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EhUE-EhE ZBIe MESL T J|S0| /0 ER3H of8te Birt, &0l
THEA M SL2eH CHEE LME0| Crystalin2  a-crystalinzt By-crystalin
ol 2749 OEZ L= F UL}, a-crystalin2 hetero-oligomer?l « A-
crystalinz} B-crystalin 2742| polypeptide subunite =2 FM=|0f RJCt EESH
in vitroA{| A= aA-crystalinz} aB-crystalin® homo-oligomerS &M st 4=
QUCH By-crystalin® a-crystalinE2Ct heterogenoussiCt, hetero-oligomeric
B-crystalin 7742 subunitS 74X 2 ACH (4712] acidic : SA1-4-crystaliin,
372 basic : fB1-3-crystallin), ¥t monomeric y-crystalin2 6712]
subunit ( yA- yF-crystallin) 22 FAI=|0] Q/Ct.

Crystalin AL0|0] ERYI-EINT 2BHS o1 7517] 2I3t B2 WSS B
MRS WRE BiC HIBI0) HEHOAL] two-hybrid system 0|83t i
T-EE ZsieiTs BT YR IH0| WRRICE, SHXI2t two-hybrid
systemOllAf reporter RAXIS BABIAZIT| SIBIAE T EiZo0] Bo=
OIS3Ho} 311, a-crystalingt 22 2 EMHTIS B9IOR S0{717|7} ofRiCt,

2|2t 22 o|R= CHHA-CHHE Ao S 2|5 o 224t i So| 5t
L7} &3 ™ol X| ™o (fluorescence resonance energy transfer; 0|5}
FRET)O|Ct. O] EHH2 AOl= MEOA THEA-CHEE Aels ZFM oz
2HEE 5 QT in viro &Eint CH2A| FRET2 EHHE FHAJL 2eeld,
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x| P170lA] e A-crystalinzt CHE crystalline ALO[2] =l
215}7| @3l confocal FRET microscopyS O|235HILCt, Crystalin?te| Z sl
CHEE RS OFYSIAIZ| Y, o] EHHE FZ=O| QY= A e £
F A 20| UL, 2k posttranslational modification0o|Lt H10|of| 9|
5if 0] ZEto| THEICHH BHLHEO| LIERACE, 8% CHbEof ChEE 7| o
= 5o} HEl BHLYZEO| posttranslational modificationof] £E S St304
Tlsh=z|dx|at =2 A= MAA Q| BHLYRMS EO|= site-specific mutation
Ofl CHEt od=17} ZIgHe| 0 QlCt
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Z|2 desmin 2t21 & st} gHLHEO| 219191 R120G aB-crystaliin #10|of] 2
ACP. R|ZFF R120G aB-crystalin® HIEAMA Q| LxE
StMo| 225D, aB-crystalinziol 220 248t
HE|QIC} FRET imagingS 2|sH eA-crystaling AcGFP10l| 88tAto] M2
AHdonenZ AtEstl, R120G « B-mutantE Z&st CHE crystalling
DsRed-Monomer2t &8HA|74 s=0{XKacceptonZ AFZS}RICH FRET 0]0|X|
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HHZI 2= Living Colors® pAcGFP1-C1 (TaKaRa Code 632470)z}
pDsRed-Monomer-C1 (TaKaRa Code 632466) vectors AL&5}ALCY
PACGFP1-C1 vectori= Aequorea coerulescens (Aex/ Aem = 475/505 nm)
oo =AM HAUCHHELS o|FESIC} pDsRed-Monomer-C1 vector=
Discosoma sp, (Aex/ Aem = 557/585 nm)F2i2] THHAM|Z AN S{ZTIEHE]
S °IFZSICt R120G «B-crystaling Z&lstaA-, «B-, #B2-, yC-
crystallin constructs= 0% i0l|lA 7|=8t CHE PHSQUCH2,8). « A-
crystalin ™A= pAcGFP1-C10| MEZZY513 1, LIo{X| crystalin®
T A= pDsRed-Monomer-C10| MEZZY5IRICt, 0] constructE=
AcGFP1-a A-, DsRed-Monomer-a A-, DsRed-Monomer- « B-, DsRed-
Monomer R120G « B-, DsRed-Monomer- 3B2-, DsRed-Monomer- y C-
crystalin2ta 2+2+ 7|54

AcGFP12} DsRed-MonomerAlo|2| 177HQ] ofo| 4t inkerS 0|&5toq B
E pAcGFP1-pDsRed-Monomer &8H-EHZE! G-17-RS positive control2

ZH|siict

Hela cel2 LHIMOZ Al 4 OF Hi5}ICt, Transfection 515
Z0f| Hela cell (1x10°/ml}2 35 mm dishdi| 22411, lipid-based transfection
S 0| 25101 vectorS2 cotransfection A|ZIC}, BA|ZH B S0f| i QkoH
2 HFYF, CHA| 48A12F Of4 B RFSH 20 O|0|X|S Z2AI5H3IC. O[o|A|

S| IS FBSS ES5IX| 242 L-15 o= TAfsigict

O|0|X| 242 Zeiss® Laser Scanning Microscope (LSM) 510 META

Axioplan® 2 confocal microscope (Carl Zeiss, Inc., Thomwood, NY)Z 0|

5}24Ct, Multitrack channels| 0]0|X| (12-bitj= Cl21t Z2 HAISE 7|12

E|ALCt:

*Green channel (donor excitation/donor emission: Greenex/em) : an
argon/2 laser (256 mW, T1 and T3=10% of laser exposure)

*FRET channel (donor excitation/ acceptor emission : FRETex/em) :
excitation at 488 nm

*Red channel (acceptor excitation/acceptor emission :
excitation at 543 nm, HeNe 1 Laser (T2=100%)

Redex/em) :

L.SM o|g0|X|= Metamorph® 7.0 software (Molecular Devices, Sunnyvale,
CAE 0|E3l0f EA{5IICt FRET Z4{01 thet RiMet HE== Molecular
Visionof| ECh REMISHA| LIQIRACH
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Crystalin®| FRET 2412 2|8t AcGFP12} DsRed-Monomer pair®| 224
FRET Z}EL{9| Spectral bleed-through (SBT= FRET microscopy2| 7}&¢
2 Zx|F™o|ct, FRET channeld]| CHst SBT= AcGFP1 channelo| 2F 35%,
DsRed-Monomer channel 2f 5% ME=ICt SX0f 20| AR2=|H cyan
fluorescent protein (CFP) channelo| 2F 70%, yellow fluorescent protein
(YFP) channelo| 2F 20%3{H 2401 H|5HH o 2 =X(o|CH?,

ME2oZ =35t control A& 0|M= G-17-R fusion HHEHELS positive
control2 A}235ti11, AcGFP11} DsRed-Monomer &8t CHHA! 2121
negative control2 AZ35IACt, G-17-RS Hela cellof transfectionsti=
uj, oj 28t FRET signalo| 2t&t=|Act, J2{L} AcGFP11} DsRed-
MonomerS Hela celloi| cotransfectionA|ZiS = O 25t siganiZHO|
LIE}tCHdata not shown,9), 0| Z0t2 AcGFP11} DsRed-Monomer &8}
CHHAIS 0|86t FRET Ag0| CHHA-THEHA A5t o710 RESHA AlZE

% iCtE THs4E HoiFCH

M Crystallin- Crystallin Z4st 2z o &M

= FRET microscopy A& 0A{= MZXHdonenZ AcGFP1-a A-crystaliin,
TE2XHacceptonZ DsRed-Monomer-crystalinS AFZSIACt, aA-crystallin
1} Z} orystaline| Zetst ZzE 2! 10i| LEERHACE Nomalized FRET
(NFRET) signal2 &M|laXKdonor)2l aA-crystalinz} $~2XHaccepton)2l aA-,
aB-, 8B2-, yC-crystaline] Ze S 2oiFACKIR! 2), nFRET 241 &
1}, wild-type aB-crystallinof] H|3ll R120G «B- mutante| Z&t240| 3H &
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aA-a B2 aA-aB

aA-1C

aA-R120G «B

2! 1, Interactions between « A- and « B-crystallin are greater than interactions
between «A- and bB2- or gC-crystallin, LSM-FRET images of cells expressing the
following AcGFP1 and DsRed-Monomer con-structs are shown: AcGFP1- aA-crystallin
as a donor and DsRed-Monomer-crystalin (e A-, aB-, 3B2-, yC-, or R120G «B-
crystallin) as an acceptor, HelLa cells were cotransfected with the respective constructs
shown on the left, Cells from each culture were imaged using laser scanning
microscopy. Green and red filter sets were used to detect either green or red
fluorescence, The normal-ized FRET signal (NFRET) is shown in the rightmost column,
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12! 2. «A-crystallin interacts with other crystallins to different extents, Quantified
nFRET values of crystallins were calculated from LSM-FRET images, The nFRET values
are the average of regions of interest (ROls; n=60-90) in three transfection exper-iments,
ROls were chosen in areas that did not contain protein aggregates. Significant
differences were observed for the follow-ing pairs: («A- or aB-and BB2-crystaliin), («A-
or aB-and yC-crystaliin), (8B2-and yC-crystaliin), and («B- and R120G «B-crystallin),
The difference between the «A-aA- and « A- a B-crystallin pairs is statistically
insignificant,

W tHHE aggregationt|A{ aB-Crystalling| 2i&t

MIZLHO|A wsiz|= 242t crystallin®] A& ol 235l (solubility)= Z+0] 2t
$i=|= Cl=crystallino]| w2t 34| =2bal 4= QAT Laser microscopyOi|A{ 2
5t 21} aA-crystalin SILEE transfection=| 42 [ aggregateZt 42| 9t
X|2t, aB-crystallin GFS2Z transfectionA|ZiS = 2ot X2
aggregate?| M7= Z4S &S £ QIICHTE! 3, A), eA-crystalinz} oB-
crystaling cotransfectionA|ZiS 4 CHHEZ! aggregate?| LIEILH= MIZ9|
HI20| 1/42 ZASIUCHOR! 3, C & 2! 4), J2{22 12! 12} 20i|A] &
olst 4= QA aA-crystalinZ} aB-crystalin®] Z§to| «B-crystalin®| 23H
=E 37 E7tAI121 Zolct,

24}, wild type aB-crystallin CHAIO|| «B-crystallin@] M7 SHLYRHH
R120GZ transfection A|Zi2 A<, THHEIO| aggregate=|= M|Z2|
20| 75t HHE aggregate| 37|17} HR|E A2 BEE
Ct, CZCh} e A-crystalinz} wild type aB-crystaling coexpression
MZ(4HH)ECt « A-crystallinZ} R120GE coexpressionS et M ZL
aggregate®| 20| AA| (1 5ul)sh= AS & = UACHAR! 3, I8 4),
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a B-crystalin a B-crystallin mutant

12! 3, Cells transfected with the R120G «B-crystallin mutant are more susceptible to
protein aggregation than cells transfected with wild-type «B-crystallin, Furthermore,
cotransfection with aA-crystalin does not reduce aggregation of mutant «B-crystallin as
much as it reduces aggregation of wild-type «B-crystallin, Representative laser scanning
microscopy images of Hela cells transfected or cotransfected with the following « A-
and aB-crystallin genes include : Panel A, DsRed-Monomer- @ B-, Panel B, DsRed-
Monomer-R120G aB-, Panel C. AcGFP1- «A- and DsRed-Monomer- «B-, and Panel D,
AcGFP1- eA- and DsRed Monomer-R120G aB-crystaliin, Only images obtained with the
red channel are shown,

- aA-crystallin

+aA-crystallin
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2l 4, Role of aB-crystallin in protein aggregates, A fourfold decrease in the number of
cells containing protein aggregates was observed for cotransfection of « A-and «B-
crystallin (the asterisk indicates a p=0,006), but only about a 1,5 fold de-crease for
cotransfection of «A- and R120G aB-crystallin (the double asterisk indicates a p=0,02),
The mean and standard deviation are shown as percentage + SD and repre-sent an
average of three independent ex-periments, For each experiment, cells were counted in
30750 confocal LSM images,

mEo
in vitro EfAI-CleRl ZBtot s ChE FX|2HH0| 021, FHIE Ehe
0 in vivo 2+ oflA{2] HEfRL in vitro &40l|M 2] HERT} EEt 0j2ES 3
C}, BHHOY, two-hybrid systemS AOIQl= MZEOA] THHEZI-CIHHE] 245}
CITE 4 I BT N INS MR 4 YKIRF, FRET microscopys
solgle MEO| Ma|Btxel ST\t Xjeix|el HHS Tafsh ChuT-Cly
N #sjoi7of Ot B2 0SS & %
AcGFP12} DsRed-MonomerE FRET pair2 0|&35}0i crystaline Z2&
FERT microscopyZ £A15t Zub= 79| two-hybrid systemS OIR%
BjQ} SUSIN|, SAA| CHERIO] Cfet CHITICI 2801 o2
crystalinet UIHA =2 MEZSHTHEA A5LE oi71517] 9I3H O ".JEE.J
Jl=e S YEMHC FRETOIA Oill—ﬁKIE H=(donor) HHAE D =&
(acceptor) EHEEIALO|Q] 2|7} i 71742 WH(2F 50 A)2t K|S (donor) Ehal
Z19| emission spectrumz} A-‘-i(acceptor) CHEHZRIO| excitation spectrumO|
UX|e uf 77t =", AcGFP12} DsRed-monomer= O} &{§tst
FRET partner@lS &telsteia, o| CHHAIS0| SBT 4=X| £t 7|&2| CFP-
YFP FRET pair2C} 0§ & o{LiC},
FRET microscopyS 0|6t crystalineQ| CHHZIZE HEH aA-aA-, aA-aB- «
A-B8B2-, aA-yCcrystallin)®7t= 7|Z9| Hela cellsoiA{ 2] two-hybrid
system Q17L2H2) SUAENOIA| Q| EIHHA FRETOITQL AX|FICH?, oM A
2 aA- aB-crystalino| gB2-, yC-crystalin2Ct &M S O Eo| =22,
2N A2 a-crystalinAlo]Q] FERTS S7HAIZ! Zi0|CH?,
& Zgh2 tHHE S oIEEAF |1, MET|SE Tl B

& complexE H4517, EMIEO| AT} BHEE ETIAPIE B A8
St AA| A crystalin 2R E H31E o7 =0 AsEtE5 0], &
2FtoZ FME|0f Utof ZFO| S 5 UES BICP, "R ol tel
N FEE RAISE| 2I5104, 0{2{7}A] crystalin2 A= ZEksto] 7
M E 235 ELt oIS S04, 22 0] pA2-crystalin EFECZ
2 M= Ssh=|X| LX|2H B2- 2 BA2-crystaline coexpressionAl7|H
BA2-crystalin®| a7t Of =OIK|= AS YW 2 eFoME
BA4-BB2- 2} aA- aB-crystalins SUst 217} QIS BiGICH,
Posttranslational modification0|L} site specific mutation 0|21
StALE, Z2AIZICE SolutionatoflA{ 0218t EHHA-FIEH A i
FRET oi7t= 2o| E1%|1 QJCHe® %2 AcGFP12} DsRed-MonomerES

0|&%t cell-based FRET HI7E Solf THHE Tt ZBSMS WP
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| ATk,
Lolo} A=l Ashent ofLl2), 2 AAToM AF2El R120G aB-crystallin 4
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HEY Size TaKaRa Code
pDsRed-Monomer-N1 Vector 20 g 632465
pDsRed-Monomer-C1 Vector 20 ug 632466
PAcGFP1-N1 Vector 20 ug 632469
PAcGFP1-N2 Vector 20 ug 632483
PAcGFP1-N3 Vector 20 ug 632484
PAcGFP1-N Vector Set 3 vectors 632485
pPAcGFP1-C1 Vector 20 ug 632470
PAcGFP1-C2 Vector 20 ug 632481
PAcGFP1-C3 Vector 20ug 632482
PAcGFP1-C Vector Set 3 vectors 632486

% License Notice [5] [6] [7]

32 | Life Science & Biotechnology | December 2008




e —
Clontech Fluorescent Protein®] A 1= !!

Living Colors® Fluorescent Proteins
Fruit Fluorescent Proteins

AmCyant  ZsGreen1 ZsYellow1 DsRed2 AsRed2 HcRed1

Bl Clontech YA MEIZI0|=

Application

mBanana mOrange mRaspberry mStrawberry mPlum

mCherry

Fusion Tags AcGFP1 CHEEY| S CHHAIZ SXMCHEHE o 22 o2
DsRed-Monomer Asks M| FEZ Fusion Tag2 = MEts|Ct, A
mCherry
Reporters of Promoter Activity DsRed?2 S17|7} Y2 CI2kx| SR 2 ReporterE MEHSIC
ZsGreent Promoter 4 =X S 9|8t promoterless &2+ B
ZsYellow1 vector Ztofl=| 1 iC}
Cell Labeling and Imaging DsRed-Express
ZsGreend 27| CI2 iAo HZEHHAIZ multiplex image
mChery 41810| 7¥5sirt, oj2 Cletst oyrho) Bl c
mOrange = A_|“7JEI., ﬁlter%oﬂ II}E|' 'OEJEIE Zi% AI_.IE_‘!%E'. Z,‘_ %I\I:}.
AmCyani
Detection of Protein- AcGFP1 and DsRed-Monomer
Protein Interactions (FRET) AcGFP1 and mCherry =2 5 20| FRET A2 9|6 HTHHEpairs= AD
mOrange and mStrawberry EXBIC} '
mOrange and mCherry
Measuring Proteasome Activity | ZsProSensor Proteasom Xali/2tM E21S 7IX|= 22 S Els| E
2|5t image-based asssyo|| X gtsiCt,
Subcellular Labeling AcGFP1 Subcelluar Localization VectorE 0|&310 ofzie} 22
DsRed-Monomer TZO|| FBCES USAIZ 5= QU
mCherry golgi complexes endoplasmic reticul
HcRed1 actin flaments mitochondria C
plasma membranes  peroxisomes
nuclei endosomes
microtubules
In vivo (Plant/Animal) Imaging mPlum Farred T}AO| CHHAIS AlF tr= S5 M E AHH SR
HcRed1 L= = =AM HBS vt R in vivo 2HEHO| JhSsict ABD
mCherry
Visualization of Gene DsRed-Express IRES (bicistronic) vectore &= CHEHEI D} SITCIEhRLS
Expression ZsGreeni SILIS| RNA MAIZZEE] t1dst 4= QiC} F
Transfection 8, FTA LS FEE RUEZS=| MEksict,
Bacterial Expression GFPuv GFPuv (variant of Aequorea victoria green fluorescent protein)
= lac promoteroi| 2|5l s =R =|0{, UVAH360~400nm)of|A D
Z|CEZzts 2E g 5 Uk
Kinetic Studies HcRed1-DR Mammalian system0i|A rapid tumoverS ¢|slif 245 2o st=
DsRed-Express-DR SAUCIHE O |#|E Z 5= vectorO|C}, B
ZsGreen1-DR
Timed Gene Expression pTimer Vectors SHTUCIHEIO| =AHOfIA HAHOZ A|Ztof 2} H15}04 promoter B.D

and DownRegulation

[ |
242 AZIEIRIZ Sels 4 ict,

The available vector formats for the recommended fluorescent proteins (FP) are indicated below:

: Promoterless Vectors (pFP-1; e.g., pDsRed2-1)
: Subcellular Localization Vectors (pFP-Structure; e.g., pACGFP1-Actin)
: Source Vectors (pFP; e.g., pACGFP1)

mooOw>

: N- and C-Terminal Fusion Vectors (pFP-N1 and pFP-C1; e g., pACGFP1-N1 and pAcGFP1-C1)

. Proteasome Sensor Vector (pZsProSensor-1) F: IRES Vectors (pIRES2-FP; e.g., pIRES2-AcGFP1)



