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morphine
Morphine-conjugated BSA

morphine-conjugated thyroglobulin morphine
scFv single chain Fv; scFv morphine
scFv  M86 M86
Morphine- CM5
SPR (Surface Plasmon resonance analysis) Kd 1.26 x 10-8 M
ELISA morphine opium codeine heroin
ICso opium, morphine, codeine, heroin 257 ng/ml 36.4
7.3 7.4nM M86 morphine codeine
M86 morphine
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M86 morphine
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2-1
(5a,6a)-7,8-didehydro-4,5-epoxy-17-methylmorphinan-3,6-diol (morphine)
(5a,6a)-7,8-didehydro-4,5-epoxy-3-methoxy-17-methylmorphinan-6-ol (codeine)
(5a,6a)-7,8-didehydro-4,5-epoxy-17-methylmorphinan-3,6-diol  diacetate (heroin)
(RS)-2-(2-chlorophenyl)-2-methylamino-cyclohexan-1-one  (ketamine), and methyl
(1R,2R,35,55)-3-(benzoyloxy)-8-methyl-8-azabicyclo[3.2.1]octane-2-carboxylate
(cocaine) [BSA
thyroglobulin (Tg)] 1 morphine

morphine 6 morphine protein
conjugated morphine-6-hemisuccinate morphine 3
morphine protein conjugated morphine-3-glucuronid  morphine

protein conjugated

N-carboxypropylnormorphine

2 hydroxycarbonylmethylaminomethyl
* Cconjugate’ Imject
PharmaLink Immunogen Kit carbonylaminoethylaminomethyl

* C conjugate’
hydroxycarbonylmethyl

“ N conjugate’
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2-2

2-2-1
C conjugate 2-1a compound 1-3
Imject PharmaLink Immunogen Kit Thermo Fisher Scientific morphine 10
pmol BSA SuperCarrier® 24
morphine-C'-BSA 2-1a compound 1
Morphine 30 pumol aminomethy CH2-NRH
bromoacetic acid benzyl ester 30 pumol
benzyloxycarbonylmethylaminomethyl-conjugated ca. 10
pmol hydroxycarbonylmethylaminomethyl-conjugated morphine
morphine-C 2-1a compound 2
Benzyloxycarbonylmethylaminomethyl-conjugated ca. 10 umol  methyl iodide
10 pmol 3-methoxy-2-benzyloxycarbonylmethylaminomethyl
hydroxycarbonylmethylaminomethyl-conjugated codeine codeine-C
2-1a compound 3
N conjugate 2-1b compound 4-6
Morphine 20 umol cocaine 20 pmol 1-chloroethyl chloroformate 80 pmol
normorpnine norcocaine [1] Normorpnine 10
pmol norcocaine 10 pmol bromoacetic acid benzyl ester
N-benzyloxycaroxymethyl —conjugated N-
hydroxycarbonylmethyl-conjugated  morphine morphine-N
N-hydroxycarbonylmethyl-conjugated cocaine cocaine-N 2-1b
compound 4-5 Ketamine 20 pmol bromoacetic acid benzyl ester 22 umol

N-benzyloxycaroxymethyl-conjugated
N-hydroxycarbonylmethyl-conjugated ketamine ketamine-N

2-1b compound 6

Protein-conjugate

1-(3-dimethylaminopropyl)-3-ehtylcarbodiimide (EDC) C conjugate N
conjugate (BSA Tg) Coumpounds 2-6 ca. 10
pmol 10mg Tg[2ml 50 mM phosphate buffer pH7.5 ] 4°C 15

Coumpounds2 4 BSA
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2-2-2

BALB/cCrICrlj 7 n=
3; Charles River Laboratories Japan, Inc. 25 pg/100 pl
Adjuvant, Complete(Freund)

(DIFCO) 2-5 Adjuvant, Incomplete(Freund) (DIFCO)
ELISA
P3U1 51
P3U1 Polyethylene Glycol 1500 PEG
1.0 10s / HAT 10
HT 10
ELISA
ELISA
ELISA
50 ng/50 pl/ Nunc-Immuno plate
Maxisorp, Nunc 1.0% blockace DS Pharma Biomedical 2
50 ul 2
horseradish peroxidase HRP IgG 1:2500 Santa Cruz
Biotechnology 30 100 pl o-phenylenediamine
dihydrochloride Sigma FAST 50set Sigma Aldrich Corporation 30
50 ul 2 M 10% H2SO04 EnSpire 2300 Multilabel
Reader PerkinElmer 490 nm
ELISA

Morphine-C-BSA 2-3 b Morphine-N-BSA 2-3¢ 50 ng/50 pl/
morphine codeine heroin cocaine ketamine 0.1
10 1000 ng/ml 2

19



2-3
2-3-1
morphine-C’-BSA

a) C conjugates

H HO.
NH;, HCHO
N/ .
H H
2-1
PharmaLink

morphine-C'-BSA C compounds 2 3

C’ conjugate

carbonylaminoethylaminomethyl

morphine-C-BSA
morphine-N-Tg codeine-C-Tg ketamine-N-Tg cocaine-N-Tg

NH,

|

-

BrCH.COOCH,CeHs
e

Immunogen Kit

C conjugate

carbonylmethylaminomethyl

HO

HO

morphine-C-protein

20

morphine-C-Tg

morphine-N-BSA

2-1
0
NHV\_N ‘)LESPA
HO H
- PhamalLink Kit
N —— P
N
e 18
HOZS"" Compound 1
0
o NH
N \)J\OH
HO
He, PAIC
- —
N [a] N/
HO Compound 2
Mel, NaOH
0
0 NH AL
NHAN OH
CH;0
@Hz, PdIC
N o] N/
HO Compound 3

a C conjugate

Compound 1

BSA or Tg

C

codeine-C-Tg
. C’ conjugate

conjugate




b) N cojugates
HO
H H HO Oy -OH
CH,CHCIOCOC BICH,COOCH,CeHs G‘j”on, PdIC o) j/
. —_— h ——> v —> N
H H H HO
Compound 4
COOCH, COOCH, COOCH;
CH CODCHzc‘H CH,COOH
o CHCHClocOoC! 0 BrCH,COOCH;Cehs o Ha, PG E d_c,o
Compound 5
Cl
l /\Q “ OH
NH \/J@;- |
BrCH,COOCH,CH; Hy PAIC N\/g
0
Compound 6
2-1 b N conjugate

N compounds4 5 6
morphine-N-protein (BSA or Tg) cocaine-N-Tg ketamine-N-Tg

c)
EDC
Narcotic — COOH + protein (BSA, Tg) ——» Narcotic — BSA or Tg

2-1 c
Compounds 2-6
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide EDC
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2-3-2
morphine-C'-BSA morphine-N-Tg
morphine-C'-BSA

morphine-N-Tg 2-2
1.0 10s / 96 HAT HT
2-1
Morphine-C-BSA 146% 2.6
54.9% 96.8 PEG
P3U1
morphine-C-BSA morphine-C-Tg
Morphine-N-Tg
morphine-C-BSA 2 M17-2E12 M17-1E10 ELISA
M17-2E12
MH1 MH1 ELISA ELISA MH1
morphine-N-BSA morphine-C-BSA codeine-C-BSA cocaine-N-BSA
ketamine-N-BSA 2-3a
BSA Tg MH1
Morphine-N-BSA morphine-C-BSA
MH1
morphine-C-BSA 2-3 b morphine-N-BSA 2-3 ¢ ELISA
MH1
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Absorbance at 490 nm

L

1 12
08 | g 1
06 b go8t
%06 |
04 | sl
0.
0.2 x-;q g 02 | ¥,
0 1730 I 190 - 1270 I LS10 L2430 17290 L218T0 <o 130 190 1270 LSI0 12430 17290 121870
02 * Serum dilution 02" Serum dilution
=13t =r=Ind =—@=3rd % Tg =]zt =r=2nd =—8=3rd =—=d4th ¥ Tg
c)
12
E
=
o038
3
2 0.6
204
Z
202
0 . . R AL T Wppy. - 8
130 1/%0 11270 1/810 2430 17290
Serum dilution
== ]t 3 BSA
2-2 a Morphine-C-BSA 1
b Morphine-C-BSA 12
¢ Morphine-N-Tg
morphine-C-Tg a b morphine-N-BSA ¢ Tg a b BSA
c ELISA HRP 1gG
(1:2500) o-phenylenediamine dihydrochloride (Sigma FAST) 50set
490 nm
2-1

R R ARERENE (%)

morphine=C' -BSA 1 [EIH 14. 6
morphine-C' -BSA 2 B8 2.6
morphine-N-Tg 54.9
ketamine-N-Tg 98.6
cocaine-N-Tg 14.8
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E
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S
o038 |
"
= 0.6
204t
2oz}
-
0
ép
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ol
&
Antigen (50 ngfwell)
b) c)
0.3 037 ¢
£ |
g 02 %034 |
=
% 0.15 50.33 |
£ fon |
z Z931
< 0.05 < ol
0 0.29
morphine| codeine | heroin | cocaine |ketamine morphine| codeine | heroin | cocaine |ketamine
Competitors (ng/ml) Competitors (ng/ml)
2-3 MH1 a
b Morphine-C-BSA ELISA ¢
Morphine-N-BSA ELISA
a morphine-C-BSA b morphine-N-BSA ¢ ELISA
ELISA b ¢ MH1
2 HRP 1gG
(1:2500) o-phenylenediamine dihydrochloride (Sigma FAST) 50set
490 nm
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2-4

Morphine-N-Tg morphine-C-BSA MH1
morphine codeine-C-BSA morphine
ocaine-N-BSA ketamine-N-BSA MH1
morphine

codeine cocaine ketamine
ELISA MH1 morphine codeine heroin cocaine ketamine
MH1

Morphine-C-BSA

[2-4] Morphine-C-BSA 3 5
14.6% 2.6 B
48 72 3 4
Morphine-C’-BSA BSA cationized BSA
BSA

morphine-C-BSA
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(single chain Fv, scFv)

31
morphine 2
morphine 1
morphine
morphine codeine
3-2
3-2-1
BALB/cCrlICrlj 7 n=3 morphine-C'-BSA
Adjuvant, Complete(Freund) 11 100 pl 2 5
Adjuvant, Incomplete(Freund) 11 100 pl
2 3
ELISA
3-2-2 morphine scFv
morphine scFv Burmester [1]
BALB/cCrlICrlj 20 ug  morphine-C-Tg
30 morphine-C-Tg morphine moiety-reactive
Morphine moiety-reactive ISOGEN NIPPON GENE CO., LTD.
RNA First-Strand cDNA Synthesis Kit GE Healthcare cDNA
VH VL

Burmester [1]
DNA 5-Sfil
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site-VL-linker-VH- Sfil site-3' 5'-Sfil site-VH-linker-VL-Spel site-3' FLAG

Tag VH 19
4 Vi 17 3
VA 1 1
PCR VH VL
DEAE
VH VL overlapping-PCR VH-(GlyaSer)s -VL
scFv ScFv pCANTABSE 50 100 unit
Sfil New England Biolabs Inc. 50 8 50unit  Spel New England Biolabs
Inc. 37
DEAE ScFv
pCANTABSE 38 1 200 unit T4 DNA
ligase New England Biolabs Inc. 16

E coli. TG1 Electrocompetent Cells Lucigen Corporation

2.0mm cuvette 25 yF 200 Q 25KV BIO-RAD GENE PULSERR  Bio-Rad

Laboratories 400 mL  2TYAG Bacto Tryptone
1.6% Bacto Yeast Extract 1.0% NaCl 0.5% Glucose 2.0% Ampicillin 0.01%

10
TG1 cells 2TYAG Ampicillin-
cfu/mi Ampicillin-
Applied Biosystems 3130xI Genetic Analyzer  Applied

Biosystems DNA
3-2-3 Sckv
ScFv Hashiguchi [2]
E coli. TG1 cells 2TYAG 37 OD600 = 0.4-0.5 101 cfu
(final conc. 10° cfu/ml) M13 KO7 helper phage 2TYAK

Kanamycin 0.005%
20% polyethylene glycol (PEG)/2.5 M NacCl

PBS
3-2-4
1pg morphine-C-Tg/0.1 M NaHCOs
1.0 Dblockace 2 0.1
Tween20-PBS (PBST) 3 0.55 mL
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1.2 x 1012 cfu/1.0%Tg, 1.0%BSA

PBST 10 PBS 5 0.5 mL
pH 2.2 morphine-C-Tg scFv
1 M Tris (hydroxymethyl)aminomethane-HCI, p
H 9.0 pH E coli. TG1 cells
TGl 2TYAG 30 (1st
) TGl 2TYAG 30 1st
2nd 3rd
morphine-C-Tg 3 2
3 2TYAG SscFv
morphine-C-Tg ELISA
3-2-5 morphine scFv
scFv Hashiguchi [2] morphine-C-Tg
No.9, 33, 38, 86, 95, 101 E. coliHB2151 SOBAG-N

Bacto Tryptone 2% Bacto Yeast Extract 0.5% NaCl 0.05% KCI

2.5mM MgCl:
125 pg/ml Agar 1.5%
30
0.4-0.5

Ampicillin

mM EDTA
rpm 10

PBS

PBS 5

30

Millipore

E-tag

Nacalai Tesque Inc.

3-2-6 M86
No.86 M86

10 mM Glucose 2.0% Ampicillin 0.01% Nal

30 2TYAG
2TYAG 37 OD600 =
2TYAI I1mMIPTG 0.01%
25 12 SscFv
1
30 15000 x
15000 x rpm 5
Immobilon-P
1.0%blockace 5 pg/ml
Abnova 1 2000 HRP
IgG Chemi-Lumi One

LAS1000 FUJIFILM

HisTrap HP column GE Healthcare
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20 mM sodium phosphate 500 mM NaCl 500

mM imidazole pH 7.4 PBS SDS-PAGE
Superdex 75 10/300 GL GE Healthcare 100 pl
PBS 0.4 ml/min BS

A Ovalbumin

3-2-7 SDS-PAGE Western blotting

SDS-PAGE 15 20 mA 1
SimplyBlue SafeStain Invitrogen SilverStain kit Wa
ko
Western blotting Hashiguchi [2] 15
SDS-PAGE Immobilon-P E-tag
Kamiya Biomedical Company HRP IgG
H+L Thermo Scientific Chemi-Lumi One
LAS-1000
3-2-8 ELISA
ELISA Hashiguchi [2] 50 ng/50 ul
ELISA
1.0 blockace 200 nl/ ELISA
morphie-C-Tg 50 ng/50 ul/ 50 ul
2 50 pl HRP I
gG (1:2500) 30 100 pl  o-phenylenediamine dihydrochlori
de (Sigma FAST) 50set 30 50 pl 2 M (10%) H2SO4
EnSpire 2300 Multilabel Reader 490 nm
ScFv scFv 50 ul/
2 50 pul 1:1000 M13
GE Healthcare 1 50 pul 1 1000
Alkaline Phosphatase AP Ig H+ L Jackson Immuno
Research 30 1 g/ml p-nitrophenyl
phosphate 10 50 ul/
405 nm
scFv scFv 50 ul/
2 50 pl 1:1000 E-tag
1 50 ul 1 1000 HRP

30



IgG H+ L 30 100 pl  o-phenylen

ediamine dihydrochloride (Sigma FAST) 50set 30 50 pl 2 M (10%) H2
S04 490 nm
MOP-7 -morphine 1gG: sc-69864; Santa Cruz Biotechnology
1:5000 MOP-7 50 ul/ 2
50 ul 1 2500 HRP lg
sckFv
ELISA SscFv
ELISA scFv
3-2-9 CDR gene usage
scFv DNA Applied Biosystems 3130xI

Genetic Analyzer BigDye® Terminator v3.1 Cycle Sequencing Kit Applied
Biosystems Genetyx ver. 8. software Genetyx
Corporation

Kabat format [3] 1-3 CDR1-CDRS3
FR1-FR4 ScFv IMGT/V-QUEST database
gene usage

3-2-10 M86 SPR

BlAcore X100 system GE Healthcare, Princeton CM5
Amersham Biosciences morphine-C-Tg 20 pg/ml 10 mM sodium acetate
buffer, pH 4.0 1 M ethanolamine—HCI (pH 8.5)

Association reaction 62.5 ng/ml 125 ng/ml 250 ng/ml 500 ng/ml 1000 ng/ml
M86 30 pl/min Dissociation reaction
HBS-EP buffer 0.01 M Hepes 0.15M NaCl 3mM EDTA 0.005% v/v surfactant P20

pH 7.4) 0.1 M glycine-HCI buffer pH 2.5

BlAcore system software BlAcore X100 evaluation software 1:1 binding model

association constant (ka, M-1s-1) dissociation constant (kq, s1) Ka M)

3-2-11
Molecular Operating Environment MOE software Chemical Computing Group Inc.
[4] morphine
X anti-morphine antibody 981 PDB ID: 1Q0Y
[5] MMFF94s
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force field generalized Born salvation model M86

morphine, codeine, heroin, ketamine, cocaine

ASEDock program Ryoka Systems Inc. [6]

MMFF94s force field
MOE Alpha Site Finder M86
Morphine, codeine, heroin, ketamine,

cocaine Udock

M86
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3-3
3-3-1 morphine immune scFv library

morphine immune scFv library pCANTABSE
phagimid vector 3-1 3-1

mRNA

SD leen { r ) e e e e

l Reverse transcription

| | Wi | Cu | hinge | Chz | Chs | | Vi | Cu
PCR PCR
N —
[ | ke | [ OO0 ]
-1—\ -1—\
l Overlapping PCR
| Vh | linker |

Vi |
,—

CANTABSE Aﬂn His-tag
/ Vi

sckv-phage library

3-1 morphine immune scFv library
Morphine-C-BSA BALB/cCrICrlj
morphine-C-Tg-reactive mMRNA PCR
VH VL sckFv pCANTABSE
phagimid vector E. coli TG1
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=
o
-

Absorbance at 490 nm

== — ]

ooyt R

Morphine-C'-BSA  BALB/cCrICrlj 5
Morphine-C-Tg morphine-N-Tg

codeine-C-Tg Tg
3-2

b)
~#-morphine-C-Tg _0.25
=-Tg ]
0.2
3
=015
R I
=
50.05 b
£, . . .
L i i i i i J .'{.% '&% &qﬂ
) L & cfc’ &
NN \'\ & {"? \!:(\?Q x"-"'\{\ 4’9& &bp
Serum dilution ¢ Antigen (50 ng/well)
3-2 a morphine-C-Tg b
morphine-moiety morphine-C-Tg
morphine-N-Tg codeine-C-Tg Tg ELISA
HRP IgG 1:2500 o-phenylenediamine
dihydrochloride (Sigma FAST) 50set 490 nm
morphine scFv
3-1
3-1
3-1 scFv
C-conjugates N-conjugates
-BSA Tg -BSA Tg
morphine-C*-BSA
(Immunization)

morphine-C-BSA morphine C-Tg morphine N-BSA morphine N-Tg
(ELISA evaluation ) (cell selection) (ELISA evaluation } (ELISA evaluation )
(panning)
(screening)
(ELISA evaluation }
codeine-C-Tg cocaine-N-Tg
ketamine-N-Tg
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BALB/cCrlICrlj

VH VL
761-842 bp
3-2
Vk

morphine-C-Tg-reactive

3-2 VH VL
IMGT subgroup 3-3
VH-(GlysSer)s -VL scFv
VH =386-440bp VL =375-402bp  scFv
3-3b
VH 19 VH
HB 4 VH HF
VK 17 Vi LB 3
LF VA 1 VA
LBA 1 VA LFA

IMGT subgroup
Heavy Chain Light Chain
Promers  IMGT subgroup Pomers  IMGT subgroup
HB1 IGHV3 LBl
HB? IGHV1, IGHV14 IB2
HB3 IGH\2 LB3 IGEVS
HBE4 IGHV1 IB4 IGEV3
HBS IGHV1 LB5 IGEV6, IGEVE
HB6 IGHV1 LB6 IGEV12
HE7 1B7 IGEV12
HBS IGHVS, IGHVT LB IGEV10
HE9 IGHVS, IGHVT 1B9
HBI0  IGHVS,IGHV1é IBl0  IGEWV3
HBIL IBll  IGKVS, IGKVS
HBI2  IGHVT 1Bz  IGEVI
HBI3  IGHVIO IB13  IGEV?, IGKVS, IGKVE, IGEVT, IGEVE
HBl4  IGHV4 IBl4  IGKW2
HBIS  IGHV6 LBIS
HBI6  IGHVS LE16
HB17  IGHVI LB17
HB18 IBA IGLV1
HB19

LF1 IGKT1, IGET?

HFl IGHTL LF4 IGKT
HF? IGHR LF5 IGETS
HF3 IGHT3 LF i IGLIL
HF4 GHT4
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a)
HF HFZ
M HE1 2 3 4 5 8 7 8 9 1 12 13 14 15 16 Lri 18 19 HB1 2 3 4 3 L T
i I
&
Sam t. |
HPZ HF
M HBj 9 10 i1 2 13 4 15 16 17 18 19 HB1 2 3 4 5 & 7 ] 9 W 11 12 13

M I'Ilﬁ 16

:II!IIIE-ng REIE

1 12

o0 11 172 13

gy T TN

] LB!I} 11

scFv
VH

12 13 ﬂlﬁ!ﬁ-!?LBlZ 9 #0011 12 13

umﬂuﬂ-lll

a VH
PCR

LF1-5

i

PCR \Y
VL b VH VL
2% HF1-4
HB1-19 VH
Vk LB1-17 Vx
LFA LBA VA

PCR
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pCANTABSE phagimid vector 3-4a  His-tag pCANTABSE
phagimid vector 3-4b scFv Sl Spel
38 1 10
1.1 x 108 diversity
a) b) Sf\" VH | linker | VL Sp\el
His-tag
n - signa E-tag
HPI:jr-LIII E%caﬁ \iw : y t:iﬁ:?sﬁg;dm [2425) F&Jlg\ﬁﬁ:r\l Flurber Stop Codon
AfLN{18TE] < 'E'I.gf-'- ‘—-..;1“\ w\am 1 (2535} a8 a'yﬁ?‘—-; I,rx — Bl
NN FE e SR
~N N / g ¥ \
[ f Voo . " [ / Vool
| | | PCANTAB 5 E J | |tde (3812 | !I | PCANTAB 5 E l T
/\X | 4522 b I meqm;. | 4522 bp ] Ecoll |
! Nar | (3807} ! Mar |
£ 2 .".l J 'l, v r
I"'- .l"\-. C% f’r n l"l. I"'..'L %o /’"‘I S~
"-.x M . 4 , ) /.-" /
'-. \_\ ‘9\\“ o //; /}}__.. '\\:\ ‘9\\\__ . T i o ;;-’
1%30\ . y‘}( ) prdE
— | Dira 1l (4109) 2 ! Dra il
Sca | (505] [ N Bsat | (4109) Scal>\ “__,/\/S;as;m
— | Eeontog 1 7 —— | Ecoringn
Bt 1l (65) Azl
3-4 pCANTABSE phagemid vector a b His-Tag
E-tag ELISA 70%
scFv-g3p DNA 63
45 scFv
3-3
3-3 DNA
Diversity ( cfu) 1.1X108
Total number of seq. 63
Full-length ORF 45
stop -codon including 0
deletions 0
self -ligation 6
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3-3-2

3 morphine-C-Tg
scFv 3rd 1st
morphine-C-Tg-reactive 1000
3-4
3-4 Morphine-C-Tg-reactive
Selection round  Input® Recovery®  Yield? (107%%)  Amplified®
1 1.2 x 10'? 6.9 x 10° 0.0058 1.2 x 1013
2 7.4 x 1011 1.6 x 10° 0.22 7.4 x 1012
3 3.7 x 101 1.7 x 10° 45 3.7 x 1012
aPhage inputs recoveries amplified E.coliTG1 2TYAG
Ampicillin- cfu/ml

bYield output phage number /input phage number x 100
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3-3-3

256 6 No.9 33 38 86 95 101
orphine-C-Tg 3-5
0.8 r oMo

morphine-C-Tg Tg
Antigen (50 ng/well)
3-5 Morphine-C-Tg Morphine
6 M9 M33 M38
M86 M95 M101  Morphine-C-Tg Tg ELISA
M13 AP
IgG H +L) M9 M33 M38 2nd

M86 M95 M101 3rd

39



3-3-4 CDR gene usage

M86
29308.33 CDR gene usage
3-6 M86  VH5 gene family germline gene IGHV5-6-4*01 IGHV5-9*02
IGHV5-9-1*01 IGHV5-9-3*01 IGHV5S9*01 V3 gene family
IGKV3-4*01 3-6b
a)
FR1 CDRH1 FR2 CDRH2 FR3

M6 DVKLVESGGGLVKPGGSLKLSCAASGFTSS SYAMS WVRQSPEKRLEWVA SISSGGSTYYPDSVKG RFTISRDNARNNLYLQMSSLRSEDTAMYYCVR

CDRH3 FR4
M86 EDYHGSSYWYFDV WGAGTTVTVSS

FR1 CDRL1 FR2 CDRL2 FR3
Ma6 DIVLTQSPASLAVSLGQRATISC KASQSVDYDGDSYMN WYQQKPGQPPKLLIY AASNLES GIPARFSGSGSGTDFTLNIHPVEEEDAATYYC
CDRL3 FR4
M86 QASNEDPWT FGGGTKLEIKR
Heavy chain Light chain
v D J v J

IGHV5.64*01 (96.1) IGHDI-1*01(82.4) IGHT1*02 (94.2) IGKV34*01(99.7) IGKJI1+*01(100)
IGHV5-9*02 (96.1)
IGHV5-9-1*01 (96.1)
IGHV5.9.3%01 (96.1)
IGHV559+01 (96.1)

3-6 M86 geneusage a VH VL
DNA Genetyx ver. 8
Kabat [3] CDR1-CDR3 FR1-FR4 CDR

b Gene usage Germline gene usage
germline V genes IMGT database
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3-3-5 morphine scFv
No.9 33 38 86 95 101 scFv
3-7
Supernatant
* & & &
Periplasm -
B s 5 0 ® »
Cytoplasma
ScFv clones MJ33 MJ38 M86 M95 M101
3-7 Morphine-reactive scFv Morphine-reactive
E.coli HB2151 1 mM IPTG 12
30 Supernatant Periplasm
Cytoplasma
1 E tag 2 HRP
IgG Chemi-Lumi One LAS1000
3-3-6 M86
M86 scFv HisTrap Superdex 75 size e
xclusion 3-8 SDS-PAGE 3
3-8 ¢ M86 morphine-C-Tg
scFv 30 kDa 38b,c W
estern blotting 30 kDa E-tag- 3-8d
M86 30 kDa E-tag ELISA
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a) Superdex 75 o1
s L
~7 b Bsa Ovalbumin
T o | MW66kDa MW 45kDa
4t
Es}
S22 |
g
w1
0 . PR B . |
18 Retention Time (min)
b) ELISA vy
=)
=
T
E
c) SDS-PAGE <
Marker (Da)
*
30k'
25k
Fraction 1 2
d) Werstern
(anti-E-tag) 30k =
25k
3-8 MB86 scFv a Size-exclusion HPLC
HisTrap HP M86 Superdex 75 10/300 GL 100 wl
M86
BSA Ovalbumin b ELISA 4-8
morphine-C-Tg ELISA E-tag
HRP IgG H+L
¢ SDS-PAGE 1-8 HisTrap HP
- SDS-PAGE  15% d) Western
blotting 1-8 HisTrap HP -
SDS-PAGE  15% gel PVDF
E-tag HRP
IgG H+L Chemi-Lumi One LAS1000
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3-3-7 M86 morphine- morphine

Morphine morphine M86
3-9 M86 morphine-C-BSA morphine-C-Tg
BSA Tg 3-9a M86 codeine-C-Tg ketamine-N-Tg
cocaine-N-Tg 3-9b M86 M86 morphine-C-Tg
codeine-C-Tg 3-9b M86 morphine
moiety
M86  morphine
3 39b
M86 morphine moiety C conjugates

(morphine-C-BSA morphine-C-Tg) N conjugates (morphine-N-BSA morphine-N-Tg)
3-9¢ M86 C conjugates

N conjugates 3-9c
MOP-7 C conjugates N conjugates
39¢ M86 morphine 3
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a) b)
1.6 r L6 r “@morphine-C-Tg
51.4 B 1.4 | —*codeine-C-Tg
=12 F g =B ketamine-N-Tg
SATH S 12 [ -#=cocaine-N-Tg
Sos | Fio | e
LAl Zo8 |
202 | 206 [
200 - ., mm . wm
% > <% 207
? G;[:"' & 02
& &
.9\? éo 0.0
99& & 0 50 100 150 200
Antigen (50 ng/well) Concentration of M86 (ng/well)
c)
120 m M35
£ 100 OMOP-7
-
£ 80
2 60
g 40
= 20
=4 0 N :
4% kg A%
FoFF
& & & &
& ) &
& &
Antigen (50 ng/well)
3-9 M86 ELISA
E-tag HRP
IgG H+L a M86
morphine moiety b M86
morphine-C-Tg codeine-C-Tg ketamine-N-Tg
cocaine-N-Tg ¢ M86
N conjugates C conjugates M86

MOP 7 anti-morphine IgG
_Tg
100%
1199 MOP7 Aug =0.602

morphine-C-BSA

-Tg morphine-N-BSA
morphine-C-BSA
M86 Aasgo =

JAVIN)
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3-3-8 SPR

M86 morphine-C-Tg CM5
SPR Superdex 75 10/300 GL
M86 5 3-10 5
3 38¢c 1st 2nd
HisTrap HP column M86
morphine-C-Tg
glycine—-HCI pH 2.2 3-11 1st 2nd
morphine ImageJ
1st 2nd 59% Kd
59% 1:1
M86 Ka 1.26x108M 3-12
08
06 Monomer
i 04 F
g 0.2
_} L]
0.2
0.4
10 llnmmsrlhe tnl-:l 50 60
3-10 5 HPLC Superdex 75 10/300 GL
5 M86
morphine-C-Tg ~ Tg Ovalbumin ketamine-N-Tg
3-11 5 3-8c¢c 1st 2nd
morphine HisTrap HP column M86
1 pg/0.5 ml morphine-C-Tg, Tg, Ovalbumin, ketamine-N-Tg (2 ug/0.5
ml)

0.1 M glycine-HClI
SDS-PAGE 15

pH 2.2
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Fraction 5 of MI86
60 r 62.5 ng/mL
125ng/ml.
50 | =250 ng/mL
===500ng/mL

==1000ng/mL

s
(=]

Response (RU)
L]
=

20
10
0
0 100 200 300
Time (s)
b)
kq (1/Ms) kq (1/s) Kq (M)
MS86 5.66 x 105 7.14 x 1073 1.26 x 1078
3-12 SPR a Ms86 SPR
Morphine-C-Tg 20 pg/ml CM5 SPR
b Kad

59 1:1
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3-3-9 M86 morphine codeine heroin

M86  morphine codeine heroin opium cocaine
ketamine M86
morphine-C-Tg ELISA 3-13 M86 morphine
opium codeine heroin 3-13a ICxo 36.4nM morphine
257 ng/ml opium 7.3nM codeine 7.4nM heroin 3-13¢c
M86 cocaine ketamine Tg 3-13a,b Codeine heroin
morphine
a) c)
0.3 r . Narcotic ICzp (ub)
. == morphine
£ ——codeine morphine 6.4
= . cagbeine T3
£ 0.2 ~~heroin herain 74
R & cocaine cocaine 136080
: - ketamine ketamine n/d*
E opinm (257 ng/ml)
<01
g
=
u J
0.01 1 100 10000 1000000
b) Free narcotics (nM)
0.7
- 0.6 F
=
=05 } »—(/ﬁ—kA\‘\
=i
=04 F
g
0.3
£
0.2
=
0.1
n i i L
0.1 1 100 10000
Tg (ng/ml)
3-13 ELISA a Morphine-C-Tg M86 morphine
morphine- b) Morphine-C-Tg
M86 Tg M86 75 ng morphine
codeine heroin opium cocaine ketamine Tg morphine-C-Tg
ELISA E-tag
HRP IgG H+L c
1Cso n/da;

a7



3-3-10 M86
- ELISA

moiety ELISA
morphine codeine heroin M86

M86 morphine
M86

morphine

morphine 9B1 PDB ID: 1Q0Y, [5] X

M86 M86 9B1
43% identical 81.8% similar 3-14
9B1 9B1
morphine morphine 3 6 2
[5,7] M86 morphine 3 6
2 3-15a b M86
9B1 3-15a b M86
mophine 3 ELISA
3-9b 35 morphine 13.7524 kcal/mol
codeine 13.8064 kcal/mol heroin 16.4704 kcal/mol ELISA
3-13¢c I1Cso0 morphine 36.4nM codeine 7.3nM heroin
7.4 nM morphine codeine heroin
3-5
M86  SerL91  AspL94 morphine 3 codeine
heroin
M86
morphine codeine  heroin
3-16 M86 morphine

codeine heroin
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a)

b)

MBE DVELVESGGG LVEPGGSLEL SCAASGFTSS SYAMSWVROS PEERLEWVAS I-SS5GGSTYY
Lk _k ke k_kkk _k_ok | kk ke _k Kk ko kk _ _kk kR kkk ok __k k|
9B1 EVQLQQSGRAE LMEPGASVEI SCEATGYTFS SYWIEWVEQR PGHGLEWIGE ILPGSGDTIF
MB86 PDSVEGRFTI SRDNARNNLY LOMSSLRSED TAMYYCVR-- EDYHGSSYWY FDVWGAGTTV
L. Fk ok ok k_ k Kk kkk kkk ok okkk ok *k & _* ik hk
9B1 HEFFEGEATF TADTSSNTAY MOLSSLTSED SAVYIYCARWV LDYYGMDY WGOQGTSLTVSS
MBE DIVLTQSPAS LAVSLGQRAT ISCEASQSVD YDGDSYMNWY CQQEPGQPPEL LIYAASHNLES
* ok _kk ok ok Kk ok Kk k& ok kk ok _kk kk ko
9B1 DAVVITQESA- LTTSPGETVI LTCRSS-TGA VITSNYANWY QEEPDHLFTG LIGGTHNRAF
MBE GIPARFSGSG SGTDFTLNIH FVEEEDAATY YCQQSNEDPW TFGGGTELEI ER
&k kkddok *_, Lk _* LRk Kk kR JRkk Rk
9B1 GVPARFSGSL IGDEAALTIT GAQTEDEAIY FCALWSNNEL VFGGGTELTV LGQOP
VH VL VH+ VL
Identical (%) Similar (%) Identical (%) Similar (%) Identical (%) Similar (%)
All region 47.0 843 391 9.1 43.0 1.8
CDR regions 324 67.6 129 710 23.1 69.2
FR region 31 214 491 823 51.3 86.9
3-14 M86 9B1 a VH b VL
c GENETYX ver. 8
VH VL CDR
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a)

morphine/8B1 morphine/M86

L TepHANDe
- M-conjugate:

CORLZ CDRH3 cpmyd

| /% CDRH2

3-15 M86 a 9B1 M86
morphine 981 PDB ID: 1Q0Y X
MOE 9B1
9B1 morphine
M86
M86 morphine
Kabat [3] -
C conjugate  morphine -
N conjugate  morphine b M8 9B1
N a
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codeine

heroin

TyrH58. o
&

TrpH47

ProL95
SesHs0

Aspl 94
T —

;me Serl91

*_

& ! | Ty32
} \ TrpH100c

.
C!H J
‘\ | " Tya
} TrpH100c

3-16 M86 M86 morphine-
morphine codeine
heroin M86 3-15
M86 CDRH1 CDRH2
CDRH3 CDRL1 CDRL2 CDRL3
morphine
codeine heroin
Kabat [3]
3-5 M86 morphine-
Narcotics U _dock®
morphine -13.7524
codeine -13.8064
heroin -16.4704

32U _dock (kcal/mol) - docking score by ASEDock
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3-3-11

heroin
M86
morphine codeine
morphine
ELISA
M86
morphine-C’-BSA
morphine codeine heroin
morphine codeine
M86
morphine codeine heroin

morphine

M86

heroin

52

morphine

morphine  codeine

codeine

codeine-C-Tg

morphine 3
M86

codeine-C-Tg M86

heroin

codeine

scFv



34

1.1 x 108 morphine
morphine 6 No.9 33 38 86 95 101
6 1.1x108
morphine morphine scFv
morphine
morphine
M86 M86
ELISA morphine
codeine ketamine cocaine
SPR Kd 1.26 x 10-8(M) ELISA
free-morphine opium free-codeine free-heroin
M86 opium morphine codeine heroin 1Cs0 257 ng/ml 36.4 7.3 7.4nM
ketamine cocaine M86
opium morphine, codeine heroin

free
morphine codeine heroin
M86
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4-1
M86 M86
3 M86 SerL91 AspL94 morphine 3
codeine heroin
M86
SerL91 AsplL94
M86
ELISA M86 codeine codeine-C-Tg
M86
morphine-C-Tg  codeine-C-Tg
4-2
4-2-1 M86
M86 MOE
Trp Phe
Tyr Asp Glu Arg His
Met Ala Pro Ser GIn
9B1(1Q0Y) [3-2-11
]
4-2-2 M86
MOE Thyroglobulin [Sus scrofa]
(GenBank: ACY66900.1) Thyroglobulin
Acetylcholinesterase (PDB_3DL4.B)
AMBER99 force field generalized Born salvation model Tg
386 Arg hydroxycarbonylmethylaminomethyl-morphine
hydroxycarbonylmethylaminomethyl-codeine morphine-C-Tg codeine-C-Tg
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morphine-C-Tg-model codeine-C-Tg-model  morphine-C-Tg-model
codeine-C-Tg-model MMFF94x force field

Dock MMFF94s force field M86

(1) hydroxycarbonylmethylaminomethyl-morphine
hydroxycarbonylmethylaminomethyl-codeine M86

(2) Arg 386 hydroxycarbonylmethylaminomethyl-morphine Tg
morphine-C-Tg-model_1 M86

hydroxycarbonylmethylaminomethyl-codeine Tg
codeine-C-Tg-model_1 M86

(3) Arg 386 hydroxycarbonylmethylaminomethyl-morphine Tg

morphine-C-Tg-model_2 M86

hydroxycarbonylmethylaminomethyl-codeine Tg codeine-C-Tg-model_2

M86
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4-3

4-3-1 M86
Morphine 3 codeine 3 heroin 3
M86 SerL91 AsplL94
morphine
Trp Phe

Tyr Asp Glu Arg
His Met Ala Pro Ser
Gln 4-1
SerL91His/AspL94His morphine

SerL91Trp/AspL94Trp  SerL91Phe/AsplL94Phe
SerL91Tyr/AspL94Tyr morphine
SerL91Ala/AspL94Ala SerL91Pro/AspL94Pro

morphine
SerL91Glu/AspL94Glu heroin

SerL91Trp/AspL94Glu SerL91GIu/AspL94Trp

4-1 M86 TyrH58 heroin CH-1t M86
heroin heroin
M86 4-1
SerL91Glu/AspL94Glu M86
Trp SerL91/AspL94Trp

SerL91Trp/AspL94 morphine

SerL91GIn/AspL94GIn SerL91Arg/AspL94Arg
SerL91Met/AspL94Met SerL91/AsplL94His morphine
heroin M86
morphine codeine
4-1 2
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4-1 M86 morphine-

U dock?
Amino Acid —
191 194 Morphine Codeine Heroin
Ser Asp(WT) -13.7524 -13.8064 -16.4704
Gla Gln -15.9627 -15.1644 3.7357
His His -14.2703 -13.4493 -13.6901
Trp Trp -15.8822 _17.1385 -15.5683
Phe Phe -11.5761 -12.2051 -17.3572
Gln Gln -14.6598 -15.1535 -17.7289
Arg Arp -16.4909 -14.4782 -16.8094
Met Met -13.5894 -14.0403 -16.5713
Tyr Tyr -14.2797 _15.4573 -15.4096
Ala Ala -16.5609 152448 -14.2003
Pro Pro -16.4355 -13.7393 -14.6616
Trp Gln -13.5704 -15.8127 -14.7391
Gla Trp -16.8457 165112 -16.7369
Ser Trp -17.2050 -14.8680 -16.6698
Ser His -10.6651 _10.9070 -10.4060
Trp Asp -14.9763 105167 -13.1177

2 U _dock (kcal/mol) : docking score by ASEDock

M86 3-15
Kabat [1] M86
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mutant M86

TrpH1D0z
TrpH100:

[ Hishag

B
Glu's] o Gulks "‘\___'EiluH!ﬁ.:w

o " | : Serkis0
Proles TrploE - PheH100e -
g S TrPLoG

THpHAT ",

4-1 M86 SerL91Glu/AspL94Glu heroin
WT M86 heroin
M86 SerL91Glu/AspL94Glu  heroin
3-15
9B1 1QO0Y WT M86 M86
WT M86 FR M86 FR
CDRH1 CDRH2 CDRH3 CDRL1
CDRL2 CDRL3 Heroin WT
Kabat [1]
3-15 M86 TyrH58 heroin
CH-1t M86
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4-3-2 M86

Morphine-C-Tg-model M86 Morphine
-C-Tg-model 4-2 Codeine-C-Tg-model
(1) hydroxycarbonylmethylaminomethyl-morphine 4-2 b)
hydroxycarbonylmethylaminomethyl-codeine M86

M86  hydroxycarbonylmethylaminomethyl-morphine No.3
2.5388 kcal/mol hydroxycarbonylmethylaminomethyl-codeine No. 8
0.4707 kcal/mol M86
hydroxycarbonylmethylaminomethyl-morphine
4-3

(2) Morphine-C-Tg-model_1 4-2c¢ codeine-C-Tg-model 1  M86

M86  morphine-C-Tg-model_1 No.2 1.9228 kcal/mol
codeine-C-Tg-model_1 No. 5 2.0168 kcal/mol M86
morphine-C-Tg-model_1 codeine-C-Tg-model 1
4-4

(3) Morphine-C-Tg-model_2 4-2d codeine-C-Tg-model 2 M86

Morphine-C-Tg-model_2 codeine-C-Tg-model 2 morphine
codeine M86
morphine  M86 codeine
4-5 a-d
M86
— morphine-C-Tg-model_2 No. 11 4-5¢

codeine-C-Tg-model_2 No. 12 4-5f morphine-C-Tg-model_2

No. 11 16.6553 kcal/mol codeine-C- Tg-model_2 No. 12
18.5601 kcal/mol
Morphine-C-Tg-model_2 No. 20 4-5¢g 46.3062 kcal/mol
M86 morphine

codeine-C-Tg-model_2 M86 codeine

MOE (1)-(3)
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— M86 M86

morphine-C-Tg codeine-C-Tg morphine-C-Tg
Tg M86
morphine-C-Tg
Morphine-C-Tg-model 2 codeine-C-Tg-model_2 4-5 a-d
M86 morphine codeine
M86
Tg M86
M86
M86 codeine
codeine-C-Tg ELISA
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4-2 Morphine-C-Tg Acetylcholinesterase (PDB_3DL4.B)

X Tg
Tg Arg386 hydroxycarbonylmethylaminomethyl-morphine
morphine-C-Tg-model Tg
hydroxycarbonylmethylaminomethyl-morphine Ball and Line

a) Morphine-C-Tg-model
hydroxycarbonylmethylaminomethyl-morphine
hydroxycarbonylmethylaminomethyl-morphine Tg

morphine-C-Tg-model_1 Tg
Space Filling
hydroxycarbonylmethylaminomethyl-morphine Tg
morphine-C-Tg-model_2 Tg
Space Filling
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b)

d)



No. 3:-2_ 5388 kcal/mol No.8:0. 4707 keal /mol

4-3 M86 —
M86
Hydroxycarbonylmethylaminomethyl-morphine
hydroxycarbonylmethylaminomethyl-codeine

MOE Alpha Site Finder M86
kcal/mol - Cconjugate
MOE
a) Hydroxycarbonylmethylaminomethyl-morphine
b) a) ¢) Hydroxycarbonylmethylaminomethyl-codeine
d)c)
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No.2:-1. 9228 kcal/mol No.5:-2. 0168 kcal nﬁl

4-4 M86 model_1
M86
Hydroxycarbonylmethylaminomethyl-morphine

hydroxycarbonylmethylaminomethyl-codeine

Tg
MOE Alpha Site Finder M86
kcal/mol MOE a)
Morphine-C-Tg-model_1 b) a) )
Codeine-C-Tg-model_1 d)c)
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No. 11:16. 6553 keal /mo| No. 12:18. 5601 keal/mol

No. 20:46. 3062 kcal/mol
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4-5 M86 model_2
M86 27
hydroxycarbonylmethylaminomethyl-morphine Ball and Line
26
hydroxycarbonylmethylaminomethyl-codeine
Ball and Line

Tg MOE Alpha
Site Finder M86
kcal/mol
a), b) Morphine-C-Tg-model_2 c) ,d
Codeine-C-Tg-model_2 €) Morphine-C-Tg-model_2
No. 11 f) Codeine-C-Tg-model_2 No. 12

g) Morphine-C-Tg-model_2 No. 20
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4-4
Morphine 3 codeine 3 heroin 3
M86 SerL91 AsplL94

(His Trp Phe Tyr) Ala Pro  morphine
SerL91Glu/AspL94Glu
heroin
heroin M86
morphine codeine
2
SerL91
AspL94
M86
Tg

M86 morphine-C-Tg codeine-C-Tg
ELISA

1. Kabat, E. A.; Wu, T. T. Identical V region amino acid sequences and segments of
sequences in antibodies of different specificities. Relative contributions of VH and
VL genes, minigenes, and complementarity-determining regions to binding of

antibody-combining sites. J. Immunol. 1991, 147, 1709-1719.
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1 morphine
morphine
morphine
1gG scFv
morphine
morphine
/
2 morphine-C-BSA
3 morphine-C-BSA
morphine-C-BSA
/
M86 morphine
heroin
morphine
morphine
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morphine

morphine

morphine

morphine

codeine heroin

heroin

scFv

morphine

morphine

M86

M86
M86



morphine

codeine heroin

morphien
free
morphine
codeine heroin
4 M86
morphine codeine heroin
morphine codeine heroin morphine
heroin codeine
M86 2
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