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Effects of He-Ne Laser and UV-B Radiation on Chlorophyll

Fluorescence and Rubisco Activase of Wheat Leaves

CHANG Ali,MAO Xiaofang, HAN Rong”
(Cell Engineering,College of Life Sciences,Shanxi Normal University, Linfen, Shanxi 041000, China)
Abstract; With ‘ML7113” wheat seedlings as the materials, artificial simulation of He-Ne laser(5 mJ « s
« mm *),enhanced UV-B(10.8 k] *+ m * « d ') radiation and combined radiation processing. Using chlo-
rophyll fluorescence spectrometer, coomassie brilliant blue G-250 dyeing method and PCR technique, we
studied the changes of chlorophyll fluorescence characteristics,content of rubisco activase,changes of gene
expression and gene sequence on seven day age of wheat seedling. The results show that: (1) Compared
with the control group.after enhanced UV-B radiation, wheat seedling chlorophyll fluorescence characteris-
tics is abate. Rubisco activase content and its gene expression quantity decreased. But low doses of He-Ne
laser irradiation can repair the damage on wheat seedling chlorophyll fluorescence characteristics which
caused by after UV-B radiation and make rubisco activase content and its gene expression increased. (2)
Compared with the control group,after He-Ne laser and enhanced UV-B radiation and combined irradiation
gene sequences were presented with two identical point mutations, but did not cause the change of amino
acid sequence. Visible,low dose He-Ne laser irradiation can be repaired by UV-B radiation on chlorophyll

fluorescence activity of wheat seedlings to a certain extent and make the rubisco activase content and its
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lower amount of gene expression. Speculate that the influence of He-Ne laser and enhanced UV-B radiation

on wheat seedling rubisco activase due to the change of transcriptional. So that the wheat photosynthetic

capacity was changed accordingly.

Key words: wheat; He-Ne laser; UV-B radiation; chlorophyll fluorescence;rubisco activase
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Table 1
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The establishment and treatment procedure of different groups

kg St B ] UV-B g 1 i ] WO B i 17 15 77 1 (1]
Treat ¢ Light time UV-B radiation He-Ne irradiation Darkness time
reatmen /Ched™D time/(h + d~ 1) time/(min » d~1) /(hed D)

CK 8 0 0 16
B 8 8 0 16
L 8 0 2 16
BL 8" 8 2 16

T CKL X B2 5 B, UV-B f@ i A B 5 L. He-Ne B0t Ak B 41 s BL. He-Ne BOu Mg UV-B RS M E S4B » RO S5 UV-B & 47

mF AT, R

Note:CK. Contrast; B. UV-B radiation; L. He-Ne irradiation; BL.. UV-B radiation and He-Ne irradiation; * . Represents light and enhanced

UV-B radiation at the same time. The same as below.

1.3 MEIBIRRFE
1.3.1 MEEXHXSH L4 8:30~11.00,H4%

BRI AR 7 d /N E A 3 A [F AL E Y 5E 4
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IG5 (Fo) e R 268 BE (Fu) W PSRN H ol fie
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HER Z L Cqe) FAE G A K R (qn) Il SR B
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WHE S K. B 4 R Aok i 08 T
20 000 r/min.4 C N B .0 15 min, B F 75 W 317
Rubisco 7 f7 g = .

1.3.3 Rubisco FUEEE I RS OTIH A K3
T dW/NERM & 10 g, o e AWRER Y R O
FEmE, BT —87 °C Freezer VKA N T840 % . 75 %%
R 5% 4 Ja B HY A T F B R AL R 2R 1Y AR
J5 15 #8547 Rubisco 1§ LB 2lifk . R % 5 W ik
G-250 Y a3k 7E 595 nm J6F M@l F 4 13 &
F1 A AR T il A s o 4 2 2 1

1.3.4 HFFE= RT-PCR UARMEFHT AL
HAERKS 7 dfry/hEZ4hrt & 100 mg. I F5 5 2
WA RS R R L >R Trizol 25 42 32 7] 156 W] 45 4
W5 21/ 22 1 6 RNA L 3147 350 4 L Uk (150 V., 10
~15 min) £l RNA 588 ¥, 3f 1 550 50 60 B it
M5 4% 4 PR 41 Hh ODasy /ODag, B, ) 22 RNA 4
BE . HAE NCBI | € M RCA JE B 7 51 2 A
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AATCTATGAGGGATACACGC-3") Fl ActinR (5~ G-
AACCTCCACTGAGAACAACATTACC-3"),

f#i F§ PrimeScript RT-PCR Kit it % & (1 [
TaKaRa 2\ &)) s A} PrimeScript RTase ¥ RNA & %
cDNA, F-Hs bz % 19— 3K 3 VE i, B TaKaRa Ex
Taq HS 47 PCR ¥ 14, I/NE R RIXMNLsh & A
DA Actin %) B, 47 RT-PCR 3 #r. PCR ¥4
TR A B B U5 M P Dk O P O [T WS Ak
MG 2% 228 /]I 7 41 45 R % ] Blast #2757 #il
Vector NTI Advance 10 #AF 3472 #r o
1.3.5 ERIRHKXEE PCR oM HALMAEK
2 7 d /N4t 4% 100 me, fE s 41 RNA, JSE i)
P it PCR A 2%, i F] SYBR® Premix
Ex Tag ™I(Tli RNaseH Plus) (Jl§ § TaKaRa 2\ w)) i
T4 ,RCAZ| ¥ I F(5'-GCATCGTGGACTCCCT -
CTTC-3") FIR(5'-GACCCTTGCCACCCCAGATAC-
3" ;N ZHH18SrRNA K F(5'-CCTGCATACCG-
CAGCTAGGA-3")#1 R(5'-GCGGCGCAATACGAAT-
GCCCC-3"), ¥y TaKaRa 24 &l & . 520 2¢ 6 &2
it PCR MZE AR 20 22Ty it AT 2 IR 3 36 19 AH
Xf A o it o .
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Table 2 The comparison of chlorophyll fluorescence parameters of wheat leaves under different handle groups
Treatment F, Fp Fo/Fp ETR Yield qr qN
CK 281+8.965¢ 1194425, 379b 0.78640.012b 22.15%+6.934b 0.029%0.005a 0.96540. 117hc 0.03840.008b
B 250%5.503a 1171£13.953a 0.77140.014a 20.32+3.769a 0.026+0.002a 0.956+0.056a 0.04440.005¢
BL 26444, 237h 124949.501c 0.78540.012b 33.51+4.493¢ 0.043%0.004¢ 0.95940.061b 0.04040.002b
L 291+6.986d 1348+16.988d 0.79240.013c 55.1746.951c 0.070%0.007d 0.968+0.097c 0.03440.003a

s Fo IHRFOCIIE s Fo. KT Fo/ Funs RIOGHZERRETR O A T80 s Yield. PSTT bt L2280 s qp. S22 OB K R B gn. M
FRRZR. FFIRFRAFR AR A 0. 05 KFFEBELER. n=3, FHHLIRfEE.

Note: Fy. Initial fluorescence; Fy,. Maximum fluorescence; F, /F,,. Maximal photochemical efficiency; ETR. Apparent electron transport rates; Yield. Effective

quantum yield of photosystem || ;gp. Photochemical Quenching;gn. Non-photochemical quenching. The different normal letters in the same column indicate signifi-

cant difference among treatments at 0. 05 level. n=3, means+ SD.
ETR.Yield.qp ¥J8% 5 » M g {E AR DL BE IS /N2
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2.2 HeNe K FI1E3E UV-B §HH X /hZ 4 I
Rubisco i& 77 9 22 i

mE 1 ron, 5 CK 404 kb, B 41/ % %yt
Rubisco 3§ Sk B B WAL T 47. 73% (P<<0.01); 5
B 4t . BL /N2 41 Rubisco 3§ Sk B %% - Ft+
158.67%, HE T CK 41 35. 20%; L. 41 % Rubisco
W CK A% il 119, 34%, X W] UV-B
TEOTAL BREEAR 1 /N 4 Rubisco 1% J7 . 38 B &
He-Ne 67— ERE FBEE UV-B Xt Rubisco i
J7 3 B A A o T R O A0 B S Rubisco 1 7 B
= BNEOE AT LA /N2 Rubisco 36 TR 5 .
2.3 He-Ne F i3 UV-B 45 5f 3t /N Z 45
RCA 2 EMF M

WK 2 s, B A /NE Gt RCA B &
b CK AUBEMR T 2. 410 HES AW & A H
BL 414 RCA A& BARE L 4.29%,
Homgm Xl 1.78% s L 41 RCA EH & &
CKAE 3. 2% HERARE, RHEARLRK K
PR 358 UV-B R — & B Bl 7/ 24
it Rubisco % 1k i 1945 5 - & 7 8 He-Ne OG5
WRTE—EFEE EAE#E T Rubisco 1% 6 9 4 . A
1M 2% fifF UV-B A8 50 4l i 6 G E R %
2.4 HeNe K FI1E3E UV-B FH X /hEZ 4 I
RCA EFERIZH T
2.4.1 EHRHKXEE PCRAOH AR TR
7 d /N EE Y R RCA JE DR 1 26 ik 45 3 4n 141 3

0.18
.7 016 A
RZ 7 0.14 h
M=l 0.12
s> E B
2. 010
S22 008} C
=]
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— D
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0.02 ﬂ
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CK B BL L
Ab 7 Treatment
Kl 1 He-Ne $OBAN 3 UV-B R4
XF/NFZ 1 Rubisco {1 73 1 5 1
AT R /NE F 843 5 R Ak BRI AE 0. 01,
0.05 R PHFTERFEESR. TH
Fig. 1 Effect of He-Ne laser and enhanceed UV-B

radiation on wheat seedlings rubisco
The different capital and normal letters indicate
significant different among treatments at 0. 01 and

0. 05 level,respectively; The same as below
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Fig. 2 Influence of He-Ne laser and enhanced UV-B
radiation on RCA protein content of wheat leaves
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ARSI SR /NE S RCA JE I 1 36 3k 5% 5] 1
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AR AE 3, He-Ne #OGHE I8 GEA 208 423 58 UV-
B #5 BE X RCA JE R Y 23k 1 3 4 A

2.4.2 ¥FEE RT-PCR O #EHRAK 741K
Qb B /INZ 4l iE it AT RT-PCR 20 #1 (E] 4D Ac-
tin B AT RCA F K 43 945 21 5 #d) R B /h— 31
RS ey 8 = . Hodr, Acein 55 R 7E 25 40 #L 2%
PR I R H T G T S R LA A TR 5 DA e A X B i
A RCA K& R 78 45 b B2 11 F 80 A A [A) 7 B 56
K. 5XTREA(CKYHH L, B 41 H it RCA H:H 1)
FEIR KB S BRAR . BL 2 A 3R /K 48 B 4R & s
L 21 %) 3¢ 35 /K - B e H S5 6 BEAH 24 . |l ik aT DL, /)
1.4
1.2 A A
1.0
0.8
0.6
0.4
0.2
0.0

RCAM X % 1k i

RCA relative expression

CK B BL L
Ak T

Treatment

3 A AL B/NE B E 5 RCA AR A 4t
Fig. 3 Relative expression of RCA in wheat

leaves under different treatments

Query

F4iiM i RCA BL 3k 78 % 3 UV-B 58 RS 98
W@ 40, 7E52 He-Ne BOGHE T 5 R iA 5 THE . He
Ne BOGE G PR — & B E 22 UV-B 5 Xt
e R IE A
2.5 He-Ne #{5tFnig 58 UV-B 45 51 3t RCA EE#%
FRFIRESERFIINZM

FIH BLAST %4 % RT-PCR B9 4 25 4 Jie
[B] WS J5 AT 45 Ak 2R 20 5 R 81 3 A % B 3 45
J 5 NCBI & 2 30 7y 20 45 5248 e, — 3ok
Bk 99% (& 5). Vector NTI Advance 10 %k 443
Br & )7 50 45 K & 6 B 50 B A L, &0t
He-Ne ot Mg sR UV-B AN EPENE SR
MEALBRJS  4h  RCA JFEIR T 50 AR A 2 A [F] 1 Bk 5k
P & T AR B 48, {H Vector NTT Ad-
vance 10 #4345 b BRZH RCA 5 1 19 & 5 W v
G B s 550k BRZH R L, H At & Ak 2H 1) RCA 2 AR

4 AFRAEBENZE S R RCA JEH
F LM RT-PCR 4347
Fig. 4 Expression analysis of wheat leal RCA gene

in different treatments with RT-PCR

8 GAGAGAGAGG-ACACCGAC-AGTGGAAGGGTCTTGCGTACGATATCTCCGACGACCAGCA 65

Sbjct 244 GAGAFAGAGGAACACCGACAAGTGGAAGGGTCTTGCGTACGATATCTCCGACGACCAGCA 302

Query

66 GGACATCACCAGAGGGAAGGGCATCGTGGACTCCCTCTTCCAGGCGCCCAAEMGGCGACGG 125

Sbjet 303 GGACATCACCAGAGGGAAGGGCATCGTGGACTCCCTCTTCCAGGCGCCCACMGGCGACGG 362

Query

486 CTGCCTCTTCATCAACGATCTTGACGCCGGTGCGGGTMGGATGGGCGGGACCACACAGTA 545

Sbjet 723 CTGCCTCTTCATCAACGATCTTGACGCCGGTGCGGGTRGGATGGGCGGGACCACACAGTA 782

Query

606 TGTGCAGCTCCCAGGCATGTACAACAAGGAGGAGAACCCHICGTGTGCCCATCGTCGTCAC 665

Sbjct 843 TGTGCAGCTCCCAGGCATGTACAACAAGGAGGAGAACCCRICGTGTGCCCATCGTCGTCAC 902

Query

846 CTTTTTCGG 854-(RCA-CK RT-PCR products)

Sbjet 1083 CTTTTTCGG 1 091-(NCBI published sequence)

K5 /N4 XTIEE RCA 9 RT-PCR 5 NCBI A £ 51 Blast 4347 45 %

P 3R R PCR ™= 950 1y Jir LATE 514 45 3 0o I AN AR« 52 B 9¢ A2 i 4 © PR @i ok GE3F 3 Mzl

Fig. 5 Blast analysis of the RCA RT-PCR results in control and NCBI published sequence

Because of the sequenced were PCR products,in the primer binding site measurement is not very accurate,

actual mutation bases have been marked with black(three sites mutation)

140 150 160 600 610 620

B 136 TCCTCAGCTCSTACGAGTACGTCA 596 CACCAAEGTGCAGCTCCCAGGCA
BL 136 TCCTCAGCTCETACGAGTACGTCA 596 CACCAAQ‘GTGCAGCTCCCAGGCA
CK 140 TCCTCAGCTCATACGAGTACGTCA 600 CACCAATGTGCAGCTCCCAGGCA

L 138 TCCTCAGCTC?TACGAGTACGTCA 598 CACCAAEGTGCAGCTCCCAGGCA

1515878 {7 5, 6065 A% A7 4.

Bl 6 ANTA] b BN 22 4y R RCA 20 3k DR A R 7 91 L 4%

Fig. 6 RCA partial gene sequence analysis of wheat leaves in different treatments
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30 40 50

60 70 80

B 30 IPLILGIWGGKGQGKSFQCELVFAKMGINPIMMSAGELESGNAGEPAKLIRQ
CK 30 IPLILGIWGGKGQGKSFQCELVFAKMGINPIMMSAGELESGNAGEPAKLIRQ
BL 30 IPLILGIWGGKGQGKSFQCELVFAKMGINPIMMSAGELESGNAGEPAKLIRQ

L 30 IPLILGIWGGKGQGKSFQCELVFAKMGINPIMMSAGELESGNAGEPAKLIRQ

15198 25 A5 75 % W B ik 1

160 170 180

190 200 210

FSTLYAPLIRDGRMEKF YWAPTRDDRIGVCKGIFQTDNVSDESVVKIVDTFPGQSIDF
FSTLYAPLIRDGRMEKFYWAPTRDDRIGVCKGIFQTDNVSDESVVKIVDTFPGQSIDF
FSTLYAPLIRDGRMEKFYWAPTRDDRIGVCKGIFQTDNVSDESVVKIVDTFPGQSIDF
FSTLYAPLIRDGRMEKFYWAPTRDDRIGVCKGIFQTDNVSDESVVKIVDTFPGQSIDF

60658 A5 A7 11 5% W 1 & I 1R

F7 RTF AL N 4 R RCA SR 00 &R 7 1 LR

Fig. 7 RCA partial amino acid sequence analysis of wheat leaves in different treatments
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HAER ML R A TEAE L,

Rubisco &5t & 1F A 09 5 B Bl . XA 9 19 O &
R B g A R B S Y Rubisco 4445
Z& 1t Rubisco 1 fk B (9 15 1k A" 6E 2 B0 B H A L%
735, Rubisco {if b # B T BE 7 1k Rubisco #b, &
H ATPase & TE. £ ATP 25 1, figffi Rubisco
M5 CO, \Mg"" 45 5T il ECM =0 &9, )
7 35 B e KIS AR B . 811 /NZE Rubisco 54k
it ] xof /N F2 5 AR T B A 5 kS B AE R 2R AE .
ARSI /N A ML71137 & Fh ol Aok, L TR 41

He-Ne #4565 mJ « s « mm ?) s UV-B(10. 8
kJ o m™? o dT ORI K P E S G R BROG/NE HEAT Ak
B WF A [R) Ak BT /N 22 Ay i R PO A
Rubisco i fb il 7 & | FE PR %3k 5 M 3 K )y 51 22
SR . SRR 5 X A A FE L 1Y 5R UV-B 48
SYAL BRI o /N2 By B 5 K 5 O R 4 BB 55 Rubisco
AL 5 B b HC R DR 2% gk o 4R 5 T A R Y
He-Ne Ot MG RBIE —~ERE LB % UV-DB
FE AR NS /N 22 4 B R LR 5. P AL, Rubisco 1%
PRl £ i K G BE PR 3R 3K i X He-Ne 306 Fi 3 5
UV-B & 5} 1 i -5 0% & R R #2210 A R R Ay —
Hte. [ XA R Ab B B /N2 4 R Rubi-
sco 1% AL EE R 81 A7 00 e B L 5 % BRZEL AR TG
% He-Ne Ot MiEsE UV-BEEF LI AW ENE &
R HRAL RS ERA 2 A TR A B 7 R AR T R T
M A AR A B AT Y 2 IR 7 51 Ll X 25 3 5 X B
b e Ak BB 3 1) 98 22 % Rubisco 1% 1 il #1335 K
o EIR R . HED 2 UV-B %8 U5 Rubisco
TG AT 5 i Al D 9 45 T 56 K | Rubisco i1k
fit 5 PR 3% 3K B Y BE AR AT Rubisco 1 Ak il Xf
Rubisco 19 7% 1k 8 1 W 55, 5] #& Rubisco 5 CO, .
Mg® 5 TE M ECM 1 =508 45 W s 2 3% R A
7 A R R A R K R 6 6 B LA 7 A R AR
F - BUE AL E BRI . B LA 358 UV-B i 5 b
S RCA By & 5 F1EE PRI T RS2 51 /b
W GG T RE AR 2 A
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