Cioc0

A LB ¥ 4k B SReRAEANTRERRENA
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Jun. 25, 2020, 36(6): 1060-1068
DOI: 10.13345/j.cjb.190447 ©2020 Chin J Biotech, All rights reserved

BERICEOIM R RN

YRR MAEY HE

1 LR WS SR, L 201306
2 HEBABEHE R T, bl 100093

Pka, MIGR, e, & BaYOLE DU EE R N . AP TR 44k, 2020, 36(6): 1060-1068.
Peng W, He PM, Shi DJ, et al. Advances in the research and applications of orange fluorescent protein. Chin J Biotech, 2020,
36(6): 1060-1068.

& E: & é@ (Fluorescent protein, FPs) TAE A R4 A AR A mfe M o T a 48 ZAF A, B I3745 2 ARt g K
Wigfd, sFiE mie o SAP Rt A2 Ao dm I B S5 AT . SRR GFER,. BRTEA 4 FPsILFE 2B 2 T AR
HEVR LTI PTA SR, X FPS A8 3 0 MR R AR A T A GAF 6 % AR, AEMF LR
HEXTT#K. & & FPs i@ % 48 0% X 18] /£ 540-570 nm #) FPs, )Lk X FHE FPs a9 AF 0 d kA b, FFHEAE
A AL E A AR IR T 43R (Fluorescence resonance energy transfer, FRET) ¥ #) 5% %% Ak f2 2 4
BEFARTIR SR, X LR T 15 515 & FPs AR A X R, TEREKLE FPs )L RA R,
AL JE A & FPs 6 B 7R AEARIE

XER: BERAEZE, HLEE, RALKRREIHS, 2WHERE

Advancesin the research and applications of orange
fluorescent protein

Wen Peng*, Peimin He', Dingji Shi*4, and Rui Jia®

1 College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China

2 Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China

Abstract: Fluorescent proteins can be used as probes to investigate intercellular molecular interactions and trace the
pathway of specific metabolites, thus providing a detailed and accurate description of various metabolic processes and cellular
pathways in living cells. Nowadays, the existing fluorescent proteins cover almost all spectral bands from ultraviolet to
far-red. These fluorescent proteins have been applied in many fields of bioscience with the help of high-resolution microscopy,
making great contributions to the development of biology. It is generally agreed that orange fluorescent proteins refer to the
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fluorescent proteins at the spectral range of 540-570 nm. In recent years, researches on orange fluorescent proteins have made
great progress, and they have been widely applied in the field of biology and medicine as reporter protein and fluorescence
resonance energy transfer as fluorescent receptor. This paper reviews the studies in the field of orange fluorescent proteins
over the last 15 years, with the special focus on the development and application of orange fluorescent proteins to provide the

basis for the future studies.
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DsRed fii Wt ta FPs fxZ, 345 8 F,
Shaner %:7¢ DsRed [ #.43 F75 & mRFPLM LA -
#1535 T mHoneydew . mBanana il mOrange®
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B 3% DL F ., B4R mOrange Y2 # i, H
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AL, A — S B MR KRR 4 FPs,
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(ROS), #rMKiGEHBEE, Bk @EIEBHBIER
7% (Chromophore-assisted light inactivation, CALI)
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Sarkisyan “54%i8 T —Fh4l 4 FPsKillerRed A% (5
27K KillerOrange, 4 i G ARG RS,
B4 ROS A GAIIEEA, Brf 9 e s
PEZ B 1,

*1 BEICLEARHESME

Tablel Orangefluorescent protein and itscharacteristics

2 BERAEAEWHHE
21 EHRGMWH

KR e T AL p-HR i 45
. L mKO R (& 1), 114 p-IrEaEdl i p-
TRT AR JRI 54, B8 0 3 40 Sl 9 — 26 3 R/ N
o-MZHER B, AL AR 3 NMEILIRERS o
BTSN AR , LT 5 o e s . -l 5
i o-BEETE BUBUR AR, AN RE Y HIGHE
A RS PR TERT N, TR RO E 45
t, RHRERE

22 %RBRNEH

WY, FPs k@ B A b
1 A SO B 22 A YL FPs OB ARE 2
LR @A RS E Y, B EIOEEAREG
W 3 BRI, FRAB RS, —
FB R i 2 R AN H 2R , 5 — A i 2 B PR A A K
L2 W L R O G 2 R B AL, TR AR Bk i =
WEREAZER, WY & Pk R o b E
B RN DS

. Excitation EXCI.t ation Extinction coefficient per Fluorescence e L= f.u Iy
Fluorescent protein maximum (nm) maximum chain (L/(mol-cm)) quantum yield mature protein  Reference
(nm) (% of EGFP)
EGFP* 489 5300 5300 0.60 1.00 [24]
KO 548 561 109 750 0.45 1.55 [12]
mKO 548 559 51 600 0.60 0.97 [12]
mKO2 551 565 63 800 0.57 114 [15]
mKOK 551 563 10 500 0.61 201 [16]
DsRed* 558 583 75 000 0.79 1.65 [13]
mHoneydew 504 562 17 000 0.12 0.06 [18]
mBanana 540 553 6 000 0.70 0.13 [18]
mOrange 548 562 71 000 0.70 1.54 [18]
mOrange2 549 565 58 000 0.60 1.09 [19]
L SSmOrange 437 572 52 000 0.45 0.74 [25]
CyOFP1 523 589 40 000 0.76 1.20 [23]
PSmOrange 548/636 565/662 113 300/32 700 0.51/0.28 1.82 [26]
PSmOrange2 546/619 561/651 51 000/18 900 0.61/0.38 0.98 [27]
DsRed-Express2* 554 591 35 600 0.42 0.47 [20]
E2-Orange 540 561 36 500 0.54 0.62 [28]

*EGFP, DsRed, DsRed-express2 are not orange FPs, only used as a control.
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1 mKO M=zt
Fig. 1 Representation of the three-dimensional structure of
mK O3,
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#EH C-Y-G = HRAIAL (& 2A), Cys KAIMEIE AL
55 3 AR, PR T BaBIYIAR, DsRed
REHH Q-Y-G LM, %45 A (0131 ity K nak b i 2R
AT — 107 28 HE R Ak ik 1 TR 6 0 e Bk A1 7 e 1 AL g
TRZ T2 T 2L AR, DsRed Hr & (141 ) 2
FEMRBR LAY AL PR T 3 A B FPs: mHoney-dew
(M-W-G), mBanana (C-Y-G) #l1 mOrange (T-Y-G).
7 mOrange H', i 66 13 [ GIn #f Thr Btft, M
ML GRS 3 Nih CEMIR), SEEE AR
S (K 2B)"3, 7 DsRed-Express2 [ (
fi4:¥) E20range it b, FHAHIE Y QB6T 2878
{&5] A DsRed-Express2 H1, M=z 118 €3
TR S o AEAS—F2 A9 /& mHoneydew 1Y % {4,141
ISR, S5 HA DsRed fiEWIAR, BB
R Tyr AR Trp (8 2C), (HZ XA
PRI EE I T 25 el ok RAFIN PO R B, B
i E N DsRed (9 3%, LG AATAEY
mBanana, EATHIFEEAA IR B A4F, BTl A
S
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KO-like mOrange-like  mHoneydew-like

2 BERAEANL GHZENR
Fig. 2 The structure of the chromophore of the orange
fluorescent protein®®.
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7= A PR T4 T TR B R TR, i
% 1161D . M163L Fl W143M 7 PN Y S 58 A8 X &
0 AT ] R P 5 s S 25 5 i) DT A 30 A 385 o - %
Bl kAR (B 3). W143M B diffi L165
MVEE ) 26 1 N R EE B, W143M il M163L 3 fif
KAt R, XD RAEG| R S146
MIBEA G E , PN S146 R LI Sy D& €2 1A
X P2 IR IA 3 D161 (R B Z AN K A8 oL 155 7
i e f£3% A%, 5 LSSmOrange R[], CyOFP1
BRI HE v (57 B U F K160 5 & (0 1A i 1y 3 1A 2 ]
SR, BORAS BT Kk UA1 A5 33 31 K160 H il
N 58 FRA S 25 T T A4

£ PSmOrange Fl1 PSmOrange2 ', Q64L %
T HO AR R B O H 2, X R AR T
64 (43 ZA TN 95 (A 2 R Z ] Y U8, Y 99 il
FERIL ) 160 FHEBRILIE BUBT 197K/ T 1) SV X
RN AR b S 3500 B8 11 BT AT A AR AR SO R, DA
MAEAC IR LTL AN IR (B 4) e tEE
65 ii Phe/lle (PSmOrange/PSmOrange?) | Cal-C
HER R, IR R K, IR 2%k
ZUEME SR OH-BERTHAL g C=0, fiik (I LHuIk
Z53P ., X2 PSmOrange il PSmOrange2
K& (29 90 nm) 2 LT 1Y F 25 . PSmOrange2
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L165 L165

r M163 Y Lies
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' ' /' Slae
w143 2:6 p D e
S146 oy 2.6
—_— /
CRO CRO ok
mOrange LSSmOrange

3 mOrange 5 LSSmOrange K512 1%
Fig. 3 The difference between mOrange and
L SSmOrange’™®.

| F99

1?99
ﬁ;gm
160%
65 [ o f&
N 2Ty
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= cro

PSmOrange

L64 )=
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4 mOrange 5 PSmOrange 45192 5%
Fig. 4 The difference between mOrange and
PSmOrange”®.
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EIPE IR 4 (GLUT4) S A ia A4t
FEELZ—, BIEYT BB RAG 5 5, H 2
G | AT | =1 7= 25N 1251 N
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—A EIRRFE N %L A ) 2 AL — A ERR
ShR 5 — AR, X E AR A E E3
HEARM IR, IR Hm A NIz R E3 EH
(NbUDE3RL), 267 # 58 FPs il 3R ik,
#E—: %% NbUDE3R1 7£ BaMV 1 ZE 1y 1fifg
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R TS, L5mE G FPs i+ L
PEZE AR A B SR O LR UG P 4 g
WA F AR 18089, mOrange. mKO 25/ T
HoB e RO B R R R A R
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K e 2538 ¥ mOrange %42 21| FC R i 24 G il
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560 nm [ & FF06 . X kil DR SO R S AL A
WY FPs 804 (oA SN 45 At s s 4H R (0 A W
JeE AR AR Y De £ & —Fh45 4 mOrange
FPOEHER 1 H ARG & (BRET3), Hifyml
HEATEER FITH T LAY, FLREMR DA P9 2 AL
{5 A S ALY S 7 o 7 FH B O 2R
FPs 25 G 1, RIS CHEE R A 5 F| FHAEYIRY) &
FERPER AR 2 FPs 1) s T G R B = = 1
R TRH 2R C T-B, B B K
FRTs, TR R ARS8 5 T HR AT i SRS .

AR S LBl B 11 200 B SR 9K Bl B AR 11 4
MivE s, XXTEMINIEFERMAETZLEE,
RG-S AR5 24 . AR A A0 R 2P S A S ) A=
G s, Bayle 413 T 75 58 S AE 1y 240 ML v fif
F&k o FPs 2878 14 TSapphire 15 mOrange f%¢
SR I o ik 1% 32 19 T Sapphire Al mOrange
Z IR KB MR, S8 TSapphire ¥
FEATAR R . I HIUE T % R GeAE AN ] 1 S 40 i v
fy 368 P

PRI 58 1 4 o L R AL VS B 1 (GCAPS)
A LAY A SE 6 R . Peshenko %5 X &4~
GCAPL HE I RMELEIFTHFREL, IHH
mOrange Frict, 7E40uSEAl FhR A RA RS
GFP At 1400 19 J5E 5 1 ot 5 Ak il 19 A S 25 5 LA
KBS He 1, MIMIRZR GCAPs 5 HAL AR T AF ]
s S, BFSE R B Orail LK STIML
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FEEMHEN Ca fBfEmElE Ca ik A K f5 S 1L
h R HETE SRR, Huang %] EGFP #7ic Orail
YE R EA , mOrange Fric STIML fE 732
IRTER R 2 A 2258 IR R W& Z [ A AH B AE
P NS E A E RS 2 YR,
15 T 203515, Larbret 25 EGFP il mOrange
SrRlE AR T ARG E A L, SR G
Wsh& A BEAREZA N F shEAR, ST
EGFP il mOrange =z [a] & AE R st i #%, i L3
WHANE T G LEhE A F LS 2 ) i Sh S
#°, Goedhart 24 7 mKO-mCherry FRET {4
PEAARXT, R A o NF-kB #4572 &
Y% p6e5 [ JE — 34k, HA b CFP-YFP 321k
PR B R g FRET AR R 7E 5S35 240 g
wh, JEFLIM FPs 1Y FRET 5 B & & TG &
IS IR A B AR A

4 KES5RE

AL EBEANG T A FPs BFR AR, L
KMHAEFEAC . FRET, A Y% 840 55 5 T iz
Mo BEEXT FPs @RS B TR A, AMITRKR
PEE T X F ok A INR . WX — 25
RALRIGEER 438, FRATT T MR T — L8 51 FPs
PSR AR Y AR A . 25 A HRTERA IAE 8 FPs
DI KA ke PR B AR RS 8 FPs, AR WT LA i A
fiff J2 HB B Z2 AT A 28 AR A IRAT 1 LR £ FPs
4n mOrange. mKO HLA5 4 & 14 71 Yo o A i 7 7™
., 1 FRET R E KM AR, BRILZ MA
HRZEFAN, U FPs 54: M9 G2 1Y
A RSB WBETRT, YIEKEHEE B FPs
U CyOFPL 7 25 Jehnic i AN FH o A7 B8l A A
P (0, FPs 525 5 AR 22 FPs — B TE AR K 1Y 4 Wy 00F
R RBEEEM.
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