N Lomssemmmin
. . Progress in Biochemistry and Biophysics
)i 2008, 35(10): 1104~1111

www.pibb.ac.cn

2008 3N REAL-

T SMERBEHRISFARK

—H#R21F 2008 FiIENRLFE

" OF ok %

A

ADLT  BREAL -

(PR KA - BB HLE 5K SR % (%) Britton Chance A2 B 5061 580, 5l 430074)

WE (0568 [ (green fluorescent protein, GFP) KGR RVE N EIEH, T 2N TIEFERE W &S
SENL AW T AN TLAE R R R Zh P UL T 25 ) 2 Ve FVE TP BIE S 55 D T, RO HESD T AR AR 22 R . Bl
FOCHAG RBRIAWTE L, HETIOUIRE LRG0 TG EAR RN Az, AR, SE MRS JE Rk
Mo F 5 40 M BRI SEw TR, AT FE T DB 1 2 R 25 i e b R AR A

KR OIOLENA GFP, JOUIREERMEBERFRET), ZERiL, Jotn 7l

Z2R9ES Q71

2008 4F 10 H 8 H, Fi it 5 5B 2 e 41 7 48 5F
IRPEEAT, 4 2008 fFEi VKA 7 A% T = A7 S [H
Bl 5. J2[E Woods Hole A 22925 = 10 K
& (Osamu Shimomura), &8 LI K2E ) H T « b
JRFE(Martin Chalfie) FH I K 2% 56 0 8] 70 152 18
7K fiE(Roger Y. Tsien), LARFZAMATAIAIA & T 4%
0, 5¢ J6 & 1 (“ for the discovery and development
of the green fluorescent protein, GFP”). I,
Shimomura X 7K BE(A equorea victoria K B ALK
ST B GFP. At R I 1 DA 5 A 2 B
WS R MSEE, Chalfie BRI TGAT
I A A B 71300 T GFP 7623 40 i P R %k,
A, GFP mIbRic 40 ff 8 ()3T, Tsien W 2 5G4
T GFP KGRI AL, JERRE T A R B
GFP S AA.

GFP N RAR AR O )72 N H Tk PR 3 ik 1
P mARENERN . BV T2 A EAER . B
BEDA By 7 I, B TR R D e 9O A 1 (WD
I G H VPR B B A, A8 i U
() GFPHEE) RG22 73 1 B R B R e, I AETE 4
J0) Yy 2RI AR B ) N BIF SRR R A TA R 1 T Dl e e A3
T2 ik PR .

1 GFPRIAIEARHTE

1962 4 Shimomura M K% 10 000 /7K B 4fi

W) Ot B H——K BE 3R (aequorin), [ T /K BE
R, AR AR, R Rk aR
PEICHT FI(GFPYP. 44k i IRV RAE PGS T 28
WL, TMAERSST N IO, (RSN Nk
SRR 2k (98, GFP alifl 511 30 45, JF%
ARZWFEN RS IETT I 7 i aE . 2
1992 47, JEA%F7 7« 3% 75 7P (Douglas Prasher) 74 5o [
ti GFP ] cDNA Jy41, {HRTff (152 Al - B 4k 2k
RANWEF. BLIE GRS GFP W JH AT 512 Chalfie,
1994 “EAAE (BL22) (Science) R R TN “Green
fluorescent protein as a marker for gene expression”
MRS, AEZIC T RIE T GFP W] LLAE4H p A
AN KOG, PRI AN TR A T ARG T
B0, HULFER, Tsien FSGHEH T GFP AL
FHUHS, PEAN R T GFP 2T ROk, T
1995 4R 18 ok 1 2 548 (S65T) e R 3k 1 T 9¢ e i
R R e MK K3 9 ¥ GFP 98 4% & (GFP-S65T),
FR ARV 2 488 nm, i AR VAT LR
£ 509 nm®. L), Tsien K J€ T B 5 ) GFP
5 AR R Do, (6 5¢ 5 25 1 BFP (blue fluorescent
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protein). 7 A % )t & 1 CFP (cyan fluorescent
protein) Fl ¥ {4 9% Y 2K 1 YFP (yellow fluorescent
protein). X LEAN [R] BT ¢ ' B 11 1 HH IR A 622 4y
T AR R JEST R T IR SIEAL. 1996 4F GFP 4
SERTE OB AT, NGRS T GFP BIF ST I AE
W AE1S R, Tsien $2H SO0 E H AL ]
AE2x FEIOCRF ORI 48 ) U 1 AR
TARZEWIA G, sk BT, JEx
P96 (U0 DsRed F1 eqFP578 £5)i 475548, 3K
13 T AT GFP H& B L0056 F1 1,

2 GFP &S5 =%FHH|

By AR GFP H 238N SE TR LA, 43 T
N 27 ku. GFP AP, 06 7E 395 nm,
KW R 470 nm, 4 5l AR GFP 4 4 [
(chromophore) ] 22 51 1 46 A1 i 746 IR & . Yang
SO SLR B, GFP 11 4 B $T 2 4L AR i
gk LB 1), MRS AR 2.4 nm, =4
42 nm. XMPIREE AR B0%, A3 GFP 1R R
WA, HATLE 6 mol/L EEMRATEL 90C R ok pH >
12 5 pH < 4 I A28k, A7 F G P 9 1 o W2 iE
T A AR SR RO, AR AR L
H = K Ser65-Tyr66-Gly67 2 1%, FF4id A & i
IR, EALIE T (E 2), DR RAE ™A IR AR A 1

HO_ RTyr66

H

O Gly67
¥ )
Ser or Thr65

(R=H or Me) OH

LR B AT S

H OH H.0,

K
U 0
Fow N 0T
tip~ 19~ 83 min N/w,:"
HO N (0]
R

N GFP ARETE ¢ . A TE T Tyre6 i i
T (B E0) AT AR A O 0 55 ) 1) 8 48 v o 58 6 R
B WP tuosE A, ORI LS 2k

Fig. 1 The structure of GFP
E 1 GFP H%EH
(a) GFP [ % 14 45 ¥J (PDB ID: 1w7s). (b) GFP f] 2 (4 [4] 45
. (c) GFP [\ g aity, EIhirdi ki B OKAER BT
B GOSN EARIN o BE.

¥
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?ﬁ%(t]/f\l 10 min)

- YT
H

t1,~ 3 min for

FRALA K
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Fig. 2 Proposed mechanism for the chromophore formation in green fluorescent protein®
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Fig. 3 Chromophore structures and spectra of common Aequorea FP derivatives
B3 GFP RLiREE BHEHFNLIE
(a) GFP 58 4% 14 11 4= 4 [B1 45 #J (http://www.olympusconfocal.com/applications/fpcolorpalette.html),
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resonance energy transfer, FRET)H AN ) 72
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MEAFRSES HAFAHEER R, Hil R Rk
KIf) = FRET 7 K®)(three-chromophore FRET) AJ
pEN TSRSy =R N ks - S D R N P U K N ]
Iy A AE A AR . BFUN Bt R TR
FEANGAS R 1) %€ ' £ 11 (CFP/YFP/RFP) 73 Jil A
i = Rl AN [ 45 19 )% (Grb2/Cbl/EGFR), A 1tt, 41 Jifg
HAEAE =X AT BE ) FRET %f: Grb2-CFP/Cbl-YFP.

Grb2-CFP/EGFR-RFP #1 Cbl-YFP/EGFR-RFP, %]
FRET FAX A2 68 A%, K I EGFR/Grb2
H1 Grb2/Cbl v] H R AEAHHAEH], 17 Cbl W2 18
AT Grb2 4545 5 EGER [AEH TAE R (K 4). =
0 FRET 5 ARAAT B 1 3 A 4h Jia A5 5 4% I bl
i, HA BT A R 5T AR 254

0

= 100 O E— . 100

Fig. 4 3-FRET analysis of EGFR-mRFP interactions with a pair of Cbl-YFP and Grb2-CFP, or a pair of
Cbl-CFP and Grb2-YFP*
[E 4 3-FRET # EGFR. Cbl 1 Grb2 Z [B]RIREIER =
(a) 3 W A FAHEAE R B (b) 545 1 FRET 96K FRET MR OB (3R, AL BB 1 AR FLAR . s

RYJ 10 m.

32 FEHZTHE BRIEEXERK
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AP 7] > 20 PR AN (7] 200 3 25 COURTAN [] 20 i B2
IThrid. Horh BARR MM S 5L T 2007 411
“HUL” (brainbow)PI(E 5).  “HNUT 7 Tl i 40
IV AR S5 NS DN LT SN AR VR 22 5 S
Fi AR AS ] 3% 119 56 B 1 2 K (CFP/YFP/RFP) %
Gk seae 2 WM AL, JF H AR EA 1722 WU b
ZILRIE. UPAEITTHIN Cre B MR IE G 0] HOH
PG ERL,  IMAEFFAHZE TN [F] I A7 AE =l LA
J =ML EEOEE A, BTN SR U
ZRs iy AN Y W N ) o -4 & LT R A0 E 2L
g, PIUCASE 2 R ELRA F B, AH
“IAT 7, BIFFEAE O A RO PRI AS [ 67 A
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PRIE S AIAE DL A 27 > il 45 n] R A K i R4 28 70
[F] i (neuronal circuit) i) A AH <RI 995 .
3.3 R RE ML T IE RAMER MR
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RZHUIRE B IRYT RIONAE T B R P 2 —.
WRLAEE AR IR, AT AE AR 5T R 1
KA S R F I W IR RS L. BT E
[P 3EAA S 1845 (whole-body imaging) /& —FP{E{R A
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Fig. 5 Brainbow system and application in nervous system®
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Fig. 6 Whole-body imaging to monitor tumor cell growth and treatment efficacy
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FITEAN N 5 28R 1, AN A K ) 5l 1) 0] 77 41
B, A SOGER 2 2 P (pH M 1) 52,
AR HEAE 20 60 PR 22 P 0 L st (VA e o R A S A9 ) B 2
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£ I (far-red fluorescent protein)-Katushka( & 5 3
4635 nm)!'®, % e H TR KT 620 nm Ji [
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(97 16 B A3 T E & BEARK) 2801 5 ) mAmetrine (B
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FCS). %671 44 (fluorescence lifetime imaging,
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Optical Visualization of Molecular and Cellular Events:
To Decode 2008 Nobel Prize in Chemistry

CHU Jun, SHI Hua, YANG Jie, ZHANG Zhi-Hong, LUO Qing-Ming"
(Britton Chance Center for Biomedical Photonics, Huazhong University of Science and Technology-Wuhan
National Laboratory for Optoelectronics, Wuhan 430074, China)

Abstract Green Fluorescent Protein (GFP) and its mutants, as reporter genes, are widely applied in the regulation
of gene expression, spatial location of protein, interaction between biological molecules, transgenic animal,
evaluation of drug effect, and study of drug action mechanism, infinitely promoting the development of modern
biology. With the constant progress of optoelectronic information techniques, optical molecular imaging
techniques, based on the fluorescent report genes, will lead to the real time visualization of molecular and cellular
events in the different levels such as cell, cell network, tissue, organ, and body, and thus play an important role in
the early diagnosis of dread disease as well as drug discovery and development.

Key words GFP, FRET, multi-color label, optical molecular imaging
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