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Recombinant aequorin luminous protein and its
application in measuring calcium signal of plant cell

HAO Xiao-Hua!, ZHANG Guo-Zeng?

( 1. Department of Life Sciences, Hunan Art and Science College, Changde 415000, China;
2. Department of Life Sciences, Henan University, Kaifeng 475000, China )

Abstract: Recently, the application of recombinant aequorin luminous protein has appeared in measuring calcium signal
of plant cell as a new method. This paper introduced mainly the development of the recombinant aequorin luminous
protein as a probe, the principle and operates method of measuring calcium concentration,and how to conversion the
calcium concentration. It summarized the advantages and deficiencies of the protein,and collected mainly the progress
in development studies in measuring calcium signal of plant cell. Meanwhile,using the method provided by other la-
boratory, the authors got the cold shock kinetics of [CaZt Jeye and [CaZt Jma for the first time,
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HARERS FEMNEIY RENEYREHBE
¥, BT LA S Bt B PR 8 6 & 3 (photoprotein) . [ERHY
MREBNCESEHY 22 KD R EEKE Rk
% H (apoaequorin) . & 7 T M K B %% 6 & (co-
elenterazine) ZFH A MW E S . HPRHEEK
BRAEEOH BINMEERAN . RAE 3N CH 4
415 EF hand &) . B85t & (coelenterazine)
B—NFEY 400 Da ME/KER, EATLL B B
AN, K34 Clt SRKBRAERESR 5]
EREEKBREEAMER LR Z RN
W, EHREE B AN coelenteramide, I B
i CO, M—AJEF, @A B KA 469 nm B 1K
@, H.

. Ca” X
Aequor in ——— Apoaequor in+coedenteramide+CO,+ | i ght

(fast)

T Coelenterazine+02J

(slow)
(Charbonneau %,1985),

e = 5 Y6 AT LU A Y R OR #AT R,
MAHERRTF Ca HIKE. 4 CMIRER S
B A (KT 100 pmol/L) , KR B X BB\, BT A
WK R NCE B HR & £ KR B R F, [B) iR
KR 469 nm K AIE. 34 Ca® K EERKAT,
WA B 43 KB & S B A K E R,

oAb, KB R EE AR E EE o e B4R
WA, B R TRP AN KEREERREN
KB R SR B 3R, i AT B U S R O E R K B R O
BEESBIMERN, AREMAKA Ca* #3h5F
# (Shimomura, 1997), 1967 4 Ridgway & Ash-

ley(L96H M B WK ALK KB RENAEDE TSN

MRS, R T NS EARPHEESH
BEET ARG . BT EMN KRB ARZRE R, HIKR
H T AKERECEEMBA. G 20 [, KA
AR T MoK BRI Sl R 6B R L I B E
MR A ARSI 51E 5

2 KEHRAEZBH DNA TEX
LS

1985 4E, Prasher % (1985) M ZFI T L& K
BhREFSsBEETREEKGREEER D-
NAHBRERGFE+ RS, BRFATEHFR
FARBENHEREG ARG . BRI MR HE

KEEXREATUEARFEYEENKERNEE
H2 MR RANKEBRAEANT ZENATTTER
SEHIEERE.

B, KGR NAEBESHAMRER (HILHY
MR EY BEES)RBARE, FEREEKER
Y& H (Inouye %, 1986; Rizzuto %£,1992), &M
MM A Ca* WAL AT, ¥ B R A B 40 fR v W
&I B B 5F R 40 IR A 2 BT 5 40 B P R
REMBPHBEKEBERERAEAQAAS, B RIIEHEMK
BRNAEH, LRSE R A EA (recombinant) , 7K
B R GE B R R E A5 50T LUK 3 R[5 50 3# &
BT MR Cat ¥ B BRat ARk

Knight 45 (1993) FI{& A & 28 5K 5 EBA 2 umol/L
B e iy 2% PR I o R Ak B R N B Ak R Y AR A B B
MESHEEA £ FE., MAAKHHTFRER, K
BEAMEHEEZ -CHER . REMRIH, 4 C
MAKSBEAEANRERERE, HE 0 TY
44 % WK B RGE AR 0 °C MR IR R B m ok
BREBEONEYEE. R1EE.La.Ga . EGTA,
TEA Ky 4L 33 T 88 7 A & & B4 F (Knight
#,1997).

M JE . ATAR SRR B K B R B R X — WS F
Bl T s It oK B % 2 Mo Y 4 i 78 =R 3 S0
RAAFMRBIRPARBANSESER. PR
LMK M ZUE R RS R K2
B ARG FEMTENE RN TERTS
HCa® ] K PR BT E 24 . AL B FF LT
EXEMEETEREA M, ARIYICS ], T
SIEARRIMAEER N . NS TKEBRELEEE
o U AE ) 40 B A5 5 S R R,

3 BETHREWHHE

KBENREE —B M Cat KRR
AR Y—HAKEEAERDS C& RNME, #
HEKBENXERANE L RERRB Y Ca" R EF
A, MABREENKEREAEANENRES
Ca™ W BE Z 18] FA 7€ — M R ¥ X & (Knight %,
1997), HES ARGV MAKBRAEEAKR
SR B RR AT LA By Ca®* 948 X3 ¥ B (Cobbold &
Rink,1987), #H AKX K :pCa=0. 332588(—logk)
+5.5593
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(Knight $£,1991), & #t, AfTAT LTS Bl W A9 #H
3T 45 B T, B R A EE R (umol/L) . AW Rt
BRI —BATIRE N ERICRE 5 K. ILBAWA
0 H B2 R B 1ED , e SRAHRE BT e, BB BHE . B
ALEHNCAHENEWARBRITE T ERE R
FF AT g i A R B R SR R AT P s L B AL .

4 40N LR K KR R A

EA—PNEAR, LR ENEFIE, XM
HAE QT LU T b 75 4008 79 2 47, X B AR K
BEAEABRMNBI S — M EERHE (Haley 4,
1995)., ARXM Tk, \I¥KEBRAEHEMNTHMR
AARRE B, BRABR CaT (58 SR L EHNH
LA,

Knight #(199DMBE T RERMEKT LN
BEHEMN T MK R pMAQ, HER THk
W B (Nicotiana plumbaginifolia ) ¥ 8k, F| B %
ERHEYREGTHE RRKRNEIREFERT
FIBET MR Ca lRER AL, MAEZLE N
UER] 2 pmol/L 8 B 96 K it WAL B, Xt 4
HHWAREEEE.

1996 4F, Knight % (1996) X E T Rk Bl %
KEERNEEBEN FIRIE N 4K HEE K E B
HVAL-2. 2, I B B TR RS TAREFES
FHWENTL, B TROEMESE FIREEL
Eokipake ot

4 CH A Heather Knight #2488 ik, &
it Floral dip B: ¥k B IF (Arabidopsis thaliana)
B A & Columbia(col-0), $K 15 7 40 M /& = F 4 o B
MHERRREBBHEKSERCEANEK., 28X
BR$R it 49 77 & (Cobbold & Rink %, 1987; Knight
%,1996),78 3 T ¥ ¥ (cold shock) F 40 i & #1 ¥k
WIRMESE FHRETANSI I EMEL(E 1 UL
SWENERFEYEREEYFEZRETR .

KEBRNEEEEHITHEFEN SO, Bz
EHERTAA C e B iy 7 king Cat* ik
B. BRKBRAEESCH R E M F 4 K&
(Pouly %,2001) . it % {& (Sai & Johnson,2002) .41
HE5hEE B (Gao 4, 2004) J 48 0y WK ¥ 6% 40 B R T
(Knight %,1996) . H BB FEHEK. B0
BEAEKOHR, EXSHRBREMEFRH
[(C* ] fBE4%a.

KRR B R R R ESLILAWME[Ca™ .,
AR L. Hoin, EBIEANMANETCa® 1, BT
REUERY ERBETHA MR, HRE&FH Ca¥ g3
ZUBGHETREFHN. ARA™SRERS
[Ca™ 189 22 5 7T BB T2 06 R UL B B 22 il .
Sh, FIRKBRIEERM Ca® W E R TR KK
VBT, AT TEAE T S BY 6 40 B BT
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Fig.1 [Ca?* Jey and [CaZ* Jma Cold Shock Kinetics

(Traces are averages of five individual seedlings)

2000 4, Knight F| Fi7K 8 K Y65 B K 4 IE P 5
FFRBHEK (Kiegle %,2000) ¥ L R IT, N TT73 2
AUBEFARORE REMEEHMKE AR .S
HERMEMRERBEKE L GCEBMEER, £
—EMRBEHT BRARNESE FREZLY
B 1 2 2R, UE SRR T — 28 B9 R, A R S LR 4 B
R ABAR .

KBRS BEEORERNEY ARANEEFRE
FHEARKEEERZSI, TR E 7 E A
Wwtar W, UATE AR AREME, ROFAEEH
VHRESESTRTRNESEEFHEM. 2003
4, David (2003 H T RER EREKFRAEA
KT, HERBRRERURATFHESHEYD
LR EPEE FEAMBRLCa ], BMSLIAY.
M, SR FESRRELZREFETHHERTHRE
E#H. 2004 4, Nelson RET —FETFEHKE
RICE A K B REITIHFE (Nelson & Kozlova,
2004), BEEB TR, CBATKEREKTER
H#) Neurospora crassa , Aspergillus niger Fl As-
pergillus awamori Bk .

2007 £, §FAHEFQOODF HKGE KB E
VRO EARBENLT —F PCR =Y E BRI H
Ao LWIEL, ZEBKRWUBEARR—-FREH . TTHE
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B AR R E R B BT

5 HmRAKERE

i FHY AT SR A B RTOE, R
HYEANBREEREMB IO, EXFRICHR
ESHYERNEHARKTRCEARNKICGREMLL
FEHHH, X TFHAKGFEAERRMARA Cat
W HI A &7 £ K KT (Knight %,1993),
BABEABEEREADHEY S, KBHABRANTBER
BKBRABEERNEEAEY, W UKL
A7 58 T % T b M SE A R Y Cat ¥R BE O R IR AR L
BT LUR A B AR 5 41 BB 38 2 A8, [ B L 5
KSR EE B RAREMIFEL T H#T.

HAKBGENCEQZFUENEHYHRERE
SHEINSENA, FERREFERUTHA:
(OMAEEHGE  AEMBEEFNEKREET (DX
S, ATEIME N X E AL B BESR , BETE B A I [A] A R
WEEFES; OATHANCE, BMHEER T 4K
BREAH T (OMESKGEEREN. B
. AR FESHELE D, KBRERARER
BRI T SR RS R HER,

EREIED, BFEE—LRR, RRKERN
BEOWUEMEYEANT ZREFEERE, HEHRK
HEMIREEETRAKREE. BHIOCE TR
M AR IE AR MM, X Ca®* ¥k BE RO K I 7] BB AR 1E
—ug, [ERF, B T AR Y R R, AR
RE 23 BUTHRABHNIOCHRENE, Kbk
BEEkXRB THEEHAM (Rizzuto %,1992)., HiK,
WA E R AT HEFRARET R, FIEH
BRI EEFITLULERAEASESETH
P j (Stephen % ,2001), [@ AT, aequorin ¥ £ 1E
HEHN—EBAR. (DFWES R CHMEHTEA;
(OB R P RICHERNA T EHFE; G EH
HESEBHREARREENEY RN ; D
TER TR M HESHPR.

X TR B R R, BRIER 7 iR HEf & 2%
FRIEE BT JLFP B 5 R : h-co-
elenterazine, ip-coelenterazine, coelenterazine 18 &
e-coelenterazine (Knight %,1991), X&gis %%
REUDEANFEBKFEATEORAERRNN
K EHFME A Ca’t BURF (Shimomura %45,1993), M
B PR, XEEERNKGEREEARFERY

Co*ENMABEMMBERE. BXRKFE. ¥4
B KGEABEARISBEHERTF=RERMKT
RKAKKERNAELD, BB S T K B A (Shimo-
mura %,1993; Montero %,1997),

B KEGEGCEAERS MRS EXREME
SHENBEHERMEEYENEARE, FEE
RERRER W AR NS B F 34k, XA HEHR & 1L
B R 30 040 I 45 10 55 20 O 8%, 2 T AR 0 5 26 40
MABEPHEEFEA, XXNEYHAREES ORI
SREATMNHRITER — NS, KXRHTH
YHRSESHRHERE. EREHE, mMFHE
ZMAXKERAEERS PCR LA, @I PCR
FYERRMBEAREEFTENHELE. B—B
BRI, KEBRAEBEART - ENREMTE.
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