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A Fluorescence Enhancement Method for Real-Time Observation of

Ca®" Signaling Transduction in BY2 Cells

Zhai Xiang, Zhao Yan, Cao Zhe, Gao Han, Xu Maosheng, Huang Yu,
Huang Lihua, Chen Jinjun, Zhang Xuewen*

(College of Bioscience and Biotechnology, Hunan Agricultural University, Changsha 410128, China)

Abstract Calcium ion as the second messenger is an important member of cell signal transduction
and is also a focused object of cell signal transduction research. It is meaningful to develop a method more
sensitive and dynamical for real-time observation of calcium ion signal in plant cells to study the cellular signal
transduction. In this paper, the gene of a calcium ion responsible aequorin (AEQ) original from jellyfish was
transformed into tobacco BY2 (bright yellow 2) cell that was SCMP2 (secretive carrier membrane proteins 2)
labeled with green fluorescent protein (SCAMP2-GFP). The bivalent transgenic BY2 cell lines were screened

out and verified. The calcium ions response real-time fluorescence signal in the cells was clearly observed
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when the transformed cells were treated with coelenterazine and subjected to light microscopic observation.

It indicated that the weak fluorescence, released by coelenterazine of AEQ response the Ca**, could further

stimulate GFP fluorescence and make the weak fluorescence converted into enhanced GFP green fluorescence.

It maked the real-time observation of calcium in plant cell more activity. The fluorescence strength had been

able to satisfy the direct observation and acquisition signal under microscope although the green fluorescence is

a bit weak comparing with the GFP direct excitation. A clear calcium response fluorescence image was obtained

at three times the exposure time of external excitation with the same cell. The bivalent enhance methods

possess its advantages that it enable research on calcium signal in identical subcellular localization if label

some identical protein markers with GFP.
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Bl AEQEEDNAK HIRIBHAEQRES
Fig.1 The AEQ gene cDNA sequence and it encoding AEQ protein
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A: pWMI101-35S::4EQ; B: pEGAD-35S::EGFP-SCAMP2.

EGFP-(ALA), -SCAMP2 358

Basta’ LB

E2 BY24HREAE K TiRRKIpWM101-35S::AEQ K SCAMP2-GFP#RIE & i pEGAD-35S::EGFP-SCAMP2 I T-DNA [X £5# [&]
Fig.2 The T-DNA structure of pWM101-35S::AEQ and SCAMP2 labeled vector pEGAD-35S::EGFP-SCAMP2
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A: LI E OB FRIE B IR EE (AR ; B: Fe b4 lAl; A5 X=10 mm.

A: the screening of transformed cell on selected media; B: transforming cell callus; bars=10 mm.
B3 {CBY24RBRAYHIE TFIE

Fig.3 The resistance screening of transformed BY2 cells

Al R TE B B S RI PO, A2: [J— (AN T EE, Bl RN RMR IS 5; B2: [F—BO)AMMII T

WL, FrR=20 um.

Al: the fluorescence under normal optical microscopy after coelenterazine treatment; A2: the differential interference (DIC) observation of the same

cell; B1: there was no fluorescence signal in the cell without coelenterazine treatment; B2: the same cell of B1 under DIC. Bars=20 pum.
B4 ZHEUBY24HRA0 BRI

Fig.4 The microscope observation of bivalent transformed BY2 cell
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A: AEQUE N Ca® J5 UK [IGFP#E :; B: [Fl—4H M S8 MBI IGFP»E; C: [F—41IDIC; D: By C&ME. #5R=20 pm,
A: the Ca®" response by coelenterazine excited GFP fluorescence; B: the UV excitation of GFP fluorescence with the same cell; C: DIC of the same cell; D:

merge of B and C. Bars=20 um.
El5 SNEAEGFPRAS Ca® N R AHI LA

Fig.5 The fluorescence strength comparation of GFP by UV excitation and Ca*" response
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A: SNEUR GFPHE G, WEGIN 1A]3 55 B: [7]— Al AR SOk Ca? iR 252 ', BEOEIT IR]10 s; C: AR R AL T8 E 84387, D: BIBHT AL 95
S HTe ARR=20 pm.
A: the picture of external excitation GFP fluorescence, exposure time 3 s; B: the picture of Ca>* response fluorescence in exposure time of 10 s were
observed in the same cell; C: fluorescence quantitative analysis of area indicated by the arrow in figure A; D: fluorescence quantitative analysis of area
indicated by the arrow in figure B. Bars=20 um.

El6 SMNHAGFPRISIEINH & Ca M RIS HIELER

Fig.6 The external excitation of GFP fluorescence and non-external excitation Ca** response fluorescence comparison
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A: 1.0 pmol/LIEf3; B: 5.0 pmol/LIE#; C: 10.0 pmoVLIEM % . #7X=20 pm.
A: 1.0 pmol/L coelenterazine; B: 5.0 umol/L coelenterazine; C: 10.0 umol/L coelenterazine. Bars=20 pum.
El7 BERARREN N EARICBY 24045 5 F I 15 S RIS

Fig.7 The coelenterazine concentration effect on calcium response signal of BY2 cells of bivalent transformation
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A: FETKRIFHPCEAMANCa®); B: MSEVF AL (& 4l 4hCa®t); C: 5% 2B AL T B T Ca® #5335 ; D: 5.0 mmol/L EGTA LB fl; E:

5.0 mmol/L LaCLACHE4N A . #7)X=20 um.

A: the deionized water suspension cells (no extracellular Ca*"); B: MS suspension cells (with extracellular Ca*"); C: 5% ethanol treatment blocks Ca**

transmembrane transport; D: 5.0 mmol/L EGTA treats cells; E: 5.0 mmol/L LaCl; treats cells. Bars=20 pm.
B8 MAESMEEFRIEE. EGTA. LaCLAIEX4RAEPI4E 5 I 5 S IS4G

Fig.8 The intracellular calcium ion fluorescence response to extracellular Ca** and ethanol, EGTA and LaCl; treatment
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B — M.
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