on metal thin-?lm 2 formed on glass substrate 1, 
and physiologically active substance 4, such as an enZyme 
or antibody, is retained or immobiliZed on the surface or 
inside of porous material 5. Examples of porous material 5 
to be used include Weaved, knitted or non-Woven cloths 
made of synthetic ?bers, natural ?bers, inorganic ?bers or 
the like, and porous inorganic or organic materials (see 
Japanese Patent Laid-open No. 164195/1991). Furthermore, 
carboxymethyl dextran is used as a porous material in a 

commercial product (BIAcore 2000, Pharmacia Biosensor). 

[0006] HoWever, physiologically active substance 4 just 
exists on the surface of porous material 5 and interacts With 
target substances. 

[0007] LB (Langmuir-Blodgett) method is occasionally 
used to immobiliZe physiologically active substance 4 on 
metal thin-?lm 2 (see Japanese Patent Laid-open No. 
288672/ 1993). HoWever, this method has a disadvantage in 
that LB membrane binds poorly to a metal thin-?lm and 
peels off together With the physiologically active substance. 

[0008] Furthermore, Japanese Patent Laid-open No. 
264843/1997 discloses measuring cells for a surface plas 
mon resonance biosensor. 

SUMMARY OF THE INVENTION 

[0009] The present inventors have noW found that sensi 
tivity of a measuring chip for a surface plasmon resonance 
sensor is extremely improved When only a small amount of 
a physiologically active substance is immobiliZed on a 
speci?c plasma polymeriZation layer. 
[0010] An objective of the present invention is to provide 
a measuring chip for a surface plasmon resonance sensor 
that can detect a small amount of target substances in high 
sensitivity. 
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[0011] Another objective of the present invention is to 
provide a measuring cell for a surface plasmon resonance 
sensor that can detect a small amount of target substances in 
high sensitivity. 

[0012] Further objective of the present invention is to 
provide a method for producing said measuring chip. 

[0013] The present invention provides a measuring chip 
for a surface plasmon resonance sensor comprising a metal 
layer and one or more plasma polymeriZation layers formed 
on said metal layer. 

[0014] The present invention also provides a measuring 
chip for a surface plasmon resonance sensor comprising a 
metal layer, one or more plasma polymeriZation layers 
formed on said metal layer, and a biologically active sub 
stance immobiliZed on the surface of said plasma polymer 
iZation layer. 

[0015] The present invention also provides a measuring 
cell for a surface plasmon resonance sensor comprising said 
measuring chip. 

[0016] The present invention also provides a method for 
producing a measuring chip for a surface plasmon resonance 
sensor comprising the steps of forming a metal layer on an 
optically transparent substrate, forming one or more plasma 
polymeriZation layers on said metal layer, and then immo 
biliZing a biologically active substance on the surface of said 
plasma polymeriZation layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a schematic sectional vieW of one 
embodiment of the measuring chip for a surface plasmon 
resonance sensor according to the present invention. 

[0018] FIG. 2 is a schematic sectional vieW of an optical 
part of a measuring chip for a conventional surface plasmon 
resonance biosensor. 1: Transparent substrate; 2: Metal 
thin-?lm; 3: Plasma polymeriZation layer; 4: Physiologically 
active substance; 5: Porous material. 

[0019] FIGS. 3 (a) and (b) each shoW a schematic sec 
tional vieW of an optical part of a measuring chip for a 
surface plasmon resonance biosensor. (a) shoWs immobili 
Zation of an Fab fragment of an antibody. (b) shoWs immo 
bilization of an F(ab‘)2 fragment of an antibody. 1: Transparent 
substrate; 2: Metal thin-?lm; 3: Plasma polymerization layer; 4: Physiologi 

cally active substance. 

[0020] FIG. 4 is a schematic sectional vieW of an optical 
part of a measuring chip for a surface plasmon resonance 
biosensor. 

[0021] FIG. 5 illustrates a surface plasmon resonance 
biosensor. 7: Cartridge block; 8: Light source; 9: Detector; 
10: Measuring chip; 71: Measuring cell; 72, 73: FloW routes; 
80: Incident light; 90: Re?ecting light. 

[0022] FIG. 6 illustrates a re?ected light intensity curve 
before and after plasma polymeriZation membrane forma 
tion. 

[0023] FIG. 7 illustrates a schematic vieW shoWing the 
apparatus used in Example 1. 

[0024] FIG. 8 shoWs the relationship betWeen the concen 
tration of the complementary DNA and RU in Example 1. 
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[0025] FIG. 9 shows the relationship between the concen 
tration of the complementary DNA and RU in Example 2. 

[0026] FIG. 10 shows the relationship between the con 
centration of the complementary DNA and RU in Example 
3. 

[0027] FIG. 11 shows the relationship between the con 
centration of the complementary DNA and RU in Example 
4. 

[0028] FIG. 12 shows the relationship between the con 
centration of the HSA antigen and RU in Example 5. 

[0029] FIG. 13 shows the relationship between the con 
centration of the BSA antigen and RU in Example 6. 

[0030] FIG. 14 shows the relationship between the con 
centration of the sugar and RU in Example 7. 

[0031] FIG. 15 shows the relationship between the con 
centration of the BSA antigen and RU in Example 8. 

[0032] FIG. 16 shows the relationship between the con 
centration of the BSA antigen and RU in Example 9. 

[0033] FIG. 17 shows the relationship between the con 
centration of the BSA antigen and RU in Example 10. 

[0034] FIG. 18 shows the relationship between the con 
centration of the BSA antigen and RU in Example 11. 

[0035] FIG. 19 shows the relationship between the con 
centration of the HSA antigen and RU in Example 12. 

[0036] FIG. 20 shows the relationship between the con 
centration of the HSA antigen and RU in Example 13. 

[0037] FIG. 21 shows the relationship between the con 
centration of the HSA antigen and RU in Example 14. 

[0038] FIG. 22 shows the relationship between the con 
centration of the HSA antigen and RU in Example 15. 

[0039] FIG. 23 shows the relationship between the con 
centration of the HSA antigen and RU in Example 16. 

[0040] FIG. 24 shows the relationship between the con 
centration of the complementary DNA and RU in Example 
17. 

[0041] FIG. 25 shows the relationship between the con 
centration of the HSA antigen and RU in Example 18. 

[0042] FIG. 26 shows the relationship between the con 
centration of skatole and RU in Example 19. 

[0043] FIG. 27 shows the relationship between the con 
centration of the HSA antigen and RU in Example 20. 

[0044] FIG. 28 shows the relationship between the con 
centration of the HSA antigen and RU in Example 21. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0045] The measuring chip for a surface plasmon reso 
nance sensor (“measuring chip”) may have optically trans 
parent substrate (transparent substrate) 1, metal thin-?lm 2 
formed on transparent substrate 1, plasma polymeriZation 
layer 3 formed on metal thin-?lm 2, and physiologically 
active substance 4 immobilized on the surface of plasma 
polymeriZation layer 3 as shown in FIG. 1. 
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[0046] Transparent substrate 1 can be any substrate cus 
tomarily used in a measuring chip for a surface plasmon 
resonance sensor. Generally, substrates made of materials 
that are transparent to a laser beam such as glass can be used. 
The thickness of the substrate can be about 0.1 to 5 mm. 

[0047] Metal thin-?lm 2 is not particularly restricted, 
provided it can induce surface plasmon resonance. 
Examples of the metal to be used for metal thin-?lm 2 
include gold, silver and platinum. They can be used alone or 
in combination. Furthermore, for better adhesion to trans 
parent substrate 1, an auxiliary layer made of chrome or the 
like may be set between transparent substrate 1 and the layer 
made of gold, silver or the like. 

[0048] The thickness of metal thin-?lm 2 is preferably 100 
to 2000 angstroms, most preferably 100 to 500 angstroms. If 
the thickness exceeds 3,000 angstroms, surface plasmon 
phenomena of the medium cannot be sufficiently detected. 
Furthermore, when an auxiliary layer made of chrome or the 
like is formed, the thickness of the auxiliary layer is pref 
erably 30 to 50 angstroms. 

[0049] Plasma polymeriZation layer 3 can be formed by 
plasma polymeriZation of a monomer material for three 
dimensional cross-linking. A monomer material to be used 
in the present invention can be any material that can immo 
biliZe a physiologically active substance by plasma poly 
meriZation. 

[0050] Examples of a monomer material for a plasma 
polymerization layer include compounds of formula (I): 

CH3—(CH2)n—NH2 (wherein n is an integer from 1 to 
6) (I) 

[0051] and compounds of formula (II): 

NH2—(CH2)n—NH2 (wherein n is an integer from 1 to 
6) (II) 

[0052] and compounds which comprise carbon (C), hydro 
gen and nitrogen (N) and have double bonds or triple 
bonds, such as acetonitrile, vinylamine and pyridine. 

[0053] Furthermore, when a cross-linking reagent or a 
condensation reagent is used as a linking layer, a compound 
further containing sulfur (S), oxygen (O) or silicon (Si) can 
be used as a monomer material. Generally, a compound 
appropriately containing any two or more elements selected 
from carbon (C), hydrogen (H), nitrogen (N), sulfur (S), 
oxygen (O) and silicon (Si) can be used. In addition, a 
halogen gas or a rare gas can be used as a monomer material. 

[0054] In the present invention, a compound containing 
nitrogen can be used as a monomer material. Examples of 
the compound containing nitrogen include nitrogen N2; 
ammonium; hydraZine; pyridine; compounds of formulae (I) 
and (II) such as ethylenediamine NH2(CH2)2NH2, hexam 
ethylenediamine NH2(CH2)6NH2, n-propylamine 
CH3(CH2)2NH2 and monoethylamine CH3(CH2)NH; com 
pounds of formula (CH3)3(CH2)nN (n=0 to 17) such as 
triethylamine (C2H5)3N; compounds of formula 
(CH3)2(CH2)nNH (n=0 to 17) such as diethylamine 
(C2H5)2NH; compounds of formula CH2=CH(CH2)nNH2 
(n=0 to 17) such as allylamine CH2=CHCH2NH2; com 
pounds of formula CH3(CH2)nCN (n=0 to 17) such as 
acetonitrile CH3CN; compounds of formula CH3(CH2)nCN; 
propargylamine CHCCHZNHZ; compounds of formula CHC 
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(CH2)nNH2; acrylamide; aniline; acrylonitrile; 1,2,4-triaZ 
ole; and 5-amino-1H-tetraZole. 

[0055] Further examples of of the compound containing 
nitrogen include the following: 

[0056] RaNRb2: 
[0057] Ra is H or CH3(CH2)n (n=0 to 17), 

[0058] and includes a group having a double bond or 
a triple bond or both in the chain, and further a 
branched or cycliZed group, and 

[0059] Rb is H or CH3(CH2)n (n=0 to 17), 

[0060] and includes a group having a double bond or 
a triple bond or both in the chain, and further a 
branched or cycliZed group; 

[0061] RaNRc: 

[0062] Rc is H or CH3(CH2)nCH (n=0 to 17), or CH2, 

[0063] and includes a group having a double bond or 
a triple bond or both in the chain, and further a 
branched or cycliZed group; 

[0064] RdN: 

[0065] Rd is CH3(CH2)nC (n=0 to 17) or CH, 

[0066] and includes a group having a double bond or 
a triple bond or both in the chain, and further a 
branched or cycliZed group; 

[0067] ReNRfNRg2: 

[0068] Re is H or CH3(CH2)n (n=0 to 17), 

[0069] and includes a group having a double bond or 
a triple bond or both in the chain, and further a 
branched or cycliZed group, 

[0070] Rf is (CH2)n (n=0 to 17), 

[0071] and includes a group having a double bond or 
a triple bond or both in the chain, and further a 
branched or cycliZed group, 

[0072] Rg is H or CH3(CH2)n (n=0 to 17), 

[0073] and includes a group having a double bond or 
a triple bond or both in the chain, and further a 
branched or cycliZed group; 

[0074] RhNRiNRj 

[0075] Rh is H or CH3(CH2)n (n=0 to 17) or 
CH3(CH2)n CH (n=0 to 17) or CH)2, 

[0076] and includes a group having a double bond or 
a triple bond or both in the chain, and further a 
branched or cycliZed group, 

[0077] R1 is (CH2)n (n=0 to 17) or CH (CH2)n CH 
(n=0 to 17), 

[0078] and includes a group having a double bond a 
triple bond or both in the chain, and further a 
branched or cycliZed group, 

[0079] Rj is H or CH3(CH2)n CH (n=0 to 17) or 
CH3(CH2)nCH (n=0 to 17) or CH2 or CH3(CH2)n c 
(n=0 to 17) or CH, 
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[0080] and includes a group having a double bond or 
a triple bond or both in the chain, and further a 
branched or cycliZed group; 

[0081] NRkN: 

[0082] Rk is C(CH2)nC (n=0 to 17), 

[0083] and includes a group having a double bond or 
a triple bond or both in the chain, and further a 
branched or cycliZed group. 

[0084] In the present invention, a compound containing 
sulfur can be used as a monomer material. Examples of the 
compound containing sulfur include hydrogen sul?de; car 
bon disul?de thiophene; compounds of formula 
CH3S(CH2)nCH3 (n=0 to 17) such as dimethyl sul?de 
(CH3)2S; compounds of formula CH3(CH2)nSS(CH2)mCH3 
(n=0 to 17, m=0 to 17) such as methyl disul?de CH3SSCH3; 
compounds of formula CH3(CH2)nSH (n=0 to 17) such as 
ethanethiol CH3CH2SH; compounds of formula 
SH(CH2)nSH (n=1 to 17) such as ethanedithiol 
SH(CH2)2SH; mercaptoethanol; and dithreitol. 

[0085] Furthermore, compounds having one of or tWo or 
more of groups including —COOH, —CHO, —SH, —NH2, 
—OH, =NH, CONH2, —NCO, —CH=CH2, =C=O and 

O 

[0086] can be used as a monomer material. Examples of 
such compounds include cysteine, glutathione, formyl suc 
cinate, aminobenZoate, aminohexanate, mercaptobenZoate, 
and compounds having —CECCHZOH. 

[0087] In the present invention, a compound containing a 
halogen can be used as a monomer material. Examples of the 
compound containing a halogen for a plasma polymeriZation 
layer include tetra?uoroethylene, chlorobenZene, hexachlo 
robenZene, hexa?uorobenZene, and vinyl ?uoride. 

[0088] In the present invention, an organic metal com 
pound can be used as a monomer material. Examples of an 
organic metal compound for the plasma polymeriZation 
layer include an organic silicon compounds such as tetram 
ethylsilane, tetramethyldisiloxane, hexamethyldisiloxane, 
hexamethyldisilaZane, hexamethylcyclotrisilaZane, dim 
ethylaminotrimethylsilane, trimethylvinylsilane, tet 
ramethoxysilane, aminopropyltriethoxysilane, octadecyldi 
ethoxymethylsilane, hexamethyldisilane and 
divinyltetramethyldisiloxane. 

[0089] Compounds of formulae (I) and (II) having no 
double bond or triple bond are preferably used because a 
layer is formed sloWly so that the resulting layer is more 
homogeneous, compared With compounds having double 
bonds or triple bonds. 

[0090] The thickness of plasma polymeriZation layer 3 is 
preferably 100 to 3000 angstroms, most preferably 500 to 
1000 angstroms. 

[0091] Plasma polymeriZation layer 3 can be formed by 
plasma treatment to a resulting plasma layer With a poly 
meric or non-polymeric monomer. Examples of such non 
polymeric monomer material include nitrogen, ammonium, 
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hydrazine, hydrogensul?de, hydrogendisul?de, oxygen, 
hydrogen, Water, halogen gas, and rare gas (e.g., argon, 
neon, helium, krypton, and xenon). 

[0092] Furthermore, a mixture of various kinds of mono 
mer materials can be used as a monomer material. Plasma 

polymerization layer 3 can also be formed by lamination 
techniques and optionally using a mixture as a monomer 
material. 

[0093] Plasma polymeriZation layer 3 of the present inven 
tion has the folloWing advantages: 

[0094] 1) The layer is pinhole-free, amorphous, and 
dense. 

[0095] 2) A thin homogeneous layer doWn to about 
500 angstroms can be made, Which exhibits 
extremely little ?uctuation in its refractive index. 

[0096] 3) By changing the kind of plasma gas, not 
only a change in the thickness of the layer but also 
surface modi?cation and surface improvement, such 
as introduction of functional groups, and control of 
the density of the functional groups to be introduced 
can be attained. 

[0097] 4) The layer can be formed in combination 
With semiconductor techniques since it is formed 
under dry conditions. 

[0098] 5) The layer has excellent drug tolerance, heat 
tolerance, mechanical properties, and stability. 

[0099] Furthermore, in the case of a sensor chip for SPR, 
in Which a metal thin-?lm is essential, the metal thin-?lm 
and the plasma polymeriZation layer can be formed in the 
same chamber. Thus, the manufacturing process can be 
simpli?ed. 
[0100] It is also advantageous to attain surface improve 
ment, such as introduction of a functional group, by further 
exposing a resulting plasma polymeriZation layer to plasma 
treatment With a non-polymeric or polymeric monomer. The 
plasma polymeriZation treatment is intended to include a 
treatment With not only a non-polymeric monomer and an 
inactive monomer but also a polymeric monomer. 

[0101] Physiologically active substance 4 to be immobi 
liZed is not particularly limited, provided it reacts interacts 
With a target substance to be measured. Examples of physi 
ologically active substance 4 include nucleic acids (e.g., 
DNA, RNA, and PNA); non-immune proteins (e.g., avidin 
(streptoavidin), biotin or a receptor); immunoglobulin-bind 
ing proteins (e.g., protein A, protein G and a rheumatoid 
factor (RF)); sugar-binding proteins (e.g., lectin); sugar 
recogniZing sugar chains; fatty acids or fatty acid esters 
(e. g., stearic acid, alachidic acid, behenic acid, ethyl stearate, 
ethyl arachidate, and ethyl behanate); polypeptides or oli 
gopeptides having ligand binding activity; immune proteins 
(e.g., an antibody); and enZyme. 

[0102] When an antibody is used as physiologically active 
substance 4, Fc fragments of the antibody can be immobi 
liZed only on the surface of plasma polymeriZation layer 3 
and the antibody is formed in a monomolecular layer as 
shoWn in FIG. 1. HoWever, since the sensitivity and the 
reaction rate decrease as Fab fragments of the antibody are 
separated from plasma polymeriZation layer 3, Fab frag 
ments (FIG. 3 (a)) or F(ab‘)2 fragments (FIG. 3 can be 
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immobiliZed directly on plasma polymeriZation layer 3 as 
shoWn in FIG. 3 to improve the sensitivity and the reaction 
rate. 

[0103] The thickness of physiologically active substance 4 
depends on the siZe of the physiologically active substance 
itself, but is preferably 100 to 3000 angstroms, most pref 
erably 100 to 1000 angstroms. 

[0104] In the present invention, the physiologically active 
substance can be immobiliZed on the plasma polymeriZation 
layer through linking agents. 

[0105] FIG. 4 is a schematic illustration shoWing one 
embodiment of the measuring chip according to the present 
invention. The measuring chip has covalent bond layer 6 
betWeen plasma polymeriZation layer 3 and physiologically 
active substance 4. Substance 4 is immobiliZed on plasma 
polymeriZation layer 3 via covalent layer 6. The covalent 
bond can be formed With a cross-linking reagent or a 
condensation reagent. 

[0106] The cross-linking reagent or a condensation 
reagent is not particularly restricted, provided it can 
covalently and ?rmly immobiliZe substance 4. They can be 
used alone or in combination. 

[0107] Examples of such cross-linking reagents include 
glutaraldehyde, periodic acid, N-succinimidyl-2-maleimi 
doacetic acid, N-succinimidyl-4-maleimidobutyric acid, 
N-succinimidyl-6-maleimidohexanic acid, N-succinimidyl 
4-maleimidomethylcyclohexan-1-carboxylic acid, N-sulfos 
uccinimidyl-4-maleimidomethylcyclohexane-l-carboxylic 
acid, N-succinimidyl-4-maleimidomethylbanZoic acid, 
N-succinimidyl-3-maleimidobenZoic acid, N-sulfosuccin 
imidyl-3-maleimidobenZoic acid, N-succinimidyl-4-male 
imidophenyl-4-butyric acid, N-sulfosuccinimidyl-4-male 
imidophenyl-4-butyric acid, N,N‘-oxydimethylene 
dimaleimide, N,N‘-o-phenylene-dimaleimide, N,N‘-m 
phenylene-dimaleimide, N,N‘-p-phenylene-dimaleimide, 
N,N‘-hexamethylene-dimaleimide, N-succinimidylmaleimi 
docarboxylic acid, N-succinimidyl-S-acetylmercaptoacetic 
acid, N-succinimidyl-3-(2-pyridyldithio)propionate, 
S-acetylmercaptosuccinic anhydride, methyl-3-(4‘-dithiopy 
ridyl)propionimidate, methyl-4-mercaptobutylimidate, 
methyl-3-mercaptopropionimidate, iminothiolene, o-car 
boxymethyl-hydroxylamine, aZodiphenylpilmaleido, bis 
(sulfosuccinimidyl)sperate, 4,4‘-diisothiocyano-2,2‘-disul 
fonic acid stilbene, 4,4‘-di?uoro-3,3‘-dinitrodiphenylsulfon, 
1,5-di?uoro-2,4-dinitrobenZene, p-phenylenediisothiocyan 
ate, dimethyladipimidate, dimethylpimelimidate, dimethyl 
suberimidate, p-aZidophenacylbromide, p-aZidophenylgly 
oxal, N-hydroxysuccinimidyl-4-aZidobenZoate, 4-?uoro-3 
nitrophenylaZide, methyl-4-aZidobenZoimidate, N-S-azido 
2-nitrobenZoyloxysuccinimide, N-succinimidyl-6-(4‘-aZido 
2‘-nitrophenylamino)hexanoate, 1,4-benZoquinone, 
N-succinimidyl-3-(2‘-pyridyldithio)propionate, N-(4-male 
imidobutyloxy)sulfosuccinimide sodium salt, N-(6-male 
imidocaproyloxy)sulfosuccinimide sodium salt, N-(8-male 
imidocaproyloxy)sulfosuccinimide sodium salt, N-(11 
maleimidoundecanoyloxy)sulfosuccinimide sodium salt, 
N-[2-(1-piperaZinyl)ethyl]maleimide bichloric acid, bisdia 
ZobenZidine, hexamethylenediisocyanate, toluenediisocyan 
ate, hexamethylenediisothiocyanate, N,N‘-ethylenebisma 
leinimide, N,N‘-polymethylenebisiodoacetamide, 2,4 
dinitrobenZenesulfonate sodium salt, and diaZo compounds. 
Glutaraldehyde is preferable as a cross-linking reagent. 
























