Expression of Lhc genes involved in PSⅠand PSⅡ 
in Moso bamboo seedlings
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ABSTRACT
Isolation and expression of the light-harvesting chlorophyll a/b binding protein (Lhc) genes from moso bamboo were performed in this study. The full-length of two Lhca genes PeLhca01 and PeLhca02 involved in PSⅠand two Lhcb genes Pelhcb3 and Pelhcb1 involved in PSⅡ were cloned by RT-PCR and RACE methods. Mose bamboo seedlings were treated with different light intensity. Fluorescence parameters of Moso bamboo seedlings high light intensity changed in contrast to normal light. The four Lhc genes tissue-specific, temporal and spatial expression were analyzed. The expression level of the two lhca genes decreased obviously in high intensity of light treatment, while increased significantly in low intensity of light treatment. The expression level of the two Lhcb genes decreased obviously. It could be infered that two Lhcb genes be related with photoinhibition and two Lhca genes be related with the capacity of harvesting light. In different vegetative organs two Lhca genes have their expression profiles. 
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Introduction 
Moso bamboo (Phyllostachys edulis) is a typical clonal plant, a monopodial bamboo species, native to subtropical China. Because of its giant size, fast growth, high production due to high light assimilation capacity, good quality for timber use and wide distribution, it has long been the most important economic bamboo in China. However, little is known in molecular mechanism of great light assimilation capacity of moso bamboo. However, photosynthesis, as the most physiological indicator, plays a decisive role in plant growth to some extent, which representing the assimilation capacity of plant. It is significant to focus on the molecular mechanism of bamboo photosynthesis through bio-technology, and valuable for the development and utilization of bamboo resource. 
Photosynthesis, occured at the thylakoid in chloroplast, as the most important biochemical reaction in the world, affects directly the photosynthetic process by absorbing and transferring solar energy. There are two chlorophyll protein complexes photosystemI with a reaction center, P700, and photosynstem II with another distinct reaction center, P680. The peripheral light-harvesting complex LHC of photosystemⅡ (LHCⅡ) and light-harvesting complex LHC of photosystemⅠ (LHCⅠ) play a significant role in photosynthesis of higher plants. In addition to light-harvesting, photoprotection via heat dissipation, energy modulation and distribution, and maintenance of thylakoid are all the main functions of LHCⅡ and LHCⅠ. Frank Klimmek had studied the expression model of Lhc -protein gene family in plants under different illumination, the results showed that: Lhc gene was affected initially by light intensity and light quality in transcription level, the mRNA level was fluctuated through day and night. Lhc gene had the highest expression level when the light-harvesting of plants was limited , low light environment was optimal. Lhc gene was high expressed in leaf tissues, while low in other non-green tissues, even not expressed in some tissues. Lhc gene expression was down–regulated under high light intensity, while the gymnosperms, especially the conifer was an exception.
Under natural conditions, plants usually grew in strong light environment. It is very important how to dissipate excessive energy to avoid photoinhibition for plants, especially for seedling. To further know the molecular mechanism of the photosynthesis of Phyllostachys edulis, temporospatial expression of light-harvesting chlorophyll a/b binding protein genes i.e. lhc genes under different light intensity treatment were explored in this study. 
Experimental Methods
Plant Materials 
The seedling of Moso bamboo grew in culture room for two years, initially in a climatised growth room (21°C, 50-60% relative air, humidity, light: 150 μmo1·m-2·s-1 photons of photosynthetic active radiation, 16 h) and two days before the transfer to pots in the greenhouse under growth conditions of 20 to 24°C, 40 to 70% relative air humidity, and natural day light in addition to growth lamps (16 h light) yielding up to 300 μmo1·m-2·s-1 photons of photosynthetic active radiation. 

The leaves for test expression of Lhcb genes were obtained respectively from Moso bamboo seedlings under 1200 μmo1·m-2·s-1 light intensity, continuous exposure to light for 2 hr、4 hr and 6 hr. The leaves for test expression of Lhca genes were obtained respectively from Moso bamboo seedlings under was 3000、2000、1600、1000、500 and 10μmol·m-2·s-1 light intensity respectively.
Methods

The chlorophyll fluorescence parameters were measured daily. The parameters Fo, Fm, Fo’, Fs, Fm’ Fm’ were measured after light and dark adaptations. Photochemical quenching coefficient (qP) =(Fm’-Fs)/(Fm’-Fo’)；quantum yield of PSⅡ electron transport (ΦPSⅡ) =(Fm’-Fs )/Fm’; Excitation energy capture by open reaction centers (Fv’/Fm’)=(Fm’-Fo’)/Fm’.
Total RNA were isolated according to the methods of TRIZOL. The first strand cDNA were gotton by Smart cDNA Library Construction Kit. PCR was used to amplify specific regions of the lhc gene using specific primers.  
Phylogenetic Analysis

The nucleotide sequences for lhc genes of different plant species were obtained from the GenBank database. Phylogenetic analysis was carried out by neighbor-joining method using the MEGA package. In MEGA the gap extension and gap opening penalties were set at 6.66 and 15, respectively.
Primer design for qRT-PCR

The primer was designed according to the already cloned lhc genes sequences of Moso bamboo. The primers were from non-conserved region using ABI Primer express 3.0, the amplified fragment was about 50~200 bp. For lhcb genes all data were normalized with respect to Os18s rRNA. For lhca genes all data were normalized with respect to GAPDH and ACTIN.
Results 
Cloning and sequence analysis

The length of PeLhca01 (GenBankEU035496) is 1100 bp, which contains an open reading frame encoding 262 amino acids ranging from 74 bp to 862 bp. There was a 73 bp untranslated region at the 5´ end, and a 234 bp untranslated region and 14 bp Poly (A) at the 3´end. The pI and Mw of protein encoded by PeLhca02 (GenBank EU121593) were predicted to be 6.14 and 28095.11 Da. Such a DNA sequence associated with the photosynthesis signature has two 4Fe-4S ferredoxins signal regions. The gene-encoded amino acid sequence contains an Amidation site, three Protein kinase C phosphorylation sites, two Casein kinaseⅡphosphorylation sites, five N-myristoylation sites and a Chlorophyll a/b binding protein domain. The barley and rice was the highest in similarity, which is drawn from the analysis through NCBI Blast to these two PSⅠ genes. 
The similarity of Lhca DNA sequence is higher than that of encoding amino acid sequence. The secondary structure of PeLhca01 is significantly different from that of PeLhca02. According to the prediction and simulation through SWISS MODEL, the protein structural models of two Lhca genes of bamboo, barley, rice and maize are similar. The differences between the two types of protein in different plant species are bigger than that of different type proteins in the same plant species.

The CDS of two lhcb genes were all about 800~900 bp, and molecular weight of the deduced proteins were all between 28~30kD by bioinformatics analysis. According to International nucleic acid and protein databases, the deduced proteins were highly homologous to other CAB proteins, most of them more than 80%, especially to the monocotyledon plants, such as rice, maize, barely and so on, more than 90% respectively. The motif-scan analysis indicated that, these proteins all had chlorophyll a/b binding domain which may bonding chlorophyll. The similar coefficient among Cab-PhE3 and Cab-PhE1, were 72.6%, 65.7% respectively.
Phylogentic tree of Lhc genes
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Phylogenetic tree analysis showed that PeLhca2 (EU12593) closed to AY105356 and PeLhca1 closed to AF218305 (Fig.1).
Fig. 1 Phylogenetic tree of two lhca genes in PSⅠ in different species from Poaceae

Difference between two LHCA proteins and prediction of protein structure of LHCA 

	
	PeLhca1 protein
	PeLhca2 protein

	H-bonds
	252
	125

	Helices
	19
	9

	Strands
	6
	4

	Turns
	42
	21


Tab. 1 Contents of LHCⅠProtein Secondary Structure from Moso bamboo
The number of H-bonds, helices, strands, and turns of tertiary protein of LHCA1 deduced from amino acid LhcaPe01 encoded is much more than that of LhcaPe02 (Tab.1). 
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Fig. 2 Tertiary protein structure of two LHCAs of PSⅠ from Moso bamboo 
Fluoresence parameters 
Fluoresence parameters as a probe to detect whether plants grow in stress. We used PAM to measure Fv/Fm, qP, Yield, ETR. Data showed in tabel 2. 
	
	ck
	2 hr
	4 hr
	6 hr

	F0
	0.284
	0.303
	0.332
	0.346

	Fm
	0.873
	0.706
	0.651
	0.689

	Fv
	0.589
	0.403
	0.319
	0.321

	Fv/Fm
	0.675
	0.571
	0.49
	0.481

	Fv/ F0
	2.074
	1.330
	0.961
	0.928

	Yield
	0.712
	0.593
	0.386
	0.346

	ETR
	2.200
	2.100
	1.700
	1.600

	qP
	0.712
	0.405
	0.386
	0.346

	qN
	0.385
	0.602
	0.764
	0.784

	Fm′
	1.586
	1.019
	0.46
	0.552


Tab. 2 The Chlorophyll fluorescence parameter of Ph. edulis in different light treatments
The ratio of Fv/Fm changed exposure to the same light with different times. After 4 hr it decreased to 0.49. Obviously the reaction centre of PSⅡhad been damaged. The plant was illuminated by different time of strong light treatment (2 hr, 4 hr and 6 hr). All chlorophyll fluorescence parameters were changed: Fv/Fm, qP, Yield and ETR were decreasing, while Fo and qN were increasing with the time of strong light.
Expression of lhc genes 
Expression of tissues specific of two lhca genes 

In young leaves, old leaves, culm tips, culms and bamboo shoots, Lhca1, Lhca2 all have their expressions, which are different in different tissues. Lhca1 gene in young leaves of the expression is the highest; Lhca2 in old leaves is the highest;. The expression of Lhca1 in young leaves is the highest and Lhca3 is lowest in the bamboo shoots in all the samples. Two genes expression in bamboo shoot is quite high. The expression orders of two genes of the leaves under light treatment are all Lhca1>Lhca2. 
Expression of two lhca genes under different light intensity treatments
The expression is down regulated in strong light, and up regulated in low light. In light intensity of 3000 μmol•m-2•s-1, the mRNA levels reduction is Lhca2> Lhca1. In light intensity of the 2000 μmol•m-2•s-1, the mRNA levels reduction order is Lhca2> Lhca1. In light intensity of the 1600 μmol•m-2•s-1, the mRNA levels reduction order is Lhca2> Lhca1. The relative expression levels increase through the treatment of low light and medium light after 20d. Four Lhca genes expression is up regulated in light intensity of 1000 μmol•m-2•s-1 and their values are 116.7%, 115.4%, 187.9%, 102.4% compared with that in the nature light, the order of increase is Lhca1> Lhca2. The expression of Lhca1 genes is up regulated and Lhca2 gene expression is invariable in light intensity of 500 μmol•m-2•s-1, and their values are 237.4%, 147.5% compared with that in the nature light, the order of increase is Lhca1> > Lhca2. Two Lhca genes expression is up regulated in light intensity of 10 μmol•m-2•s-1 and their values are 607.2%, 149.6% compared with that in the nature light, the order of increase is Lhca1>Lhca2. Two Lhca genes expression is up regulated in light intensity of 10 μmol•m-2•s-1 and their values are 607.2%,  219.2% compared with that in the nature light, the order of increase is Lhca1> Lhca2. Four genes mRNA levels drop all along from 1 d to 15 d in light intensity of 1600 μmol•m-2•s-1. Lhca mRNA levels rapid increase through the treatment of low light and medium light from 1d to 6 d but the enhancement is repressed to 20 d.
Expression of two lhcb genes when moso bamboo seedlings exposure to the same light intensity with different time
A[image: image1.emf][image: image2.emf]B
Fig. 3 Real-Time PCR analysis of lhcb genes in different light treatments

1: 2 hr; 2: 4 hr; 3: 6 hr; 4: ck
Expression of PeLhcb3 gene and PeLhcb1 gene when moso bamboo seedlings exposure to the same light intensity with different time decreased with time extending. For PeLhcb1 gene, after 4 hr exposure to high light intensity expression is closed to zero (Fig.3).
Conclusions
The length of PeLhca1 is 1100 bp, which contains an open reading frame encoding 262 amino acids ranging from 74 bp to 862 bp. PeLhca2 were predicted to be 6.14 and 28095.11 Da. The CDS of 2 Lhcb genes were all about 800~900 bp, and molecular weight of the deduced proteins were all between 28~30kD by bioinformatics analysis. The deduced proteins were highly homologous to other CAB proteins, most of them more than 80%;especially to the monocotyledon plants, such as rice, maize, barely and so on, more than 90% respectively. The motif-scan analysis indicated that these proteins all had chlorophyll a/b binding domain which may bonding chlorophyll harvesting complex LHCA and LHCB respectively. These Lhc genes are conservative in evolution.
Two Lhca genes expression is up regulated in light intensity of 10 μmol·m-2·s-1, the relative expression levels increase through the treatment of low light and medium light after 20d, while down regulated in light intensity of 3000 μmol·m-2·s-1. The photoinhibition appeared After irradiation with strong light on the Moso bamboo seedlings. The qRT-PCR suggested that the expressions of two Lhcb genes were all reduced with the elongation of the illumination time.
Discussion
Excessive light conditions repressed the levels of mRNAs accumulation of multiple Lhc genes encoding light-harvesting chlorophyll-a/b (LHC) proteins of photosystem (PS)II in the Moso bamboo. The light intensity required for the repression tended to decrease with high light intensity. The results indicate that the expression of these Lhc genes is coordinately repressed when the energy input through the antenna systems exceeds the requirement for CO2 assimilation. The Lhc mRNA level repressed under high-light conditions was partially recovered by adding the electron transport inhibitor 3-(3,4-dichlorophenyl)-1,1-dimethylurea, suggesting that redox signaling via photosynthetic electron carriers is involved in the gene regulation. However, the mRNA level was still considerably lower under high-light than under low-light conditions even in the presence of 3-(3,4-dichlorophenyl)-1,1-dimethylurea. Repression of the Lhc genes by high light was prominent even in the mutants deficient in the reaction center(s) of PSII or both PSI and PSII. The results indicate that two alternative processes are involved in the repression of Lhc genes under high-light conditions, one of which is independent of the photosynthetic reaction centers and electron transport events.
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FIGURE (OR TABLE) CAPTIONS 
Fig.1 GenBank asseccion numbers AF218305, AK251215, K248554, AK251962 represent genes from Hordeum Vulgare, GenBank asseccion numbers AY106149, DQ244416, AY105356, DQ244303 represent genes from Zea mays, GenBank asseccion number CU406801represents gene from Oryza rufipogen, GenBank asseccion numbers NM001064048, AK104283, NM001068419, AK104499 represent genes from Oryza sativa. 

Fig.3 A expression of Pelhcb3 gene , B expression of Pelhcb1 gene. 1: 2 hr; 2: 4 hr; 3: 6 hr; 4: ck
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