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A &K H

1. EAE Lt SHB (FRET) i E G AFE S B UK
MEEE, R V589 A RS STHREALFARABRRIAZLAL
WHOHE, &G BRUEARIZREFARLBAGRR, mAE
GAREZOBAAESE —RAES THALESHERRREER.

2, BREMAMER 1G84EEG, L PZ9ATHRERSE. HH.
AH. LRHK. REREK HBHEARLBRIAACEARRREZEZGHR.

3. HRERAEZX 19K EY, A FZOBTHRAKE. @H.
AE. LREK. ABRAEK MEHLERRIAELCEARREZEYD .

4, BREBAMEL 13 E—ZXKGANEE, ETRAHRTER
¥XEE. RAE. REAE. AXVAF.

5. RERAEZE 13 £—-ZRGRNEE, ATHFAABRT
RPEAATGRFELE SEREBREFUEZSRAADA.

6. MERAEEL 4 AN EE, A FRAZROTHRAZER LR
. $E6EATG. BEXATZE., HEXAZTORAECRALS.

7. RERAEZEL S5 G9REE, A FTAAESTRAXRFAAE
BRENHEFEFE,

8. —#ATRAFEEFTREFLEGT &K, HFHE ek (a) AA
E2E 1-7T #—E2 RN RA T a5 AAEATHREARIER, BARHR
B, RAEEL4; (b) BRBEREREIS IS AL BRERAKL
LM EERTERATEERMNZOERARRBEFLESGRENF
y: 3

9. RHAEX 8HFE, ATHAARKTALERERK CEF
X@FHA, AR XRFHRAR.

10, —#¥AE, Léa¥ (1) RAZEL 1-7T £—Z KGR %
g, (2) 4%k, & (3) BB FHh/REGERAM.
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AARARBEEHBRESARAEGRAL AR

AEXPFRERRALBEEHES (FRET) REGHES A P&
@ BARHERAEE, B AZAFARERELTARAI RIS
AABREGER, B4 BRAHEAREZKRLFARABANTER, @
BHEOAFEGBEAARER — KL THRALEEGGLERARERZE,
WEEY A BFREINEARARNHBLEERNEE, RENATE
MEATREFAGAE, AAAEXBERSFHRAE. LERIXRFRAK,
B X R F k%R 5 @eg A&,

SEMNEZAARBRREARLEENRATHRED R, ETRER
B B R, AEANZHERAEEREESFRENEA
MR, HTEAEFRETHREBSER, EFRHF5E. HEXK
FE A, KEARLHE, ARREIZEAINPRELBANATH. B
AR LE, AR IEZMEITERAFANELERR. LARRAR
BRERCETRRKEALESHEN, AZFHERGLBH T HE
BARENE., ERARAHEELRN T X T, BHLEEAZRLES
Bk (RIA) s i@k (EIA) SERERAS 2, AFaiEa#s
(REXHAKR), HA, SABTPREAZENFLE, RBEHGLE
2 0MRALE BERBEHGRERBEAETHNEZLERT —F AR, &
FEMANSL, BRRERECARERES, REEFLAER S,
EvHmELLZMZ (Homogeneous Fluoroimmunoassay, hFIA)
BERARASEZ, PEANSRARTISFHHGANE, XIEIHTAH
RIFEABFAEBRS . ARG RATTARAFFTEAG R AR
F#H M. Ulman FAFARBERE T RARLKELEHE (FRET) & hFIA,
PpigAn % k£ &M Z (Homogeneous Fluorescence resonance
immunoassay, hFRIA), ERATRE-HALR L FH AR E.

AEREROBEARALS TLNAEE—HRALREEHRS

1



(FRET) 34, BP—ATHAGEAXBR (=44, energy donor)
BEEASRELDBL —ANAARKS T (82 %K, energyacceptor)
iR, wRIEGBEARKRETHOLAHAEKES, RL2BEAY
BMAEXBE, BRBGHASRATHRGEHL, ARG EHEHE
BREXAXKRH. —IBEEMZIANEESREL RALE
% RGBT K.

B ARALRLEMNZOCER TEMNF FGHR. Ueda F
[Ueda H, Kubota K, Wang Y, et al.Biotechniques, 27 (4): 738-
742 (1999) 1A FEABREBERF X AKX S NFRLREG E4R2E,
HHEEWERTREEANMARE, RERKGK LS, AR
F RS RAZ-XF, A 490nm & KB K 3234 86 B8, %2 F 520nm
AAHHH G, 60onm A HAKE, MERKKEZHH M, 605mm %L
F ¥ 3%. Stenroos F [Stenroos K, Hurskainen P, Eriksson S, et
al.Cytokine, 10 ( 7): 495-499 (1998) ] A4 ¥ 4Pz ELA
g% 2 (IL-2). A Cy5 ARt L B3k, HATH R 93 &4 LKA
Z. Blomberg ¥4 R BE AT FAHiFichik, BB oF FAZKLBRRE
PREGBCC, ERETHBETHHRE T BCoRAKRER.

AAGHBRAEER LA ZALARANSGRAKAERIA L
AENERMEAMNETIRR, BHEIREHAAGHF KL TS5
BREZLKGAFAFEELERXARAGRASTLE, £3HZF NS
BERELEFRAKL AERY, BIREALAGHFHRESHER
BARXSTFZAGHES, AMmA L FRETHRE. XEFTERZRBIAT
hEENGEL, ERZXEKFHLESREAPRLE, EEMNTHL
H®E, HTEAERHNTHIZENEE, RAFEHELELERF
#it, AR TR HERERE, 4ENLRREABRRI FA
RBREBAEY. B2 BHALGT AN SR L EERERA,
Bt P IiERLMpfksd. XERELECNYERERSER
FRTHSHMR. AXEAERRE, AAVEIT—E£HBHBH AR
AERLEEMNZENBEFT X, ABELEFILHLE, RAEENFERER
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HHARY, RREGkE, AHlSf. I-HAGHHAEALALE
SERMEFZERNRAT RAZORAAE OO THE.

BHREAHRAFZTOLEFHEELALEZY (GFP). X &£ LEY
(YFP)., B&%k%EEG (BFP). RIIBEZEXXEEG (GFPuv) F,
CHNHBFTEERBRTARAENGELE LTS, SGEXLEZ Y (green
fluorescent protein, GFP) & —AFFRZGEEAR, £k 238 k&,
2 FEHH 27kDa, § 65-67 L EARAREBHR —FEEHLE
B-BLARAE-H R 58 (Ser65-dehydroTyr66-Gly67) IRiL 2k #y, iX
— &M GFP AAKR B KA. GFP XELHMHBRA - G#
fegid i, ML —-—LEHEZ, TAEHENEIEHETLE,
B TART EFHFR AL, GFP 85 N sif C B TA LA E R
FRSGEABRMBRGRLEAEMN, b CGFP #B44ARXHN 42 EaNERE
ALELEAEH A, CFPHXKAREBE, RHEHRAZ G, X 4K 5445 GFP
BRABRE@BEARB AL B2 AT BiF4R2. Hein
FARXTERABE T AHRRABREE RGP/ R LA ERES GFP X
F8, IEFRBEFALY GFP RANARLERN ES. EXCHH
TS BEFABERIE T RRAES, PRARARINGLERAE
¥ DrFP583 (DsRed) [Matz MV, Fradkov AF, Labas YA,et al,Nat
Biotechnol, 17 (12) :969-973 (1999) ]. 1996 4 Mitro % & 3 b M. &K 5|
# A~ GFP % J #! BFP5 #= RSGFP4 Z [i] #5 FRET # % [Mitra RD, Silva CM,
Youvan DC, Gene 173: 13-17 (1996) ]. BFP #= GFP X j&]# FRET &
BEERTEMNMPEERT. ZFEAKF Bcl-2 #» Bax LA HHIHEA
% &% P [Mahajan NP, Linder K, Berry G, et al, Nat Biotechnol,
16 (6): 547-552 ( 1998) ].

GFP 13 #FEF B THAR S AR EH LA S656/V68L/ST2A/
T203Y £ RA A (# A% 513nm, A 5% 527nm MK & K ALEG, YFP)
#o F64L/S65T & F& ( # %% 488nm, X 4% 507nm, EGFP); Y66H %
£ (A% 382nm, X454 448nm 9B & KX &G, BFP) # EGFP,
T2031/ST2A/Y145F % 3 & (# A% 395nm, X 4% 509nm, GFPuv) #
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S65G/ST2A/K79R/T203Y & & ( # K% 513nm, A &% 527nm, EYFP)
% [Heim R, Prasher DC and Tsien RY, Proc.Natl.Acad. Sci.U.S. A.,
91: 12501-12504 ( 1994), Heim R, Cubitt AB, Tsien RY, Nature,
373: 663-664 (1995) 1. ¥ EMNS AL —~HRRESAL, LFHK
ARERBEXELERATHE, ERZVYRF ALY, 2dmT 4
EFASBATHRAR, BARMEESEE, TAERAENEH.

ERSHNBRBHRABRAELE—H FRET RE, FAFXLES
( apoaequorin) &KX X E G (wtGFP) X R THL. KFAL
I2EOR—FEDHEAREE, S CRIARBHRBEFEZLLELES
B, EHALANMREEFAREA, ERXAHFEK KK 466nn, L5 wtGFP
HRRKEXBEK 470nm BE, EXRFHERA, BTHEHEOZIHESHR
N, SRELERSHES, BB wtCFP ARFERAL (RRAHK%
¥ 504nm) M HBX AL k. BHRXAFEARFTIATSEFLSH
FRAFERERZA, £ GFP HAEBHNAGEN, AATKGELERT
$#EFA, ALY ERILFH6 LR (Casadei J, Powell MJ, Kanten
JH, Proc.Natl. Acad. Sci.U.S.A., 87: 2047-2051( 1990), Zenno S,
Inouye S, Biochem. Biophys. Res. Commun., 171: 169-174 ( 1990),
Nomura M, Inouye S, Ohmiya Y, et al. FEBS Lett., 295: 63-66( 1991),
Shimomura O, Inouye S, Musicki B, et al.Biochem., J.270: 309-312
( 1990), Kurose K, Inouye S, Sakaki Y, et al. Proc. Natl. Acad. Sci.
U.S.A., 86: 80-84(1989) ], ¥—24ME—HRRAHKEELLE, M
A Ca*HAFRAMN, AW RARERRI AL RENH, AKEZT
REFAAEY, 2ANFALRRSEATRER. ERBEEHE
%, MEBZREERAFFMNFEER FRET, #A&RNRE £ miks, &
MR —2 X S m XA .

EFQR. B, BB, BFLAVWKLST, TRAIRGRIBEN, &
AWRSFZRAREHY, FREFED IS THRITENERE, TR
H&BiERA. ATLRK, BERE. RAFOEYH. LA4E4. A
BIE4. BEtE, £HhifEeEMNH SAEBSTF. SHRAR
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FoFBRARIBEANRCEEFAER. AFERGRABAZIR
HNEHETHLEALERGEAE. BAXKZLL;, URSRAAHE
eMNEHLET ECEHBARELY, THALRRESRIARARE
[Evangelista RA, et al, Clin.Biochem, 21: 173 ( 1988), Diamandis
EP, Clin. Biochem., 21: 139 1988), Diamandis EP, et al, J. Immunol.
Methods, 112: 43 ( 1988), Diamandis EP, et al, Anal.Chem., 61:
48 (1989) ]. FLZFGAREBREAB XA T AN ETOHRETH K
., BRX—FRERAEL L. AEERTH, BXARG/AA%RS
BEEOHELEREEFFREAKRER, AMNEFL/HER, H45
HHERRE. RANGHFR LA FRET SEZ M E, BRLE R HGHT.

A KA es B g F&RIFRAMEBA FRET 45 4 69 4 B X H].

AEAMAZHAAARLARALREEZHSZALA (FRET) 4
HHEGAFREGBARNRNEES, A TATEMNEATRAS A
E, LEBRAARE. ik, HAEGORFE B, ZAxN%kd
TRTRRBEGER P,

AEAPR—FOFREARALBEERBHREGIES A PR
G BARYANEE, AT, B9 A RFARZFHRECALFARAYR
AFXLBFORRE, 8 BRAEAREZTAALTAEABRGK
B, mB%&Za A$FEG BAEARLEA—REAFTFTHALEGHLRARR
* %,

KERFE—FAFEBEE A #% G B ARN A% G4 A K
A 6 A .

AERRFRATERBEINGENE, Fak (1) dFGAFE
GBARVARNESE, (2) 4R, Rl ZETHh/IAGEEN.

AEBA-—FaATERATEMAREATREAEST &, BAEE
#: (a) FERAVHARBGE—RAZGEHFAUFELTREMBLER,
HRABHALSY; (b) RRBRERRAILSVEGELE, ERER
BRIV HFERTEREATEERANEOLRAREFKFESGHA
o H A



BBALH, KRAVNAAZOTHESG A TRARE. B,
A, ABRE. REEK HERERBRIALCEARREZESHR.

HELXLRH, AXPHRNEGTHES B THRARKSE. @Y.
Al., LRHEK. RBRE WERLAREAALCEARREZENDA.

BMBALE, XAPGRADRTEARAES. XALF. HL
k. FRUKF.

WEALD, AEXPHLFEAADRATREBEAALE G R EXRE.
HAERAEFNLFEREAYA.

MELALY, A AN EAZOTRAZERAES. REXA
a. BERAEFS. X AEARALERAES.

HEALY, AL HEAAZTOTRAAXRBEAATEORECY SFF
TR

WBEALA, ALAPGANEOPRAXRAZORAATOER
BRZENBEHBEZORRE TSRS TR ALSHRERE
%, XEAXXEFQOREA LB OO L FHYE, LLERXAE, ANE
G5 FRERLEEH FERKAAEGREEA, HEMNELA. WA
B YREALBEREFRANGEFREAH T RAE TSGR
B, BRhTAEHZENEZN, BTEAFEEFHHFFRAE LER
FRAE, CEAREBERA. FRFEABFRAK,

AEXBIRHEFFETURRAEARAAZTOLRBERAE
HREGEAARSGAE R, TTLENEEFPHAAE. BRETA
RFpE mi. AE. LRE. RBEK HNERXRERAXLECALR
REEHHR. EARIEY, NAXKBHFELFREOHERE
+4RE, $4FOTABLAZLEFN, ATEREGH LA,
MBARERREPE—BRALARE. XRAFEARITAFLL
MREREEG, Bt TRAERR XN, E¥IRAEKEY, £F
HHBIFHR—MESTHESEASGRAEGEXBENRERZES T
oK FREGHE, ARARGRSGERIEHE, RENIANES
B, X3 K% FRET HEZZRKAA, B 1-10nm A, XEKALK
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RETHS, BAXEALEOWETH, IAPSHTALE 20 54
TAXE, AEHAEHEARANBE LR AL ENRARILTHEZ,
EEENHES PRIFRAGEL, VR a 1847 5 & 54k & 35 o5
WTBRSEOAEGRAE, RABLARARANAREAT S EER
FRET, ZEMEHHRERT, RN EORSLERT, CNZRAH
FBEREAKE FRET. AEAPHX—NEAFETH AT RELSE
R EAFORAATG, BLTEALEF R THRICEBEGEL
Fe Rl ERBAER PRUBLHBEME, BARFETEHXANLEZAHNE
FHPERGEE, Rl RRME.
AEXBRAGHMERLRRBEFZmANATREEL S EHERME,
BEBERTRABETREAGERNEEREAEERGRYE, REALR
RegHMm, RAABEZIRAGES EmBE, 24ERKBFZ LYK
ARARZAGEZLEN, AR GHREEERH RN G ZHE.
AXARBLANE —FHa FREANE, BFERRAHERK
&£ 500nm AL XEGRAMERNEE. Hlie, ABELF FHHE
&R A%KEG CFPuv Rtk AL, KEEXALEEG GFPuv pFEX L
%6 EYFP 4 S| ZAF &G AFf% @ B, ©AIXR 95. 8% Fl EH#HEFT
CMARGEERE, THEZHRXEAHMEK (509mm) 5EEHHEK
#E&¥ (513nm) +458E, TAEI—FRFTESES, EME5 R
AR ARAREE, BALZEL 4%, - F GFPuv-antiGFPuv—EYFP
R A K2 K £ FRET, ¥A GFPuv 9 3L& % (395nm) #K, 20 44 A,
ERAKEHXK 509nn A RABREF AL FTHHRXKXBERKT
EYFP X K Stk ¥ 527nm & 69 % X R E NI R,
HEEALFG A BEBRERFTE, IRV LFFTRELSL HIV 5
Rk, AFFHAHIV-1 &R E G ENV2 5 £ %% 9 GFPuv. EYFP &9
4% &G ENV2-GFPuv. ENV2-EYFP 43144 % @ A #% & B, Wei#
RAER K H, HAAE HIV-1 BERAGENLF, 20 24 AK
-2 2| FRET R %, ¥ ¥ GFPuv &9 & K # & A 395nm # X, GFPuv %) 509nn
RRXEHAREB A o iFH BK@ EYFP527nm £ 65 & K A H AR
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BN F#WA&G. i HIV-1 Sk 0B b i 08 R ) i A & 4L,
EEEGAPEOBHRARNZGHELTALRALEL BERER .
WBEBLAELPAHE —ARRERAFTE, AEAVREHEA —F HIV-1
RGN EXF, R A% S5% G ENV2-GFPuv 4% & A, FioE L+
BODIPY507/545 89 & G4k A% @ B, CHIHALRAMREAERZE ——F
41 HIV-1 &% G ENV2, GFPuv ¥ R A X $% ¥ (509mm) 5
BODIPY507/545 #9 & A ¥ E %k K (507mm) +4-8ik, 2—xtiestg
#hat, SAFEHIV-1 BHEHRAG RER, 20 54 R340 2] FRET
A%, BARKEEGAELTL, Bl GFPuv #R KB AL 395nm
X, BRAEAERALH ARG MALZNY 507 £ 5% % 530nn £
&, fiA HIV-1 A RBELFHEREZRXASERILERBSH. X
—ARAEXBERERNTEAE GG R HMEF AR,
AEXRTERAGBRANEORALA IR Y, AAXBHEAZ
Fo % X i # pGFPuv. pEYFP, pRSETB-env2. pRSETB-env2-gfpuv.
pRSETB~env2-eyfp, % % fF3%|% & GFPuv. EYFP. ENV2. ENV2-GFPuv.
ENV2-EYFP. vA 3 B T42 ¥ % i 69 &, B do 5 Sh AL H K 44t £ 35 = 4, ENV2
Wit A R B AR78 £ BODIPY507/545, 3t A4 % Exf, AR X
abeEa AREEB.
AEXPRBEGBEAFHELE A& (10%FiF, 0.5%% %G,
2%BSA, 1% TritonX-100, lppm &itwtek), TBMAEHRAGH
FANKABRHETAE, AHATES A BRHEFARARE. BR
%K EAWG FRET 8948, BREALY, KAUEFRAETFERE
GAFEEGB BIThAXNELRNERTH ARG H L.
FEERNGNE—BBRLF, FELGLAFRTRERAELERHRA
BAEIABEFFLEARTKESEKE 450nm £ FEG KIS HH
BREGES, EAEXPEABRERFTTHEZTHFH, 2ELAEXHN
HEKEMAESE 500nn A E, ERAM GFP 2H XXM AZAF
SRGEAKXMF, _BET GFPuv # EYFP, GFPuv # BODIPY507/545
TR LS



GFPuv 89X #+ %% % (509nm) 5 EYFP 69 AK X%k ¥ (513nm) JL
FHER, —LARBENESEA (0 TREERALRESHR
(FRET), Bp¥X GFPuv #¥ & % (395nm) ¥ %, GFPuv % {Fes L L
BHEGFTAHELAERY EYFP, AEENEARE, REX—#
A 52Tnm AR R X AN, £AAXEKA. GFPuv 5 EYFP 2§
A 95.8%9 B B, ¥ GFPuv Y £# B LR FAHWEMFH R F* EYFP
LHRFHEERE. MERLFTREGBTRFEIHHRAES
Fif, K% FRET. XA ZBGEAEATARBEAR BHGEH.
¥R HRBEIANEZIHHEAEORSGEAX, ANARKBERHH K%
ARBEAEGER, EEMNZMAL FRET . R HBMAFEL
AEGERTANEZRBRIARRARELLET LS.

Molecular probe 23] #% X4 & BODIPY 507/545 #£ 5% & & F
HAEXAERE, EHESFRRTEORL, BEFRFRRAELAK
¥ 507nm A Z KK MK 530nm 8§ X AR HFHRG KFS LB EHR.
vA BODIPY 507/545 #Fit#ift iR, X—KAHKRE GFPuv #4 4%
BRAFHRLEMR—FREEFR A, ARLESTR—REAGHEFLE,
vA GFPuv #5# % % (395nm) ¥ %, CFPuv S8 TUALEHKGF X
#4530 9 % %5 BODIPY 507/545, %)% 4 FRET, #&#® 2% 530nm #
KB Mm, AFRETHALEEE TURAIBRARBKBELS T L2455
RERENGIE.

RRABIBEARRAEO/AAZTOBRSREAGBERE T4 RE,
CMN—EALFN B BA, %ERH, FHG, HAEF, I NH
ARAE S HGMLHCNELEREL FRET, REkEMmAH, &
SRABRANGEE, T—FHRAEANFTAHERF &.

pGFPuv. pEYFP 4% 2 & # % X & & GFPuv #» YFP &5 &K,
KX HHRES 44 E coli A H#4 BL21, KEBFFEARARIE
RAEONERBRPRAEN. AXLFATERRS, EAAR.
W GFPuv. EYFP, EGFP. EBFP W A& F 95%¢I F Bk, R&ELF
Hera & BORANEM AL GFPuv £ &R, THE/FNXER AL G4
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RIRR G S RE B RAR.

$ldo, 3 GFPvu#= EYFP FERBA, HBEEMA LA A fik,
BAUNEHRATH, TIUBREZXLEEAGPIARFFETRERRK
FHEERE. AMHFRAZGOEXEAZORAGIABETRE 10 10 2
M, BiEA S50%IE. Ik HE Sl GFPuv-antiGFPuv-EYFP #74 &
B, RSB GFPuv 4= EYFP 9 ¥E & 534, *4 FRET. ¥ 395nm
Kot EAEAMBGHITHE, RALESGTLE 20 04 AXEFEZ.
TULAF], MmA GFPvu Hikfal hEe 24 %, CGFPuv K50 {8
RETH, "ARLFTEARANRAEAIRELAEOENLR, RA
% FRET. 1 TA L FRARAT X EH—&AL 500nn Z &, T
2%,

kA (AIDS, RFBEEASBLEASRE) sFA LR ELE R,
BREMNGFHLEFALES. FIA R BARERS HIVAMF A,
FEZRETHIV env RESEHE R TARSEELT G gpl20. gpil #o
gag REABBHReEE p24 YR B RHERAHG. BREELALA, £
ER TR REEREEAEHMENERERN L ER.

Bk, A TFAENFXHUERRBBREEZARATOPRR
FOMBLEAAAFE. RH pRSETB-env2 SRAKBATH T AE
BERBRBERNETALERSORETS, N2A gfpuv RHGRK
#: pGFPuv (# B Clonetech 28] ) ¥ vAFR 4l ¥ A Lo 8§ 750bp #9 gfpuv
EERE, #AN env2 AHE 373, KA EH/H pRSETB-env2-gfpuv
(2u). B4, #¥ kB FH% pEYFP &5 750bp eyfp 2B F env2 £
K& 3 3%, kA EHME pRSETB-env2—eyfp ( 2y).

MEGRE 2u. 2y ALK BAFE £ LB K BL2L, IREF TR & 20,
oY RREBLEXNELEGH ENV2 Bk bt B4, REF L
BOBALAERTER., RAEMNELAEMNEAR, %ESZORAT
(AR QR EALBERFOBETOGEDFRAEER, ERK T2
PERAKXAFEOR.

¥ 2V H0 2U FERRS, RBERARL, BRALEHGELTL.
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LAFFEARE 2. 2Y 5B RO RAKGIHABITH 10 10 28, 2
#EHA S0%MRE. RAEELSHBXA 2U-1g-2Y, 4 50%2 F 1
# 20-1g-2U #= 2Y-1g-2Y, Lt ZH A S50%MHR. REILHWLE
4 FRET. ¥A GFPuv A A ENMRMERRITHE, TALAEST
. 20min AEXBEZ., A HIV-1 A ELFHIKEZ P, GFPuv
MAREEEVETH, IRARKHBELESHEL EYFP A3k
8. A HIV-1 AR F 6K £ R RE] GFPuv AR ASAH R T K,
LI EAFHAGRARBHREARAEL, FXE FRET. 2HBRR
RbaFoAZEREKEZY, AEGTRALFERGENSARBERYG
TR, TOREBEK, ROBEAXABREN TS, RERAAX—-F
ik, KT 1% Tl L.

Fshatsbibsg HIV-1 THABEE G ENV2 #47 T F K EHFT.
Molecular probe A S & ¥ X AFEH T EGR. 2K, BERFH
e, WABZ GO, BODIPY 507/545 RiEA A FHHRER
B R FXAE4, vh DMSO A M 10mmol/1 #jf4&%&. € 54béy HIV-1 £
mbEEE ENV2, #RCET %t PB (pH=7.3) #4, 9% PEG10000 %
%R 2ng/ml AF PB PHER, AZR. B RAEEFHFHTR
1: 100 (V/V) #3bdl £ 18 mA BODIPY507/545 # &% (&AM ),
BRea%, ¥R, B8k ESRK B 3 W, 53t PB (pH=7.3)
HEWEIER B, 3%k4F ENV2-BODIPY507/545 ( 2D). ¥ @ Feit ELk
EARAE, RABERBLREWEA TR, THA FRET BR XA

WHEEAKN, BELENBEBEFARTEAFOREERLA 2U fo
2D BB EER, AABEHENRF, ¥A GFPuv S AMAE,
23 500-550nm B9 R B, AL FHEEASAEGTH, XA
20 4k 6, A HIV-1 etk 8K ER XL A% ¥ S 507 £
H#HE 530nm A4, @A HIV-1 kAo FHARERKASEK
JUFR#3. Bk FRET &3 %) 7 HIV-1ENV2 898 FHHEE. RERE,
TERTLEREMNT (LE 3 B 4).

BEXATGROCEREE SHTFE, SNGHEOEREAE.
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ERA#ENBH, EFFENTURERABRENTN, FHTAR
% [(HeimR, Prasher DC, Tsien RY, Proc. Natl. Acad. Sci.U.S. A.,
91:12501-12504 (1994), Heim R, Cubitt AB, Tsien RY, Nature,
373:663-664 (1995) ]. MAEA MW FRANELE, X-HHS#. &a
Remygmal., 25 E%E, DNA shuffling FEREATFEORYX
ki, THELEE 6 CFP TEM, A4EAH R A FRET 23
Bz hxt, AACHH FTLSBEHFABEET XKL ES, oA
EAEOF, BRAZOEAAPRBEVBFRFIAAS T LERAL
RAERBRBEELSAE, TAHEBSEY, RFXARR. &%
EFRAGEARR, RAZGHASTFHRAGEF ARV ERFZNOR
BE, TOBEENLLILZARRZRGEANG T, LELMEFTLR
RAEEH.

HTFTHEFEGREAMAHEILETORACHR KGR L, #2
EXARBEIAEGEARERCHFINTALSGTH, B EIEAN
BHERTHRAEZOXERGRE, BREAIREFEARTIFR,
BGUERBFRARKR. CNHOKLEZRANG T ARG, REERXA
AEGERRBE, & T4,

HMELALD, TAXEXRBEALIEN, I -AHHZRBEE
i, MATHLSAFFREAGLE, —ZXE2HRR. REANERLA
B, RAEHEREAN XA PRI RARE/ AL, HARWLES
FRET. AL &4k FE MM, & Triton. 255 FF, THhERK
FRERGLEMMAMEEEOGRGHAM, FREHGERAGESBEF LA,
B F FRET 89 X A BEH SR FRE, FEIEHKHE FRET X
A F PR, AnESERNGZHE.

BRBEALYE, TRAUFZAAGRRPRARRAEMNREN, 218 H
RABREKER, MATREAFFRLAGLE, —LRERR, A
HEFRE, RAEAFEREIN AN PR RARE®THAEL, R
FmANSEHELM, HAEMES FRET. § TRHRFAALETZHFSEH,
TARTERAEANGE., BEHAMEEAGKD, EHA FARELEAESR
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) E,
ATFTHREMK. WEARMK EHAEFm0HEB LN,
A #p:
2% 1 2748 &N GFPuv. EYFP kA FiA ., MEhEHG
GFPuv % A.3% B 69 1b
FH 2 BFEMEMN 20, 2Y R R FmAH,. MAELFEHE GFPuv
RARESG K
F# 3 BTHRMEN 22U, 2D ARETAR. MELENEKREZN
KX SE IR
GRERE R
B 1 £~ GFPuv, EYFP R4k Z F A fa b fo 7% 47 )5 69 % b 5%
B x4
B 2 2 GFPuv. EYFP #&#4Kk & hu\ A b fo 5 3 )6 09 6 56 5%
Ex4
B3 2FRAMEMN 2. 2Y hEA P AR LFHENELE
BEA
B 4 2FEREMN 20, 2Y KA PRAREFHEHRLR
EEL
B 5 2FA&MKN 20U, 2D 4k F T Fabk o i35 %Lk
6 T4
B 6 2FRAEM 2U. 2D hE PRARELFHE L LLE
# % 1L
RiE BB
% %3ttt 245 3% ( Fluorescence Resonance Energy Transfer, FRET)
B—HEEG KA R TR — AL EHMK (Donor) i LK
(Acceptor) #f, X MMHEHAF 1-10nn 9L F AR, & T8
“BRGMESER, BABKLSTHLETHRE hv THRESEES4S
T, mETHRLS FHRALEHBEAEAF hv’(hv Dhv’)fmirdk, B Forster
F 1948 G4 4k iz 238,
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¥R K% EBZ (Homogeneous Fluoroimmunoassay, hFIA) 387
A—AHIEREAAT VT IRLEAARETHENEL, BRF k6
HECERTFERN, XIHER. REAFSHHOHBASHLTH
R RAZETHREmETER .
%54 1 GFPuv  EYFPHARNZ O R TERNLFZ TREAHNZETEL
pGFPuv, pEYFP 4% & & # X £.%& & GFPuv F= YFP 85 £ X £ 4k, #
XA RS R B coli AXH 4k BL21, BRIRELE 30CHEFE
0D600=0. 6, e A IPTG E# 3} & 0.5mmol/1,15°C 200rpm E 3% 3% 3
2¢hr . B S B A X Z M & ( 200M Tris—Cl, 5mM EDTA, 100mM
NaCl, pH=8.0) vk#&, & 5 8 #, 12000rpn & 10 54k, LA %X X5H B,
A T4,

VAR F & Lumex 23] * % X434 ( FLUORAT-02 PANORAMA) #
%A E#, GFPuv # A ¥k K 395nm, X H#k K 507nm; EYFP B K kK
513nm, Z &%k K 527nm, KAZREME.

PSA %4k 94 R 87, GFPuv. EYFP. EGFP. EBFP wH AR &
] &, #84E 95%1% L ( GFPuv: EGFP 96. 7%, GFPuv: EBFP95. 8%, GFPuv:
EYFP95. 8%, EGFP: EBFP99. 2%, EGFP: EYFP97.9%). X Fi&X—3%, K
GFPuv % &M &, AKRFRAZGRMAK. & GFPuv £k EF Atk
BRI, £ P 50%a Ao A I . GFPuv #4942 & 60%A L. /A PBS( 20mM
NaCl, 2.68mM KC1, 10mM Na2HPO4, 1.76mM KH2PO4,pH7.4) & &%
J, * PBS ¥, REN W74 FHMGREMEMN ( TSK-GEL
HPLC, BECKMAN), #4464 95%2L E. 14 MBA-2000 # &% . Z a9 R
AW E A BERES 2ng/nl, R 30p] 5FEFRHBREANRY, T
BMAFEERLENR, FHE2AF 7T ABSHNARKNENEL
R—K. RENERTIAELL, 2 E5LFATLELR. EIA M Z
K, GFPuv. EYFP %X P FAHBEF& 11 2000 HF ek, 54
B RAAN, 5MBhkstit P/N E5E 10 AL, EAF FRET
¥,

3% GFPvu #= EYFP ¥ 24, B 2ul ¥k 1:50 &5 4] A8 & 100ul ( #
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B 10%F fF, 0.5%% %G, 2%BSA, 1% TritonX-100, lppm & &
Mook ), A Sul eiF, BRBHEEGRALA. ¥R 395nm KA KA
Rt irE K, A #EGTIE 20nin AXBBE.  TLEF, M
A GFPvu 3tk A f2 7% 5, GFPuv 9 K St A B T/, & 17% L,
BREZSARER EYFP RKATSI R, T AAEENHZE, 527
4 EYFP 9 X A ryigm— & REFE. BRAFFPEARFHR
WA E AR EE, RA 4 FRET. mA MK LEE GFPuv X 5%
EAHETH, KT 5% EATHEI G- BRAESRERERLIR, 12
TAKRBER., MELFZRGERN. OTMALRFERGEALRLE
hBHER BARERK MAARLEBREBRKGHEaRD, KT 1%,
TAE%., W&l Bl B2

%74 2 ENV2-GFPuv ( 2u) #= ENV2- EYFP ( 2y) # AR & a4
R iF P REAAEHIV- 1RAE

CRRE LR FREERNEIAREE LM 450nmm £ EH K

HA, HEXLRREBATEXRKXSHHEE 448nn 49 EBFP; Fl W A&
SRR ERAGBALIBR AR ET RS EARE, LEFTEAR
AARKERRAMNALAKZIMEE KA EGFP ( EX=488nm,
EM=507nm), &4 T GFPuv ( EX=395nm, EM=509nm) 4§ % & &4k, EYFP
¥ A2 24k (EX=513nm, EM=52Tnm, ASFLBE@FTXHE LS
BRAZRRAEOFRRREOHBESE AR RX R, H# pRSETB-env2
REXBMAEFTARZEAARRBREEAEHRG TAX BERFOLEL S,
ARSI AEE Pstl/Kpnl &8, WA AL LES W — bE&EL.
Bl 644 gfpuv X B &5 # pGFPuv (M B Clonetech 24) ) 4L yA R 4]
b b185 PstI/Kpnl &2, wK& 750bp 49 gfpuv X E A &, #HA env2
RAHE 3%, KGETHML# pRSETB~env2—gfpuv ( 2u). El A, LR #$
Pt 1 Y7 8§ BamH1/KpnI F) 6+ 4 2 fi 42 pRSETB-env2 F» pEYFP, # 3 750bp
6 eyfp X HE T env2 X H & 3 3%, HMEFHMKA pRSETB-env2-eyfp
(2y).

HE6 F A 31 Ecoli BL21 B #, 30°C £ 8 £ 0D600=0. 6, A IPTG

15



FH4KE 0.5mm01/1, 15°C 200rpm E %325 24hr. B BARAEME
( 20mM Tris—Cl, 5mM EDTA, 100mM NaCl,pH=8.0) =k & , & F &%
B, 12000rpm & 10 5048, B EF B TR,

¥A 12%SDS-PAGE ML £, 2Y. 2U 3§ 34 43KD (ENV2 16KD, GFPuv. EYFP27KD),
LS4 L LEY 20%. %R 4ES FLUORAT-02 (45 F #7,%) - 514 @]
2Y., 2U 49 % &, 2U & X 8 & K ik K Ex=395nm, & X & 4+ % # ¥ Em=509nm,
2Y mAk#EA XKk K Ex=513nmm, R XXM AXK En=527om, 5 £ %X
# GFPuv. EYFP MAF, ERXAZEMAEH. EIA BN Y AEKBH
R FEWE, 128 T 21065 ENV2,

¥ 2Y F= 20 R4, B 100ul ¥ 1:30 5 HHB R 3nl (HL£
#: 10%F fzik, 0.5%% % &, 2%BSA, 1% TritonX-100, lppm £
%), A 50ul i, BRWEHRAETL, L 395nm K EA R
AHATHE, ¥ALENGETAE 20nin AXHBE. . TAEFEH, i
A HIV-1 3tk fabtf ik /&, GFPuv 9 A H AW 2 TH, & 1492 L,
XRAZMARER EYFP RKATIIRL. I THESGHZ, 527nn
4k EYFP (A M A GHE m— B AR, EREELRFTEREGE
BRHLGERASH, LEXEBRYAL. AT FTEARFORA
¥ mA ¥ ARk E, REA L FRET. mAMRMB &% S GFPuv X414
ATR, KT 5% XTHIG-EREEGSRERLARLETIR, 127
AARRER, MteFZRGER. & TrALFERGENE K
BPHEX, ZORERK AnRARERKGFZARD, KT 1%
T RS, (B&2 B3 B4

$34) 3 2u #= ENV2-BODIPY 507/545 ( 2D) A RN EZ AR T
B o F P REAEHIV- 1 4.

xtsifteg HIV-1 €A EREE G ENV2 /7 TAF R AR, Y
Ji®¥ T Molecular probe 23], BODIPY 507/545 H4r & El4&#H X,
EBA, TR, BAT-20C, fFRTHBPETTH, T 200p 1 DMSO
BEEER, RIAL 50T FHEATHRAAMA BREAXCA/ e (&
=69000 ) £ BODIPY 507/545 #9 5 FR3R B, 7 A= DMSO 4 3K & %] 10nM.
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2iib6g HIV-1 £H 6B &G ENV2, 2LEX 95% REHA 0.5mg/ml, %
BT Tris—Cl @&, #2965+ PB( pH=7. 3) #F 7, F ¥L PEG10000
KE% A 2mg/ml A F PB Pegik. ¥RE ENV2 ¥4, & 200pl %
— 0. 5ml eppendorf &%, TR THEK. RFEH. EBEMA 201 #H
#4745 BODIPY507/545 %% (ARAR), £HF 2, ¥ TE. &k,
EHRE 3PH. REJE, B&k* PB(pH=7.3) #HH&EILRE, KF
ENV2-BODIPY507/545 (2D), # @M A K AAXEBARK B HE. XEHELX
& 504nm, X 4t 530 nm, EIA @ RERLTH 10% 4% FRET
Ba X A

£ 100pl REZF ik (4 10%F2F. 0.5%%%G. 2%BSA. 5%
TritonX-100, lppm REwbek) Pl 5pul 20 # 5p1 2D, ¥NE
BKERERMBABGHILT, FhoA 3l oif, BRAFEHKLLE
4. vL 395nm BHE, B 500-550nm KM, Ak F
BERAEGTL, KA 20 545, REZOXABREEEARS, TH
& TritonX-100 # & T X AAN K AKX EHGLR. A HIV-1 K8
M FegEILE AL HEED 50T £45#8F 530nm £45, kA
HIV-1 A R F e BMILEXAREKIUFRB3), £ 5100 £4.
Bp A FRET AR 2] T HIV-1ENV2 98 B RR. RAERE, TERATYL
BERERNT, AFRREAXAREKRGELEAZ LT TRATLEAMKER
(A3 B5 Hb6).
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A 1. WMARRRFANE 50Tm FABEGILE

A FE GFPuv & X 3% B GFPuv A 1 F B 21t
b E W | i

Z Rk 0. 00561 | 0.00539 3. 92
gg 62531 | 0. 00706 | 0.00577 18. 27
g; é@ 63531] 0.0076 | 0.00577 24. 08
= | G255 | 0.0066 | 0.00494 25. 15
¥ | 6355 | 0.00687 | 0.00475 30. 86
Co | 0.00784 | 0.00747 4.72
g | 182 | 0.00795 | 0.00681 14. 34
% 183 | 0.00736 | 0.00708 3. 80
= 184 | 0.00687 | 0.00693 -0. 87
32 185 | 0.00731 | 0.00715 2.19
B | 186 | 0.00657 | 0.00675 -2.74
mk 187 | 0.00681 | 0.00679 0. 294
190 | 0.00615 | 0.00518 15. 77

% 2. mAW. MdeiEe 509nm ¥ LR E
50ul 2Y+50ul2U ## —» 3000ul

¥ & % Ex=395nm

YN - -2 MAR | MmAK (GFPuvE ¥ THRE K
%Rk 0. 021569 | 0. 021401 0. 776
HIV-1(+)C46 | 0. 028322 | 0.02468 12.9
HIV-1(-)BD15 | 0. 025702 | 0. 024084 6. 29
HIV-1(-)BD23| 0.0232 | 0.02216 4. 48
HIV-1(-)BD33| 0.02225 | 0.021739 2. 30
HIV-1(-)BD35 | 0.023009 | 0.02253 2. 08
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A3 MARFARANERARKRAHEKRG T

Ex=395nm 2% Em 4807550nm
e o T Ho o 3 o
PN Y3 RRBAR RARE RXAHAK XARE
¥ (nm) (nm)

X e 7% 3 P 509 0. 00315 509 0. 00361
HIV-1| C46 510 0. 00166 525 0. 00425
R4k | P/40 508 0. 00298 529 0. 00582
i | FJ4 508 0. 00344 528 0. 00512
BD7 508 0. 0029 513 0. 00421

BDS 508 0. 0032 500 0.0111

BD9 507 0. 00313 504 0. 00737

158 510 0. 00164 516 0. 00647

162 506 0. 00196 513 0. 0022

HIV-1| 180 510 0. 00167 519 0. 00746
&M | 181 507 0. 00167 519 0. 00612
P | 182 510 0. 00164 519 0. 0063
184 513 0. 00163 519 0. 00539

185 507 0. 00163 519 0. 00586

187 507 0. 00166 480 0. 0203

189 510 0. 00164 519 0. 00573

191 510 0. 00166 519 0. 00598
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