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Effects of He-Ne laser on photosynthesis of wheat
seedlings exposed to enhanced UV-B radiation
GAO Li-Mei, LI Yong-Feng, HAN Rong

( College of Life Science, Shanxi Normal University, Linfen 041004, China )

Abstract; The wheat seedlings(jinmai 8) were exposed to He-Ne laser(5 mW « mm™) , enhanced UV-B radiation(10.
08k] « m? + d1)and the combined He-Ne laser irradiation and enhanced UV-B radiation. After being treated for dif-
ferent days(4,5,6,7,8 d)circularly,the changes of the rate of electron transport and relative permeability of chloro-
plasts membrane, fluorescence emission spectrum were tested with electric conductor and low temperature fluores-
cence spectrometry. The activities of phosphoenolpyruvate carboxylase (PEPC), carbonic anhydrase(CA), glycolate
oxidase(GO) ,malate dehydrogenase(MDH) , chlorophyllase(chlase)and ATPase were measured by photometer. The
results showed that the rate of electron transport, the activities of PEPC,CA and ATPase had declined by enhanced
UV-B radiation. However, the relative permeability of chloroplasts membrane, the activities of GO, MDH and chlase
had increased by enhanced UV-B radiation. Distribution of excitation energy also changed. So the photosynthetic ac-
tivities of chloroplasts were almost lost. However, the certain dose of He-Ne laser irradiation could partly repaire
these damages induced by enhanced UV-B radiation.
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EYRERKET, RIEEI N UV-BES S HEY
TR AL RSG5/, M AR 25 i B A KA TR
FIRR, BUERE L ER TS HEBEYER
REHBRE. 75, B RBHHBLE SR Kb
HIVE Y80 ¥ 50 & 2 28 1 28 1 o 2R 48 A 3 A AL 3R
(PFE «%,199), HEMI RSB, fiigEdl T
UV-B#EXMEYISBNENRGRE-E8FRR
BEE . B AEROEE B S (PAR) .CO, #EM
BARA N ¥ BB /> UV-B 48 51 5 38 X 1E 9 69 37
RN GRS HE 48 ,2003) , SRTT, MR I I BB
RBEIE UV-B B Y 40 i & R BT R4
(Robberecht %,1980), —ZE N &M 648 BEEM
HARY) B % PR AR 3 F1 4 K (Robberecht 48, 1980;
Klebanov %,1998),

MR R AT ERANEZES,
it Sk e FEEEE CREEL JCAERABRREL
HARBMENRCEHERTEBINXREY R B,
UV-BEHHEBESER/NEEKN=EYHE T,
HEHZ W5/ ESEN F ORI TS
K (IIPREE,2004), #5358 UV-BAES 1 He-Ne 80k
S YA ERKET (Q%,2002), ZF 4 DNA
(Han %,2002a,b,2003) , i 4& 59 %t (Zhang %,
2006a,b) RA i 45 M8 Z 3B, UV-B 5 51 1 He-
Ne @t &#m/NERFMES YK E (EHBSE,
2002) , B FERE 1 EALAE (£ /NTESE,2008) , W
INEGHERERBRR GRIB%,2008) %, MATH
i UV-B 841 #1 He-Ne BOGHR BX MG E & 1E
FAEEXEBL R R AR EEF TR,
FARER RIRE GEES,2008), B, AR RE
WX EHZHT/NEEKEMER UV-BREER
He-Ne OGS G R /NEEMH A ELEAE
ERMAREFREEMEBHITHRI, BFR UV-B
matEs RN ESE TREMNERER, U#— 2R
He-Ne 6% &1 R G 1E B R0 B HLH
TR E LRI H—E BB EMALRES.

1 MK &

1.1 HEHE

E# 8 B (Triticum aestivum ‘Jinmai 8’ )/,

B L PG el Bl 2 B /N E F AT BT iRt .
1.2 R A&

L2l M#amaE FHWECK) . UV-B AL H

(B) B3 (L) . UV-B ¥ tE S (BL) 4
A, FARGLHEFTEWNE LR,
*1 SLTAMNGERLEEF

Table 1 The establishment and treatment
procedure of different groups

BOLER B

Sk HE UV-B ig &t

s Light UV-Bradiation He_N? lf;ser Dark
Treatment (h/d) (h/d> irradiation  culture
(min/d) Ch/d)
CK 8 - - 16
B 8* 8 — 16
BL 8" 8 2 16
L 8 - 2 16

W » 5 UV-BES RN T,
Note: * means light treatment with UV-B radiation at the same
time.

L2.2#FHHEL EBOFREE, KDY —//p
EMTF,%0.1 % HeCl, REHEEFR R TBA
BIEAKMIEFRIA, S/ 0B, REKEER,25C
FUTHEF SHFEONLHE,

1.2.3 #3% UVB4&4#4® UV-BEHNEN
10.08 kJ » m? - d7, SR &SN R (UV-B #,4b
Ik S H A 22O UV-B 3851 o R S0 E,
{UEETSE 742 B4R 538 BE U € 1 (Optronics La-
boratories Orlando,FL,USA)# TR IE. ¥4 B %k
A FESNB AT (R, 3863, 30W,297nm) , 3§ H
FEHBTFHFLA L. @2 A% UV-BITS5HEY
BRIz EEEESR UV-BESHNE,

1.2.4 He-Ne st A6 8 FHdb K26 B 5 o il 1
%) He-Ne ¥ 5% 2% (MSHN-A-B450MM) ¥ ¥ 632. 8
nm, BB ER 2 mm, B AEHEAESENNE S
R B R R B 5 mW - mm?,120 8,25 C.
Wt E B 4L 3 L HETE B A AT, DUHEBR 2206 R,
JeAL TS S BB ABSAL 25 C &M T 4S5,
L2.5 &t hERTERGNE BETHY
25 (1995) ¥k » W P 4 14 S I B 0 R AR R AR R
3, B2 T 0.4 mol/L HEREH 2 h, i DDS-11A &
SUME FEABFREARNE OO IR, LIRS
ERERIREEZHNEFRNE LS LRFHEE
JEEAR X B

1.2.6 hEerghd TR EGME A Clark
4 1 #R {X 3% Tripathy & Monhanty(1980)B:sE,
1.2.7 Nt A ks ERGRNE BREER
HEAR K LB (PEPC) # Sayre 45 (1979) T ¥ M il
R A RREETRR, BN ER



18 BE%. HeNe Bt5183E UV-BEESE /NESHE RS ERKE W 119

Blanke % (1992) E§ BB LW E. 2R EE
(1990 M BRI Z. B BR E AL B (GO) ., EFRMMK
S5 (MDH) £ # Soussi Z(1998) F R ., BER
BT (CA) 7§ J7 B9 I & R A pH 38 (Wilbur %,
1948), A £ K B (chlase) i £ ;X £ B Minguez
Mosquera %5 (1994) 9 7 &, Chlase [E M E & B
Amir Shapira £ (1987) W . ATP EEiE R
EBH TR A R % (2002) 7 B M .
1.2.8 w4 kA #EHH K HA P Model F-
2500 BB I IR IR D E M R IE K
Fi AR R A 480 nm, R LT 10 nm, K 4T4%
%% 5 nm,
1.3 ¥EsEIH5IH
BHXAFERNEENEELR 3 K REH
FTEREEFEHERE,. KPP P<0.06EREREE;:P
<0.01 RRERBEE; P>0.05 RAERFRE.

2 HBREOMN

2.1 He-Ne %0 UV-B @S /hEH R EIEE
B 22 i)

A X RN R A X M Y e S R (B
D,5RFY, He-Ne BULE B/ E SR EM &
FEBAFHFEELEE T REP<0.05,HT
He-Ne BOEH R BEER A EEANELEER
p L, B IR AR Bt k. T UV-B A FER R
P ERM(P<0.05), Philip % (1996) 5 &
B UVBRHIIRENE FRE, X5RHRMLE
R—%. 8X%:3 UV-BLAHEEEH HeNe 0t
B4 2 minBL 4D, A B HERE FRE B
HAE MK, £ 5 82 (P<0.05), He-Ne % 33t
B A £ 4R K Y B v/ U'V-B 38 5 ¥ AR B9 i o R R
MK,

2.2 He-Ne H 3 %0 UV-B g §f 3t /N E M R KB F 1%
8 1% 2 ) R W

E28m,5 CK AHE,L 4 F1&3ERH
14,696, i83 He-Ne #7640 38 7T AR 8 1 G4 Y
B EEE R B A TR 46.5%,UV-
B RM& G40 H FEEER, TR UV-B
WS ERAE . A s 7% BL 4
5 B4 AH LB, BT 153 B R 28, 2%, L BH
He-Ne O AN — @2 E L/l T353R UV-B
B SIEAS FERBEEHMBHERE.
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Fig.1 Electrolty leakage in different treatment
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Fig. 2 Electron transport rates in different treatments
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Fig. 3 ATPase activity in different treatments
2.3 He-Ne M3t UV-B B /hEXGERAEH
e gk 30k A )

WE 3B, REALEAF, 41k ATP BB
AR, & AL T 6 18] B9 JE <, ATP B8 5 14 % i
WA BN LA CKANESRER(P<
0.05),#iBl He-Ne Bt Xf ATP BER A BIEIER,.B
44 ATP Bg¥E b CK 8 % T M (P<<0.01),3@ 3¢
UV-B 38 5T 4L 3 J5 FE 2 He-Ne BOCBRALEE, BEIE M
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& B FHE (P<C0.05),

ARG HEA S, K4 B4 PEPC BEHEEXEZ
Wi FM#a%. BL 4 PEPC BHB T BA.BRT
CK#HE 4), Witht3 8d J5,B 4 PEPC i TF
P2l 4bH 4 d J5R9 8.93%,5 CK AMELE (tek =
3.5,P<<0.05)% R 8 %;L 4 PEPC IHHRK A4
4 dJERY69.23%, X CK 4 (t,x=3.88,P>
0.05), ZRAEE. BL H#H CK H (tek,u = 3. 53,
P<0,0)EHK, BEEZEREE ;B BH (tgs=1,P
>0.0)E MR HERABEE., Hilb, 3% UV-B
EH MK /N E Y PEPC B, He Ne ML R

] LA S48 B F R 4E A .
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Fig. 4 Effects of He-Ne laser on PEPC activity of
wheat seedling exposed to enhanced UV-B radiation

BEE Ab 38 B B) B RE S, /N E S GO EHEAR L
WEZH ERES BB EREARE L>BL>
B>CK., #4488 dry,BHGOEHR T CK4
(tg,ck=3.67,P<<0.05); L HEF CK & (t,,cxk =
4.14,P<<0.05), ¥R A EHFEBFE. BLA GO &
T CK 4 (ta.cx =6. 32, P<<0.01);{&F B4
(tam.=9.25,P<<0. 01, ¥ RA N ERW B E (K
5). UV-BESHENERF GO BEHHEAT, He
Ne BOLEBRMABARMEEERA.

UV-B & §1 1 He-Ne $0%38 BX/hE MDH &
PR EmEM GO HHERMEIL(E 6). HaEF UV-B
WA AR, MDH EHE AR, BEHLEE N B
>BL>CK>L, 545 8 d i},B 4 MDH F#
BT CK 8B (1, =0. 74, P>0,. 05); L 44 MDH 1§
HEF CK H (tex,.=1. 14, P>0.05) , Z BB AR B
#. BL 4 MDH FEH# 8 E T CK A (ta,cx =0. 38,
P>0.05) ; BRAKF B 4H (tg, 5. =0. 35, P>0. 05), 3
EHLERARE. HeNe WOLE B H B E M
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Fig. 5 Effects of He-Ne laser on GO activity of wheat
seedling exposed to enhanced UV-B radiation
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Fig.6 Effects of He-Ne laser on MDH activity of
wheat seedling exposed to enhanced UV-B radiation
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Fig. 7 Effects of He-Ne laser on CA activity of wheat
seedling exposed to enhanced UV-B radiation
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REIACHE A /N3 4h ¥ chlase E AR LINE 8 BT
. B 6 dRIEARK, HMEBMNEHER, &
ALFRAESE 6 KJG chlase IHHEHE EFH#HE, BALE
BERW K B>BL~CK>L., BH4AE 8 d 5, BAF
chlase JEHERS B F CK 4 (tg,cx =2. 81, P>0.05); L
45 chlase 1& HEBE K T CK 4H (tek,. = 3. 93, P>
0.05),EHUNERAEE. BL 4 chlase {E R
F CK #H (tg,ck =0. 41, P>>0. 05) ,ﬁﬁﬁﬁi%,@ﬁ
F B4 (tg =3. 20, P<<0.05), R BE. HILTA
R, UV-BE&H&fE/NEM K chlase {EHEF . T He
Ne #Ot4E B A 550 Hl chlase ¥5H:.

3Br L
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Fig.8 Effects of He-Ne laser on chlase activity of
wheat seedling exposed to enhanced UV-B radiation

2.4 He-Ne @3¢ f1 UV-B g3 /hEM REHE 8
SEERI

INE IR EMRE T A B A KK 5k, 55 31
f7F 685 nm Fl 736 nm Ak, F685(686) 5 &4t 11
BR,M FTI36(T4D XKW TFHRE I XLBEEH
BEak, B 94 R K8, He-Ne 658 B A8
UV-BESMNEHRAEENERLW. 5CKA
FHEL, L 4010 F685/F736 3% 10, 3% He-Ne %58
BRI MEmE KL, B YA F685/F736
AN, U UV-B BB A T HAERENBEEEE
AEAEMERSG I A f&#; BL 4/ F685/F736
e BB AR . BT, He-Ne BOLREBB/E T
I UV-BRHSIENEEESENRERE,

3 W
AR AAREEN AR, e

fERAMERTHRBERANER SRR, BFEHELT
GBS EANEEREEZRERMENERET

RE. R HABEYHABACGEREELTENE
ERZHFAN. B REGIEASZIABRAZH
BRI R . Y& P, A UFEKXERN RuBP %
1L EE (RuBPC) , i 4r i A PEP 3 {LEE(PEPC) ¥R
B S 8 (MDH) . Z BE B E 1L B8 (GO) Bk R T BB
(CA) M4t £ B . ATPase % 2 R 540 i 79 4 % B8
(Hibberd %, 2002; Sheehy %, 2000), iX L& B Ay 1%
R B9 & A ER R AR 9 B A R AR 3o
7. AR A, S BAM L, 3% UV-B 18 5
G.,/NEM A H PEPC,CA #l ATPase i91%
HF % ,GOMDH # chlase BEHF & . EHiL,H
B UV-BRESI B EENEmeERIIRAGHER
METHRMXBEERZ—.

1000
900
800
700
600
500
400
300
200
100

0

11T T T 1T 7T 17T 11

il
650 690 730 770

B9 AEAIEH K GEFOEH RS O6E, O
CK#4H,L4H,B4H,BLA,EEFEKN 480 nm
Fig. 9 Effects of different treatments on the
fluorescence emission spectra of chloroplasts isolated
from wheat, excitation wavelength at 480 nm

o, TR A B AR IE N TR RS
FWEERANEE. XBEEEEYHTHEERK
AHNEERE . XBAELEFAEEERNE T3
#FFR. UV-B B SEETTRE™ 4 ESWEYR
A 8L THEENIRESWERZIE
SR, 518 PSIL MR EE MR, RE4d s
R B R L B 2 4R 43 A R IR 2, PSTT 6 & R B A L
YW 3R (Hideg 28,1996 ; Murphy %,1975; 3 (% %,
2005) , i FIE B BZ R EMNH . Mateja HiA
K UV-BESTREE M Sk FERHBH L. T
Sreeus & (1994) X ¥, UV-B BB H FExH 1 E
RYHNERERBEENE FEEEEN, X—0
SRBRBEARERNRIF BB RE R, XAEE
FEEHRNKERE, RPTREE - RERTH
B EERN ATP SR T FEBE
MARG, M ATP tRixt F ATP KB E B &R
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R FERERNEHEETSTENCKES,
2008), AT HEHEYICEERREZW. BHRERA
10.08 KJ - m*® - d" M348 UV-B @4 L 3 /N & 48
Mm-Sk, 5 R R, 2R UV-BESLHEG,
HEEEHEMNBEESHE, B FEREERRSH
B R, R B 3R 22 B i 4 1R P BUR BB Y 4 BC A6
AEAYERSE, NTT 2B YA ERAEEER,

BRLT 4 %5 (2001 W38 1, WOk e FRER B {2 BE
BIE ATP =4, MK E R BRI ATP B1E #,
FrEEB RN EYRMN. PR F A HeNe #0%
EREMBMIERY UV-B ERS|ER ATP &5,
RIE—FBEWATP 4 F  A\TIRHFNXEIEARSR
BE. BLAKWNHIRERERH, S BHLFRUEK,
PEPC.CA #1 ATPase W& B Z# % ,GO.MDH
Ml chlase IE MM E TR, XS EMNBEHRT
P, e Tre s SRR, Hit, KHBEA HeNe ¥
TeIEBE LS B R UV-B BET /b k&
Bl EHEBG . He-Ne BOG T 88 238 3 B BER
MEEER. EWMETEMHFAEWMED KB
BETEY AT 05 M8 R, TS B0 TSR
24k (Qi %,2000; KT, 1994; BEME 4, 2001),
FI A He-Ne BOEFIMIE UV-B AL BB AN Sk, F
A FHR He-Ne XSG SiEMBEREERM
BENE. AIAAIHFBREEHT UV-BREHSI
EHSEBRGHTIE, W TRV EFHERE ESF
BRPURBAHRASIERAMIEREAEED
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