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(57) ABSTRACT 

Electrode membrane combinations for use in biosensors to 
detect analytes in a sample and methods for making and 
storing same are disclosed. In one aspect, a method is 
provided for producing a ?rst layer electrode membrane 
comprising: 

(1) Forming a solution containing Linker Lipid A, the 
disul?de of mercaptoacetic acid (MAAD) or similar 
molecule, linker Gramicidin B, membrane spanning 
lipid C (MSL-C) and membrane spanning lipid D 
(MSL-D) or other suitable linker molecules and 
other ion channel combinations; 

(2) Contacting an electrode containing a clean gold 
surface With the solution, the disul?de containing 
components in the solution thus adsorbing onto the 
gold surface of the electrode; 

(3) Rinsing the electrode With a suitable organic sol 
vent; and 

(4) Removing the excess organic solvent used for 
rinsing. 

LINKER LIPID A 



Patent Application Publication Mar. 20, 2003 Sheet 1 0f 15 

FIG / i O 

O 

< 

E 
o. 

q. I 
’ \ 0: 
<3 Lu 

x 

E 
_.| 

V 
O 

US 2003/0054431 A1 



Patent Application Publication Mar. 20, 2003 Sheet 2 0f 15 US 2003/0054431 A1 

0 

0—-—-—GRAM|CIDIN 

LINKER GRAMICIDIN B 

F/GZ 



Patent Application Publication Mar. 20, 2003 Sheet 3 0f 15 US 2003/0054431 A1 

m. GT4‘ 
0 GE: wzzziw wzémzwz 

o 

o o 

w 

o o 

:z :2 /=\ 

0 Q GE: ozzzgw mzgmzmz 

mo 

5| \@ mnmzszzolbloll 
@ __ 

a 



Patent Application Publication Mar. 20, 2003 Sheet 4 0f 15 US 2003/0054431 A1 

KN 
0 

0 H 

GRAMICIDIN—O/U\{/NWK\/\/\Q)JK/V\S 
0 n=l,2,3,4,5,6,7,8 

BIOTiNYLATED GRAMICIDIN E ~ 

F764 

0 

GRAMlClDlN- 0 N BIQTIN 

FIG. 5 

0 t 

H N(CH) 

0 



Patent Application Publication Mar. 20, 2003 Sheet 5 0f 15 US 2003/0054431 A1 

(3W0) HONVGHdWl 



Patent Application Publication Mar. 20, 2003 Sheet 6 0f 15 US 2003/0054431 A1 

262.523,; oz 
5 

31:26:35 
02 

2 
83m + 

733 

m2 v2 n9 
( Su"10) 3ONVO3dW| 

5 

2552535 09 2 

/ 

/ 

cog? 

m .35 

bk .Q?x 

mO. v9 m2 m2 
(3W0) EONVGSdWI 



Patent Application Publication Mar. 20, 2003 Sheet 7 0f 15 US 2003/0054431 A1 

22m in NM 55 wozwjéo 80.; 825% .oz 

E 

\f Y / // \/ by‘ i? -oom / / y F/ .% y y 5 t t , W‘ 

*yoom 

m??x . 

(WHO) HONVGHdWI 



Patent Application Publication Mar. 20, 2003 Sheet 8 0f 15 US 2003/0054431 A1 

FIG. 9 

BLOOD-VOLUME TITRATTDN M 

300000 

BLOOD 
m 
L34 mM 

‘ 3.35 mM 

"r 5.03 M 
16.75 M 

I00O00 - 

BLOODvHc 
(AVERAGE 4 

+ ELECTRODES) 
.L 

IMPEDANCE AT 5H2 

50000 1 

l I 0 20 

[KG FROM BLOOD ADDITION ( mM ) 
DT1053d.TC 

—*— K+ RESP 



Patent Application Publication Mar. 20, 2003 Sheet 9 0f 15 US 2003/0054431 A1 

I00000 
F/Gf I04 

90000 - 

FERRITIN IN PBS 
80000‘ RINSE 

70000- b-unbFeFub' L 
RINSE I 

SA I 
60000 IMPEDANII (Ohms) 
50000‘ 

40000- * 

50000 I I I I ' I I I 

60 80 I00 I20 I40 I60 
SCANSITWO SCANS/MINI 

FlERRITIN IN SERUM F76. /0B _ b-unb Ferri?n Fab‘ 
50000 RIIISE 

2000) I . I . . r i 

0 2O 40 60 80 I00 I20 I40 I60 
SCANSI TWO SCANS / MINI 

78000‘ BL000+ FERRITIN 

0- 00b FeFob‘ 
RINSE I RINSE 

IMPEDANCE (Ohms) 



Patent Application Publication Mar. 20, 2003 Sheet 10 0f 15 US 2003/0054431 A1 

IMPEDANCHOhms) 
0: 

E 
.C 
o 
v 

Lu 
0 
z 

IMPEDANCE (Ohms) 

60000‘ 

l00000 

90000 — 

80000 - 

70(D0 

50000 - 

40000 - 

FERRITIN IN PBS 
RINSE 

F I6‘. I00 

30000 
0 

70000 

I I I I T 

60 BO 160 I20 
scA~s<Tw0 SCANS/MIN ) 

I60 

65000‘ 

60000 

55000 - 

FERRITIN IN SERUM 
RINSE 4 

50000- i 
45000~ l 
40000 

FIG/0E 

l 

20 40 
I I 

60 
l 

80 I00 I20 
SCANS (TWO SCANS / M l N) 

I40 

78000 - 

68000 

58000 - 

48000 

BLOOD‘ FERRITIN 

RINE 1 
FIG. IOF 

38000 



Patent Application Publication Mar. 20, 2003 Sheet 11 0f 15 US 2003/0054431 A1 

FIG. // 

ENDDGENDUS SERUM FERRITIN DETECTION 
FROM 4 DIFFERENT VOLUNTEERS 

I000 

IDO 

TRU ( SEC.) 

I 

l I0 100 I000 

END WALL FERRITTN CDNCENENTRATIDN (mg/ml) 



Patent Application Publication Mar. 20, 2003 Sheet 12 0f 15 US 2003/0054431 A1 

FIG. /2 
SA TITRATION wm+ VARIOUS GoX..B 

500 

1 

I00 0.| 

SA CONCENTRATION (mM) 

METHOD= 5/4 MEMBRANES 
1ST LAYERS= lOmM GMPE 

00 I 

_ _ nu_ _ mu 

0 0 
20. 2 .l. 0 0 0. 0 0. 

_ _ 0 0. 5 4 0 0. 

EIQEIEEwé; .2 52 E 

l mM DLP 
l0 uM MSLXXB 
0.8mM MAAD 
0.l uM GuYYSS 

2nd LAYERS: 28 mM GMPE 
0.28 UM CGX..B CHOSEN FROM THE FOLLOWING! 

GaXB 
GuXXB 
GuXXXB 2 
CGKXXXB) 



Patent Application Publication Mar. 20, 2003 Sheet 13 0f 15 US 2003/0054431 Al 

EXAMPLE OF T4 ASSAY WiTH AMBRlBlOSENSOR 



Patent Application Publication Mar. 20, 2003 Sheet 14 0f 15 US 2003/0054431 A1 

FIG‘. /4 
IOOOQOO 

IDODOD‘ 

I000 1 
I I0 ' I00 I000 

II) BEFORE THE ADDITION OF GRAMIClDIN/SDS 
(2) AFTER THE ADDITION OF GRAMlCIDIN/SDS; STREPTAVIDIN AND 

BIDTINYLATED FAB’ 
(3) AFTER THE ADDITION OF FERRITIN 



Patent Application Publication Mar. 20, 2003 Sheet 15 0f 15 US 2003/0054431 A1 

F/G. l5 

I000000 

I 00000 

IOOOO * 

I000 
I K) I00 I000 

(I) BEFORE ADDITION OF GRAMICIDIN /STREPTAVIDIN 
(2) AFTER ADDITION OF GRAMICIDIN/ STREPIAVIDIN AND BIOTINYLATED FAB‘S 
(SIAFTER ADDITION OF TSH 



US 2003/0054431 A1 

SELF ASSEMBLY OF SENSOR MEMBRANES 

[0001] The present invention relates to electrode mem 
brane combinations for use in biosensors to detect analytes 
in a sample and to methods for the production of such 
electrode membrane combinations. The present invention 
also relates to methods for storing such electrode membrane 
combinations. 

[0002] Biosensors based on ion channels or ionophores 
contained Within lipid membranes that are deposited onto 
metal electrodes and Where the ion channels are sWitched in 
the presence of analyte molecules have been described in 
International patent speci?cation Nos WO 92/17788, WO 
93/21528, WO 94/07593 and US. Pat. No. 5,204,239 (the 
disclosures of Which are incorporated herein by reference). 
As is disclosed in these applications, ionophores such as 
gramicidin ion channels may be co-dispersed With 
amphiphilic molecules, thereby forming lipid membranes 
With altered properties in relation to the permeability of ions. 
There is also disclosure of various methods of gating these 
ion channels (for example, the lateral segregation mecha 
nism disclosed in International Patent Application WO90/ 
08783) such that in response to the binding of an analyte to 
a binding partner attached to the membrane, the conductivity 
of the membrane is altered. The applications also disclose 
methods of producing membranes With improved sensitivity 
using a surface ampli?er effect, and improved stability and 
ion ?uX using chemisorbed arrays of amphiphilic molecules 
attached to an electrode surface. The applications further 
disclose means of producing lipid membranes incorporating 
ionophores on said chemisorbed amphiphilic molecules. 

[0003] The present inventors have noW determined 
improved means of producing electrode membrane combi 
nations that result in sensor membranes With improved 
properties in terms of reproducibility, gating response 
toWards an analyte, lateral segregation response, surface 
ampli?er effect, stability in serum, plasma and blood, sim 
pli?ed production and the ability to store the membranes in 
a dry format (i.e. in the absence of any aqueous bath 
solution). 
[0004] In the ?rst aspect, the present invention consists in 
a method of producing a ?rst layer electrode membrane 
comprising: 

[0005] (1) Forming a solution containing Linker Lipid 
A (FIG. 1), the disul?de of mercaptoacetic acid 
(MAAD) or similar molecule, such as EDS linker 
Gramicidin B (FIG. 2), membrane spanning lipid C 
(MSL-C) (FIG. 3) and membrane spanning lipid D 
(MSL-D) (FIG. 3) or other linker molecules and ion 
channel or ionophore combinations as previously 
described; 

[0006] (2) Contacting an electrode containing a clean 
gold surface With the solution, the disul?de containing 
components in the solution thus adsorbing onto the 
gold surface of the electrode; 

[0007] (3) Rinsing the electrode With a suitable organic 
solvent; and 

[0008] (4) Removing the eXcess organic solvent used 
for rinsing. 
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[0009] The nature of the membrane components are as 
folloWs: 

[0010] Linker Lipid A comprising a benZyl disul?de 
attachment region, a hydrophilic region composed, in 
sequence, of tetraethylene glycol, succinic acid, tetraethyl 
ene glycol and succinic acid subgroups and an aliphatic 
chain; 
[0011] The disul?de of mercaptoacetic acid (MAAD) or 
similar molecule, such as the disul?de of 2-mercaptoethanol 
(EDS). 
[0012] Linker Gramicidin B is a linker molecule Which 
comprises a benZyl disul?de attachment region, a hydro 
philic region composed, in sequence, of tetraethylene glycol, 
succinic acid, tetraethylene glycol, succinic acid, and a 
hydrophobic region of gramicidin; 

[0013] Membrane spanning lipid (MSL) D Which com 
prises a benZyl disul?de attachment region, a hydrophilic 
region composed, in sequence, of tetraethylene glycol, suc 
cinic acid, tetraethylene glycol, succinic acid and a hydro 
phobic region of 1,1‘dotriacontamethylenebis (2-3 RS,7R, 
11-phytanyl) With an intermediate biphenyl region and a 
head group of phosphatidylcholine, hydroXyl, succinic acid, 
or PEG-400 COOH; and 

[0014] Membrane spanning lipid C Which comprises the 
same attachment and hydrophilic region as membrane span 
ning lipid D but differs in the head group Which is a group 
consisting of (one to eight) 1.6-amino caproic acid and 
biotin. 

[0015] In a preferred embodiment of the present invention 
the ratio of Linker Lipid A to the disul?de of mercaptoacetic 
acid (MAAD) or 2-mercaptoethoethanol (EDS) is 5:1 to 1:2, 
more preferably is 2:1. 

[0016] It is further preferred that in order to improve the 
stability of the membrane, the amount of MSL-D in the ?rst 
layer is as high as can be alloWed and still maintain 
reasonable gramicidin conduction. The ratio of (Linker 
Lipid A+MAAD or EDS) to MSL-D is therefore preferably 
betWeen 10:1 to 100:1. 

[0017] In a further preferred embodiment, the amount of 
MSL-C is such that in the ?nal sensor membrane an effective 
surface ampli?cation on addition of analyte occurs, While 
still making it possible to suppress the lateral segregation 
induced gating on addition of the streptavidin, avidin or 
other similar biotin-binding protein. It should be noted that 
if the amount of MSL-C in the ?nal sensor membrane is too 
large, then the eXcess protein that is bound to the MSL-C on 
addition of the streptavidin, avidin or similar biotin-binding 
protein Will restrict the mobility of the gramicidin/receptor 
couple thereby reducing the gating response. In cases Where 
the analyte molecule has multiple identical epitopes, MSL-C 
may capture the analyte molecules in preference to grami 
cidin/receptor couple, reducing the biosensor response. 

[0018] It is therefore preferred that the ratio of (Linker 
Lipid A+MAAD or EDS) to membrane spanning lipid C is 
betWeen 20,000:1 and 100:1. 

[0019] It is further preferred that the ratio of (Linker Lipid 
A+MAAD or EDS) to MSL-C is 20.000:1. 

[0020] As is knoWn in the art, gramicidin eXists in a 
monomer/dimer equilibrium in a bilayer membrane. In order 
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for the gramicidin lateral segregation switch to function 
effectively, the ratio of monomer to dimer must be con 
trolled. It is preferred that a proportion of the gramicidin ion 
channels eXist as freely diffusing monomers in the outer 
membrane layer. The ratio of monomers to dimers can be 
controlled, amongst other methods, by changing the con 
centration of gramicidin in the ?rst and second half of the 
membrane. 

[0021] It is therefore preferred that the ratio of (Linker 
Lipid A+MAAD or EDS) to linker Gramicidin B is 
10.00011. 

[0022] It is further preferred that the ratio of (Linker Lipid 
A+MAAD or EDS) to linker Gramicidin B is betWeen 
20,000:1 and 100,000:1 in those cases Where it is necessary 
to minimise the amount of background leakage due to the 
adsorbed linker Gramicidin B. 

[0023] It is preferred that the gold electrode consists of a 
freshly evaporated or sputtered gold electrode. It is further 
preferred that the gold electrode surface be freshly cleaned 
using a plasma etching process or an ion beam milling 
process. 

[0024] It is preferred that the solvent for the adsorbing 
solution (step (1) and for the rinsing step (4) is ethanol. 

[0025] In a second aspect, the present invention consists in 
a method of producing a monolayer electrode membrane 
comprising: 

[0026] (1) Forming a solution containing the disul?de 
of mercaptoacetic acid (MAAD) or similar molecule 
(e.g. 2-mercaptoethanol (EDS)), membrane spanning 
lipid C(MSL-C) and/or membrane spanning lipid 
D(MSL-D) and, optionally, Linker Lipid A, linker 
Gramicidin B or other linker molecules or ion channel 

or ionophore combinations; 

[0027] (2) Contacting an electrode containing a clean 
gold surface With the solution, the disul?de containing 
components in a solution thus adsorbing onto the gold 
surface of the electrode; 

[0028] (3) Rinsing the electrode With a suitable organic 
solvent; and 

[0029] (4) Removing the eXcess organic solvent used 
for rinsing, 

[0030] Wherein the solution in step (1) contains more than 
a molar % of 50% of a membrane spanning lipid. 

[0031] More preferably, the solution in step (1) contains 
more than a molar % or 70% of a membrane spanning lipid, 
29% MAAD or EDS and 1% other membrane spanning 
lipids. 
[0032] The preferred features and embodiments discussed 
above in regard to the method of the ?rst aspect of the 
invention, may be equally applicable to the method of the 
second aspect of the invention. 

[0033] The membranes produced by the method of the 
second aspect of the invention, do not form bilayers and 
have been found to be particularly resistant toWards non 
speci?c effects on addition of serum, plasma or Whole blood 
to the sensor. Further advantages have been noted in that 
these membranes may be reused over a period of months in 
serum, plasma or Whole blood Without shoWing signs of 
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degradation of performance. Monolayer lipid membranes 
are more practical for manufacturing purposes, have feWer 
manufacturing steps and greater stability, leading to a later 
eXpiry on the manufactured sensor containing such mem 
branes. In this it is also preferable for the spacer molecule, 
MAAD or EDS, to be covalently linked to the membrane 
spanning lipids C or D, and covalently linked to PEPC, 
GDPE or triphytanyl PC, Which increases stability of the 
?nal membrane. 

[0034] A further preferred embodiment of the method 
according to the second aspect of the invention, consists in 
the use of valinomycin, covalently linked to the membrane 
spanning lipids C or D, via a linker of appropriate length 
such that the valinomycin is able to diffuse from one side of 
the membrane to another. This then results in a reusable 
biosensor, Which does not need replenishment of the iono 
phore and could be used for an implantable device. 

[0035] The present inventors have determined that the 
production of the biosensor is simpli?ed and improved 
through the use of streptavidin, avidin or one of the related 
biotin binding-proteins as a means of coupling a biotinylated 
receptor onto a biotinylated gramicidin ion channel or MSL. 

[0036] In a third aspect, the present invention consists in 
a method of producing a second layer electrode membrane 
combination utilising biotinylated gramicidin E, in Which 
the biotin is attached to the gramicidin via an amide to a 
lysine residue (preferred for chemical stability) or via an 
ester link to ethanolamine using a linker arm that is made up 
of betWeen 1 to 8 aminocaproyl groups. The linker length, 
type, valency and number of linkers can affect the stability 
of the completed sensor and the optimum linker varies 
depending on the analyte being measured. The method 
comprises: 

[0037] (1) Adding a solution of lipid and biotinylated 
gramicidin E (FIG. 4), dispersed in a suitable solvent 
onto the electrode surface containing a ?rst layer pro 
duced as described in the ?rst aspect of the present 
invention; 

[0038] (2) Rinsing the electrode surface With an aque 
ous solution; 

[0039] (3) Adding a solution of streptavidin, avidin, 
neutravidin, avidin or streptavidin derivative; 

[0040] (4) Rinsing the electrode With an aqueous solu 
tion in order to remove eXcess streptavidin, avidin, 
neutravidin or other avidin or streptavidin derivative; 

[0041] (5) Adding a solution of a biotinylated binding 
partner molecule; and 

[0042] (6) Rinsing the coated electrode With an aqueous 
solution. 

[0043] In a preferred embodiment of the present invention 
the lipid used in step (1) of the method of the third aspect is 
a mixture of diphytanyl phosphatidyl choline and glyceryl 
diphytanyl ether. The inventors have found that the combi 
nation of these lipids improves the stability of the bilayer 
membrane toWards serum, plasma and Whole blood, While 
still maintaining a good ionic seal, ?uidity, reducing tem 
perature effects on conduction and maintaining a true bilayer 
membrane structure. 
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[0044] It is further preferred that the diphytanyl phosphati 
dyl choline (DPEPC) and glyceryl diphytanyl ether (GDPE) 
is in a 7:3 ratio. 

[0045] It is further preferred that the lipid is a triphytanyl 
phosphoryl choline as shoWn in ?gure 

[0046] It is also preferred that membranes contain 0 to 
50%, more preferably 0 to 20% cholesterol in the second 
layer to enhance stability and analyte response in a serum, 
plasma or Whole blood sample. 

[0047] It is preferred that the ratio of lipid to biotinylated 
gramicidin E is betWeen 10,0001 and 1,000,000z1. 

[0048] It is further preferred that the ratio of lipid to 
biotinylated gramicidin E is 100,00011. 

[0049] It is preferred that the biotin is attached to the 
gramicidin via the ethanolamine end using a linker arm that 
is betWeen 10-80 angstroms long. It is preferred that the 
linker arm is hydrophilic. 

[0050] It is preferred that the biotin is attached to the 
gramicidin via the ethanolamine end using a linker arm that 
is made up of betWeen 1 to 8 aminocaproyl groups. 

[0051] It is further preferred that tWo biotins are attached 
to the gramicidin via the ethanolamine end such that the 
biotins are able to bind simultaneously into the adjacent 
binding sites of one streptavidin, avidin or similar biotin 
binding protein molecule, or into tWo separate streptavidin 
avidin or similar biotin-binding protein molecules. 

[0052] Alternatively, more than tWo biotin molecules can 
be attached to the gramicidin to produce multiple attachment 
sites for the binding partner molecules. 

[0053] It is preferred that the tWo biotins are attached to 
the gramicidin via the ethanolamine end such that each 
biotin is attached to tWo to four linearly joined aminocaproyl 
groups that are attached to a lysine group as shoWn in ?gure 
(5). When more than tWo biotin molecules are attached to the 
gramicidin, a longer linker up to tWenty aminocaproyl 
groups may be necessary these may be organised linearly or 
as a branched structure. 

[0054] It is further preferred that in order to optimise the 
analyte response, it is necessary to minimise the signal 
caused by the presence of the linker. Thus, the amount of 
streptavidin, avidin or other similar biotin-binding protein 
that is added in step (3) is sufficient to cause a proZone effect, 
alloWing most of the available biotinylated species in the 
membrane to have one streptavidin or related molecule 
bound to prevent crosslinking betWeen gramicidin channels 
and MSL until a sample containing analyte is added to the 
sensor. 

[0055] It is further preferred that prior to the addition of 
the streptavidin, avidin, or similar biotin-binding protein the 
lipid membrane electrode assembly is cooled. This reduces 
the ?uidity of the membrane, decreasing the mobility of 
membrane components thus alloWing the streptavidin, avi 
din or other similar biotin-binding protein to more readily 
bind to the biotinylated Gramicidin E and the membrane 
spanning lipid C Without crosslinking betWeen gramicidin 
channels and MSL until a sample containing analyte is 
added to the sensor. 
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[0056] It is preferred that the lipid membrane electrode is 
cooled to betWeen 0° and 50° C. more preferably 0° and 5° 
C. It is further preferred that the subsequent rinsing and 
addition of the biotinylated binding partner molecule are 
also carried out at 0° to 50° C., more preferably 0° to 5° C. 

[0057] It is preferred that the binding partner molecule is 
a biotinylated antibody or biotinylated antibody fragment. 

[0058] It is further preferred that the binding partner 
molecule is a Fab‘ fragment that is biotinylated via the free 
Fab‘ thiol group. 

[0059] Is further preferred that the linker betWeen the Fab‘ 
and biotins is betWeen 10-80 angstroms in length. Is further 
preferred that the linker betWeen the Fab‘ and biotins con 
sists of one to eight aminocaproyl groups. 

[0060] It is further preferred that the group containing tWo 
biotins is attached to the antibody or antibody fragment such 
that the tWo biotins are able to complex simultaneously one 
streptavidin, avidin or other similar biotin-binding protein or 
tWo adjacent streptavidin, avidin or other similar biotin 
binding protein molecules 

[0061] Alternatively, more than tWo biotins may be 
attached to the antibody or antibody fragment. 

[0062] Furthermore, the present inventors have deter 
mined that by producing a covalently or passively coupled 
conjugate betWeen the binding partner molecule and the 
streptavidin, avidin or other similar biotin binding protein 
the production of the biosensor membrane is further sim 
pli?ed. 
[0063] Accordingly steps 3 to 5 of the method of the third 
aspect can be substituted With: 

[0064] (3) Adding a solution containing a conjugate 
betWeen streptavidin; avidin, neutravidin or other avi 
din or streptavidin derivative and a molecule Which is 
a member of a binding pair. 

[0065] It is preferred that the binding partner molecule is 
an antibody or an antibody fragment such as an Fab or Fab‘ 
or Fv fragment. Other binding pairs, Which could be used in 
this invention Would include: naturally occurring binding 
proteins and cellular receptors/analytes, enZymes or enZyme 
analogues/substrates, lectins/carbohydrates, complementary 
nucleic acid sequences and Anti-FC, Protein A or Protein 
G/antibody. 
[0066] In order to manufacture sensor membranes ef? 
ciently and reproducibly, it is advantageous to incorporate 
the ionophore separate to the assembled membrane. It is also 
advantageous to bind one binding partner to the ionophore, 
before incorporation into the membrane. This both controls 
and enhances the reproducibility of membrane conduction 
and alloWs the reproducible attachment of the second bind 
ing partner needed in a tWo site immuno- or similar assay 
system, ensuring that only the ?rst binding partner is 
attached to ionophore and only the second binding partner is 
attached to a second ionophore or MSL. 

[0067] The present inventors have found that it is possible 
to co-disperse the hydrophobic ionophore in aqueous solu 
tion by several means, including: 

[0068] 1. The presence of a detergent, preferably at 
levels beloW the critical micelle concentration of the 
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detergent, such that ionophore and the detergent form 
aggregates Which allow the ionophore to remain in 
solution; 

. on u at1on o t e ram1c1 in or ot er 1ono 0069 2Cjg' fhg "d' h' 
phore to a large molecular Weight Water soluble spe 
cies; and 

[0070] 3. Attachment of the ionophore to a bead. 

[0071] Furthermore it Was found that it Was possible to 
incorporate the functional ionophore into the biosensor lipid 
membranes by adding an aqueous solution of the ionophore/ 
detergent aggregate to the solution bathing the preformed 
lipid biosensor membrane. This method of addition of the 
ionophore alloWs for a more controlled and reproducible 
method of incorporation of the ionophore into the lipid 
membrane. 

[0072] Accordingly, in a fourth aspect, the present inven 
tion consists in a method of producing a second layer 
electrode membrane combination comprising: 

[0073] (1) Adding a solution of lipid dispersed in a 
suitable solvent onto-the electrode surface containing a 
?rst layer produced as described in the method of the 
?rst aspect of the present invention; 

[0074] (2) Rinsing the electrode surface With an aque 
ous solution; 

[0075] (3) Adding an aqueous solution containing iono 
phore co-dispersed With detergent or solubilised by 
coupling to a high molecular Weight soluble species; 

[0076] (4) Rinsing the electrode With an aqueous solu 
tion; and 

[0077] (5) Adding the receptor using either streptavidin, 
avidin, or other similar biotin-binding protein folloWed 
by addition of a biotinylated antibody or antibody 
fragment or adding a streptavidin, avidin or similar 
biotin-binding protein conjugated to an antibody or 
antibody fragment as detailed in the third aspect of the 
present invention. 

[0078] In a preferred embodiment of the present invention 
the lipid used in step (1) is a mixture of diphytanyl phos 
phatidyl choline and glyceryl diphytanyl ether. It has been 
found that the combination of these lipids improves the 
stability of the bilayer membrane toWards serum, plasma 
and Whole blood, While still maintaining a good ionic seal, 
?uidity, reducing temperature effects on conduction and 
maintaining a true bilayer membrane structure. 

[0079] It is further preferred that the diphytanyl phosphati 
dyl choline and glyceryl diphytanyl ether is in a 7:3 ratio. 

[0080] It is further preferred that the lipid is a triphytanyl 
phosphoryl choline as shoWn in ?gure 

[0081] It is also preferred that membranes contain 0 to 
50%, more preferably up to 20% cholesterol in the second 
layer to enhance stability and analyte response in a serum, 
plasma or Whole blood sample. 

[0082] It is preferred that the aqueous solution used in step 
(3) of the fourth aspect of the present invention, contains 
gramicidin or a gramicidin derivative that is added to an 
aqueous solution of a detergent such that the detergent is 
present in eXcess relative to the gramicidin but that the total 
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concentration of detergent is beloW the critical micelle 
concentration (CMC). The total detergent concentration is 
preferably kept beloW the CMC in order to minimise or 
negate any possible disruption of the membrane by the 
detergent. 

[0083] The gramicidin/detergent solution is then prefer 
ably sonicated using an ultrasonic bath or horn for 5 to 20 
minutes. 

[0084] Preferred detergents are sodium dodecylsulfate, 
octylglucoside, tWeen, or other ionic or non-ionic deter 
gents. 

[0085] It is further preferred that the alkyl chain contains 
at least 7 or more methylene groups. 

[0086] It is preferred that the detergent is sodium dode 
cylsulfate. 

[0087] It is further preferred that the concentration of the 
sodium dodecylsulfate is less than 0.00001M and that the 
concentration of gramicidin is ten times less than the sodium 
dodecylsulfate concentration. 

[0088] It has been found that, if it is necessary to store the 
electrodes Which already have the ?rst layer of the mem 
brane adsorbed onto the electrode surface, then it is advan 
tageous to store said electrodes covered in a solvent. This 
method of storing the electrode With the ?rst layer mem 
brane in a solution has been found to produce subsequent 
sensor membranes With improved homogeneity and iono 
phore gating ability, compared With storing the electrode in 
air. 

[0089] Accordingly, in a ?fth aspect the present invention 
consists in a ?rst layer membrane electrode combination 
comprising an electrode and a ?rst layer membrane com 
prising a closely packed array of amphiphilic molecules and 
a plurality of ionophores, the ?rst layer membrane being 
connected to the electrode by means of a linker group as 
described previously, said ?rst layer membrane being stored 
in the presence of a solvent. 

[0090] Electrodes may be stored in a gaseous or liquid 
environment and, in a preferred embodiment, the solvent in 
Which the electrodes are stored is an organic solvent or an 
aqueous solvent. 

[0091] If the solvent is an organic solvent, it is further 
preferred that the solvent is an alcohol such as ethanol, 
glycerol, ethylene glycol, an alcohol or diol containing 
betWeen 3 to 12 carbon atoms. 

[0092] It is further preferred that the solvent is a hydro 
carbon With betWeen 8 to 20 carbon atoms. It is further 
preferred that the solvent is an aqueous solution containing 
a detergent. 

[0093] It is further preferred that the solvent is a com 
pound that is able to coat the electrodes such that oxidation 
of the electrode surface is minimised. It is preferred that 
such a solvent can be applied as a thin ?lm. 

[0094] Additionally it has been found that it is possible to 
store the complete sensor membrane electrode combination 
in a non-aqueous format. This is highly advantageous in 
terms of ease of manufacturing, shipping and storing of the 
biosensor product. 


















