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L , H Ab-CS#3 g1, Ab-CS#10 g2b

, L . 

, Ab-CS#3 Ab-CS#10 Ka , [3H]-CS Scatchard 43) 

, 4.7 107, 4.0 1010 M-1 . Ab-CS#10 CS
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Ab-CS#3 . , Ab-CS#3 ELISA

. , CS-BSA Ab-CS#3

CS , Ab-CS#3  

(peroxidase; POD) . POD , o-

/ , . , 

midpoint (50% CS ) 28 ng ( 8) . CS  

(2.7~15.5 mg/dL)44) , , 1~10 ng/assay
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, V PCR  [ , reverse transcriptase-PCR (RT-
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, 3’ . 
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 (framework region; FR) 1 ( 2) 
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5’RACE (rapid amplification of cDNA ends) 45) . , cDNA 3’

 terminal deoxynucleotidyl transferase (TdT) deoxycytidine 5’-triphosphate (dCTP) 

 ( C) , 5’
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 9. 5’RACE

 

mRNA
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, TdT dCTP
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GSP-2 AAP
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 [group specific primer (GSP)-1] 

, V cDNA . , cDNA 3’

C , C  (abridged anchor 

primer; AAP) , GSP-2 (C , GSP-1 5’ ) 

PCR . , , 

AAP 5’  (abridged universal amplification primer; 

AUAP) GSP-3 (C , GSP-2 5’ ) 

nested PCR , Ab-CS#3 VL , Ab-CS#10 VH VL

DNA . 

, Ab-CS#3 VH DNA , Jones 46) 

 ( 10). 

, 12  (MHV-1~12) , 

, VH . cDNA

, H  (MHC) 

12 RT-PCR , MHV-2

.  

 10. VH  
Jones .46) PCR

, VH , . 
Y, R, W, K, M, S C T, A G, A T, G T, A C, C G

. CH H . 
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, VH, VL pBluescript II

, XL1-Blue . PCR

V , , DNA

. Kabat 47) 

, Ab-CS#3 Ab-CS#10 VH  ( 115 , 118

), VL  ( 113 , 114 ) 

. VH, VL 3 ,  

(complementarity-determining region; CDR) . , 

V , FR

, Kabat VH 11 , VL 7 .47) 

Ab-CS#3  VH IIB, VL III , Ab-CS#10

 VH IB, VL II .  

, , VH, VL 5’ 3’

PCR , scFv DNA

. Ab-CS#3 , VH, VL scFv

 (pEXmide 7) VH , VL , 

scFv (CS#3-scFv)  ( 11). pEXmide 7 , 

VH VL ,  [VSS(GGGGS)3T] (

) . 

, , (GGGGS)3 scFv ,21,48) 

VSS T VH, VL . , Ab-CS#10

scFv , VH 3’  (CS#10VH-For) VL 5’  

 11. CS#3-scFv pEXmide 7 pEXmide 7’  
PCR , VH Nco I Xho I , VL Sal I Not I

, pEXmide 7 CS#3-scFv . 
scFv gIII , scFv-pIII

.  pEXmide 7’ , pEXmide 7 VL FLAG 2
 (TAATGA) , scFv scFv .
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(CS#10VL-Rev) ,  [(GGGGS)3] 

. overlap extension PCR , 

VH VL CS#10-scFv  ( 12), scFv pEXmide 5

49) .  

XL1-Blue , PCR

scFv  (CS#3-scFv CS#10-scFv) . 

, VH VL

. , CS#3-scFv pEXmide 7’

, XL1-Blue . pEXmide 7’ , pEXmide 7

scFv ( scFv ) 

 ( 11). VL 3’ FLAG  

(DYKDDDDK )50) 2  

(TAATGA) , scFv , lac

, pelB

.51) , CS#10-scFv , CS#10VH-Rev FLAG-TAA2

PCR scFv , pEXmide 5

, XL1-Blue . , 

 b-D-  (isopropyl b-D-1-thiogalactopyranoside; IPTG) 

, , CS#3-scFv

CS#10-scFv .  

scFv Ka Scatchard , CS#3-scFv 3.4 108 M-1, 

CS#10-scFv 1.7 1010 M-1 . , CS#3-scFv

 12. Overlap extension PCR CS#10-scFv  
Ab-CS#10 VH, VL PCR . , VH 3’ VL 5’

 [(GGGGS)3] . 
, PCR

scFv . pEXmide 5 . 
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ELISA , CS

. midpoint 720 pg , Ab-CS#3 (28 ng; ) 

. CS#3-scFv , Ab-CS#3 (Ka; 4.7 107 M-1) 

, ELISA , 

, 1  (IgG 2, scFv 1) 

. 
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, , 

. , 

PCR  ( )  

(error-prone PCR)52) , CDR

DNA 53) . , 

. 

, error-prone PCR , CS#3-scFv ( scFv , 

wt-scFv ) . 

PCR Mn2+ , 4 deoxynucleoside triphosphate (dNTP) 

, . wt-scFv

pEXmide 7 , 0.10 mM Mn2+ , deoxyadenosine 5’-

triphosphate (dATP) 3 1/5 PCR . , 

AmpliTaq DNA

. , 5’ pEX7-VH-CP5 (VH pelB

), 3’ pEX7-VL-CP3 (VL gIII ) 

, scFv .  

pEXmide 7 ,  (electroporation) 

TG1 ,  (5.9

105 ) . 

, 6

, , 

KM1354)  6

 (

13). , TG1, 

 13. scFv  
scFv

6 , 

. CS-BSA  (#1~6) 
, 3

. , 
#1~3  (pH 2.2), #4~6

 (pH 12) . 300
, 32 , 

6 scFv wt-scFv
Ka .  
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KM13 , 3 , 

. 

, CS-BSA  (#1~6) , 37 1 . 

, 

#1~3  (pH 2.2) , #4~6  

(pH 12) , TG1 . 

3 , 

50  ( , 300 ) . ,

ELISA (CS-BSA CS , 

POD ) CS , wt-scFv

6 .  (#1~6) 

14 . 

, #3 #6 . , 6

scFv , Ka Scatchard

 4.1~19 108 M-1 , wt-scFv 1.2~5.6

 ( 14).  

 

  

 14. scFv 1  ( ) Scatchard

 
1 Ka . 

. scFv#mc1-7 VH 62 scFv#mc2-21 VL 103
* ,  ( ; TAG) . , Q

. 

 

scFv 1 ( ) Scatchard
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CS scFv error-prone PCR scFv

, 

. scFv , scFv

,  (1~7

), wt-scFv VL 49

 ( 14). VH VL , 2

 (VH 22 92 , VL 23 88 ) , 

. VL 49

, . 

, 300 , Ka

scFv 6 , , Ka 5.6

. , 6 , 

2  ( ) , #3

#6 . , , 

. , scFv#mc1-7, 2-17, 

2-21 , 

. , , scFv

 ( , 2
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.  

, , 

Ka 1010 M-1

. , 

, ? , 

, . 
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 (GLuc) , , 

480 nm . 

 (firefly luciferase; FLuc)  (Renilla reniformis luciferase; 

RLuc) ,55–57) 

.58) 

, 

, , scFv N C

. scFv  (IgG

1/6) , 1 GLuc

, .  

, 

scFv-GLuc . 

, , 

 ( 2 ), scFv

 ( 3 ). , , 1

CS CS#10-scFv GLuc

, . , scFv

GLuc  (M13-scFv-GLuc) , 
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DNA

, F , Ff

. M13, f1, fd , M13

.59,60) 15 Ff . 

, 1

, . Ff

pVIII , 1 2700 pVIII

 ( 15).61) , , pVIII

, . 

, pVIII . 

pVIII  (gVIII) 62) , 

pVIII , M13

, pVIII

. , VCSM13 . VCSM13 , M13

 ( ) 

. ( 3 2 )63) 

,60,64) pVIII M13

.62,65)  (polyethylene glycol; PEG) 

VCSM13 ABISCO-100 66) , BALB/c 

, . 

VCSM13 , 3 . 

NS1 , VCSM13

,  (#71) .67)  

VCSM13  (Ab-M13#71) H L

, g2b, k . , 

 15.  (Ff )  
2700 pVIII  (50 , Mr; 5235) , 11

. pIII (406 , Mr; 42522)  pVI (112 , Mr; 
12342), pVII (33 , Mr; 3599) pIX (32 , Mr; 3650) . 



21 

 

. , VCSM13  (sodium dodecyl 

sulfate; SDS)  (polyacrylamide gel 

electrophoresis; PAGE) ,  

[poly(vinylidene fluoride); PVDF] , Ab-M13#71 . , 

POD 2 , pVIII

5.2 kDa , Ab-M13#71 pVIII

 ( 16). , ELISA . 

, VCSM13 , Ab-M13#71 VCSM13 , 

. Ab-M13#71 POD , o-

. , VCSM13 , 

,  ( 17).  

  

 16. VCSM13 Ab-M13#71  
Ab-M13#71
. lane1 2 1 1010 1 109 pfu

, M Mr . 

 17. Ab-M13#71 VCSM13

ELISA 
VCSM13 , 

VCSM13 Ab-M13#71
. 

midpoint (50% VCSM13 ) 2.0 106 
pfu/assay . 

VC

midp
pfu/
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, Ab-M13#71

 (V )  scFv , 

. , 1 3 5’RACE V . 

, Ab-M13#71 H g2b . 

, #71 RNA , g2b

 (mg2b-GSP-1) , VH cDNA

. , cDNA , 9 PCR , VH

DNA .  

L , VL . , 

5’RACE k  (Vk ) , 

RNA NS1 k mRNA

.68) , VL Nichols

69)  

( 18). Vk 5’  (FR1 ) 6

5’ PCR . mk-GSP-1

cDNA , 6 5’ k

3’  (mk-GSP-3) 6 PCR , 5’

VL-I/III , VL

.  

 18. k VL  (Vk)  
 (P3/NS1/1-Ag-4) k

, 5’RACE . Nicholls
69) 5’ PCR , Vk

, . Y, R, W, K, M, S C
T, A G, A T, G T, A C, C G . CL L . 
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, pBluescript II

XL1-Blue , V . 

DNA , Kabat

47) . , VH  (125 ), VL

 (109 ) , CDR  (VH-CDR1, NTYVH; VH-CDR2, 

RIDPANGKTKYDPNFQD; VH-CDR3, DFPYYIGSTYVSFFDV; VL-CDR1, 

KASQNVRTDVA; VL-CDR2, LASKRHT; VL-CDR3, LQHRSYPLT) 

. , , VH IIC, VL I

.67) 

, , VH, VL 5’ 3’

PCR , scFv DNA

. , VH 3’  (M13#71VH-For) VL 5’

 (M13#71VL-Rev) , VH VL

 [(GGGGS)3; linker1]21) . 

overlap extension PCR , VH VL scFv . 

, VL 3’  (FLAG-TAA2) FLAG  (DYKDDDDK)50) 

2  (TAATAA) . scFv  (M13-

scFv; 5’-VH-linker1-VL-FLAG-TAATAA-3’) , pEXmide 5 49) 

, XL1-Blue . PCR M13-scFv

, , Ab-M13#71 VH VL

.  

, 

scFv (M13-scFv) 

. 2

ELISA , VCSM13

, 

 ( 19). , 

, FLAG

, 

SDS-PAGE , 

 (Mr; 27878.8) 

 ( 20). 

, M13-scFv Ka

. 

 19. M13-scFv VCSM13

ELISA 
VCSM13

, VCSM13 M13-scFv
37 1 , 

M13-scFv POD FLAG
. 



24 

 

.70) 

VCSM13

, scFv

VCSM13 Ka

. , 

VCSM13 , 

. scFv

, Ka 1.2 106 M-1

.67) Ka

, 

scFv , 

, , . . 

 

 

  

 20. SDS-PAGE M13-

scFv  
FLAG

M13-scFv SDS-
PAGE , 

. M; 
Mr , lane 1; M13-scFv . 



25 

 

-

 

, 1

FLuc (550 , 62 kDa) . D-

, ATP Mg2+ 562 nm , 

 (0.88) .71,72) GLuc (185 , 19.9 kDa) 

Gaussia princeps , 

480 nm . ATP Mg2+ . 

RLuc (311 , 34 kDa) , in 

vitro FLuc RLuc 1000 , 

.56) 

, scFv GLuc , ,  (ELISA) 

. , 1 CS

, CS-scFv CS#10-scFv (CS 1.7 1010 M-1 Ka

)42) GLuc . CS#10-scFv

pEXmide 5 , CS#10VH-Rev VL-For-2 PCR

, CS#10-scFv . , VL 3’ , 

 (GSTSGSGKSSEGKG73); linker2) 

linker2  (5’ ) . , pMCS-Gaussia Luc  

(ThermoFisher Scientific ) , GLuc-Rev GLuc-For

PCR , GLuc  [5’ linker2  (3’

) , 3’ FLAG His6 2  

(TAATGA) ] . , overlap extension PCR

pEXmide 5 , XL1-Blue  ( 21). 

PCR  (CS#10-scFv-GLuc; CS#10-scFv-linker2-GLuc-

FLAG-His6-TAATGA) , CS#10-scFv-GLuc

. FLAG , 

SDS-PAGE . , 

 ( 22). , 

, 2

, 20 amol (20 10-18 mol)  ( 23). 

, GLuc , 10 , , 

80 1 .55) 

, , 

1  ( , 
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) . , 

 22. SDS-PAGE CS#10-scFv-GLuc  
(a) CS#10-scFv-GLuc SDS-PAGE , . 

lane 1; , lane 2; . (b) CS#10-scFv-GLuc SDS-
PAGE , PVDF 2 : lane 3; CS/

2 -L- POD . lane 4; POD FLAG
. POD 3,3’,5,5’-tetramethylbenzidine (TMB) . M Mr

. 

 21. CS#10-scFv-GLuc M13-scFv-GLuc  
CS#10-scFv M13-scFv VH 5’  (CS#10VH-Rev

M13#71VH-Rev) VL 3’  (VL-For-2; 
linker2 ) PCR , scFv . , GLuc 5’

 (GLuc-Rev; linker2 ) GLuc 3’  
(GLuc-For; ) GLuc . 

overlap extension PCR , . 
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scFv-GLuc , 30 100% , 

30 55% ,  (-200 

/s)  ( 24). , 

. 

, scFv-GLuc , ELISA

.  

, M13-scFv-GLuc . M13-scFv

, M13#71VH-Rev VL-For-2 PCR . 

 23. CS#10-scFv-GLuc

 
CS#10-scFv-GLuc

. a.u. , arbitrarily 
unit ( ) . 

 (n = 4). 

 24. CS#10-scFv-GLuc  
CS#10-scFv-GLuc (10 fmol)  (G-PBS)  (2.0 nmol)  

(0~1800 )  (a.u.) . 30 100% , 
. . 

 (n = 4). 
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, overlap extension PCR GLuc

, M13-scFv-GLuc  (M13-scFv-linker2-GLuc-FLAG-His6-TAATGA) . 

XL1-BLue , , M13-scFv-GLuc

. 

FLAG

, SDS-PAGE

, 52 kDa M13-

scFv-GLuc

 ( 25a). , 

. 

, SDS-PAGE

PVDF

, VCSM13

POD M13 , 

POD . 

, SDS-PAGE

, 

 ( 25b). 

, 

 scFv , . CS-BSA

, CS#10-scFv , 37 1 . 

, M13-scFv-GLuc , 

GLuc . , 1 106 colony-forming unit (cfu) 

 ( 26). 

  

 25. SDS-PAGE M13-scFv-GLuc  
(a) M13-scFv-GLuc SDS-PAGE , 

. (b) SDS-PAGE
PVDF , VCSM13

POD M13 , 
POD TMB . M; Mr , lane 
1; M13-scFv-GLuc . 

SDS PAGE M13 scFv GLuc

 26. M13-scFv-GLuc scFv

 
CS-BSA
, CS#10-scFv

, M13-scFv-GLuc
. 

 (n = 4) . 1 106 cfu
 (P<0.05) 

. 
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M13-scFv-GLuc

, Ab-M13#71 , 

scFv . , scFv , 

GLuc .  

POD

, , 10~60

. , 

. , GLuc , ,  ( ) 

, M13-scFv-GLuc

. 

, 

. , , , 1

106 cfu scFv . 

, ~1010 cfu

 ( 3 2 ), . , GLuc

, , 

. 

, 

. 
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, 

, 

. , . 

27

. -17b (estradiol-17b; E2),32,33)  (cotinine; CT)34) 

, 

scFv , , scFv

. , , 

, E2 1000 , CT 500

, scFv , 

. 

, 

. , 2 , , 

. 

, 

, . scFv

, 1

 27.  
Ka . . 

, .  
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.74–76) , 

, 

, 

.  

, scFv

, 1 , 

 ( ) 

 ( 28). , scFv 1

 ( , 1 , , 1 scFv

)60,61), , . , 

, scFv

, . , 

scFv

, .  

, , . 

, scFv

, 

scFv ,  (

, )  ( 29). , M13-

scFv-GLuc , 1

CS scFv , . 

 28. scFv  
(a) scFv . (b) 

, . 
. (i)  ( ) , (ii) 

 ( ) , (iii)  ( ) . 
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 29.  
scFv . 

, ,
. , scFv . 

, M13-scFv-GLuc scFv
, .  
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scFv , scFv

, 

. , 

pIII  (gIII) , 

. , scFv

gIII , scFv-pIII .60,64,77) 

, , 

.  

scFv

 (VCSM13 KM13) , 

 ( 30).  (

pIII ) ,  (kanamycin; Kan) 

. , Kan  (ampicillin; Amp) 

 ( , 

) , . , scFv-pIII pIII

, scFv . , 

pIII , scFv

, 10% (1 1 scFv

) .60,61) 

.  

 30. scFv  
Ampr Kanr , , . 

, , scFv . 
, 1/10 (10%) . 



34 

 

, 

. 

, , 

.  

1 CS CS#10-scFv

scFv . CS #10-scFv XL1-Blue TG1 , 

VCSM13 KM13 . 

Kan , 4 ELISA . 

, CS-BSA , 1 109 cfu , 

POD M13 , . 

, TG1 KM13  ( 31), 

scFv .  

, , , 

, , Kan

. , 

,  (

), . 

, 

, , 

Kan . , Kan

, Kan

.  

, KM13 Kan . CS-BSA

, Kan 5.0 25 mg/mL, KM13 5 108 5 109 plaque-

forming unit (pfu) /mL 2 YT 200 mL , 80

, CS#10-scFv TG1 1 . 

, KM13 Kan , 

 31. 

scFv

ELISA  
(a) VCSM13

. XL1-Blue, 
TG1 . (b) 

KM13 . 
XL1-Blue, TG1
. VCSM13

XL1-Blue
. 

TG

XL
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. , 

 (16 ) , 24 45 . 

, , 1 4 M13-scFv-GLuc

, . , 

45 , Kan 5.0 mg/mL , 

, scFv  ( 32a). 

, KM13 ,  ( ) 

, 5 108 pfu/mL  ( 32b). , Kan 25 mg/mL

, 10 , 16

0%, 24 Kan 25 mg/mL 0%, Kan 5.0 

mg/mL 15~25% , .  

, CS#10-scFv 58

, 

, ~1010 cfu . 2 M13-

scFv-GLuc  (~106 cfu ) , 

. 

 

  

 32.  
(a) 2 ,  (KM13 , Kan , 

) 20 , . 16
. (b) Kan 5.0 mg/mL, 45

. 
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, scFv

. 1 4 CS scFv

TG1 , . 

, 3.4 105 cfu . , Kan 

5.0 mg/mL KM13 5 108 pfu/mL 2 YT

. , 

, 9400  ( 3% ) 

. , 25 45 . 

, M13-scFv-GLuc . , 

GLuc . 33 . 8%

761 100000 , 

3000 , 

, . 

40

 (pH 2.2) 

, TG1

. ELISA , wt-

scFv

7 scFv . 

ELISA wt-scFv

4

CS Ka , [3H]-CS

Scatchard

, wt-scFv 16~41

 (0.53~1.4 1010 M-1)  

( 34). , 

40

, 

4 .  

, scFv , 

, scFv#m1-2 VH FR1 1  (6 7 ) , 

1  (scFv#m1-10 1-18) 6  (scFv#m1-7) 

 ( 34). Ka (1.4 1010 M-1) scFv#m1-18 , 

 33.  (1) 
9400  (ELISA 100

) 10000
, . , 10

1 . 
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VH VL  [VSS(GGGGS)3T] 3

. , VH VL

,  (CS) . Ka

41 .  

scFv#m1-2 ,  (TAG) . 

scFv 20 , , 

 (read-through ) scFv

. amber suppressor XL1-Blue

, , scFv , 

FLAG  ( 35), 78,79) N

10 , QVQLQQQPGA , 

.  

read-

through scFv#m1-10

. 

, 34

, VH 36

TGG (

) 

 (TGA) 

. scFv

 35. scFv#m1-2 scFv#m1-10

 
scFv

SDS-PAGE . 
, 

. M; Mr , lane 1; 
scFv#m1-2, lane 2; scFv#m1-10. 

 34. 1  
1 Scatchard Ka . 

. 
.  

1
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, 80) 

, . 

wt-scFv VH 36 , 

scFv#m1-10 VH 23 , 1 38

. 
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, 2

. 1 scFv  (CS) 

. , scFv

,  ( 36a). 2 , scFv

, , scFv

. , 

, , 

 ( 36b). , , , 

.  

,  (off-rate) . Ka (M-1) 

.  

, [Ag]  [Ab] , 

, [Ag Ab] . , ka

 (Ms-1), kd  (s-1) . , 

, kd , . off-rate

, kd

 36.  
(a) , , (b) , 
. , 

. 
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, , 

Fab (antigen-binding fragment) 38 .81) 

off-rate , 

.  

, , off-rate

. , , scFv

 (CS) . ,  (CS) 

, . scFv , 

kd CS , CS , 

CS . ,  (CS-scFv

)  ( 37). 

3 , off-rate

, .  

, , , CS . 

CS-BSA , CS#10-scFv-GLuc , 37 1

. . 

 37. off-rate  
(a) off-rate . (b) off-rate . , 

, , 
, off-rate  (a) off-rate  (b) . 
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 0, 5.0, 50 mg/mL CS  (G-PBS) 1, 2, 4, 6

. , 

 ( 38). , CS , 1

, CS 6

. 3  (

5000 ) , CS

4 . , CS , 5.0 50 mg/mL

, 5.0 mg/mL .  

scFv , 

,  (2.6 105 cfu) . 

,  

9400 , 

. 

39 . 

, 

, 

. , 50000

897  (

10%) 376

, 

. , 

, CS-BSA

TG1 , KM13

 39.  (2) 
, , 

. 50000 10% (897 ) 
. 

 38. off-rate  
CS-BSA CS#10-scFv-GLuc

, 
0 . 
CS G-PBS

1, 2, 4, 6
. 
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Kan , 25 45 . M13-

scFv-GLuc , . 

initial . , CS 5.0 mg/mL

G-PBS 25 4 , 

. 3 40 .  

16 , 

. ELISA , wt-scFv

, 4 scFv

, Ka Scatchard , 0.59~2.4 1010 M-1 , wt-

scFv 17~71  ( 41). , 4 kd

, scFv#m2-4, 2-91, 2-97, 2-183 0.38, 0.21, 0.87, 

2.0 10-3 s-1 , wt-scFv (2.4 10-3 s-1) , 

off-rate . 

, , scFv#m2-

91 2-183 , VH N FR1 1

 ( 41). Ka (2.4 1010 M-1) scFv#m2-97 4

, Ka scFv#m2-4 3 , 

 40. off-rate  
, , 

. scFv , 
. 
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VH FR1 .  

 

 

  

 41. off-rate 1  
1 Scatchard Ka . 

. scFv#m2-97 , 27 c , Kabat 47) 
27 28  ( 27a~27d 4 ) 

. 

off rate 1
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3 , 4 scFv , Ka 1 1010 M-1 5

, , CS ELISA . , 

CS-BSA CS scFv

, , 4 2 . , scFv POD

FLAG , POD . , scFv

, B0 (CS ) 1 , scFv

. , ,  (CS, scFv

) , B0 1/20 . 

scFv ELISA midpoint 28~60 pg , wt-scFv

 (720 pg) 12~26 . , pg

,  

( 42).37,82) , 1 scFv 6

ELISA ,  ( 43). scFv#mc1-3, 2-17, 2-21, 

5-35 midpoint 1700~13000 pg , wt-scFv

. 2  (scFv#mc1-7 5-19) midpoint

 (530~590 pg), Ka  (~109 M-1 ) , 

.  

, , 

 42. scFv

ELISA 
Ka 1 1010 M-1 scFv wt-scFv ELISA , 

.  (n = 4) . 
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, 

. 

 

 

  

 43. scFv ELISA 
1 4 scFv ELISA . 
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, M13-

scFv-GLuc scFv

, . , 

6  Ka > 1010 M-1 scFv

, 5 .  

8 , , 

2.3 ,  (

4 ) . , 8 5 , 1  (scFv#m1-

2 , scFv#m1-10, 1-18, 2-91, 2-183 ) , Ka 10

 (17~41 ) . , 4  

(scFv#m1-2, 1-10, 2-91, 2-183) , VH FR1 , 

3  (scFv#m1-7, 2-4, 2-97) VH FR1

. SWISS-MODEL 83) SwissDock84) 

scFv CS  ( 44) , FR1

. , FR1 scFv

,85) 

. , 1

scFv , VL 49

. 

, .  

, 9400

,  (105 ) 3% . 

,  (Ka > 1010 M-1) scFv

 44. scFv CS  
wt-scFv, scFv#m1-18, scFv#m2-97 . scFv b- , CDR

VH-CDR1 ( ), VH-CDR2 ( ), VH-CDR3 ( ), VL-CDR1 ( ), VL-CDR2 ( ) 
VL-CDR3 ( ) . FR1 . CS . 
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5  ( 3 4 ) . , 

, scFv

. ,  (Ka > 1011 M-1) , 

subfemtomole

. , , 

. . 
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, , 

. 

, 

. scFv , 

, . , 

scFv ,  (

) , scFv . 

, , 

.  

, , 

. 1 , CS scFv

, , 

. , CS

2 , 3 . , 

wt-scFv ,  Ka 109 M-1

. , , 

. 2 (M13-

scFv-GLuc) . M13

, scFv GLuc . 

GLuc , 

, , 

. , 

, , off-rate

.  

3 , 

. 

, 1990 colony-lift assay (CLA; 

, 1

, 

)86) . 

, CLA ,  ( ) –  ( ) 

, . 

,  (M13-scFv-GLuc) 

, , , 



49 

 

, 

. scFv , 

, 1 scFv , 

. , CS 1010

Ka .42) , 

3 3 4 2 , ~105

3% , 1010 CS 5

. , 

, scFv

. 

, , 

. , , 

. 
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, , 

.  

, 

, .  

, , 

, , 

. 

, 

.  

scFv , 

. . 

1 2 , 

. , pEXmide 5

Lund Carl A. K. Borrebaeck , 

Avena Partners AB Eskil Söderlind . 

, , . 
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, , , , 

. , 

, , , 

. , DNA DNA

, 

. 

 

i.  

   (DNA , ) 

, Ultrospec 2100  (Amersham Bioscience) . 

  PCR DNA , T100 Thermal Cycler (Bio-Rad) . 

  SDS-PAGE , X Cell SureLock (Invitrogen) . , 

, iBlot Gel Transfer System 

(Invitrogen) . 

  , ECM 630 (BTX) . 

  ELISA POD  ( ) , iMark

 (Bio-Rad) . 

  GLuc  ( ) , Synergy HTX  (BioTek) 

FLUOstar OPTIMA  (BMG Labtech) . 

  Scatchard , Tri-Carb 

2900TR  (Perkin Elmer) . 

  , 

BLItz (Pall ForteBio) . 

 

ii.  

  ELISA Costar 96  (No. 3590) 

Costar 96  (No. 

3922) , Corning . 

   (75 mm 12 mm Maxisorp

) , Nunc . 

  , , 

, , Corning . 

  , Iwaki glass . 
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iii.  

  PCR scFv DNA

, OligoTM program version 4.0 (National Bioscience) . 

  DNA , Sequence Scanner Software 2 (Applied Biosystems) 

. 

  , ExPASy Translate tool (https://web.expasy.org/translate/) 

. 

  , SWISS-MODEL  

(http://swissmodel.expasy.org)83) . 

  , SwissDock  

(http://www.swissdock.ch)84) . 

 

iv.  

. 

  PB: 50 mM NaH2PO4-Na2HPO4 (pH 7.3).  

  PBS: 9.0 g/L NaCl PB. 

  PBS-2: NaCl (137 mM), Na2HPO4 (10.0 mM), KCl (2.68 mM), KH2PO4 (1.76 mM) 

pH 7.4 , . 

  G-PBS: 1.0 g/L PBS-2. 

  PVG-PBS: 1.0 g/L  ( 500) G-PBS. 

  T-PBS: 0.050 (v/v) % Tween 20 PBS. 

  T-PBS-2: 0.10 (v/v) % Tween 20 PBS-2. 

  M-PBS: 20 g/L PBS. 

  M-PBS-2: 20 g/L PBS-2. 

  TBS: NaCl (137 mM), KCl (2.68 mM),  tris(hydroxymethyl)aminomethane (Tris) 

(24.8 mM) 3 M HCl pH 7.4 . 

  CB: 0.1 M NaHCO3-Na2CO3 (pH 8.6). 

  TAE : . 

  :  (584 mM), ethylenediaminetetraacetic acid 

(EDTA, 1.0 mM), Tris-HCl (50 mM; pH 8.0) . 

 

v.  

  CS CS  [CS 3-(O-carboxymethyl)oxime (CS-3CMO)] , Sigma-

Aldrich . 
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vi.  

  [1,2,6,7-3H (N)]-CS (3.44 TBq/mmol) , PerkinElmer . 

 

vii.  

  FLAG , Sigma-Aldrich . 

  POD IgG , Jackson ImmunoResearch . 

  POD M13 , GE Healthcare . 

  POD FLAG , Sigma-Aldrich . 

 

viii.  

  AbISCO-100 , Isconova AB . 

  EZ-Link NHS-LC-Biotin ( ) , Thermo Fisher Scientific . 

  Biotin N-succinimidyl ester ( ) , Sigma-Aldrich . 

  , NanoLight Promega . 

 

ix.  

  : Xma I, Sal I, Nco I, Xho I, Not I, Spe I, Sfi I ( 10 U/mL) , New England 

Biolabs . 

  DNA : AmpliTaq  (5 U/ mL)  Thermo Fisher Scientific

, Ex Taq DNA  (5 U/ mL)  TaKaRa , KOD  (2.5 

U/ mL) KOD Fx  (1 U/ mL)  TOYOBO , Pfu DNA

Promega , . 

  DNA : Superscript II reverse transcriptase (200 U/mL) 

Invitrogen , T4 DNA  (400 U/mL) New England Biolabs , 

. 

 

x.  

  POD :  (25 mM) Na2HPO4 (50 mM) 

pH 5.0 , 30% (w/v) H2O2 5000 : 3

 (25 mL) , o- 2  (10 mg) . 

  GLuc :  (5.0 mg) 0.10 M HCl

 (1.18 mL) , 5.0 20 mM

PBS . 

 

xi.  

  , SDS, , , TMB, Tween 20, 
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 ( 500), II, IPTG , 

. 

  o- 2 , BSA, OVA, PEG8000 , Sigma-Aldrich

. 

  PEG4000 , Merck . 

  , BD Biosciences . 

  , DS . 

, 

. 

 

xii.  

A)  

  : 1.0 M 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) -NaOH

 (pH 7.3) [1% (v/v)]  (100 mM) RPMI-1640. 

  :  [10% (v/v)], 2-  (50 mM), 

L-  (2.0 mM),  (1.0 mM) . 

  Hypoxanthine-thymidine (HT) :  (0.10 mM)  (16 

mM) . 

  HAT :  (0.40 mM) HT . 

, RPMI-1640 GIBCO , HAT

HT Sigma-Aldrich , . 

B)  

  2 YT : Bacto tryptone (16 g/L), Bacto yeast extract (10 g/L), NaCl (5.0 g/L) 

pH 7.0 , . 

  2 YT-AG (1%) :  (100 mg/L) D-  

(10 g/L) 2 YT . 

  2 YT-AG (2%) :  (100 mg/L) D-  

(20 g/L) 2 YT . 

  2 YT-AK (1%) :  (100 mg/L) 

 (50 mg/L) 2 YT . 

  2 YT-ATG (1%) :  (100 mg/L), 

 (10 mg/L), D-  (10 g/L) 2 YT . 

  2 YT-ATG (2%) :  (100 mg/L), 

 (10 mg/L), D-  (20 g/L) 2 YT . 

  SOB (-) : Bacto tryptone (20 g/L), Bacto yeast extract (5.0 g/L), NaCl (0.50 g/L), 

KCl (0.186 g/L) pH 7.0 , . 
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  SOC : MgCl2 (5.0 mM), MgSO4 (5.0 mM), D-  (20 mM) SOB 

(-) . 

  :  (0.40 M), IPTG (0.10 mM), 

 (100 mg/L) 2 YT . 

  : Bacto agar (7.0 g/L) 2 YT . 

  TYE : Bacto tryptone (10 g/L), Bacto yeast extract (5.0 g/L), Bacto agar (15 g/L), 

NaCl (8.0 g/L) . 

, Bacto tryptone, Bacto yeast extract, Bacto agar BD Biosciences

. 

 

xiii.  

  P3/NS1/1-Ag4-1 , . 

  XL1-Blue TG1 , Agilent Technologies . 

  XLOLR VCSM13 , Stratagene . 

  XL1-Blue XLOLR , 87) 

. 

  KM13 , Medical Research Council Gregory Paul Winter, Ian 

M. Tomlinson . 

 

xiv. DNA 

  pBluescript II , Invitrogen . 

  pEXmide 5 Avena Partners AB Eskil Söderlind , Lund

Carl A. K. Borrebaeck . 

  pEXmide 7 , Avena Partners AB Eskil Söderlind , Lund Carl 

A. K. Borrebaeck , VH VL

scFv , 

pEXmide 5 . 

  pEXmide 7’ , Avena Partners AB Eskil Söderlind , Lund Carl 

A. K. Borrebaeck , VH VL

scFv , 

pEXmide 5 . 

  pMCS-Gaussia Luc vector , Thermo Fisher Scientific . 

 

xv.  

PCR DNA , 

, 
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. , 

 ( ) . 

  mg1-GSP-1: 5’-GCTGGCCGGGTGGGCAAC-3’ 

  mg1-GSP-2: 5’-ACACCGCTGGACAGGGAT-3’ 

  mg1-GSP-3: 5’-GGATCCCGGGAATAGCCCTTGACCAGGC-3’ (Xma I) 

  mg2b-GSP-1: 5’-GCTGGCCGGGTGGGCAAC-3’ 

  mg2b-GSP-2: 5’-ACACTGCTGGACAGGGAT-3’ 

  mg2b-GSP-3: 5’-GGATCCCGGGAGTACCCCTTGACCAGGC-3’ (Xma I) 

  mk-GSP-1: 5’-GTTGAAGCTCTTGACAAT-3’ 

  mk-GSP-2: 5’-ATTTTGTCGTTCACTGCC-3’ 

  mk-GSP-3: 5’-GGATCCCGGGTGGATGGTGGGAAGATG-3’ (Xma I) 

  AAP: 5’-GGCCACGCGTCGACTAGTACGGGIIGGGIIGGGIIG-3’ (Sal I) 

  AUAP: 5’-GGCCACGCGTCGACTAGTAC-3’ (Sal I) 

  MHC: 5’-GGATCCCGGGCCAGTGGATAGACHGATG-3’ (Xma I) 

  MHV-2: 5’-ACTAGTCGACATGGGATGGAGCTRTATCATSYTCTT-3’ (Sal I) 

  VL-I/III: 5’-GACATTGTGATGACYCARTCT-3’ 

  KS-reverse: 5’-GGAAACAGCTATGACCATG-3’ 

  KS-forward: 5’-GTAAAACGACGGCCAGT-3’ 

  VHH-cPCR-back: 5’-ATTGTTATTACTCGCGGCCCA-3’ 

  VHH-cPCR-for: 5’-GATTTGGGCTCAACTTTCTTGT-3’ 

  pEX7-VH-CP5: 5’-GGATTGTTATTACTCGCGGC-3’ 

  pEX7-VL-CP3: 5’-CCTGATGTGTGCGTCTTAGT-3’ 

  pEX-cla-3: 5’-GCCATTTGGGAATTAGAGCCA-3’ 

  CS#3VH-Rev: 5’-CTCGCGGCCCAGCCGGCCATGGCCCAGGTCCAACTGCAGCAGCC 

TG-3’ (Nco I) 

  CS#3VH-For: 5’-TGAACCGCCTCCACCGCTCGAGACTGCAGAGACAGTGACCAGAG 

TC-3’ (Xho I) 

  CS#3VL-Rev: 5’-GGATCCGGCGGTGGCGGGTCGACGGACATTGTGCTGACACAGTC 

TC-3’ (Sal I) 

  CS#3VL-For: 5’-GGGCTCAACTTTCTTTGCGGCCGCAGCCCGTTTTATTTCCAGCTTG 

-3’ (Not I) 

  CS#10VH-Rev: 5’-ATTGTTATTACTCGCGGCCCAACCGGCCATGGCCCAAGTTACTCT 

AAAAGAGTCTGGC-3’ (Nco I) 

  CS#10VH-For: 5’-CCGCCGGATCCACCTCCGCCTGAACCGCCTCCACCGGAGGAGA 

CGGTGACTGAGGTTCC-3’ 

  CS#10VL-Rev: 5’-CAGGCGGAGGTGGATCCGGCGGTGGCGGATCGGATGTTTTGGT 
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GACCCAAACTC-3’ 

  CS#10VL-For: 5’-GATTTGGGCTCAACTTTCTTGTCGACTTTATCATCATCATCTTTAT 

AATCAGCCCGTTTAATTTCCAGCTTGG-3’ (Sal I) 

  VL-For-2: 5’-TTTACCTTCGCTACTTTTGCCGCTACCACTAGTAGAGCCAGCCCGTTT 

AATTTCCAGCTTG-3’ (Spe I) 

  GLuc-Rev: 5’-TCTACTAGTGGTAGCGGCAAAAGTAGCGAAGGTAAAGGTAAGCCCA 

CCGAGAACAACGAAGAC-3’ (Spe I) 

  GLuc-For: 5’-GGGCTCAACTTTCTTTGCGGCCGCTCATTAATGGTGGTGATGGTGAT 

GCCCTTTATCATCATCATCTTTATAATCGTCACCACCGGCCCCCTTGATC-3’ (Not I) 

  M13#71VH-Rev: 5’-ATTGTTATTACTCGCGGCCCAACCGGCCATGGCCGAGGTTCAG 

CTGCAGCAGTCTG-3’ (Nco I) 

  M13#71VH-For: 5’-CCGCCGGATCCACCTCCGCCTGAACCGCCTCCACCTGAGGAGA 

CGGTGACCGTGGTC-3’ 

  M13#71VL-Rev: 5’-CAGGCGGAGGTGGATCCGGCGGTGGCGGATCGGACATTGTGA 

TGACTCAGTCTCA-3’ 

  M13#71VL-For: 5’-GATTTGGGCTCAACTTTCTTGTCGACTTTATCATCATCATCTTTA 

TAATCAGCCCGTCTCAGCTCCAGCTTG-3’ (Sal I) 

  FLAG-TAA2: 5’-GATTTGGGCTCAACTTTCTTGTCGACTTATTATTTATCATCATC 

ATCTTTATAATC-3’ (Sal I) 

 

xvi.  

  RNA  (RNeasy mini kit) , Qiagen . 

  5’RACE  (5’RACE system for rapid amplification of cDNA ends, version 2.0) , 

Invitrogen . 

  DNA  (QIAGEN plasmid mini kit) , Qiagen . 

  DNA  (A) (Wizard PCR preps DNA purification system) DNA

 (B) (Wizard SV gel and PCR clean-up system) , Promega . 

   (XL-Tryp Kit) . 

  Lowry , 

. 

 

xvii.  

  Invitrogen , TAE , 100 V . 

 

xviii.  

  CS , VCSM13 BALB/c  (8 , 
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) , SLC . 

 

xix.  

  DNA , TaKaRa

DNA . 

  1 4 3 4 scFv

, . 
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1.2.1 CS-  (CS-BSA CS-OVA)  

CS 3-(O-carboxymethyl)oxime (CS-3CMO) (30 mg; 70 mmol) 95% 1,4-  (550 

mL) , 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide-HCl (210 mmol) N-

hydroxysuccinimide (210 mmol) , 15 , CS 3-(O-

carboxymethyl)oxime N-hydroxysuccinimide ester (CS-3CMO-NHS) . CS-3CMO-

NHS (18 mmol)  (1.5 mL) , BSA OVA ( 0.45 mmol) PB

 (3 mL) , 1 , 4 . 

4 , 10 mL , 

 (10~20 mL) NaCl , 30 .  

(1500g, 15 , 4 ) ,  ( 10 mL) ,  

(10~20 mL) . 20% 

, 4 . 0.90% NaCl 4

, CS- 0.90% NaCl

. CS-BSA BSA Hartree ,88) , CS-OVA OVA

Lowry . , 250 nm

 (CS ) , CS-

, CS/BSA 12, CS/OVA 5 . 

 

1.2.2 CS CS

 

CS-BSA  (0.5 mg/mL) 

, 8 BALB/c  ( )  (1

0.2 mL) . 2 4  (

) , 7 , CS-BSA (0.25 mg/mL)  ( 0.5 

mL) , 3 .  ( 1

108 ) , -L-  (10 mg/L) 10% (v/v) dimethyl sulfoxide 

(DMSO) PEG4000 (400 g/L) (1.0 mL) , P3/NS1/1-

Ag4-1  ( 2 107 ) .89) , 96

, HAT 2 . 

, ELISA

, CS .  (#3

#10) HT , . 
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1.2.3 ELISA CS  

CS-OVA (1.0 mg/mL) 0.10 M  (pH 8.6) (CB) ELISA 96

 (100 mL/ ) , . , 

PBS 3 , M-PBS (300 mL/ ) , 37 1

. T-PBS 3 , 

 (G-PBS 5 ; 100 mL) 37 1 . 

, , POD IgG G-PBS  

(10 mg/mL)  (100 mL/ ) , 37 1 . , 

, POD  (100 mL/ ) , 

 (10~30 ), . 1.0 M H2SO4  (100 mL/ ) 

, 490 nm

. 

 

1.2.4 Scatchard  

 (12 75 mm) , G-PBS CS  (100 mL), 

[3H]-CS (1.5 104 dpm; 500 mL), Ab-CS#3 Ab-CS#10 (100 mL) 

, 4 . 10 , 

dextran-coated charcoal  (0.4% 0.01% G-

PBS ) (500 mL) , 20

.  (800g, 10 , 4 ) , II (10 mL) 

, .  (dpm) 

CS  (pmol) Scatchard ,43) Ab-CS#3 Ab-CS#10

CS Ka . 

 

1.2.5 Ab-CS#3 ELISA 

CS-BSA (0.10 mg/mL) CB ELISA 96  (100 

mL/ ) , . , PBS 3 , M-

PBS (300 mL/ ) , 37 2 . , 

T-PBS 3 . , G-PBS Ab-CS#3 (100 mL) , 

CS PVG-PBS  (50 mL) , 4 2

. , T-PBS 3 , PVG-PBS 5000

POD  (100 mL) , 37 30 . 

, T-PBS 3 , POD  (100 mL/

) 30 . 1.0 M H2SO4  (100 mL/ ) 

, 490 nm , . 

 



61 

 

 

 

1.3.1 Ab-CS#3 Ab-CS#10 cDNA  

1.2.2 #3 #10 ( Ab-CS#3 #10

) (~1 107 ) , RNA , RNA . 

RNA (2 mg) , dNTP  ( 10 nmol), Superscript II reverse transcriptase (200 U), 

H #3 mg1-GSP-1, #10 mg2b-GSP-1 , L

mk-GSP-1  ( 2.5 pmol) ,  (25 mL) 42 , 50

, VH cDNA (#3VH-cDNA #10VH-cDNA), VL

cDNA (#3VL-cDNA #10VL-cDNA) . , 

5’RACE DNA , VH-cDNA, VL-cDNA

 (~50 mL) . 

 

1.3.2 Ab-CS#3 H  (#3VH) DNA  

1.3.1 #3VH-cDNA 10 ,  (1 mL) , Jones

 (MHV-1~12 12 1 )46) 

MHC  ( 1 mM), dNTP  ( 0.2 mM), Ex Taq DNA

 (25 U/mL) ,  (20 mL) PCR . PCR , 

95 , 1 , 64 , 1 , 72 , 2 , 35

, 72 10 .  (2%) 

, MHV-2 . , 

MHV-2 PCR , 100 mL

, DNA  (A) , #3VH DNA

. 

 

1.3.3 Ab-CS#3 L  (#3VL) DNA  

1.3.1 #3VL-cDNA ,  (25 mL), TdT (15 U) dCTP (5 nmol) 

37 10 , 3’ C . 

 (8 mL) AAP mk-GSP-2 PCR . PCR

 ( 10 pmol), dNTP  ( 8 nmol), Ex Taq DNA  

(0.5 U)  (20 mL) , 95 , 1 , 64 , 1

, 72 , 2 , 35 , 72 10 . 

, PCR  (8 mL) AUAP mk-GSP-3

PCR . PCR  ( 100 pmol), dNTP  (  40 nmol), 

Ex Taq DNA  (2.5 U)  (100 mL), 

. , DNA  (A) , #3VL
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DNA . 

 

1.3.4 Ab-CS#10  (#10VH #10VL) DNA  

1.3.1 #10VH-cDNA #10VL-cDNA , 5’RACE

, #10VH #10VL DNA . , VH 3’

mg2b-GSP-2 mg2b-GSP-3 . 

 

1.3.5 Ab-CS#3 Ab-CS#10 VH VL DNA

 

1.3.2 , 1.3.3 , 1.3.4 VH VL DNA  

(#3VH; 7 mg, #3VL; 1 mg, #10VH #10VL; 10 mg) , Xma I (#3VH, VL

25 U, #10VH, VL 50 U) , BSA (100 mg/mL)  

(#3VH, VL 100 mL, #10VH, VL 200 mL), 37 . 

DNA  (A) , , 

Sal I (#3VH, VL 25 U, #10VH, VL 50 U) ,  (100 mL), 

37 . DNA  (A) , 

 (#3VH, VL 250 ng, #10VH, VL 125 ng) , Xma I

Sal I pBluescript II  (#3VH, VL 500 ng, #10VH, VL 250 

ng)  (#3VH 43 mL, #3VL #10VH, VL 16 

mL), 42 5 . 10

 (#3VH 5 mL, #3VL #10VH, VL 2 mL) T4 

DNA  ( 800 U, 2 mL) 16 . 

, -CHCl3- , 

 (20 mg) EtOH ,  

(10 mL) . 

DNA  (#3VH XL1-

Blue , #3VL #10VH, VL XLOLR )  (100 mL) 

, 20 . 

, 50 mF, 1800 V, 125 W

. SOC  (900 mL) , 37

1  (~200 rpm) . , 2 YT-ATG (1%) 

37 . 

, 2 YT  (5 mL) . 

 (1 mL) , 5’ 3’  [#3VH MHV-2 MHC (

5 pmol), #3VL AUAP mk-GSP-3 ( 4 pmol), #10VH #10VL

KS-back KS-for ( 5 pmol)], dNTP  ( 4 nmol), AmpliTaq DNA
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 (0.5 U) ,  (#3VH; 20 mL, #3VL; 40 mL, #10VH

#10VL; 20 mL) PCR ( PCR) . PCR 95 , 1 , 

64 , 1 , 72 , 2 , 35 , 72 10

.  (2%) 

, VH VL .  

 

1.3.6 Ab-CS#3 Ab-CS#10 VH VL  

VH VL , 

, 2 YT-ATG (1%)  (10 mL) , 37  

(~200 rpm) .  (1800g, 20 , ) , 

DNA .  

(600 ng) , . 

 

1.3.7 scFv VH-DNA VL-DNA  

 (50 ng) , 5’ 3’  (#3VH

CS#3VH-Rev CS#3VH-For, #3VL CS#3VL-Rev CS#3VL-For, 

#10VH CS#10VH-Rev CS#10VH-For, #10VL CS#10VL-Rev

CS#10VL-For) ( 50 pmol), dNTP  ( 20 nmol), Ex Taq DNA

 (2.5 U) ,  (100 mL) PCR . PCR 95 , 

1 , 64 , 1 , 72 , 2 , 35 , 72

10 . DNA  (A) 

, VH-DNA VL-DNA . 

 

1.3.8 Ab-CS#3 scFv  

pEXmide 7 , VH . #3VH-DNA  

(5 mg) , Nco I Xho I ( 25 U) ,  (100 mL), 37

. DNA  (A) 

,  (125 ng) , Nco I Xho I pEXmide 7  

(250 ng)  (16 mL) , 1.3.5 , 

1.3.5 XL1-Blue . 

2 YT-ATG (1%) 37 . 

, PCR . , CS#3VH-

Rev CS#3VH-For ( 2 pmol) .  (2%) 

, VH . 

2 YT-ATG (1%)  (10 mL) 37  

(~200 rpm) , 1.3.6 . 
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, VL . 1.3.7 #3VL-DNA  

(5 mg)  (100 mL) , Sal I Not I ( 25 U) 

 37 . DNA  (A) 

,  (125 ng) , Sal I Not I  

(250 ng) , 1.3.5

XL1-Blue . 2 YT-ATG (1%) 

37 . PCR

VL . , CS#3VL-Rev

CS#3VL-For ( 2 pmol) . 2 YT-ATG (1%)  

(10 mL) 37  (~200 rpm) , 1.3.6

scFv . 

 

1.3.9 CS#10-scFv  

1.3.7 #10VH-DNA #10VL-DNA  ( 200 ng) , dNTP  

( 10 nmol) Ex Taq DNA  (0.65 U) ,  (25 mL) 

PCR . PCR , 95 , 1 , 55 , 1 , 72 , 3

, 10 , 72 10 . 

 (10 mL) , CS#10VH-Rev CS#10VL-For  ( 100 pmol), 

dNTP  ( 40 nmol), Ex Taq DNA  (2.5 U) , 

 (100 mL),  ( 15 ) PCR . 

DNA  (A) , CS#10-scFv  (20 mg) .  

(10 mg) Nco I Sal I ( 50 U) ,  (100 mL) 37 , 

. DNA  (A) , 

DNA . 

DNA  (250 ng) , Nco I Sal I ,  

(1%) pEXmide 5 (500 ng) , 1.3.5

, 1.3.5 XL1-Blue

. 2 YT-ATG (1%) , 37

. PCR , scFv

. , VHH-cPCR-back VHH-

cPCR-for ( 2 pmol) . 2 YT-ATG (1%)  (10 mL) 

37  (~200 rpm) , 1.3.6

scFv . 

 

1.3.10 CS#3-scFv  

1.3.8  (10 mg) , Nco I Not I ( 20 U) 
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,  (100 mL), 37 . 

DNA  (A) ,  (2%) 

, scFv , DNA  (B) 

DNA . , pEXmide 7’

, 1.3.5 , XL1-Blue

. 2 YT-ATG (1%) 

37 , PCR , CS#3-scFv

. 

 

1.3.11 CS#10-scFv  

1.3.9  (10 ng) , CS#10VH-Rev FLAG-TAA2

 ( 50 pmol), dNTP  ( 20 nmol), Ex Taq DNA  (2.5 U) 

,  (100 mL) PCR . PCR , 95 , 1 , 

64 , 1 , 72 , 2 , 35 , 72 10

. DNA  (A) , 

 ( 3 mg) Nco I Sal I ( 50 U) ,  (200 mL) 

37 , . DNA  (A) , 

DNA . 

DNA  (250 ng) pEXmide 5 , 1.3.5

XL1-Blue . 2 YT-ATG (1%) 

, 37 . 

PCR , scFv .  

 

1.3.12 scFv  

1.3.10 1.3.11 2 YT-AG (1%)  (20 mL) 

, 600 nm 0.8 37  (~200 rpm) . 

 (1800g, 30 , ) ,  (20 mL) 

, 25  (120 rpm) .  (1800g, 30 , 

) ,  (1 mL) , 1

.  (19300g, 30 , 4 ) ,  (

) , -20 . TBS 4 , 

FLAG-M2  ( 1 mL) 

. TBS , 0.10 M  (pH 3.5) scFv

. PBS 4 ,  (Amicon 

Ultra) . 
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1.3.13 Scatchard  

1.2.4 , Scatchard CS#10-scFv

CS#3-scFv CS Ka . 

 

1.3.14 CS#3-scFv ELISA 

1.2.5 CS-BSA , 1.0%

 (300 mL/ ) , 37 2 . , 

PBS 3 . , G-PBS

CS#3-scFv (1.3.12 ) (100 mL) , CS G-PBS

 (50 mL) , 4 2 . , T-

PBS 3 , PVG-PBS 5000 POD FLAG  (100 mL) 

, 37 30 . , T-PBS 3

, 1.2.5 POD . 

 

 

 

1.4.1 Error-prone PCR scFv  

1.3.8 wt-scFv  (1 ng) , pEX7-VH-CP5

pEX7-VL-CP3  ( 100 pmol), dNTP  [deoxyguanosine 5’-triphosphate 

(dGTP), dCTP, deoxythymidine 5’-triphosphate (dTTP) 0.1 mmol dATP 0.02 mmol

)], AmpliTaq DNA  (5 U) , error-prone PCR  

[16.6 mM (NH4)2SO4, 6.1 mM MgCl2, 6.7 mM EDTA, 10 mM 2- , 10% 

(v/v) DMSO, 0.17 g/L BSA, 0.10 mM MnCl2 67 mM Tris-HCl  (pH 8.8)] 

 (100 mL) PCR . PCR 95 , 1 , 50 , 1 , 

72 , 3 . 35 , 72 10

. DNA  (A) , scFv

. 

 

1.4.2 scFv DNA  

scFv  (4 mg) , Nco I Not I (20 U) 

,  (100 mL), 37 . 

DNA  (A) ,  (125 ng) 

pEXmide 7 (250 ng) 1.3.5 , 

1.3.5 TG1 . 

2 YT-AG (1%) , 37 . 

PCR , scFv
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. , pEX7-VH-CP5 pEX7-VL-CP3 ( 2 pmol) . 

2 YT-AG (1%)  (5 mL) 37  

(~200 rpm) .  (1 mL) , 15%

-80 .  (1800g, 20 , ) 

, 1.3.6 , scFv . 

 

1.4.3 KM13  

TG1-Tr  (200 mL) , 2 YT  (20 mL) 

, 37  (~200 rpm) . 

 (200 mL) PBS  (1 102~1012 ) KM13

 (10 mL) , 37 30 . 

, 42  (3.0 mL) , TYE

37 . , 

TG1-Tr  (5.0 mL) , 37 2  (~200 rpm) 

. 2 YT  (500 mL) , 37 1  

(~200 rpm) ,  (50 mg/L; 500 mL) , 30

 (~200 rpm) .  (10800g, 15 , 4 ) ,  (480 mL) 

PEG/NaCl  (120 mL) , 1 . 

 (10800g, 30 , 4 ) , PBS (9.6 mL) 

PEG/NaCl  (2.4 mL) , 20

.  (3300g, 30 , 4 ) , PBS (6.0 mL) , 

 (11600g, 10 , ) , KM13

4 . 

 

1.4.4 KM13  

 (45 mL) , PBS  (1.0 

g/L; 5.0 mL) PBS (5.0 mL) , 37 30 . 

PBS  (1 103~1013 ) , 

 (50 mL) , TG1-Tr  (1 mL) . , 42

 (3 mL) , TYE

37 . , KM13

pfu/mL . 

 

1.4.5 scFv  

1.4.2 scFv  

(50 mL) 2 YT-AG (2%)  (50 mL) , 37
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 (~200 rpm) .  (20 mL 2) 1.4.3 KM13

, 37 30 . , 

MOI (multiplicity of infection;  pfu/ ) 20 . 

 (1800g, 20 , ) , 2 YT-AK  (20 mL 2) 

, 25  (120 rpm) .  (1800g, 20 , 

) , PEG/NaCl  (5 mL 2) , 1

.  (10000g, 30 , 4 ) , 

PBS-2 (200 mL 2) . , 

 (15700g, 10 , 4 ) , scFv 1

 (400 mL), 4 .  (5.0 mL) PBS-2  (1 107~109 

) ,  (10 mL) , XL1-Blue  (90 mL) , 

37 30 .  (10 mL) 2 YT-ATG (1%) 

37 . 

, 1 mL  (cfu/mL) , scFv

. 

 

1.4.6 CS scFv  

CS-BSA (5.0 mg/mL) CB (2.0 mL) , 

. , PBS-2 3 , M-PBS-2 (4 mL) , 37

2 . , T-PBS 3 CS-BSA

. , PVG-PBS scFv

 (1 1011 cfu/mL) (1 mL) , 37 1 , 

. , T-PBS-2 3 , 0.10 M  (pH 2.2, 1.0 

mL)  0.10 M  (pH 12, 1.0 mL) , 10

, . 

2.0 M Tris (35 mL) 1.0 M Tris-HCl (pH 7.4)  (0.50 mL) 

, TG1  (9 mL) , 37 30

.  (1 101~104 ) ,  (100 

mL) 2 YT-AG (1%) 37 ,  (cfu) 

, . ,  (10000g, 10 , 

) , 2 YT  (100 mL) , 2 YT-AG (1%) 

37 . , 15% 2 YT  (1.5 mL) 

, , 

-80 . , 

scFv , . 

3 . , , 3 . 
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1.4.7 scFv  

1

50  (50 3 2 ; 300 ) , 

2 YT-AG (2%)  (1 mL) , 1.4.5 KM13

.  (1800g, 10 , ) , 2 YT-AK  (1 

mL) , 25  (~200 rpm) .  (1800g, 10

, ) , 4 . , scFv

,  (10 mL) 4 . 

 

1.4.8 scFv  

1.2.5 CS-BSA , 

 (100 mL) , 37 1 . , T-PBS-

2 3 , M-PBS 5000 POD M13  

(100 mL) , 37 30 . , 

POD 1.2.5 . 0.3

, 1.4.7  (2 mL) 2 YT-AG (1%)  (1 mL) 

37 , 15% -80

. 

 

1.4.9 scFv  

 (200 mL) 2 YT-AG (1%)  (20 mL) 

, 1.4.5 scFv PBS-2  (200 mL) 

. 

 

1.4.10 scFv CS  

1.4.8 CS-BSA , PVG-PBS

scFv  ( ) (100 mL) CS

PVG-PBS  (50 mL) , 37 1 . 

, TPBS-2 3 , M-PBS 5000 POD M13

 (100 mL) 37 30 . 

, POD 1.3.14 . 

 

1.4.11 scFv  

wt-scFv , 1.3.6

.  (100 ng) , pEX7-VH-CP5 pEX7-VL-CP3

 ( 20 pmol), dNTP  ( 40 nmol), Ex Taq DNA  (2.5 
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U) ,  (100 mL) PCR . PCR 95 , 30 , 

55 , 30 , 72 , 1 . 35 , 

72 5 . DNA  (A) 

, 1.4.2 Nco I Not I ,  

(2%) , DNA . , 1.3.5

, pEXmide 7’ , 1.3.5

XL1-Blue . 2 YT-ATG 

(1%) 37 . 

PCR , 2 YT-AG (1%)  (20 mL) , 1.3.12

. 

 

1.4.12 Scatchard  

1.2.4 , Scatchard scFv CS Ka

. 
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2.2.1 VCSM13  

XL1-Blue , 2 YT-T  (10 mL) 

37  (~200 rpm) .  (800 mL) 2 YT-T  

(80 mL) 600 nm 0.3 37  (~200 

rpm) . , VCSM13  ( , VCSM13) MOI 20

, 37 30  (120 rpm) ,  (50 mg/mL; 

32 mL) 37 8  (120 rpm) . 65 15

 (1800g, 20 , ) ,  (0.45 mm) 

. , PEG/NaCl  (20 mL) , 1

 (10000g, 30 , 4 ) , 

PBS-2 (800 mL) .  

(15700g, 10 , 4 ) VCSM13 , -20 .  

 

2.2.2 VCSM13  

VCSM13  (5 mL) PBS-2  (1 107~1010 ) , 

 (10 mL) XL1-Blue  (100 mL) . 

42  (3.5 mL) , 2 YT-T

37 . 1 

mL  (pfu/mL) , VCSM13 . 

 

2.2.3 VCSM13 VCSM13

 

2.2.1 VCSM13 (1 1010 pfu)  (160 mL) AbISCO-100

 (40 mL) , 8 BALB/c  ( ) 

. 2 3 , 7 , VCSM13 (1 1010 pfu) 

 (500 mL)  (200 mL) , 3

.  ( 1 108 ) , 1.2.2  P3/NS1/1-Ag4-

1 . , 96 , HAT

2 . 

, ELISA , VCSM13

. HT , 

.  
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2.2.4 ELISA VCSM13  

VCSM13 PBS  (1 1011 pfu/mL) ELISA 96

 (100 mL/ ) , 4 . , PBS (300 mL/ ) 

3 , M-PBS (300 mL/ ) , 37 1

. T-PBS 3 ,  

(G-PBS 5 ; 100 mL) 37 1 . 

, , POD IgG G-PBS  (160 

ng/mL)  (100 mL/ ) , 37 1 . , T-

PBS 3 , POD 1.2.3 . 

 

2.2.5 Ab-M13#71 ELISA 

VCSM13 , PVG-PBS

Ab-M13#71 (2.2.3 ) , VCSM13 PVG-PBS  (50 mL) 

, 37 1 . , T-PBS 3

, POD IgG G-PBS  (160 ng/mL)  (100 mL/

) , 37 30 . , T-PBS 3

, POD 1.2.5 . 

 

2.2.6 Ab-M13#71  

2.2.1 VCSM13 (1 1010 1 109 pfu)  

(0.8 mmol) ,  ( 16 10 mL) , 70 10

. ,  (4~12%)  (200 V, 35 ) 

, PVDF . 1.0%

 (~30 mL) 2  (~60 rpm) 

. T-PBS (~30 mL) , 10 3

, Ab-M13#71 G-PBS 1000  (~30 mL) 

1  (~60 rpm) . , POD

G-PBS 2000 1  (~60 rpm) 

. , 10 TMB  (~30 mL), 30  (~60 

rpm) , POD . 

 

 

 

2.3.1 Ab-M13#71 cDNA  

2.2.3 Ab-M13#71  (~1 107 ) , 1.3.1

RNA , VH-cDNA, VL-cDNA . , , H
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mg2b-GSP-1, L mk-GSP-1 . 

 

2.3.2 Ab-M13#71 H  (VH) DNA  

VH-cDNA 1.3.3 5’RACE , VH DNA

. , 3’ mg2b-GSP-2 mg2b-GSP-3 . 

 

2.3.3 Ab-M13#71 L  (VL) DNA  

2.3.1 VL-cDNA 10 ,  (2 mL) , Nicholls

 (VL-I/III, -IIa, IIb, -IV/VI, -Va, -Vb 6

1 )69) mk-GSP-3  ( 0.50 mM), dNTP  (0.40 

mM), Pfu DNA  (26 U/mL) ,  (20 mL) 

PCR . PCR , 95 , 1 , 50 , 1 , 72 , 2

, 35 , 72 10 . DNA

 (2%) , VL-I/III

. , VL-I/III PCR , 

100 mL , DNA  (A) 

. 

 

2.3.4 Ab-M13#71 VH VL DNA  

2.3.2 2.3.3 VH VL DNA  (VH; 2.5 mg, VL; 

1 mg) , Xma I (25 U) , BSA (100 mg/mL)  (100 

mL), 37 . DNA  (A) 

, Sal I (25 U) ,  (100 mL), 37

. DNA  (A) , 

 (200 ng) , Xma I Sal I pBluescript II  (400 ng) 

1.3.5 , XL1-Blue

. 2 YT-ATG (1%) 

37 . 

, 2 YT  (10 mL) . 

 (2 mL) , 5’ 3’ , dNTP  ( 8 nmol), Ex Taq 

DNA  (0.5 U) ,  (20 mL) PCR . , VH

AUAP mg2b-GSP-3  ( 5 pmol), VL VL-I/III

mk-GSP-3  ( 2 pmol) . PCR 95 , 1 , 

64 , 1 , 72 , 2 , 35 , 72 10

.  (2%) 

, VH VL . 
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2.3.5 Ab-M13#71 VH VL  

Ab-M13#71 VH VL , 1.3.6

, . 

 

2.3.6 M13-scFv VH-DNA VL-DNA  

 (50 ng) , 

 (VH M13#71VH-Rev M13#71VH-For, VL

M13#71VL-Rev M13#71VL-For) ( 50 pmol), dNTP  ( 20 nmol), Ex 

Taq DNA  (2.5 U) ,  (100 mL) PCR . PCR

95 , 1 , 64 , 1 , 72 , 2 , 35

, 72 10 . DNA

 (A) , VH-DNA VL-DNA . 

 

2.3.7 Overlap extension PCR M13-scFv  

VH-DNA VL-DNA  ( 200 ng) , dNTP  ( 10 

nmol) Ex Taq DNA  (0.65 U) ,  (25 mL) PCR

. PCR , 95 , 1 , 55 , 1 , 72 , 3 , 

10 , 72 10 . 

 (10 mL) , M13#71VH-Rev FLAG-TAA2  ( 100 pmol), dNTP

 ( 40 nmol), Ex Taq DNA  (2.5 U) ,  

(100 mL),  ( 15 ) PCR . 

DNA  (A) ,  (3 mg) Nco I Sal I ( 25 

U) ,  (100 mL) 37 , . 

DNA  (A) , DNA . 

DNA  (200 ng) , Nco I Sal I ,  

(1%) pEXmide 5 (400 ng) , 1.3.5

. XL1-Blue . 

2 YT-ATG (1%) , 37 . 

PCR , scFv

, 1.3.6 .  (600 ng) 

scFv . 

 

2.3.8 M13-scFv  

2.3.7 M13-scFv , 1.3.12

, FLAG .  (1 mg) 

2.2.6 SDS-PAGE , 
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1  (~60 rpm) . 

, . 

 

2.3.9 M13-scFv ELISA 

2.2.4 VCSM13 , PVG-PBS

M13-scFv ( ) , VCSM13 PVG-PBS  (50 mL) 

, 37 1 . , T-PBS-2 3

, G-PBS 1000 POD FLAG  (100 mL/

) , 37 30 . , T-PBS-2 3

, POD 1.2.5 . 

 

2.3.10 VCSM13  

VCSM13 (6.5 1011 pfu) NHS-LC-Biotin ( 5 ng) PBS  (1 mL) , 

2 . PBS 4

, VCSM13 PBS . 

 

2.3.11  

, PBS 10000

VCSM13 ( ) (4.0 mL) , 25 2  (1000 rpm) . 

PBS (250 mL) , 25 1  (1000 rpm) , 

. , 2.3.9 M13-scFv (0~5.0 mM) 

PBS (4 mL) 25 2  (1000 rpm) . , PBS (250 mL) 

25 2  (1000 rpm) . , 

Ka . 

 

 

 

2.4.1 CS#10-scFv-Gaussia GLuc

DNA  

pMCS-Gaussia Luc  (50 ng) , GLuc-Rev GLuc-For ( 50 pmol), dNTP

 ( 20 nmol), Ex Taq DNA  (2.5 U) ,  

(100 mL) PCR . PCR 95 , 1 , 55 , 1 , 

72 , 2 , 35 , 72 10

. DNA  (A) , CS#10-scFv

linker2 GLuc DNA . 
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2.4.2 CS#10-scFv-Gaussia CS#10-scFv

DNA  

1.3.9 CS#10-scFv  (100 ng) , CS#10VH-Rev VL-For-

2  ( 50 pmol), dNTP  ( 20 nmol), Ex Taq DNA  

(2.5 U) ,  (100 mL) PCR . PCR , 95 , 1

, 55 , 1 , 72 , 2 , 35 , 

72 10 . DNA  (A) 

, GLuc linker2 CS#10-scFv DNA

.  

 

2.4.3 Overlap extension PCR CS#10-scFv-GLuc

 

2.4.1 2.4.2 DNA  ( 200 ng) , dNTP  ( 10 nmol) 

KOD DNA  (1.5 U) ,  (26 mL) PCR

. PCR , 98 , 30 , 64 , 30 , 74 , 1

, 10 74 10 . 

 (10 mL) , CS#10VH-Rev GLuc-For  ( 100 pmol), dNTP  

( 40 nmol), KOD DNA  (5 U) ,  (100 mL), 

 ( 15 ) PCR . DNA

 (A) ,  (1 mg) Not I (50 U) , 

 (100 mL) 37 , . DNA  (A) 

, Sfi I (50 U) ,  (100 mL) 

50 , . DNA  (A) , 

CS#10-scFv-GLuc DNA  (#10VH-linker1-#10VL-

linker2-GLuc-FLAG-His6-TAATGA; CS#10-scFv-GLuc) . 

DNA  (125 ng) , Not I Sfi I ,  

(1%) pEXmide 5 (250 ng) , 1.3.5

, XL1-Blue . 

2 YT-ATG (1%) , 37 . 

PCR , scFv

. , VHH-cPCR-back VHH-cPCR-for ( 2 

pmol) . 

 

2.4.4 CS/ 2 -L-  

1.2.1 CS-3CMO-NHS (53 mg/mL) 1,4-  (200 mL), biotin 

N-succinimidyl ester (25 mg/mL) N,N-dimethylformamide (88 mL), 3.0 M HCl 
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(40 mL) poly-L-lysine (1.3 mg/mL) PB (3.4 mL) , 

3 , 4 . PB 4 2

, 4 . 

 

2.4.5 CS#10-scFv-Gaussia  

2.4.3 M13-scFv-GLuc , 1.3.12

, FLAG .  (1 mg) 

2.2.6 SDS-PAGE , 

. , PVDF

. 1.0%  (30 mL) 2  (~60 rpm) 

, 2.2.6 . G-PBS 10000

CS/ 2 -L-  ( ) (30 mL) 1

 (~60 rpm) ,  G-PBS 1000 POD

 (~30 mL) 1 . , 

G-PBS 10000 POD FLAG  (30 mL) 

1  (~60 rpm) , . POD , 2.2.6

. 

 

2.4.6 CS#10-scFv-Gaussia  

CS#10-scFv-GLuc (20 fmol) G-PBS ELISA 96

 (100 mL/ ),  (20 mM) PBS (100 

mL/ ) , 30 900 60 , 900 1800

300 475 nm FLUOstar OPTIMA .  

 

2.4.7 CS#10-scFv-Gaussia  

2.4.5 CS#10-scFv-GLuc (0~1.0 fmol) G-PBS  (20 mL) 

 (20 mM) PBS (100 mL) , 15

. CS#10-scFv-GLuc , 

. 

 

2.4.8 M13-scFv-Gaussia M13-scFv

DNA  

2.3.7  (50 ng) , M13#71VH-Rev VL-For-2  

( 50 pmol), dNTP  ( 40 nmol), Ex Taq DNA  (2.5 U) 

,  (100 mL) PCR . PCR , 95 , 1 , 

64 , 1 , 72 , 1 , 35 , 72 10
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. DNA  (A) , 

M13-scFv GLuc linker2 DNA . 

 

2.4.9 M13-scFv-Gaussia GLuc

DNA  

2.4.3  (50 ng), GLuc-Rev GLuc-For  (

50 pmol), dNTP  ( 40 nmol), KOD Fx DNA  (5 U) , 

 (100 mL) PCR . PCR , 94 , 2 , 

98 , 10 , 55 , 30 , 68 , 1 35 . 

DNA  (A) , linker2 GLuc

DNA . 

 

2.4.10 Overlap extension PCR M13-scFv-GLuc

 

2.4.8 2.4.9 DNA  ( 200 ng) , dNTP  ( 10 nmol) 

KOD Fx DNA  (5 U) ,  (60 mL) PCR

. PCR , 98 , 30 , 64 , 30 , 74 , 1 , 

10 , 74 10 . 

 (10 mL) , M13#71VH-Rev GLuc-For  ( 100 pmol), dNTP

 ( 40 nmol), KOD Fx DNA  (5 U) ,  (100 

mL),  ( 25 ) PCR . DNA

 (A) ,  (5 mg) Not I (40 U) , 

 (100 mL) 37 , . DNA  (A) 

, Sfi I (50 U) ,  (100 mL) 

50 , . DNA  (A) , 

DNA  (VH-linker1-VL-linker2-GLuc-FLAG-His6-TAATGA; 

scFv-GLuc) . 

DNA  2.4.3 pEXmide 5 , XL1-Blue , 

1.3.6 , scFv-GLuc . 

 

2.4.11 M13-scFv-GLuc  

2.4.3 M13-scFv-GLuc , 1.3.12

, FLAG .  (1 mg) 

2.2.6 SDS-PAGE , 

. , PVDF

. M-PBS (~30 mL)  (~60 rpm) 
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, 2.2.6 , VCSM13 (1 1012 pfu) PVG-PBS (30 mL) 

1  (~60 rpm) . , M-PBS

2000 POD M13  (30 mL) 30  (~60 

rpm) . , POD 2.2.6 .  

 

2.4.12 M13-scFv-GLuc CS#10-scFv

 

1.3.9  ( 10 ng) TG1  (100 

mL) , 1.3.5 SOC . 

2 YT-AG (1%) 37

PCR , CS#10-scFv TG1 . 

2 YT-AG (2%)  (20 mL) , 1.4.5 scFv

PBS-2  (200 mL) ,  (5 mL) .  

(cfu) . 

 

2.4.13 M13-scFv-GLuc ELISA 

CS-BSA (1.0 mg/mL) CB , ELISA 96

 (100 mL/ ), . PBS 3 , 

1.0%  (300 mL/ ) 37 2 . 

T-PBS 3 , CS#10-scFv  (1 105~1

109 cfu) 2 YT  (200 mL/ ) , 37 1

. , T-PBS-2 3 , M-PBS 500 M13-

scFv-GLuc (2.4.11 )  (100 mL/ ), 37 30

. ,  (5 mM) PBS  

(100 mL/ ), 300~700 nm Synergy HTX

. 
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3.2.1 scFv  

CS#10-scFv XL1-Blue (1.3.9 ) TG1 (2.4.12

)  ( 200 mL)  [ 2 YT-ATG (2%), 2

YT-AG (2%)] ( 20 mL) , 37  (~200 

rpm) . , VCSM13 KM13 ( 2.2.1 , 1.4.3 ) 

, MOI 20 , 37 30 . 

 (1800g, 20 , ) , 2 YT-AK  (20 mL) , 

25  (120 rpm) .  (1800g, 20 , 

) , CS#10-scFv 1.4.5 PEG/NaCl

, .  (200 mL) 4 . , 

 (5 mL) ,  (cfu) 1.4.5 . 

 

3.2.2 ELISA  

CS-BSA 1.3.14 , CS#10-

scFv  ( 1 109 cfu) PVG-PBS  (100 mL/ ), 37 1

. T-PBS-2 3 , M-PBS 2000

POD M13  (100 mL/ ) , 37 30

. , POD 1.2.3 . 

 

3.2.3  

CS-BSA (1.0 mg/mL) CB , ELISA 96

 (100 mL/ ), . PBS 3 , 

1.0%  (300 mL/ ) 37 2 . 

, T-PBS 3 ,  (100 mg/mL), 

 (5.0 25 mg/mL), KM13 (5 108 5 109 pfu/mL) 

2 YT  (200 mL/ ). , 2.4.12 CS#10-scFv

TG1 2 YT  (1 105~108 ), 2

YT-AG (1%) 37

. , 

, 25 16, 24, 45  (800 rpm) . 

T-PBS-2 3 , 2.4.13  M13-scFv-GLuc , 

. 
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3.3.1 scFv  

1.4.1 scFv 1.4.2 pEXmide 7 , 

TG1 . 1.3.5

SOC . SOC  

(10~1000 ), 2 YT-AG (1%)  ( 2 )  

(200 mL/ ) , 37 . 

 

3.3.2 M13-scFv-GLuc  

3.2.3 CS-BSA , 

 (100 mg/mL),  (5.0 mg/mL), KM13 (5 108 pfu/mL) 

2 YT  (200 mL/ ) , 

. 25 , 800 rpm 45 , 

T-PBS-2 3 , M-PBS 500 M13-scFv-GLuc (2.4.11

) (100 mL) , 37 30 . 

,  (5 mM) PBS  (100 mL/ ), 

 300~700 nm Synergy HTX . 

 

3.3.3  

, 0.10 M 

 (pH 2.2, 100 mL) , 10  (600 rpm) . 2.0 M 

Tris ( 4 mL) ,  (50 mL) , TG1 

(450 mL) , 37 30 .  (15 mL) 2 YT

 (10~1000 ) , 2 YT-AG (1%) 37

. PCR , scFv

.  

 

3.3.4 CS  

 (200 mL) , 2 YT-AG (2%)  

(20 mL) , 1.4.5 scFv PBS-2  (200 mL) 

. 1.4.10 ELISA . 

 

3.3.5 scFv  

wt-scFv , scFv

1.4.11 pEXmide 7’ , scFv
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. 

 

3.3.6 Scatchard  

1.2.4 , Scatchard 43) scFv CS Ka

. 

 

3.3.7 scFv  

3.3.5 scFv , 

2 YT-AG (1%)  (20 mL) , 37  (~200 rpm) . 

2 YT-AG (1%)  (2 L) , 600 nm 0.8

37  (~200 rpm) .  (1800g, 30 , ) 

,  (2 L) 25  (120 

rpm) .  (6000g, 20 , ) ,  

(100 mL) , 1 .  (19300g, 30 , 4 ) 

, . TBS 4

, FLAG  ( 1 mL) 

. TBS , 0.10 M  (pH 3.5) . 

PBS 4 ,  (Amicon Ultra) 

. 

 

3.3.8 scFv  

scFv ,  (scFv#m1-2 1-10) 

. scFv#m1-2 4 , 

 (Amicon Ultra)  (5.6 mM, 100 mL) N

. , scFv#m1-10  (5 mg) 2.2.6

, 30  (~60 rpm) . 

, . scFv

,  (0.15 mg) 0.10 M

 (100 mL) 30 . , 

 (1.0 mg) 0.10 M  (100 mL) 

30 . , , 

. 

. 

 

 

 



83 

 

 

 

3.4.1 CS#10-scFv-GLuc off-rate  

3.2.3 CS-BSA , 2.4.5

CS#10-scFv-GLuc  ( 1 pmol) G-PBS  (100 mL/ ) , 

37 1 . T-PBS 3 , 

 (5 mM) PBS  (100 mL), 300~700 nm

. CS G-PBS  (200 mL), 25

 (1~6 )  (600 rpm) . 

. 

 

3.4.2 M13-scFv-GLuc  

3.3.1 , 3.3.2

.  

 

3.4.3 M13-scFv-GLuc off-rate  

, 0.10 M  

(pH 2.2, 100 mL) , 10  (600 rpm) . 2.0 M Tris (

4 mL) ,  (10 mL) , 3.2.3 CS-BSA

TG1 (90 mL) , 37 30

. ,  (200 mg/mL), 

 (10 mg/mL), KM13 (1 109 pfu/mL) 2 YT  (100 mL), 

25 45  (800 rpm) . T-PBS-2 3

, M-PBS 500 M13-scFv-GLuc (2.4.11 )  (100 mL), 37

30 . ,  (5 mM) PBS

 (100 mL) . T-PBS 3

, CS  (5.0 mg/mL) G-PBS  (200 mL), 25 4  (600 rpm) 

, 3

. 

 

3.4.4 ELISA 

off-rate , 

 (50 mL) 3.3.3 TG1 . 

 (200 mL) 1.4.5 scFv

. , 1.4.10 ELISA

, CS . 
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3.4.5 scFv  

wt-scFv , 1.4.11

scFv . 

 

3.4.6 Scatchard  

1.2.4 , Scatchard 43) scFv CS Ka

. 

 

3.4.7 scFv  

3.4.5 , 3.3.8

, FLAG , PBS

, . 

 

3.4.8 CS-BSA  

NHS-LC-Biotin (1.4 mg) N,N-dimethylformamide (810 mL) ,  (2 mL) 

CB (498 mL) . , 1.2.1 CS-BSA  (1.0 mL) 

, 2 . ,  (5 

mL) , 30 . PBS 4 , 

-20 . 

 

3.4.9  

, G-PBS 8

CS-BSA ( ) (4 mL) , 25 2  (1000 rpm) . 

G-PBS (250 mL) , 25 30  (1000 rpm) , 

. , 3.4.8 scFv (0~5544 

nM) G-PBS (4.0 mL) 25 2  (1000 rpm) . , G-

PBS (250 mL) 25 10  (1000 rpm) . 

,  (kd) . 

 

 

 

3.5.1 scFv ELISA 

CS-BSA 1.3.14 , G-PBS

 (3.3.5 3.4.5 ) (100 mL) CS

G-PBS  (50 mL) , 4 2 . 

T-PBS 3 , G-PBS 5000 POD FLAG
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 (100 mL) 37 30 . , POD

1.2.5 . 
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