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d(a)e, 29l A Aol golA, EGFP-~LBP-NT(1%5) 9} EGFP-~LBP-G178CouA(.2-&%:) 2] MALDI-TOF MS +
A& vebd olt}. EGFP-,-LBP-WT9} BGFP-,~LBP-G178CouA Ate]e] o4 A A}o]i= 188 Daol™ e A=k 3}

T Ab)E, U9 A Aol glolA], YFP-LBP-NT(£1%) 3 YFP1-LBP-G178CouA( 2. &%) 2] NALDI-TOF MS
®41& YeER Aotk YFP-LBP-WT9} YFP.,-LBP-G178CouA Alo]e] o4 A= xpo]i= 188 Daolw el A

% 59 () ¥ (0, 2o o Aelo] QoIA, L-lew A% A AAE FRET AN wuide] P sdede
yeld HAo g Zb7b (a) EGFP-LBP FRET AlA w2 (b) YFP-LBP AlAl ©heldol] ojgl 33 ~"HEHLS 360
el A o715k $7) FAIE L-Leu FEel A ZARATIEA 200 100 il A4 Sl 50 mi 1A 9% (pH

9.0), 50 mM NaCl % L-Leu(XAl ¥%)].

%69 (a) WA (e, 299 4 AAdel o)A, L-Leu 2% A FRET AA wrald o] FRET W& (Igp/Ieom) W
32 e Bolth. Lewm 2 Liges 360 mmol Al o37] Al 468 nm 2 518 mnoll Al SAHEUL, Ieom D Ly 360
el 4 o17] Al 468 nm 2 537 mmell A SAE AT, ARE R(Z L-Leu FX2olA ¢ FRET H]&)3} Ro(L-Leuo] &

WSk @2 wel FRET ul&) Abole] abolE vheRiTh. FRET M]& W37l A on] 7w g S2s
Ak, 7h7te] dlolE ¥IEE Al wel S@A Age] BFS GEATEA £ 100 M AA e 50
mM S12F 2= (pH 9.0), 50 mM NaCl ® L-Leu(A|A] =)].

A
A

=7, B9 d Ajdel slojA, M obvi=qtdt D-Leuell thdk YFP-,-LBP-G178CouA®] A1 E} = LHer
W Zlolth. FRET W& 7 opw|iite] &) gl A sholl, 360 mmoll A 7] A, Tcowm, 468 nm 2 Iy, 537 nm
ol AFHEATG. Azl dolH ZIEE Al We] Sy Aol FHS dehdv 4 =1 100 nM YFP.

10-LBP-G178CouA, 50 mM 214F €=M (pH 9.0), 50 mM NaCl ¥ 10 upM ofn]=AH.

e
tio

249 A HAdel JofA, (a) L-Leust HFAE o]F+= LBPY X-4 ZAA FxoA Zzt= A3t

2= veld Aojth. Wis ¥ = L-Leu’}t EAIE S vk, =W PDB ID 1USKoll A 71 3 = i},
B oA Ao dojA], L-Leu 282 €3 WigdlA EdWo|S ¥38}3}= FRET AlA wufz o
B7he dErd Zelvh. 7 dmde] FRET W& W3k Teaw, 468 nm B Iy, 537 nmoll A L-Leu®] &4 % =4
o}(50 pl)elA 360 nmoll A2l 7)o} A AAFEATE.  ZHzhe] dolE EQIELE A WHe] Szl Aye] At
S UEPATHEA 27 100 nM FRET A @A 50 mM 1AF 9+ (pH 9.0), 50 mM NaCl 2 50 uM L-Leu].
=99 (a) WA (hE, B9 o AAdel glolA, L-Leu, L-1le, L-Met, L-Phe % L-Valol tjal AAH =
AWo)lE o] g3 HEA A4S Ueld Aotk FRET HIE&L 360 mmoll A9 7] A, Z}zte] ofmwake] Zx)
SH50 pd) F A Sl A Teom, 468 nm L Iyp, 537 nmmol A AIFE AT, Z47be] dlolg ¥RIE+ Al He| =
Al AFol HFe YERAT[EA 271 100 nM FRET A4 ©= | 50 mM 14 # 3 (pH 9.0), 50 mM NaCl

2 50 pM ob)=AH]

T 109 (a) ¥ (hE, B9 o HAAdoe] glojA], A ofviity} D-Leuol Whdh Z2wl FRET AlA @A S
deig B4S yeld Ao}, zhzbe] whwlz o] FRET Bl WEs 7} ofw|iAbe] EA 2 HA el 360
moll Al o371 Al Tegm, 468 nm E Iyp, 537 nmollA] AIMFEATE,  Zb2be] dlolE] EJQEE A o] 53¢ A3
o FHS Vet A =74 100 nM FRET A4 wld | 50 mM 214F k=N (pH 9.0), 50 mM NaCl 2 10 uM

T 1l(a)e, 299 A AAdol o)A, L-Leust EFAE o] F+& LBPY X-A AA FxoA it= Ag 59
2 UEhd Ao Th(W18, M21 2 N230¢] ZA|FHO] 4S).

11(b)&=, Ee] ¢

= Aol lojAl, M2IE EE M21D EdWolE X&etE EAWo] FRET AlA T d 9
& 54 WhE e

A el
Aolt}k. ZF @A o] FRET H| & W3lE [ 468 nm, 468 nm E Iyp, 360 nmoll A 9] o
=)

B

q

e

71(500 n) B L-Leue] -4 Al 537 nmol A ARbS AT, Zpzhe] HolE] EAE= Al W] S5 dgle] o
S UERITHEA 2700 100 nM FRET A4 @9 50 mM <14F k& (pH 9.0), 50 mM NaCl % 500 nM L-
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T (o), 299 o g oA, L-Leu® AHAE YFP,,-LBP-G178CouA-M21ES] &3 ~#EF @ FRET
H& W3S Yelhdl Aotk FRET HI&<S 360 nmoll X o17] Al Igowm, 468 nm 2 Iyp, 537 nmoll A Al4k=E AT,
Zkztol dloly EQIEE Al W] 59 Ao Hts dERATHEA] £ 100 nM YFP-LBP-G178CouA-
M21E, 50 mM <14 €k (pH 9.0), 50 mM NaCl 2 L-Leu(XA &%)].

T 12(a)e, B9 A AAdel gloiM, L-MetE HAH® YFP_,;-LBP-G178CouA-W18V-M21ES] &3 ~=EZH U
FRET H]& W3}2 el Zolth. FRET ML 360 nmoll A ©17] Al e, 468 nm 2 Iyp, 537 nmoll A AXFE 2
v Z4zbe] diolE ZQEx Al W HAQ AP HuS YEhAIu A 22 100nM YFP--LBP-G178CouA-
W18V-M21E, 50 mM <14t €& (pH 9.0), 50 mM NaCl 2 L-Met (XA ® F%)].

T 12(b)E, Bdo o AAdel glelA, 20 /9] HA obmmAt 9 D-Metol thdk YFP-,-LBP-G178CouA-18V~
M21E9] ey #4S dERA Zolth.  FRET H]& Wik Zhzbe] ofw|iile] EAIEHA] ¢431(10 ul) 360 nmol A
A7] Al Teom, 468 nm E Typ, 537 nmoll A AXE AT, Zhzhe] diolE EAE&= A W] A Ao Hi
S UERATHEA] 2710 100 nM YFP-,~LBP-G178CouA-W18V-M21E, 50 mM $14F €39 (pH 9.0), 50 mM NaCl % 10
uM opr =4k

T 13, 2o A AAleel oA, A efel A (FBS)E H 4% YFP,-LBP-G178CouA®] #¥ ~HEH o
FBSOl A L-Leu %9 A4S vehdl otk &3 =¥ E-L 360 nn o17] A FBSO| 7} koA FH A
FrEE WA AE AFgste] 7zt FBS AZol A L-Leud] %27t 2 JTH A 271 100 nM YFP-,,-LBP-G178CouA,
50 mM 1A 2hE N (pH 9.0), 50 mM NaCl 2 FBS(XAlE &%, Als FBSOl thdh Ad) %)].
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3 o
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E
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e 9A
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hS3 =<} T
ofvieal Hi= vpo] 2|l Hs A Al 2Ele E3E, ofo] ARdEA @

PNA(JE] =3 2F), <FEJAl~
SYPLFEHLHERE AHe. & =
A Z AR g olygt, gEs] 5A-E AEdS s,

wel gAA AAelA, "E
A9 FRAE AR, =,
& AgdlE HgEn v 7
e}, sh} olabe] ofmuwal

B golt= Al ol WA HEF, opulnat 717k FH AEE Al ol

ofv]:tt HE EIIIT

B walA AA oA, FRET (&3l xdo], fluorescence resonance energy transfer)? 7]A+=, @3t
A g3F dmAdQl FAA (donor)7F YF-olA AUAE T, A7) FAAY 7] AuAZE W QuA 2 W

o

%t o4, 240 A kel AT A9 AF g

of A W] wEHE A4S oudth. FRETl @ F8A G WA wr T BEel 2ua

%4 (photobleaching)o] Wetuel® 7] gojAlet =&A7F vl &2 72 (10 nm vRbHol $A]ofdtt. =
] =

4 shgel We WE G WA gr] FlAst of Wy qUATS FTHS
39 wNA 7] FEAT 239 A PR AAAAT, Al 7] TelAE o7 A
9 ooUAsE 37 FlARRE Y] SEAR Y gle] ARl

H

[e)
SAAREY dUAE A FEATE A4 afE srie] Ul

o
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°
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il
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-
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0.

Eol A 1 WL, 33 TV 29" L-FA-A3 9 A (L-leucine binding protein, LBP); ¥ &% 4
L4 gAS F3el=, L-FA A58 FRET (fluorescence resonance energy transfer) MAE #&-3kc}.
Hool A FEdo odojA, A7) L-F4 AEE FRET AAME, A7 @3 =84 didy A7) L-F4-2% &
el g3 v sl Wy HMEHE FH|skeE WA Y] Bd dE] il Y F dRE FE ZE
o2 A&l '@l Y] Fd dEe dr] ¥F FAAE EYcke @A A7) 2 WHE STAE 93|
FTE5-HAHEAA FRET AAME G55+ dAldl 3] Az AL = Aok

Holol o FEdo] dojA, A7 L-FA HEE FRET AAE L-F41S A9 A 19 /el HA ojw ik
e D-FAl disiMe HEE YelA o, L-FAld v deigdor z28st= Ad 4 Ik, dF
=01, 471 L-74l =58 FRET Al L-Falel s 324 W7} op7lga} gAlell FRET Wl&o] S7igto=
A, L-FA3 FRHo2 AR ofr| ikl D-FAlS X318t tE ol kbl disiA L-FAITHS: Adeizo=
HET 7 U

Hool oA FH o gJojA, A7) ;A AEL DA FAE W wE AegHor T njxgzoR
HygdE 4 o, d& Eo], TAG, TGA, TAA, % o]|&9 ZHER o|Foj3 WO ZHE HAYye T2 F=9
o5t AFEE= AL 4 Ak

Holol o Foof gloja], A7) A o] X3k YH-Eo|F EdHold o5 FaqEHE=E ALY ¢ Ut
29 d FAdel Ao, AV sFHAEE FAFE YA Y F A, dE 59, 4] T4 =L
A2y Z=E 7HA = Gl d e fAAE XSt Feav s, A tRNA FAXE et v, o
A3t olu| ol tRNA A a4 FAAE XFse FHAVEE SsTFAE, 48 59, dFT W2 =Ysh]
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[0060]
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[0063]

[0065]

[0066]

[0068]

[0069]
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Tl
[0}

fo 1o 30 rlm
Ty Jo o
=
o
°
[oe}
o 09

12 X38Ea, Met2lo] Gluz 8= A$, 7] L-
= AHEE 5 o, old ARHA e A

2o A 3 SwWe, Beel A 15ve] WE -FA AF S FRET AN Egets, L-F4 A58 248 A
Fath

w9 A 3 FW] BE L-RA 45§ 2B tstel, o] Al 1 SWd} FRHE RRE g 4
A% APe Asgon, 1 Agel ASHAHSE 1) Al 1 Zo) /A Wge e Al 3 ZHol
U5 A88 & Aok

e WS gAsA Agstagt sh, shrle] A Bh9 oldE F7]
Dol 7] AAdle] gREE A oy,

[AAle]

FPAoE olf Jhed BE 38 245 3 DN Sy ES AYAY TEdeRRYH FEHeH, O o

Aol AAl glo] AFEE AT, BE A9 M-7FAFA 2 E-L Jasco V-660 TFFEAR SHEAL, F
1 3]

)4+t (Escherichia coli, E. coli)&

2 & EAstEo] o, FIh=(L-Leuw)
At LBPE= Al 719 @A (hinge) & 4
o= FAuo] glow, LB AA FEE -z FHo =-A% JuE B

-k 2 -] YA 7] &Sk, 7] N-Ewho] FRET WetE Hdlslstr] e ¥y o

9 £3S 98 MuEdnt. ggor, dF mHHA ofuxAlel, CouAZt A7) LBPo =dE ATt CouAx A7)
oful:=Abke] mlE o} UE A|~glF gylo] sheta, shehd Al ot HA A" S 7] wiitel] A

HATh. CouAdl =91 $1AE= = 164 vebd wkel o], FRET WstE Sois}str] flate] 7] Zwlol A N-
ek g Zhzbol 47| (A142-E242) Abolo] AwlE FA83Fo M A AT 7] Z7] Abole] A= apo-F H
9 Zre-Ae Felel tigk Pymol AZESOIE ARESte] SAHUIL, Aol7t ALEATHE 1. Al 7R %
715 (A177, G178, R S232)2 A olA 7HE & ®sE Uehlon, o5 AV|E T, A177 % G178¢] CouA
29 XS 98 AduEdnk. 7] $232% V] F =vede] Add HAs, Ad Mdtmd d¥gs = 5
A7] e wi A EATHE 1).

o

No
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[0070]
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¥ 1
Residue Distance from Aspl in Distance from Aspl in the | % change of the
the ligand-free form (A) ligand-bound form (A) distance (%)
Al42 58.95 55.59 5.70
1143 56.24 52.03 7.49
1144 57.05 50.20 12.01
H145 55.27 46.74 15.43
D146 56.32 44.80 20.45
K147 55.87 44.59 20.19
Ql48 52.97 40.80 22.98
Q149 49.59 39.06 21.23
Y150 47.73 38.24 19.88
G151 50.29 41.64 17.20
E152 51.62 43.93 14.90
G153 48.15 42.324 12.07
L154 47.36 43.01 2.18
A1l55 50.85 46.49 8.57
R156 50.58 47.37 6.35
S157 47.31 46.13 2.49
Vv1is8 48.87 48.28 1.21
Q159 51.95 51.20 1.44
D160 49.97 51.03 —2.12
G161 48.13 50.95 —5.86
L162 51.28 53.85 —5.01
K163 53.35 55.83 —4.65
Ale4 50.72 55.47 —9.37
Al65 51.09 57.47 —12.49
N166 54.89 59.73 —8.82
Al67 55.55 59.08 —6.35
N168 58.80 60.65 —3.15
V169 58.27 58.03 0.41
V170 61.89 60.27 2.62
F171 61.41 57.76 5.94
F172 59.00 54.22 8.10
D173 60.24 52.91 12.17
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[0071]

ZIHSd 10-2019-0087204

G174 59.45 50.01 15.88
1175 61.00 49.39 19.03
T176 61.34 47.21 23.04
Al77 59.00 44.06 25.32
G178 61.11 44.71 26.84
E179 63.41 48.41 23.66
K180 65.18 49.99 23.30
D181 67.61 53.49 20.88
F182 66.07 54.15 18.04
slas 69.42 57.91 16.58
Alsg4 69.58 58.76 15.55
L185 66.05 56.77 14.05
1186 66.43 58.26 12.30
Alg7 69.85 61.73 11.62
R188 68.34 61.24 10.39
L1sg 65.62 60.11 8.40
K190 68.39 63.31 7.43
K191 70.65 65.68 7.03
E192 67.87 64.32 5.23
N193 66.81 64.28 3.79
1194 63.17 60.66 3.97
D195 61.06 59.77 211
F196 57.72 56.19 2.65
V197 56.80 53.28 6.20
v1i98 53.47 49.83 6.81
Y199 53.82 47.44 11.85
G200 51.40 44.32 13.77
G201 51.95 41.92 19.31
Y202 51.98 40.19 22.68
Y203 53.38 41.39 22.46
P204 56.81 42.69 24.85
E205 57.97 45.40 21.68
M206 56.49 46.32 18.00
G207 58.24 46.82 19.61
Q208 61.58 49.14 20.20
M209 61.29 51.09 16.64
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[0072]

[0074]

SIHS3 10-2019-0087204

L210 60.55 51.71 14.60
R211 63.44 52.97 16.50
Q212 65.86 55.34 15.97
A213 64.71 56.62 12.50
R214 65.28 57.72 11.58
5215 68.57 59.33 13.48
V21é 69.94 61.98 11.38
G217 68.43 62.39 8.83
L218 65.83 60.65 7.87
K219 63.54 60.31 5.08
T220 60.94 57.88 5.02
Q221 57.28 55.16 3.70
F222 55.50 51.71 6.83
M223 51.85 48.60 6.27
G224 50.00 45.10 9.80
P225 46.60 41.66 10.60
E226 45.00 38.57 14.29
G227 47.44 37.87 20.17
V228 50.29 40.96 18.55
G229 48.53 40.17 17.23
N230 49.90 38.53 22.79
A231 51.42 39.45 23.28
5232 54.58 40.62 25.58
L233 54.98 43.29 21.26
5234 56.56 45.77 19.08
N235 58.54 45.42 2241
1236 60.25 46.36 23.05
A237 60.40 48.98 18.91
G238 60.93 50.38 17.31
D239 61.02 52.99 13.16
A240 60.68 52.88 12.85
A241 56.91 49.64 12.77
E242 56.67 51.75 8.68

t}S o2, FRET 48424 &34 ©@¥l A (fluorescent proteins, FPs)o] mEEtt. Fole, duzd= =40
% oA (emerald green fluorescent protein, EGFP)7} AF&% %1 o™, CouA-EGFP %2 £ FRET A& 4
Ebylltt. CouA®l W& ~FEYI EGFPY] &7 ~HERE 43 29ER FHES YeEdri(E 2). 294,
FRET S=g&A2A4 32 &34 il (yellow fluorescent protein, YFP)7} At  YFPO &4 ~FHEFHo]
CouAo] H& ~AEHI EGFPY &4 2~FEHEY @ THEJLAE E8tal(E 2), YFPO &34 A+ 2
o 3H, oA FHo] B HE S gt HHSE Hste], deold Holo] AR & 3 M9 #EAE]
AAEG oM, o5& A7V FF T 7] LBP Atolo] A=A, FIHAQ A AES B tiAl,
Gy da o] C-dke = %"d Q4 (flexible sequence)S Z+ZF 0 70, 4 70, 7 70, 2 10 N ¢AH =2
A Az Folgk Aojo] HA F 16 MNE ASIATHE 2).
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[0078]

[0079]

[0080]
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* 2
Sensor proteins Ar_nino ac_:id SEgueness
in the linker region

2|26 21.31 21I36
EGFP-LBP-A177Couf EGFP-AAGITHGMDELYK-LBP
EGFP 4-LBP-A177CouA EGFP-AAGITHGMD-LBP
EGFP -LBP-A177CouA EGFP-AAGITH-LBP
EGFP_,;,-LBP-A177CouA EGFP-AAG-LBP
EGFP,-LBP-G178CouA EGFP-AAGITHGMDELYK-LBP
EGFP 4-LBP-G178CouA EGFP-AAGITHGMD-LEBP
EGFP -LBP-G178CouA EGFP-AAGITH-LBP
EGFP_;,-LBP-G178CouA EGFP-AAG-LBP
YFP-LBP-A177CouA YFP-AAGITHGMDELYK-LBP
YFP 4-LEBP-A177CouA YFP-AAGITHGMD-LBEBP
YFP_ -LBP-A177CouA YFP-AAGITH-LBP
YFP_,0-LBP-A177CouA YFP-AAG-LBP
YFP;-LBP-G178CoufA YFP-AAGITHGMDELYK-LBP
YFP_ ,-LBP-G178CouA YFP-AAGITHGMD-LBP
YFP -LBP-G178CouA YFP-AAGITH-LBP
YFP_10-LBP-G178CouA YFP-AAG-LBP

FRET AN ghilde] v 2 A

7] ZAAE FRET AlA @] s A3 FEtav=gE FES] S8, dold ¥7 AEE e FPP-EF

LBPE <Q1&9shs fxlaE pBAD ®Efoll 4riste] pBAD-EGFP-LBP ! pBAD-YFP-LBP Zeh=w=% A43koitt.

Fd owde [BPe] N-Zehel] §3Elon, HisetagZh ©d AZE 913 LBPS] C-Zebel :=9i%9vt.  LBP

AALTT = GL78¢l] TRk =S CouAdl :=9e 917 iH AA A=(TAG) &2 oiA= ek, 7] FRET Al

G As @A77 A8, 247kl pBAD Eek22m] =7t pEvol-CouRSH 74 tigat (321.A #52 F5-FAx%
A

=
=
e

R

A7) LBP -8 74= E. coli DHI0B (Invitrogen A}, California USA)ZHE] ZEE¢lom EGFP 2 YFP §-A7
E FAA A o AHAHQ] FEHEeRRH F5HAY. Adoldt ¥AH delg ze= 7] FP-LBP
(fluorescent proteins—-leucine binding protein) §& A= 283 A= PCRo 93] FAFHRoH,
pBAD/Myc-His(Invitrogen Ab)el Ar¢}w o] pBAD-EGFP-LBP-WT F:i pBAD-YFP-LBP-WTZS AAA AT, ARl
S H8 9 Z=(TAQ)S 37] LBP 42 2 & BE 9wl 177 94 & 178 AAE EYstes A
A ZAFe] 2 E S (Invitrogen AF, California USA)oll whel, $Ix]-5o]% EAWolo] oJs] 3 F AL},

AdE =dWolE Zk= FP-LBP €% F3AE ishe 21719 pBAD ZEt&m| =+ pEvol-CouA-RS & E. coli
C321.A #F(Addgene AH)ell F&-FAHHATT. FHAH%E AEXES 4100 pg/m) 2 S2HAUF
(35 pg/mb)e] RFH LB B2 (lysogeny broth) BIX|o|A FHEAaL, Z7] wigFdo] 37TCoA 4322 (100
pg/mb), E2HFAYZ(35 pg/mL), 2 1 mM CouA [L-(7-hydroxycoumarin-4-yl)ethylglycine]7} E3% 100 mL
LBE H=3sl7] & AFeEder. il a3 0.2% L-ofghu|eaE H7bele] 0.8(550 nm) @] #8F HEof A
FEEAIL, Wi 37T WAl AFHJTE. AFEELS 4TlA 10 B FSF 4,000 rpmol| A QA E-2sle] 5
geom, F7F J&A w7hx] -g0ColA BEaAFHUT.  ZHzhe] Al A &3] HFH(50 mM Nal,P0,, 300 mM
NaCl, 10 mM o®|thZ, B pH 8.0)oA AFEHL ZZ7 AHAT. F4 DAL ALY Z2EF
(Qiagen A}, Hilden Germany)el whg}, Akl %71 Sto] Ni-NTA st F2vlEaddE AFEste] A .
AAE e B 83 (50 mM NalPO;, 50 mM NaCl, 2 pH 9.0)°] ths} 3 3 T3t 7] AAld @4

of Agt¥l L-Leus AA3IATE.
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[0081]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

3IHSdl 10-2019-0087204

A}7] FRET AlA oA (YFP.,-LBP-G178CouA, A @M 31) CouA(l mD2l &4 slol] WHHAE o™ Ni-NTA &}
A ARvEIYIE AREste] AAEHAT. A7) AAE @ ELS sodium dodecyl sulfate polyacrylamide
gel electrophoresis(SDS-PAGE) = EA it RE HAwWold thste], H&(full-length) WAL Coud &
Al kel BHEJAIL, Coule] =P FF A olw|He <3 HAH(®= 3). AMEE EdwWol= MALDI-
TOF(matrix-assisted laser desorption/ionization time-of-flight) A% I (mass spectrometry, MS)ol
o F7t2 B B4 HAoH, CouAd AFAQA Eglo] EHAT(E 4).

FRET AA vhulzo] FRET W3l =3

teom, @y wude -ddel o §9 DS SAHoR AAR, F47kel Bdve] BulA(16 el
Ayel 4 21kl L-Leudl Uld FRET AN A 79T 16 le) Bl wulde 717} thew gk
EGFP,-LBP-A177CouA, EGFP_,-LBP-A177CouA, EGFP_~LBP-A177CouA, EGFP-;;-LBP-A177CouA, EGFP;-LBP-G178CouA,

EGFP_,-LBP-G178CouA, EGFP_,-LBP-G178CouA, EGFP-,-LBP-G178CouA, YFPy-LBP-A177CouA, YFP_,~LBP-A177CouA,
YFP_,~LBP-A177CouA, YFP_,;-LBP-A177Coud, YFP,-LBP-G178CouA, YFP_,-LBP-G178CouA, YFP_,~LBP-G178CouA, YFP_j,-
LBP-G178CouA.

Az FRET A4 whld AZ(100 nM)& L-Leu L L-MetZ g-F3k= 24 #15(50 mM NaHPO,, 50 mM NaCl

2 pH 9.0)ell A AAHATE. 2 AZo] 3k FFS 360 e o17] oA 420 nm WA 600 nm7FA] = E
o, FRET W]&R, Ilew/Imp)ol Z2te] &34 ~HEHoZ2HE AAEIC CouA(Icom), EGFP(Lggwp), 2

YFP(Iyp) e 83 A= 360 nmoll A 97| A17)1AA] 468 nm, 518 nm 2 537 mmell 4] =4 ¥ ¢, FRET v]-& W3}
= U WAgAs ARk AlEE A
FRET ®]& W3} = AR/Ry = R\-Ro/Ro

P

714, Rev= [EZF=] = 00141 9] FRET W]&o]al, Ri= [ERF=] = xollA1€] FRET ®]&olth. FRET A4 ©al g
o] Aeigde sy 98, ZF Al @A (100 nM) 9] FRET Bl& W3k7t 360 nme] 7] wpgolA] Zhzhe] ofn
kel e AE(AAE w8) 2 EA Stell 4 FddA SAEHAT. RE S 59X A W F
FHAom, volHs HstE AT, 7] FRET A4 @A e afe] e Origin AZESOE AFEato] 7
achel=

Z} FRET AA @2 L-Leu® AAEAoH, JF 2AEZHES 7|5HTH(% 5). FRET & W3H(AR/R) =
AAFE AW [FRET W& W38} = AR/Ry = (RRo)/Rol, 7&olg 5%9] L-Leuol thste] E2H 3T},

L-Leu HA Ad(x 6)& 7I9ke R, YFP--LBP-G178CouA([L-Leu] vs FRET W& W3} w¥ wAgAo] A

Ak A7) wAEAE o] gste], FBSelA 9] L-Leu® F%=7F AMFESATE. YFP.-LBP-G178CouA(100 niDE 14k
92 8oM(50 mM NaHPO,, 50 mM NaCl, % pH 9.0)ell 3]24¥ FBS(0.00025-, 0.0005-, 0.001-, 0.005-, %
0.01-v] s]A)= AAEAow, Zhzte] MEL 5 & B A2 wldEATE. 360 nme] 7] el FF
SAEAeH, FRET Hl& Wart A=Ak, =8 w2 9@ Ak FRET HlE WeE o]&ste], L-
Leu®] &%=7F 24 ¥ AT},

RE AA galdo] s, FRET H|& W3lE L-Leu ¥xol wet Z7kst ¢k 10 pM WA 50 pMolA 345
(% 6). YFP €3S 2 A7) EdRo] %ﬂﬂé% EGFP & 2t Sl §<3sA ©f & FRET W3}
= Yehlilar, 178 9= Coud 5 A3 9AZA 177 9AEY ¢ Y& AxE JepfAA W, 1 Aol
el Sk, FWFEAE, 7] FA9 FRET B]& Wl dig JdFe Fosdiglon, U FAE EGFP 4
YFP &3} 4to]dk FRET ®]& W3lE Wittt A7) FRET Bl& W3le v 28 &A= L}E} E} EGFPoll i
3] EGFP, = EGFP, > EGFP; = EGFP.,, YFPel tial YFP., > YFP, > YFP, = YFP,, 7

1.

gl sl oS =dth. YFP-LBP-G178CouA2] FRET W]&2 YFPS] C-EetolA 10 /M9 ofvwits AAE
2.5 ¥} F7}aFITh(YFP--LBP-G178Coud) . 717 & FRET v]& wWisl= EGFP §3oll o3l EGFP-,-LBP-G178Coud,
9 YFP gl o3l YFP.-LBP-G178CouAel A #E=H Ao, g2 247F 0.9 H 1.5},
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EGFP-,-LBP-G178CouA¥ EGFPel §3+¥, Zeo] /H2dde Gin A2t A FRET Bl& W3S eldlon 2
Qo] A HA Aol g FEAdE Hgd = JS THIAT. =HAE, YFPE EGFPE tiA3HH FRET
Hl& W37l 1.5 W o] S7tekadet. w3k, Zhzhe] Fpoll tidh Ao YA Mde dolgal, FRET Hl& W3
of ulst ¥A IS EGFP- 2 YFP-§3 F2Ed ug Aogr). %7}7@01 ZALE 98] A7) AlA 9 Forster
A (ro)7F AXE GO 2L CouA-EGFPY] A9 49.2 A, CouA-YFPS] Z$- 48.3 Aoltt. A7) FRET &&
2 o7 T FFA Alolo] AR m#3F 4 Yl EGFP-LBP-G178Coud EAWH o]} YFP-LBP-G178CouA E<1w o]
o] AL, = A3 A% F GFA Alole Azrle = 20| el FRET AdoZHE AXEJATHE 3)
EGFP_,~LBP-G178CouA9} W] 3}ed, YFP.,-LBP-G178CouAol A F 72 dFA = A7) apo- L A7) git=-2Ad &
Bl B5oA o 7i7bgen, A wWskE A7) FRET Bl WalelA oAdd wpel o], 1.5 vl of k. F 39l
A A AYE LBPY N-Zohe] §3¥ EGFPeF YFP7 93 #H7 e t& ¢xo Jrt= AL YErvich.
2 7hel @ HWH(EGFP, YFP)O] opv|iat AL frAbekA gk, o] 4y 7|7 vh2==, FRET &-&ollA
TNARoR U2 A @ xolS w3t 4 vl EGFP.,-LBP-G178CouA®} YFP.1-LBP-G178CouA®] FRET H]-& ®

3} Atole] zpolde] ik thE @4t ujaF AA(orientation factor, K )L 4= glom o] AL 7] zol el
WE AR D A7 FEAY F A e oEdth. Y] miEk QIAbE Ay dd e 3] g4k
of ola] A7) FAet 7] &A7F T2 wiAHbTn 7P & AFS-, Forster AglE AAE o 2/302 7}
gttt EGFP-LBP-CouA R YFP-LBP-CouAol| tgh roo] AxbS 918, sde o] AMSESItk. 28y, 83 o

wAe] APe TxAon Angr, ojeld FAL A ARk Ad} B &+ A, FA H% ATE v
gom @ Aol AFE 7] PES AWARAW, wrk PAF AT EE ERS odF AT WAE ol
Utk @i, EGRPSE YFP @S] FRET W& Aolol Mol uid Beol M®e, 47 F A4S @3 wwa
o BpAom B 1A WEE rel ANE 9% W axe) F4 eFol

X3

Distances between two fluorophores
Sensor proteins Distance changes
Apo-form  L-Leu bound form

EGFP,-LBP-G178CouA 65.13 nm 57.85 nm 7.28 nm
EGFP_4-LBP-G178CouA 66.59 nm 58.75 nm 7.84 nm
EGFP,-LBP-G178CouA 65.22 nm 59.70 nm 5.52nm
EGFP_4,-LBP-G178CouA  65.30 nm 59.65 nm 5.65nm
YFP,-LBP-G178CouA 64.20 nm 57.79 nm 6.41 nm
YFP_,-LBP-G178CouA 64.25 nm 55.74 nm 8.51 nm
YFP_;-LBP-G178CouA 64.47 nm 57.98 nm 6.49 nm
YFP.,o-LBP-G178CouA 64.48 nm 52.68 nm 11.8 nm

FRET A4 eize] A% X3l g SolX
13 A2 HE, YFP.p-LBP-G178CouA & L-Leuol| w3t EGFP_,-LBP-G178CouAe] 3] F+&E 5313
ot &g A5 #ES YFP-LBP-G178CouA®] 7§~ 405+56 nMo]$lil EGFP_,—~LBP-G178CouAe] 79 334417 nMo| ]
o A7 T e AME AY Fdd A3 JsES A, N 3 ARSE g g o] Xjolrt A
7] FRET AlA ©@ulgo]l A3l Hsglge] g3Fs v XA evhes AS Yepdn. A7) Bad gH(K=400 nlD)ol

>
2
A
2
2
>,

T
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@ olmel A Ase Was, Coud % PP §l A4 HES

O s

l I = o

FksS ety o, L-Leud Whdr YFP-LBP-G178CouA?] AT EolAd & vlE RE H
H

D-Leuoll tH3F FRET ng 32 =48] Hrt stk FRET H]E WslE 10 uMeAl L-Leuel o3l
1.3701%1 L, %%‘f& TolM O e AlYd oluAto] disf] 0.16 vgk oYW= 7). AV AME 2
o2 FAe AWE ofm Akl L-lTle, L-Val ¥ L-Metol ofsl <F3t s veblle™, D-Leus H|ES v

& ool AL FAL  Aeud Ase e

L-Leus] di$t Sold 442 A% A4 A

3
A}7] FRET AlA @A e [-Ley A3 A] $58 FRET 4152 YeElAR, A7 AAds T oz §A18 ofn
2ARS o dE] 1AErdlen, oA LBPo alfrgk SAdoltt.  AF Eolds A7 S8, YFP,-LBP-
G178CouA(MEWM 35 1) L-Leu 2% Hoﬂ*ﬂ %Pﬂ% %Jﬂcﬂ A]%;‘ 24 22 E AT, LBPY X-d 24 T x
2HE, Trpl8e A7 F&A9 L-L g ol AT E 89 (a)].
Trpl8S HA|-5o]4 EAWo] Fil(site-directed mutagenes,1s)°ﬂ o9& t}E opu| =2 (Tyr, Phe % CysE A
93 16 o olmwibho® =dwo] Eglon [WISL, W18P, W18V, WISA, W1S8I, W18M, W1SH, W18G, WisS,
W18T, W1SE, W18Q, W18D, W18N, WI8K, WISR], Ztzte] Ediol= wtdxa, AA e, AF Eolio] HX
EXAt. WA, 47 AA" sd¥ol= L-Leu Aol s Hrr=EAar, 7 /e EAWo][W1sL, W1sP, W18V,
W18A, WI18I, WI18M, WI8HI+= 1.0 Z3}e] FRET H|& ®3tE YetltHE 89 (b)]. 7] 7 79 Edwoles
1 % 50 pMolA] L-Ile, L-Met, L-Phe, @ L-Valol gt 23 H3}wo] sl €l2E=0om, WISP = WISL
ZdAWolE Ffate T 7o EAwol [YFP,-LBP-G178CouA-WISL(MEHE 2), YFP_,-LBP-G178CouA-W18P(A &

WS 3)]= L-Ile, L- Met, L-Phe, % L-Val % OJEM FRET A1A @al g o] L-Leuo] tier vlul 7bser 23 A
simo] disg] 4" 2% HJslegE JEhilt(= o]gd Edwo] AMEL BE HA ol =Atat D-Leud
sl % 7}302_&1, 10 uMellA L-LeuE ﬂlﬂﬂ TﬂrE BE opnxdbe dis] 7Y W sEE JERITH(E
10).

= Beh, Gluol tigh Met2l EAWOl(M21E mutation) 7} & A3 3=s Fos)

= 330 LA, sLd A wESlal Sdeldl o7 A Ao ST AAde SHeke &
A3 AaE vEhdllvk. LBPY] X-A Fx7F A7) Ads Adeh] f&l Fol @A dEEe ] 97

4 Z= 3 k.

wﬂ{E A Fx2E AT A7 DA
7] EQdole] Aj Hstert SA4EA
Ag 3340l 72 HJEdl, Asp21¥ Asn2300] U5 de] @
| M21E &< ¥ o] (YFP-,-LBP-G178CouA-M21E, A&

3 B e L-Leud o] 238t AA AdoA FriEgon g A4E 28.4 + 3.7nM=, W LBPET}
]

ih)
et

( mlo
ofh
ox
o
o

2
o
oft
oX,
ol
N
2
i)
Ho
w M
o
fru
2
%
i,
i
oz
N

N
I~

T 9o AAE AIRHEE, WISP L= W8l EdAWolE dhfat= 2 ) NAE L-Leu EolAS
= AARA gEEYn. WitvE 1 A EuRe £ gE =59 , | W18V =AW o] FRET

A d AL Fapek gg oz [-Met9 L-Leuds <U2dith. 7] WigV EdwWole] AF 3¥S %7W7171
3, A7) M21E E9dol7t =¥ lar, Wisv 2 M21E EdWo]E zbE FRET AlA wiA  [YFP,-LBP-

R

4

G178CouA-W18V-M2IE(MEH 3 5)]0] L-Met2 HA AFEJUE 129 (a)]. FRET H|& WH3}= 3} Aeo A
14744 Z7vetar, L-Met 1 gk Aol sle] = 2.8 £ 0.15 uMeldth. L-Leudl] gk 7] AlAe] 4
g H3wE L Leuoﬂ )&k WT LBPY] AF F=ruvieE ok Wekw, A7) AME L-Leus zﬂS’%t‘L e "4 o}
W eAbS A e Zgom D-Metol tigk Hsterb 7B WA= 129 (b)]. whebA], o] Al AA A
g 5% Wshd 2 dudor e HAAd EXAES 4 ¥ £ e FEAE *é%@gi AA & 5 Y=
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FRET AlA thilzlo] &8

QA €59 (50 mM NaH.PO,, 50 mM NaCl 2 pH 9.0) &

L-obv 3t 2 D- of]xe

TS H7FEAA, 360 nme] 7] FFelA HFo] SHH U,
218 AR, FE et ZAEHA
A guldel [BpE 2z o w M *(}71 FEA 9 = BolAd H A 3Ho] AHE 4 9o, 84
AF BATL LNet® S @ F 2 g
3 HBOo = Leu E Meto 33}
Leue] w8t YFP.,-LBP-G178CouA, 2 L-M
Leu 2 Met9 L-Leu & % =71 SAEAT. & efo} A (FBS)9 L-Leu 5%+ YFP ,,-LBP-G178CouA
Tt FBSE whld 03%% 2 9 9l 49 EAel™, FBS AAE 360 nme] 7] 3
o gu}, Il E Beba, *0171 FRET Al 1 A de 24 E4Eel A9 A e A,
3} T vAlg wgm g7 folsiAl SN
37t EARHATHE 13). A7) AFBERE,

)
ot
<
=5
"U
5I

—
o]
"U
C}
=
EN|
(o]
(@)
o

o

:(>
é
=
co
<
E
\]
=
=
lo
i)
o,
ok,
o,
>
ki
N
i)
32
=

)

w3l YFP4-LBP-G178CouA %  YFP_,,-LBP-G178CouA-W18V-M21EE A}83ted Leu 2 Metd #38 L7}

[L-isomer] [D-isomer] Theoretical Measured ee [%]

Sample (HM) (uM) ee [%] Leu Met
1 0 10.0 -100 -99.75 (£0.19) -99.42 (£0.21)
2 1.0 9.0 -80 -79.10 (+0.86) -79.19 (+0.76)
3 25 7.5 -50 -51.35(+£2.05) -51.12(+0.55)
4 4.0 6.0 -20 -21.12 (£1.44) -19.93 (£2.91)
5 5.0 50 0 -0.12 (£1.88) 0.74 (£1.78)
6 6.0 4.0 20 19.03(+0.72) 18.47 (+2.82)
7 75 25 50 49.25(+£1.02) 50.80(+2.16)
8 9.0 1.0 80 81.18(£2.52) 79.58 (£3.54)
9 10.0 0 100 99.73 (£3.33) 99.63 (+4.06)
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Normalized Intensity

Normalized Intensity
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—— Absorption spectrum of CouA
----- Emission spectrum of CouA
—— Absorption spectrum of EGFP
----- Emission spectrum of EGFP

—— Absorption spectrum of CouA

----- Emission spectrum of CouA
Absorption spectrum of YFP
Emission spectrum of YFP

Wavelength (nm)

650
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E%4a
EGFP_,-LBP-WT EGFP_,-LBP-G178CouA
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g’ 64?41 g 644.29
< 15 5 S :
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* EGFP_4,-LBP-A177CouA
+ EGFP_;-LBP-A177CouA

» EGFP_4-LBP-A177CouA
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YFP_,,-LBP-G178CouA
YFP_-LBP-G178CouA
YFP_-LBP-G178CouA
YFP,-LBP-G178CouA
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k1
g
~
W

50
40 -
30

SERA

10 4

Fluorescence Intensity (a.u.)

0

— No FBS
0.00025X FBS
0.0005X FBS

— 0.001X FBS

— 0.005X FBS

— 0.01XFBS

420 470 520 570

Wavelength (nm)

EEE

<110>
<120>
L-LEUCINE USING THE SAME
<130> DP20170584KR
<160> 18
<170> KoPatentIn 3.0
<210> 1
<211> 582
<212> PRT
<213> Artificial Sequence
<220><223>
<400> 1

SIS

Concentration
in 1X FBS
FBS Measureq in
. concentration (uM)
concentration
(nM) Each
Average
sample
0.00025X 16.6 66.4
0.0005X 304 60.8
62.3
0.001X 63.0 63.0 (£3.1)
0.005X 290 58.0
0.01X 631 63.1

Industry-University Cooperation Foundation Sogang University

FRET SENSOR FOR DETECTING L-LEUCINE AND DETECTING METHOD OF

Artificial YFP-10-LBP-G178CouA segeunce

Met Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val

1 B}

Glu Leu Asp Gly Asp Val
20
Gly Glu Gly Asp Ala Thr
35
Thr Thr Gly Lys Leu Pro
50 55
Gly Tyr Gly Leu Lys Cys

65 70

10

Asn Gly His Lys Phe Ser Val Ser

25

40

Val Pro Trp Pro Thr Leu Val Thr
60

Phe Ala Arg Tyr Pro Asp His Met

75

15

Gly Glu

30

Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys

45

Thr Phe

Lys Arg

80

_39_
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His

Thr

Lys

Asp

Tyr

145

Val

Lys

Thr

225

Ser

Leu

His
305

Glu

Asp

Phe

Phe

130

Asn

Lys

Leu

Leu

Asp

210

Val

Val
290

Leu

Gly

Phe Phe

Ser Phe

100

115

Lys Glu

Ser His

Ala Asn

Ala Asp

180
Leu Pro
195

Pro Asn

Pro Ile

Ile Lys

260
Gly Val
275

Ala Asn

Cys Ser

Ile Leu

Lys

85

Lys

Asp

Asp

Asn

Phe
165

His

Asp

245

Asp

Lys

Ser

Met

Ser

Asp

Thr

Val

150

Lys

Tyr

Asn

Lys

Asp

230

Tyr

Ser
310

Ile

Ala Met Pro Glu Gly Tyr

Asp

Leu

Asn

135

Tyr

His

Arg

215

Asp

Trp

Asn

Asp

Val

295

Thr

Ser

Gly Asn

105
Val Asn
120

Ile Leu

Ile Met

Arg His

GIn Asn

185
Tyr Leu
200

Asp His

Ile Lys

Gly Asp

Ala Lys

265
Asp Ala
280

Asn Asp

Gln Pro

90

Tyr

Arg

Asn

170

Thr

Ser

Met

Val

Met

250

Cys

Ala

Lys

His

Asp

155

Pro

Tyr

Val

Asp

Ser

315

Pro Gly Ala Thr

Thr

Lys
140

Lys

Leu
220

Val

Phe

Pro

Lys

300

Asp

Asn

Val Gln Glu Arg

95
Arg Ala Glu Val
110
Leu Lys Gly Ile
125

Leu Glu Tyr Asn

Gln Lys Asn Gly

160

Asp Gly Ser Val
175
Gly Asp Gly Pro
190
Ser Lys Leu Ser
205

Leu Glu Phe Val

Val Gly Ala Met

240
Asn Gly Ala Arg
255
Lys Gly Asp Lys
270
Lys Gln Ala Val
285

Tyr Val Ile Gly

Ile Tyr Glu Asp
320

Pro Glu Leu Thr

_40_
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Gln Arg Gly Tyr

Gln

Arg

Arg
385

Phe

Leu

465

Asp

Lys

Pro
545

Val

His

Gly Pro
355

Ile Ala

370

Ser Val

Asp Gly

Lys Lys

Met Gly

435

Phe Met

450

Gly Asp

Gln Asp

Lys Asp

Ser Leu

515
Leu Val
530

Leu Asn

Phe Gln

His His

340

Thr

Pro

Pro

500

Lys

Trp

Trp

His

325

330

Gln His Ile Met Arg Thr Ala Gly Leu Asp

Ala

Ile

Asp

Thr

405

Asn

Met

Pro

485

Ser

Thr

Asp

Asp

His

565

His

Ala Lys

His Asp

375
Gly Leu
390

Ala Glu

Ile Asp

Leu Arg

Glu Gly

455
Glu Gly
470

Asn Gln

Gly Pro

Ala Leu

Leu Lys

535
Glu Lys
550

Ala Asp

His

345
Tyr Ile Leu Glu
360

Lys Gln Gln Tyr

Lys Ala Ala Asn
395
Lys Asp Phe Ser
410
Phe Val Tyr Tyr
425
GIn Ala Arg Ser

440

Val Gly Asn Ala

Met Leu Val Thr
475
Gly Ile Val Asp
490
Tyr Val Trp Ile
505

Glu Arg Thr Gly

520

Ala Asn Gly Ala

Gly Asp Leu Lys
555
Gly Ser Ser Thr

570

Thr

Val

Asn

Leu

350

Lys

Val

Gly Gly Tyr

Val

Ser
460

Met

Thr

Ser

Asn
540

Gly

Ala

Gly

445

Leu

Pro

Leu

Tyr

Asp

525

Thr

Phe

Ala

430

Leu

Ser

Lys

Lys

Val

Asp

Lys

_41_

335

Ser Ser

Pro Gln

Leu Ala

Val Phe

400
Ala Arg
415

Tyr Pro

Lys Thr

Asn Ile

Arg Tyr
480

Ala Asp

Ala Val

Pro Leu

Phe Gly
560
Gly Gly

975
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580
<210> 2
<211> 582
<212
> PRT

<213> Artificial Sequence

<220><223> Artificial YFP-10-LBP-G178CouA segeunce

<400> 2
Met Ser Lys Gly Glu Glu
1 5
Glu Leu Asp Gly Asp Val
20
Gly Glu Gly Asp Ala Thr
35

Thr Thr Gly Lys Leu Pro

50
Gly Tyr Gly Leu Lys Cys
65 70
His Asp Phe Phe Lys Ser
85
Thr Ile Ser Phe Lys Asp
100
Lys Phe Glu Gly Asp Thr

115

Asp Phe Lys Glu Asp Gly
130
Tyr Asn Ser His Asn Val
145 150
Ile Lys Ala Asn Phe Lys
165
GIn Leu Ala Asp His Tyr

180

Leu Phe Thr

Asn Gly His

25

Tyr Gly Lys
40

Val Pro Trp

55

Phe Ala Arg

Ala Met Pro

Asp Gly Asn

105

Leu Val Asn
120

Asn Ile Leu
135

Tyr Ile Met

Ile Arg His

GIn Gln Asn

185

Gly

10

Lys

Leu

Pro

Tyr

90

Tyr

Arg

Asn
170

Thr

Val Val Pro Ile Leu Val
15
Phe Ser Val Ser Gly Glu
30
Thr Leu Lys Phe Ile Cys
45

Thr Leu Val Thr Thr Phe

60
Pro Asp His Met Lys Arg
75 80
Gly Tyr Val Gln Glu Arg
95
Lys Thr Arg Ala Glu Val
110
Ile Glu Leu Lys Gly Ile

125

His Lys Leu Glu Tyr Asn
140
Asp Lys Gln Lys Asn Gly
155 160
Ile Glu Asp Gly Ser Val
175
Pro Ile Gly Asp Gly Pro

190

_42_
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Val

Lys

Thr

225

Ser

Leu

His

305

Arg

Arg
385

Phe

Leu Leu Pro Asp Asn His Tyr

195

Leu

200

Asp Pro Asn Glu Lys Arg Asp His

210

Ala Ala Gly Ala Asp Asp

Gly Pro

Ala Ile Lys

Val Gly Val
275

Val Ala Asn

290

Leu Cys Ser

Gly Ile Leu

Arg Gly Tyr

340
Gly Pro Thr

355

Ser Val Gln

Asp Gly

Lys

Ser

Met

325

Asp

Thr

405

Leu Lys Lys Glu Asn

420

Glu Met Gly Gln Met

215

Ile Lys

Gln Leu Gly Asp

Ile Asn Ala Lys

265

Tyr Asp Asp Ala

280

Asn Asp
295

Ser Thr Gln Pro

310

Ile Ser Pro Gly

His Ile Met Arg

345
Ala Lys Tyr
360
His Asp Lys Gln
375
Gly Leu Lys Ala
390

Ala Glu Lys Asp

Ile Asp Phe Val
425

Leu Arg GIn Ala

Ser

Met

Val

Met

250

Cys

330

Thr

Leu

Phe

410

Tyr

Arg

Tyr

Val

Asp

Ser
315

Thr

Tyr

Asn

395

Ser

Tyr

Ser

Leu
220

Val

Phe

Pro

Lys

300

Asp

Asn

Thr

Gly

Val

Ser Lys Leu

205

Leu Glu Phe

Val Gly Ala

Asn Gly Ala
255
Lys Gly Asp

270

Lys Gln Ala
285

Tyr Val

Ile Tyr

Pro Glu Leu
335

Leu Asp Ser

350
Val Lys Pro
365
Glu Gly Leu
Asn Val Val

Leu Ile Ala

415

Gly Tyr Tyr
430

Gly Leu Lys

_43_

Ser

Val

Met

240

Arg

Lys

Val

Asp
320

Thr

Ser

Phe
400

Arg

Pro

Thr
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435

440

445

Gln Phe Met Gly Pro Glu Gly Val Gly Asn Ala Ser Leu Ser Asn

450

455

460

Ala Gly Asp Ala Ala Glu Gly Met Leu Val Thr Met Pro Lys Arg

465 470

Asp Gln Asp Pro Ala Asn

485
Lys Lys Asp Pro Ser Gly
500
GIn Ser Leu Ala Thr Ala
515
Ala Leu Val Lys Asp Leu
530
Pro Leu Asn Trp Asp Glu

545 550

Val Phe Gln Trp His Ala
565

His His His His His His

GIn Gly Ile

Pro Tyr Val
505
Leu Glu Arg
520
Lys Ala Asn
535

Lys Gly Asp

Asp Gly Ser

580
<210> 3
<211> 582
<212> PRT
<213> Artificial Sequence

<220><223>

<400> 3

475

Val Asp Ala Leu Lys Ala

490 495

Trp Ile Thr Tyr Ala Ala

Thr Gly Ser Asp Glu Pro
525
Gly Ala Asn Thr Val Ile
540
Leu Lys Gly Phe Asp Phe

555

Ser Thr Ala Ala Lys Gly

570 975

Artificial YFP-10-LBP-G178CouA-W18P segeunce

Tyr
480

Asp

Val

Leu

Met Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val

1 5

10 15

Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu

20

25

30

Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile

35

40

45

Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr

_44_
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Gly

65

His

Thr

Lys

Asp

Tyr

145

Val

Lys

Thr

225

Ser

Leu

Ala

50

Tyr

Asp

Phe

Phe

130

Asn

Lys

Leu

Leu

Asp

210

Val

Val
290

Gly Leu

Phe Phe

Ser Phe

100

115

Lys Glu

Ser His

Ala Asn

Ala Asp

180
Leu Pro
195

Pro Asn

Pro

[le Lys

260
Gly Val
275

Ala Asn

55

Lys Cys Phe
70

Ala

Lys Ser

85

Lys Asp Asp

Asp Thr Leu
Asp Gly Asn

135
Asn Val Tyr
150

Phe Lys

165

His Tyr

Asp Asn His

Glu Lys Arg

215

Ala Asp Asp
230

Ala Gln Pro

245

Asp Ile Asn

Glu Tyr Asp

Lys Ile Val

295

Ala Arg Tyr

Met Pro Glu

90

Gly Asn Tyr
105

Val Asn Arg

120

Ile Leu Gly

Ile Met

Arg His Asn

170
GIn Asn Thr
185
Tyr Leu Ser
200

Asp His Met

Ile Lys Val

Gly Asp Met
250
Ala Lys Gly
265
Asp Ala Cys
280

Asn Asp Gly

60

Pro Asp His Met Lys

75

Gly

Lys

His

Asp

155

Pro

Tyr

Val

Asp

Ile

Tyr

Thr

Lys
140

Lys

Leu
220

Val

Phe

Pro

Lys

300

Val Gln Glu

95

Arg Ala Glu
110

Leu Lys Gly

125

Leu Glu Tyr

GIn Lys Asn

Asp Gly Ser

175
Gly Asp Gly
190
Ser Lys Leu
205

Leu Glu Phe

Val Gly Ala

Asn Gly Ala
255
Lys Gly Asp
270
Lys Gln Ala
285

Tyr Val Ile

_45_

Arg
80

Arg

Val

Ile

Asn

160

Val

Pro

Ser

Val

Met

240

Arg

Lys

Val

Gly
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His Leu Cys

305

Glu Gly Ile

Gln Arg Gly

Gln Gly Pro
355
Arg Ile Ala

370

Arg Ser Val

385

Phe Asp

Leu Lys Lys

Glu Met
435

Gln Phe Met

450

Ala Gly Asp

465

Asp Gln Asp

Lys Lys Asp

GIn Ser Leu

515

Ala Leu Val
530

Pro Leu Asn

Ser

Leu

Tyr

340

Thr

Pro

Pro

500

Lys

Trp

Ser

Met

325

Asp

Thr

405

Asn

Met

Pro

485

Ser

Thr

Asp

Asp

Ser Thr Gln

310

Ser Pro

His Ile Met

Lys Tyr
360

His Asp Lys

375

Gly Leu Lys
390

Ala Glu Lys

Ile Asp Phe

Leu Arg Gln
440

Glu Gly Val

455
Glu Gly Met
470

Asn Gln Gly

Gly Pro Tyr

Ala Leu Glu

520

Pro Ala

Gly Ala

330
Arg Thr
345

Ile Leu

Gln Gln

Asp Phe

410
Val Tyr
425

Ala Arg

Gly Asn

Leu Val

[le Val

490
Val Trp
505

Arg Thr

Ser

315

Thr

Tyr

Asn
395

Ser

Tyr

Ser

Thr
475

Asp

Leu Lys Ala Asn Gly Ala

535

Glu Lys Gly Asp Leu Lys

Asp

Asn

Gly

Thr

Val

Ser

460

Met

Thr

Ser

Asn
540

Gly

Ile

Pro

Leu

Val

365

Asn

Leu

Gly

Gly

445

Leu

Pro

Leu

Tyr

Asp

525

Thr

Phe

Tyr

Asp
350

Lys

Val

Tyr
430

Leu

Ser

Lys

Lys

Val

Asp

_46_

Glu

Leu

335

Ser

Pro

Leu

Val

415

Tyr

Lys

Asn

Arg

Pro

Ile

Phe

Asp

320

Thr

Ser

Phe

400

Arg

Pro

Thr

Tyr

480

Asp

Val

Leu

Gly

Gly
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545 550 555 560
Val Phe Gln Trp His Ala Asp Gly Ser Ser Thr Ala Ala Lys Gly Gly
565 570 575

His His His His His His

580
<210> 4
<211> 582
<212> PRT

<213> Artificial Sequence

<220><223> Artificial YFP-10-LBP-G178CouA-M21E segeunce

<400> 4
Met Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val
1 5 10 15
Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu
20 25 30
Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys
35 40 45
Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Phe
50 55 60

Gly Tyr Gly Leu Lys Cys Phe Ala Arg Tyr Pro Asp His Met Lys Arg

65 70 75 80
His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu Arg
85 90 95
Thr Ile Ser Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu Val
100 105 110
Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Lys Gly Ile
115 120 125
Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Asn

130 135 140

Tyr Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys Gln Lys Asn Gly
145 150 155 160

Ile Lys Ala Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser Val
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Gln

Val

Lys

Thr
225

Ser

Leu

His

305

Arg

Arg
385

Phe

Leu Ala Asp

180

Leu Leu Pro
195

Asp Pro Asn

210

Ala Ala

Gly Pro

Ala Ile

Lys

260

Val Gly Val

275

Val Ala Asn
290
Leu Cys Ser

Leu

Arg Gly Tyr
340

Gly Pro Thr

Ser Val Gln

Asp Gly Ile

165

His

Asp

245

Asp

Lys

Ser

Met

325

Asp

Thr

405

Leu Lys Lys Glu Asn

Tyr

Asn

Lys

Asp

230

Tyr

Ser

310

His

His

390

Ala

Ile

GIn Gln Asn

185
His Tyr Leu
200

Arg Asp His

215
Asp Ile Lys

Trp Gly Asp

Asn Ala Lys
265
Asp Asp Ala

280

Val Asn Asp
295
Thr Gln Pro

Ser Pro Gly

Met Arg
345

Lys Tyr

360
Asp Lys
375

Leu Lys
Glu Lys

Asp

Asp Phe Val

170

Thr

Ser

Met

Val

Cys

330

Thr

Leu

Phe
410

Tyr

Pro

Tyr

Val

Asp

Ser
315

Thr

Tyr

Asn

395

Ser

Tyr

175

Ile Gly Asp Gly Pro

Leu

220

Val

Phe

Pro

Lys
300

Asp

Asn

Thr

Ala

Gly

Ser
205

Leu

Val

Asn

Lys

Lys

285

Tyr

Pro

Leu

Val

365

Glu

Asn

Leu

Gly

190

Lys Leu Ser

Glu Phe Val

Gly Ala Met
240
Gly Ala Arg
255
Gly Asp Lys
270

Gln Ala Val

Val
Tyr Glu Asp
320
Glu Leu Thr
335
Asp Ser Ser
350

Lys Pro Gln

Gly Leu Ala

Val Val Phe

400

Ile Ala Arg
415

Pro

Tyr Tyr

_48_
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Glu Met Gly
435
GIn Phe Met
450
Ala Gly Asp
465

Asp Gln Asp

Lys Lys Asp

GIn Ser Leu
515
Ala Leu Val
530
Pro Leu Asn
545

Val Phe Gln

His His His

<210> 5
<211> 582
<212> PRT
<213>
<220><223>

<400> 5

420

Gln Met

Gly Pro

Ala Ala

Pro Ala

485

Pro Ser

500

Ala Thr

Lys Asp

Trp Asp

Trp His

565

His His

580

425

Leu Arg Gln Ala Arg Ser

440

Glu Gly Val Gly Asn Ala

455
Glu Gly Met Leu
470

Asn Gln Gly Ile

Gly Pro Tyr Val

505
Ala Leu Glu Arg
520
Leu Lys Ala Asn
935
Glu Lys Gly Asp
550

Ala Asp Gly Ser

His

Artificial Sequence

Val

Val

490

Trp

Thr

Leu

Ser

570

Thr
475

Asp

Gly

Lys
555

Thr

430

Val Gly Leu
445

Ser Leu Ser

460

Met Pro Lys

Ala Leu Lys

Thr Tyr Ala

510
Ser Asp Glu
525
Asn Thr Val
540

Gly Phe Asp

Ala Ala Lys

Lys

Asn

Arg

Pro

Phe

975

Thr

Tyr
480

Asp

Val

Leu

Artificial YFP-10-LBP-G178CouA-W18V-M21E seqeunce

Met Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val

1

5

10

15

Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu

20

25

30

_49_
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Gly Glu Gly Asp Ala Thr

35
Thr Thr Gly Lys Leu Pro
50
Gly Tyr Gly Leu Lys Cys
65 70
His Asp Phe Phe Lys Ser
85
Thr Ile Ser Phe Lys Asp

100

Lys Phe Glu Gly Asp Thr
115
Asp Phe Lys Glu Asp Gly
130
Tyr Asn Ser His Asn Val
145 150
Ile Lys Ala Asn Phe Lys
165

Gln Leu Ala Asp His Tyr

180
Val Leu Leu Pro Asp Asn
195
Lys Asp Pro Asn Glu Lys
210
Thr Ala Ala Gly Ala Asp
225 230
Ser Gly Pro Ile Ala Gln

245

Gln Ala Ile Lys Asp Ile
260

Leu Val Gly Val Glu Tyr

Tyr Gly Lys

40
Val Pro Trp
55

Phe Ala Arg

Ala Met Pro

Asp Gly Asn

105

Leu Val Asn
120

Asn Ile Leu

135

Tyr Ile Met

Ile Arg His

Gln Gln Asn

185
His Tyr Leu
200
Arg Asp His
215

Asp Ile Lys

Val Gly Asp

Asn Ala Lys
265

Asp Asp Ala

Leu

Pro

Tyr

90

Tyr

Arg

Asn
170

Thr

Ser

Met

Val

250

Gly

Cys

Thr

Thr

Pro

75

Lys

His

Asp

155

Pro

Tyr

Val

Gly

Asp

Leu

Leu

60

Asp

Tyr

Thr

Lys
140

Lys

Leu
220

Val

Phe

Ile

Pro

Lys Phe Ile

45

Val Thr Thr

His Met Lys

Val Gln Glu

Arg Ala Glu

110

Leu Lys Gly
125

Leu Glu Tyr

GIn Lys Asn

Asp Gly Ser

Gly Asp Gly

190
Ser Lys Leu
205

Leu Glu Phe

Val Gly Ala

Asn Gly Ala

255

Lys Gly Asp
270

Lys Gln Ala
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Cys

Phe

Arg

80

Arg

Val

Asn

160

Val

Pro

Ser

Val

Met

240

Arg

Lys

Val
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275

Ala Val

290

His Leu Cys
305

Glu Gly

Gln Arg Gly

Gln Gly Pro
355

Arg Ile Ala
370

Arg Ser

385

Phe Asp Gly

Leu Lys Lys

Glu Met

435

GIn Phe Met
450

Ala Gly Asp

465

Asp Gln Asp

Lys Lys Asp

GIn Ser Leu
515

Ala Leu Val

Asn Lys

Ser Ser

Leu Met

325
Tyr
340

Thr

Gln Asp

Ile Thr

405
Glu Asn
420

Gln Met

Gly Pro

Pro Ala

485
Pro Ser
500

Ala Thr

Lys Asp

280

[le Val Asn
295

Ser Thr Gln

310

Ile Ser Pro

His Ile Met

Ala Lys Tyr

360

His Asp Lys
375

Gly Leu Lys

390

Ala Glu Lys

Ile Asp Phe

Leu Arg Gln

440

Glu Gly Val
455

Glu Gly Met

470

Asn Gln Gly

Gly Pro Tyr

Ala Leu Glu

520

Asp Gly

Pro Ala

Gly Ala

330
Arg Thr
345

Ile Leu

Gln Gln

Asp Phe

410
Val Tyr
425

Ala Arg

Gly Asn

Leu Val

[le Val

490
Val Trp
505

Arg Thr

Ile

Ser

315

Thr

Tyr

Asn

395

Ser

Tyr

Ser

Thr

475

Asp

Gly

Leu Lys Ala Asn Gly Ala

Lys
300

Asp

Asn

Thr

Val

Ser

460

Met

Thr

Ser

Asn

285
Tyr Val

Ile Tyr

Pro Glu

Leu Asp
350
Val Lys

365

Asn Val

Leu

Gly Tyr

430
Gly Leu
445

Leu Ser

Pro Lys

Leu Lys

Tyr

510
Asp Glu
525

Thr Val
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Glu

Leu

335

Ser

Pro

Leu

Val

415

Tyr

Lys

Asn

Arg

Pro

Ile

Asp
320

Thr

Ser

Phe

400

Arg

Pro

Thr

Tyr

480

Asp

Val

Leu

Gly
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530 535 540

Pro Leu Asn Trp Asp Glu Lys Gly Asp Leu Lys Gly Phe Asp Phe Gly

545 550 555 560

Val Phe Gln Trp His Ala Asp Gly Ser Ser Thr Ala Ala Lys Gly Gly
565 570 575

His His His His His His

580
<210> 6
<211> 42
<212> DNA

<213> Artificial Sequence

<220><223> Artificial GFP_BspHl Forward primer sequence

<400> 6

tatatcatga gtaaaggaga agaacttttc actggagttg tc 42
<210> 7

<211> 45

<212> DNA

<213> Artificial Sequence

<220><223> Artificial LBP_His-tag Reverse primer sequence

<400> 7

atggtgatga tggtgatgac cacccttggce tgeccgtggat gaacc 45
<210> 8

<211> 36

<212> DNA

<213> Artificial Sequence

<220><223> Artificial His-tag _Kpnl Reverse primer sequence

<400> 8

tatggtacct caatggtgat gatggtgatg accacc 36
<210> 9

<211> 48

<212> DNA

<213> Artificial Sequence

_52_
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<220><223> Artificial GFP_10AA deletion_LBP Forward primer sequence

<400> 9

cttgagtttg taactgctgc tggggctgac gatattaaag tcgeegtt 48
<210> 10

<211> 48

<212> DNA

<213> Artificial Sequence

<220><223> Artificial GFP_10AA deletion_LBP Reverse primer sequence

<400> 10

aacggcgact ttaatatcgt cagccccagc agcagttaca aactcaag 48
<210> 11

<211> 27

<212> DNA

<213> Artificial Sequence

<220><223> Artificial LBP_W18L mutation Forward primer sequence

<400> 11

ccgattgccc agctgggega tatggaa 27
<210> 12

<211> 27

<212> DNA

<213> Artificial Sequence

<220><223> Artificial LBP_W18L mutation Reverse primer sequence

<400> 12

ttccatatcg cccagectggg caatcgg 27
<210> 13

<211> 27

<212> DNA

<213> Artificial Sequence

<220><223> Artificial LBP_W18P mutation Forward primer sequence

<400> 13
ccgattgccc agccgggega tatggaa 27
<210> 14
<211> 27

_53_
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<212> DNA

<213> Artificial Sequence

<220><223> Artificial LBP_W18P mutation Reverse primer sequence
<400> 14

ttccatatcg cccggetggg caatcgg

<210> 15
<211> 33
<212> DNA

<213> Artificial Sequence
<220><223> Artificial LBP_M21E mutation Forward primer sequence
<400> 15

gcccagtggg gegatgaaga atttaacgge gcg

<210> 16
<211> 33
<212> DNA

<213> Artificial Sequence
<220><223> Artificial LBP_M21E mutation Reverse primer sequence
<400> 16

cgcgecgtta aattcttcat cgecccactg ggce

<210> 17
<211> 36
<212> DNA

<213> Artificial Sequence
<220><223> Artificial LBP_W18V_MZ21E mutation Forward primer sequence
<400> 17

ccgattgccc aggtgggcega tgaagaattt aacggce

<210> 18
<211> 36
<212> DNA

<213> Artificial Sequence
<220>

<223> Artificial LBP_W18V_MZ21E mutation Reverse primer sequence
<400> 18

gccgttaaat tcttcatcge ccacctggge aatcgg

_54_
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