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quorin) . aequorin  apoaequorin . 3 Cat ,
aequorin 469 nm. GFP 238

, 27 KD, ,
395 nm, 475nm 508 nm. Ca’ ae-
quorin GFP , GFP (i,
. GFP ,
(28 Gen-
Bank g p 48 4
( A equorea macrodactyla)

2
21
211

1998 1999 8

, 130 , 30 )
(9
212
JM 101, BL21(DE3) , pTO- T7, pTO- TTEGFP

, pEGFP, pGFPuv Clontech

213
T4 DNA Promega , NBT/BCIP, DNA
,AMYV, Random Primer T akara , Trizol GIBCO

,PCR DIG Labeling mix Beohringed Mannhein GmbH ,PCR Taq
dANTP 1
FITC Promega s 3 )
214 PCR wgk5 5- CAC AGG ATA ACA AAG ATG- 3

PCR wgF4  5- GAT AAC AAA GAT GAG TAA AGG AG- 3

s 1. wgF3 5- GTCACT ACT TTCTCT TAT GG- 3
22 wgR3 5- AAA CTT GAC TTC AGC ACG TCA- 3
221 wgR2 5- CAA TTG GAG TCT GGA CAT TT A- 3
wgR5 5- GTG TCA ATTGGA AGT CTG G- 3

wgR4

5- ATT AGG AAT GCA CTC CAG TAG- 3
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222 DNA
2 em’ : 4 em® DNA : ,12
000 r/ min 5 min, \ 5 mm’ RNase A (10 mg/cm’), 37 2 h,
, 12 000 r/ min 5 min, , ( 0.3 mol/dm3) 2
, DNA, DNA ,  10% ,
Eppendorf , TE .
223 RNA cDNA
2 cm’ , 3 em® Trizl , 1 5cm’ Eppen-
dorf , 1 em’ 200 mm® . 10 min, 12 000 r/ min 10 min,
s - 20 10 min, 12 000 r/ min 10 min, 70%
R RT - Buffer . Random Primer , RNA
cDNA.
224
, pGFPUV ,dNTP dNTP Mix, PCR
GFPUV 181 bp 512bp 332 bp DNA gpxm ,PCR
94 S5Smin,94 40s,57 355,72 ,355,30 ,72 10 min.
southern Loy
225 gfpxm DNA
DNA , 7 4 PCR
southern . PCR 900 bp ,PCR : 1 PCR
wgF4  wgR4, 94 15min,94 60s,46 90s,72 90s, 35 ,72
10min, 2 PCR wgF3  wgR5,94  S5min,94 50,59 50,72 605,35
,72 10 min. PCR 550 bp , PCR ,
wgF5  wgR2 1  PCR ,wgF5  wgR3 2 PCR
226 gfpxm cDNA
gfpxm DNA , :wgF6 5 - GGA TCC ATG
AGT AAA GGA GAA GAA C- 3;wgR65 - TTA, TTT, GTA, TAG, TTC, ATC, CAT,
GCC- 3. PCR cDNA , 1 PCR wgF4  wgRo6,
94 10mm,94 50s,52 50s,72 60 s,35 ,72 10 min; 2 PCR
wgk6  wgR6, 94 S5min,94 50s,58 455,72 60s,35 , 72 10
min. 720 bp , southern
227 DNA DNA
(1]
228 PCR
PCR , pMD 18- T vector , E. coli DHS
229

Nde I/8al 1 pTGFPexm GFP exm 720 bp ,



pTO- T7E. coli , pTO- T7GFPxm. E. coliBL21 (DE3)
\ 200 em® LB(  Kan100 g/cm?) , 37 , 0D600
08 ,02mmol/dm’ IPTG ,pTO- T7GFPxm 15 36 h ,
,150001/ min 10 min, 20 mmol/ dm’ Tris— HCI(pH
76) SDS- PAGE . 5%,
12% . SDS- PAGE 560 nm

2210 GFPxm
, IxPBS(pH 7 45), IxPBS(pH 7 45)

0 22 mol . s TSK GEL
SW3000 21 5 x60, IxPBS pH 7 45, s 25 mmol Bis— tris
pH 65 , , Q Hyper D 20,

0~ 1 mol NaCl/ 25 mmol Bis— tris pH 6 5.
Beckman System Gold Nouveau HPLC(125NMP/ 166NM P).
2211 GFPxm
3 cm’ ( Lumax )
22 12 GFPxm
i FITC. RF- 5000 Record-

ing Spectrofluorophotometer ( Shimadzu Corporation, Japan)

2213 GFPxm

100 mm’ , pH SDS 8 GFPxm
, 30 min, GFPxm
22 14 DNA
DNA dnasis s clustalx

2 2 15 GenBank
AEVGFPA M62653, AVGFP1 X83959, AVGFP2 X83960, AEVGFP 1.29345, gfpxm

AYO013824, gf pdnaxm AY013821

3
31 gfpxm DNA
GeneBank gp 1992 Prasher''? GFP
, Aequorea victoria  cDNA gp
gp10. gp10 .
DNA s PCR southern

gfpxm . 6 6 ,

PCR . GF Puv , PCR
southern , . 7 4

PCR 900 550 bp southern
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pMD- 18 T , pT G900, pT G550
: &p :
200 . , gp
DNA (D, gpxm. gfpxm DNA (Genbank AY013821) 3
, 1 042 bp, Aeqgfp 10DNA
2300 bp. gfpxm 3 206,295 216bp, Ae
qgfp 10DNA 3 84 0%, 84 1% ,76 9% gfpxm
Aeqgfp 10 DNA , GFPxm 1 2
182,139 bp, Aeqgfp 10 1 2 532, 1 067 bp.

181

241

301

361

421

481

041

601

661

721
781

841

901

961

ATGAGTAAAGGAGAAGAACTTTTCACTGGGATTGTCCCAGTTCTCATTGAGTTAGACGGT
M S K G E E L F TG I V P VLI EL DG
GATGTCCATGGACATAAATTCTCTGTCAGAGGAGAAGGGGAAGGCGATGCAGATTATGGA
D VH GHI K FS VR GEGEGDAUDY G
AAACTTGAAATCAAATTCATTTGCACTACTGGAAAGCTACCAGTTCCATGGCCAACACTT
K L E 1T K F I ¢CTTGI KU LU©PV P WP TL
GTTACTACATTCTCTTATGGCATCCA gtaagtggttctctactaatcaatttgacgtect
v T T F S Y G I Q
gtgcttactgggtaggtgtaaccaaaccegattccagageatecatcttaacatatgetga
tgacgggagagaagatttaaaaagttgaaaaaggeccctggaacgtggtetgtaattcact
ataaatgattttttacctgttigtttag ATGTTTCGCAAGATACCCAGAACACATGAAAA
C F ARY P EHMIKM
TGAATGACTTCTTCAAGAGTGCCATGCCTGAGGGTTACATTCAAGAAAGAACCATCTTTT
N DFVF K S AMUPEGY I Q ER T 1 F F
TCCAAGATGATGGAAAATACAAGACACGTGGTGAAGTCAAGTTTGAAGGTGATACTCTTG
Q Db G K Y KTRGEV KFEGDTUL V
TTAACAGAATTGAGCTCAAAGGTATGGACTTTAAAGAAGATGGCAATATCCTTGGACACA
N R I EL K GGMDVF K EDGNTL G H K
AGTTGGAGTACAATTTTAACTCACATAATGTATACATTATGCCGGACAAAGCCAATAATG
L EYNU FNJ SHNWVY I MP D KANNG
GACTCAAAGTCAATTTCAAAATT gtgagtaaatatatagttttaccatatgtacgaggta
L K vV N F K I
cattttcttacatttttactggaaaataaattttaaaaattacgagttacaccgtecatac
aactgecegtgaattattttagaactggtgtattttttttcag AGACACAATATCGAAGGT
R H N I E G
GGTGGTGTCCAACTTGCTGATCATTACCAAACAAATGTTCCCCTTGGAGACGGTCCTGTC
G G VQ L ADHYQTNVPL GDG P V
CTTATACCAATCAATCACTACCTATCCACGCAAACAGCCATTTCAAAAGATCGAAATGAG
L I P I NHY L STIGQQTATS S K DR RN E
ACGAGAGATCATATGGTGTTTCTGGAATTTTTCTCAGCTTGTGGACATACACATGGCATG
T R D H MV FLEVFVFSAT CGHTHGM

1021 GATGAACTATACAAATAAATGT

D E L Y K =*

1 gfpxm DNA
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32 gfpxm cDNA
gfpxm DNA , , PCR
southern , 720 bp , pMD- 18T pTGF-
Pexm, gfpxm c¢DNA ( Genbank AYO013824),
717 bp, Aeqgfp 10 c¢cDNA , 130
, 81 9%. gfpxm cDNA 3 QEVGFP,
AVGFP1,AVGFP2 81 6% ,81 1% 80 8%.
33 GFPxm
gfpxm c¢DNA , 238 ,
27 KD. AeqGFP10 ( 2, , 39
, 83 6% . 4 gp 96 %
,238 8 GFPxm AVGFP1, AVGFP2,
AEVGFP 82 4% ,81 5%, 81 9%.
AeqGFP10 MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLEFICTTGKLPVPWPTL
GFPxm MSKGEELFTGIVPVLIELDGDVHGHKFSVRGEGEGDADYGKLEIKF1CTTGKLPVPWPTL
Aok L Aok 1 K : T S A
AegGFP10 VTTFSYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERT IFFKDDGNYKTRAEVKFEGDTLY
GFPxm VITFSYGIQCFARYPEHMKMNDFFKSAMPEGY [QERT IFFQDDGKYKTRGEVKFEGDTLV
Btk 1 1ok s ook Lok R : Stk kok, okketok
AeqGRP10 NRI ELKG1DFKEDGN TLGHKLEYNYNSHNVY TMADKQKNG TKVNFK TRHNTEDGSVQLAD
GFPxm NRIELKGMDFKEDGNILGHKLEYNFNSHNVY IMPDKANNGLKVNFRIRHNIEGGGVQLAD
: B ok, ok ok Lk
AeyGFP10 HYQQONTP IGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFLTAAGT THGMDELYK
GFPxm HYQTNVPLGDGPYLIPINHYLSTQTATSKDRNETRDHMVFLEFFSACGHTHGMDELYK
dofk s Rk KRRk Rk ok elletok ok 1k, sekiofkodolok
2 GFPxm A eqGFP10
34 GFPxm
gfpxm pTO- T7 E. coli
, pTO = T7GFPxm( 3). Hind. 1
pTO- 17 pET24(+) F1 origin GFpxm Ndel
131 pTO- T7GFPxm kmlmu-Tﬂnmml17\
BL21 ’ ( 4 6041 bp Omega
GFPxm 50% s
90% ,
GFPxm 10%
35 GFPxm

pT O- T7GFPxm

HPLC

2

GFPxm

3 pTO- T7GFPxm

95%
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( 4. GFPxm , (5, GFPxm
476 nm, 496 nm. FITC ) , GFPxm
1
0.06 -
66KD 0.05
sSKD
45KD L
SOKD 0.04
36KD e
29KD .. - 5 003 -
4KD S 0.02 |
184KD S 0.01
" — 0.00 ] ] ] ] ] ] ]
! 3 400 420 440 460 480 500 320 540
A/nm
4 GFPxm E. coli
1 2 GFPxm 3 GFPxm 5 GFPxm
36 GFPxm
GFPxm R 6a , 63 3h
0.8 o 1.5
0.7 —&— 60 min
-==X--= 120 min
0.6 —— 180 min
0.5
i il
= 04 |
0.3
0.2
0.1
0.0 .
40 50 60 70 80
i
e =

# ¥ /mol- dm?

6 GFPxm
a. b. pH c.

0.0 1 1 L
. 1.5 2.0

W & /mol- dm3

d. KCL, MgCl, Cadl,
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, 37% , 56 3h GFPxm
( 6a). GFPxm pH 6~ 115 , pH
6 11 5~12 , pH 50 50%, pH 35
( 6b), pH , GFPxm
GFPxm (8 mol/ dm®) , 3 mol/ dm’
, 3mol/dm”® ( 60). ,
, 03% SDS GFPxm 50%.
8 GFPxm . LiCl 2 mol/ dm’
, CuCl, 5 mmol/ dm’ . KCl,
NH4Cl NaCl GFPxm . CaCl,  MgClp, MnCl, ,3
06,1801 mol/dm’ ,GFPxm 50% ( 6d) . 3
4
PCR southem R
gpxm DNA  c¢DNA ,
s GFPxm .
DNA cDNA s PCR Southern
cDNA , ,
. mRNA R
PCR , cDNA ,
, DNA  cDNA PCR ,
DNA cDNA PCR gfp
R ,  southern
PCR , , ,
1962 , Shimomura . Morise 4
GFP Ward 121 ,
Prasher ' ¢DNA, Chalfie " : 4
ogp , 96% , 238
8 . gfpxm
, gfpxm DNA Aeqgfp10 DNA ,
gfpxm cDNA 4 g'p cDNA 81% ,
82% , gfpxm 4 gfp
GFP 395 nm, 475 nm , 508 nm,
079, GFPxm 476 nm, 496 nm, 1 64~ 69 6
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GFP R 65~ 67 3
- - ( Ser65- dehydrol yr66— Gly67) , GFP
e GFP 65~ 69 6 , GFPxm
68 I, GFP v,
38 , s
& gp
, GFP GFP 12 GFPxm
GFP , GFP . of -
pxm DNA shuffling GFP GFP,

GFP .
El X @5 R F = BERE K eTAR A o KE RS TAHE, K LI

[1] WARD W W, CODY C W, HART R C, et al. Sepectrophoton etric identity of the energy transfer chromophores in Renilla

and Aequorea green fluorescent proteins[ J]. Photobiochem Photobiol, 1980, 31: 611 615.

[2] KAINSR, ADAMS M, KONDEPUDI A, et al. Green fluorescent protein as a reporter of gene expression and protein le-

calization[ J]. Biotechniques, 1995, 19: 650 655.

[3] WANGS, HAZELRIGG T. Implications for bed mRNA localization from spatial distribution of in drosophila oogendsis[ J] .

Nature, 1994, 369: 400 403.

[4] BARTHMAIER P, FYRBERY E. Rapid communication monitoring development and pathology of drosophila ndirect flight

muscles using green fluorescent protem[J]. Dev Biol, 1995, 169: 770 774.

[ 5] SCALES S J, PEPPERKOK R, KREIS T E. Visualization of ER-to-Golgi transport in living cells reveals a sequential mode

of action for COPII and COPI[J]. Cell, 1997, 90: 1137 1 148.

[6] ULLMANE F, MARSHALL W F, SEDAT J W, et al. Mitosis in living budding yeast: anaphase A but no metaphase plate

[J]. Science, 1999, 277: 574 578.
[7] HU W, CHENG C L. Expression of Aequorea green fluorescent protein in plant cells| J]. FEBS Letters, 1995, 369: 331
334.

[ 8] MOSSJ B ROSENTHAL N. Analysis of gene ex pression patterns in the embryonic mouse myotome with the green fluores

cent protein| J]. J Cell Biochem, 1994, 180 489 495.

[9] , ) , L. ( ), 1978,
17(4): 32.

[ 10] J, EF, T. ( Y[M]. ,
1992.

[11] , , - ( Y[ M]. : , 1990. 16 17.

[12] PRASHER D C,ECKENRODE V K, WARD W W, et al. Primary stcture of the Aequorea victoria greew fluorescent

protein[ J]. Gene, 1992, 111: 229 233.

[13] , ) .- []]. , 2000, 16(5):

578 581

[14] MORISE J G, SHIMOMURA O, JOHNSON F H, et al. Intermolecular energy transfer in the bioluminescent system of

Aequorea[ J]. Biochemistry, 13(194): 2 656~ 2 662.



4 : 91

[15] WARD W W. Properties of the coelenterate greerfluorescent proteins| A]. Deluca M, Mcelroy W D. Bioluminescence and
chemiluminescence: basic chemistry and analytical application] M]. New York: AcademicPress Inc, 1981. 235 242.

[16] WARD W W, BOKMAN S H. Reversible denaturation of aequorea green fluorescent protein: physical separation and char
acterzation of the renatured protein[ J|. Biochemistry, 1982, 21: 4 535 4 540.

[17] CHALFIE M, TU Y, EUSKIRCHEN G, et al. Green fluorescent protein as a marker for gene ex pression[ J]. Science,
1994, 263: 802 808.

[18] HEIM R, CUBITT A, TSIEN R Y. Improved green fluorescence[ J]. Nature, 1995, 373: 663 664.

[ 19] HEIM R,PRASHER D C, TSIEN R Y. Wavelength mutations and posttrans-latnal autoxidation of green fluorescent pre-
tein[ J|. Proc Natl Acad Sci USA, 1994, 91: 12501 12 504.

[20] HEIM R, TSIENR Y. Engineering green fluorescent protein for improved brightness, longer wavelengths and fluorescence
resonance energy transfer[ J]. Curr Biol, 1996, 6: 178 182.

[21] MIRO R D, SILVA CM, YOU VAN D C. Fluorescence resonance energy transfer between blueemitting and red-shifted

excitation derivatives of the green fluorescent protein[ J]. Gene, 1996, 173: 13 17.

Green fluorescent protein of the jellyfish
Aequorea macrodactyla

LUO Werxin',ZHANG Jun', YANG Haijie', XIE Xiae-yan', QIN Yingxue',
PANG Shu—qiangl, LI Shao—jinl, XIA Ning—shaol

(1 Ministry  Education, Cell Biology and Tumor Cell Engineering Laboratory, Xiamen University, Xiamen 361005, Chi-

na)

Abstract: A new green fluorescent protein gene-gf pxm was isolated from jellyfish Aequorea macrodactyla in the
coastal region of East China Sea by the method of combination of PCR amplification and southern hybridization anal-
ysis. The gfpxm gene contains three extrons and two introns spread over 1 042 bp of genomic DNA, the entire
coding region of ¢cDNA is 717 bp, being identical to the wildtype gfp-Aeqgfp 10 cDNA in length. The amino acid
sequence of GFPxm deduced from the nucleotide sequence is 238 aaresidue, sharing homology of 83 6% with that
of AeqGFP10. T he entire coding sequence was cloned into the pTO-T7 expression vector and expressed in E coli.
T he expression yield of GFPxm was amounted to 50% of the total protein. Compared with GFP of A victoria, the
expressed GFPxm exhibited an excitation peak at a higher wave length of 476nm and an emission peak at a lower
wave length 496 nm with a higher quantum yield of 1 0. The fluorescence of GFPxm is significant stable, show ing
strong resistant to heat, alkaline, denaturants and salts.

Key words: Aequorea macrodactyla; green fluorescent protein gene; cloning and expression; fluorescent property



