5535 48 23 1) E &~ £ it Vol.35,No.23
2015 4 12 H ACTA ECOLOGICA SINICA Dec., 2015

DOI: 10.5846/stxb201404200774

T LA, TR, 2, IR, 2 T AR X B 5 T sikRbes2 B PN FROG G VRIS . A2 2544, 2015,35(23) .
Yang J, Zhu J B,Zhang Y M, Li C L, Wang H X, Wang A Y.Effects of low temperature stress on photosynthesis in sikRbcs2 transgenic tobacco .Acta
Ecologica Sinica,2015,35(23) .

(RiBEBEXTEE I B E % sikRbes2 EF W ENXFIERAH
=2 iy

1 3 b1, * 1 | 1
oo ALERDT R FEAR T HEE 1
B R AR R, A 832000

4

P

WE . U500 T 800 35 2 ( Saussurea involucrata) Y sikRbes2 Fe IRIAEARIR & F XA EER B, LL 16 °C .10 C |
6 °C 4 CIR AR B AL S AR % BE R VRIS sikRbes2 BRI UM B BN AL 3 72 b, LU SR LS B 0O RetE RO B4, 52
B At R ARIEMNE R e B PRI 7 283 a(Chla) WH2RZE b(Chlb) (W28 a+b( Chla+Chib) I E MR (Car) &
#P TR SRR RN RE . SRR BOCSE AT AR T A A B PS T S SO ROR (Fo/Fm) (qp (6L K
FEO) ETR(FFALAR ) #5025 Bob 28 TR BE R 8 A S 8000 e 25 AU VL 300 e 32 o ), Bt 5 R AR e A R 5 B
R F A G E AR (Pr) RILREE(Gs) ZEIBHA(Tr) M) CO, M RE (Ci) MAES 5T R 3 | (EL 55 56 DRI e 1 e O 4 %
ARSI, e 2R TREEA — MR LTS T8 XA AR bR 10 5 K I - FEARIR AL BIS R 52 ) i B R
R Yy R R R TR B B R SR A WRIR A R R BT 5 sikRbes2 JE PR M B AEAR IR A5 00 N oA Bom
Fo/Fm qp [ETR , 3 SGCA AU B98GN AR T AR B 38 2007 , $2 85 T A0 R (I TR 38 2544 T ATt 52 1

SRERIA AR ; SRR YN BB E ;s Rbes

Effects of low temperature stress on photosynthesis in sikRbcs2 transgenic tobacco

YANG Jing', ZHU Jianbo" * ,ZHANG Yamin', LI Caolong', WANG Haixia', WANG Aiying'
College of Life Science Shihezi University, Shihezi 832000, China

Abstract; 1,5-Diphosphate ribulose carboxylase/oxygenase (EC 4.1.1.39, Rubisco) is the key enzyme in the metabolism
of photosynthetic carbon in higher plants, and it catalyzes CO, fixation and reduction. Rubisco controls the metabolic rate of
photosynthesis and photorespiration and has a critical effect on the net photosynthetic rate. The enzyme comprises eight
major subunit (rbhcl.) and eight small subunit (rbes) L8S8 polymer composites. The expression of small subunits is
important for regulating the expression of large subunits. Enzyme activity is important in photosynthetic electron transport
and photochemical quenching.The influence of low temperature on plant physiological metabolism is multifaceted, especially
with respect to the key factors that influence the photosynthetic system. The major manifestations are the blocking synthesis
in the chloroplast, the destruction of chloroplast structure, the decrease in photosynthetic electron transport activity, and the
decline in related enzyme activity in the process of photosynthesis. Under low temperature stress, reactive oxygen species
accumulate and damage the photosynthetic apparatus through oxidation. In contrast, the light-harvesting ability,
Photosystem I maximal photochemical efficiency (Fv/Fm) , and other indices decrease. In addition, enzyme activities that
catalyze the photo dark reaction also decline. Saussurea involucrata is a typical extreme low temperature-resistant higher

plant. After a long period of natural selection in extreme environmental conditions, S. involucrata formed a series of
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mechanisms to adapt to harsh natural conditions, and developed a unique mechanism to maintain high photosynthetic
activity at low temperatures. Previous research by our laboratory isolated a full-length ¢DNA encoding a Rubisco small
subunit gene, named sikRbcs2, from a ¢cDNA library of S. involucrata leaves induced by cold stress. Sikrbes2 showed high
identity of 57.54% to that of rbes from Helianthus annuus, and could noticeably improve the cold resistance ability of
tobacco.Tobacco is used as one of the model organisms for studying plant molecular biology. Low temperature has a clear
effect on tobacco photosynthesis. To study the effects of the S. involucrata sikRbcs2 gene on plant photosynthesis under cold
conditions, sikRbcs2-transgenic tobacco and non-transgenic tobacco plants were exposed to various temperatures (16, 10,
6,and 4 °C) under low light (70 wmol m™>s™") for 72 h, and the chloroplast pigment content, photosynthetic rate, and
chlorophyll fluorescence parameters were measured in the leaves. The contents of chlorophyll a, chlorophyll b, and
chlorophyll a+b were significantly higher in transgenic tobacco than in non-transgenic tobacco after cold stress treatment.
Furthermore, the Fv/Fm, photosynthetic electron transport ( ETR), and photochemical quenching coefficient ( gP) of
transgenic tobacco decreased more slowly than those of non-transgenic tobacco under low temperature stress. In comparison,
the nonphotochemical quenching coefficient (¢/N) increased faster in transgenic than non-transgenic tobacco. Measurements
of the photosynthetic parameters showed that, as temperature decreases, the net photosynthesis rate ( Pn), stomatal
conductance (Gs) , transpiration rate (7r), and intercellular CO, concentration ( Ci) of both transgenic tobacco and non-
transgenic tobacco declines. However, the Pn of transgenic tobacco exhibited a noticeably variable trend, initially falling
sharply and then rising steadily. After cold treatment, the leaf plastochron index, shoot length, stem diameter, fresh weight
of the shoot and root, and dry weight of the shoot and root were higher for transgenic than non-transgenic tobacco. The
results indicate that low temperatures damage non-transgenic tobacco. In contrast, the damage to transgenic tobacco
containing large numbers of sikRbes2 proteins, which act as molecular chaperones, was reduced in response to cold stress,
with better low temperature stress tolerance and higher biomass accumulation.

Through the preliminary analysis ofchlorophyll fluorescence and photosynthesis characteristics of sikRbcs2-transgenic
tobacco and non-transgenic tobacco plants under low temperature conditions, this study provides the experimental and

theoretical grounding for the further study of the mechanism of how the sikrbes2 gene acts in photosynthesis.

Key Words: low temperature stress; photosynthesis; chlorophyll fluorescence; Rbcs
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Fig. 1 Effect of low temperature stress on Fo Fm and Fv/Fm in CK and sikRbcs2 tobacco
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Fig. 4 Effect of low temperature stress on the chlorophyll contents in CK and sikRbcs2 tobacco
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0.01)

2.4.2 IR0 A K A S I

RGHR AL B A K (RN R 2 BT | 2R R IR R ALk B A % 3k DR R0 o |- 358 o 7 I, i 5 2 I
AR B b 3550 7 A LU It A 38, o 2 R SR GK sikRbes2 FE TR ) R BB 0 74.49% , 5 5 0 Rk
sikRbes2 FERI IR EEHE N 19.53% , PRI 14 K i 3ok DR 70000 o R = 2 3o DR AR AR o A K e 0 S 48 st 34, oo
LN AIRIR sikRbes2 e TIR BN 43.1% , 175 TR IK sikRbes2 FEPK I MHFLIG N 55.5% , A% B PR ) i 23
T122.55% , Xt F 4 N EA-I0 5 3 R SR 2R LA & 3k (IR A F1 5 35 800 T AR 56 DR 700 A0 e A e 3
PRI TR 478 ik o () RRAIG, 7RV R A RS 25 B Tt v o e TR A AT DR IR, TR AL B | R SE PR R g
P b5 A3 I B T R R R R b T B AT — e R EE RGN KR 14 K5 b 1R T A G R A
35S . sikRbes2(50.26% ) >RD29A :sikRbes2 ( 38.4% ) >CK (26.88% ) , AR AL BE 5 b R 3543+ 5 3 R T [, 7EK &
R R —E R TEE SRSk RD29A :sikRbes2 (58.95% ) > 35S :sikRbes2 (41.34% ) >CK (32.14%)
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Fig. 5 Effect of low temperature stress on Pn . Gs.Ci.and Tr in CK and sikRbcs2 tobacco
Pn A6 A 8% ( Net photosynthetic rate) ,Gs 5 FL 5B ( Stomatal conductance) Ci 4 iE[A] CO, ¥ & (Intercellular CO, concentration) \Tr “A7&
W35 ( Traspiration ratio) 5~ Z&/ [ — U HE WA AL I T sikRbes2 AUAR L5 CKRM R0 L 22 5735 51 /KT (P<0.05) 5 ™ 4277 Il — R E
FAALEF sikRbes2 TRIMHEL S CK BUNH R Lb 25 5538 B 0 37K (P<0.01)

F2 (RIBAEI CK BF sikRbes2 BUARE M FAR 3 T EAEK BRI

Table 2 Effect of low temperature stress on FW DW of shoot and root in CK and sikRbcs2 tobacco

ey T
AL3E Treatment Fresh weight( g/ ) Dry weight( g/ )

i AR CK 22.27+2.04 2.09+0.08
Shoot Before treatment 358 :sikRbes2 26.66+2.90 2.69+0.67
RD29A :sikRbes2 25.6+£1.47 2.43+£0.22

StV CK 21.2+2.57 1.86+0.85
After treatment 358 :sikRbes2 46.52+2.79 ** 3.92+0.32*

RD29A :sikRbes2 30.6+2.31 2.5+0.38

WA )5 CK 25.98£0.60 2.36x0.90
After recovery 35S :sikRbes2 66.57+2.49 ** 5.89+0.18

RD29A :sikRbes2 47.46+2.17 ™ 3.46+0.42

b 7 b # CK 1.71£0.76 0.24+0.04
Shoot Before treatment 358 :sikRbcs2 5.6+1.20 0.86+0.16 **
RD29A :sikRbes2 3.32+1.39 0.47+0.19 **

Sb PSS CK 1.45£0.27 0.28+0.06
After treatment 35S :sikRbes2 5.53+0.32 ** 1.04+0.12 ™
RD29A :sikRbes2 3.28+0.43 " 0.56+0.17 "

A5 CK 2:0.81 0.37x0.13
After recovery 358 :sikRbes2 6.33+1.06 ™ 1.47£0.17
RD29A :sikRbes2 4.12+0.43 " 0.89+0.05 **

ALFRJEHE N 16—4 CRREAKIR 12 K5 s WK 5 15 IR IR AL B BCE I3 A 40T 14 KRG ; * FRHIRIEET sikRbes2 BRI CK B HH 5L
M2 TR B BEKF(P<0.05) ; ™ FRMFAFET sikRbes2 BUMAEL S CK BIE B AR L 22 Tk B | 27K F (P<0.01)
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Fig. 6 Effect of low temperature stress on PI ,shoot lenght and stem diameter in CK and sikRbcs2 tobacco
SEBRJE HE MAFERAIRIR 16 “C—4 CIY 12 KJF ;WK 5 18 MRIRAL BUS HCE IEH A 5 T 14 KJG; * FoR W —IRBE MM E AL BN sikRbes2 T
JUEL S CK AU EAR H 22 573k 31 8.3 K P (P<0.05) 5 ™ FOR A — IR MHEAL BT sikRbes2 BUMHES S CK BUHEA H 22 57t 3k B4 0. 357K
(P<0.01)

4T, % T Rubisco /NEFELESTIHTT T HIE G AR P HLH BB ST LT 225 H . AR5, RIXH S
E Rubisco /NIEEE sikRbes2 FER BIHA R, AUXHEE RGERA RAFRREDC ORI, i ELREWS i 5% 3% A A1)
TEARIELZEAE N BA RAFAAEREE . EIER AR AT R R R A A 2 5 A e i DR RO e R B
LA DX DA AR e i 2 I J5E, i TR AT, 15 PU IRl N MR R AR R, X e LA A
/NI 22 i TR W A UR SR A 2SR, 5 5 U 3RIE sikRbes2 S PR RERIZ BRI %35 sikRbes2 HH B 55| LA
YA R AR FE R B L 08 e LA D S UM R s R 1) 1 S U U sikeRbes2 25 DRGSR ) A 2800 17 P ) e Y
KB ATREEA —E R,

LI SZ B30 I58 Bl 300 IR, I S AR (0 3 1) 5 b 2L i 2 6 2B R L B9 22 A, BE 8 B WA W D't 45 RE 0 A iR
551207 A B DR A LE R AR A A 3 0 0 o B0 3 v Tl B DR B DR T A Y G R 3R
RESS . TR ZRAER | Fe BN 1 PSIT S RO AR (Fo/ Fm) 35 w5 T AR S R D R 55 i EL 4%
IR qP T RSN, AR ETR R 0 38 = T AR5 35 R 2R A e, 0 1 g e PR 7R 0 e A R 15 2
P DG LTS, P R B2 AR TRI AL T LS R S N R AR A W A I E L B 7R R R MR
30 2T A e PR TR e i B T AR i TR AR P R

(ELAT— P2 RS2 e R DA AR R A 101G 5 R A 0 ER Tt Ak 28 B AR, A R ot o R T A L 5 J32 098 T ARk i) ) 28
R RE D A B e 1 AT AR R v R (LS Lot B R A K S AR SR B B AR 22 AN K, TN
AR S DA B e AR A SR B, 4 )1 7™ o SRR I T e DR AL 007 A 45 22 | i [l AR P g e 7 A
JCIEIYI 12 h/12 b AR B IR] A DR TR A e 2 R 4 PR P P DR T D 3R T P 25 DR A e e P — 77 1 vl R
AR B AT 0 AR R, T A AR T i i AR ER 22 | 5 — i i 4 ik DAL A v AR s B8R By, 7 R Y )

http ; //www.ecologica.cn



10 A E = 5%

B Z  PTREAEAECIRARME T BB T A PR F = A2 19 CO, FH T 5O P i s R Ak

A AL AR e S A 29 ATP FIl NADPH,, 3¢ TR IR S A K i il g 22y, dE
SEIL PRI R AIRIR A T, SEAb 2 K R B gN A E— A BRI IR Fo BTF, Fo/Fm N, A 80 F1& 38
B ETR BEAK, 229 PS TR 0 & A= 43 S TR sl M 3, AR T B L O o8& RE A 31 RE 0 FG & i FR
PS T 52 s [l AR (QA, QB, PQ) AL, ML 3L PR L Chia/ Chlb HLAESS R , M = 4R R a/b &
o LA o R TR R G 58 S 45 22 A RS (03 I S| Chlas/ chlb U AR BOZE AL AT LA et RS SC RS D E A
W5 A1 KR A1 53 SR B OB E R R B ) [ B, e S DRV B 5 A B R K I 2880 8 3%, B S 3
RERRERUE VIAHSE , RS B AR B0 22 (0 56 BE AR e s A 3437 35K 156 P 2 366 R 0 o EL A 95 1Y
NI T PRSI N R M TL ik RE T .

RD29A 18 3 ¥ BA BB 00 5 B BK S sikRbes2 JERTEM AL P 9 2R35  IEIRIR AT, 2 5
ZH B FEIK sikRbes2 KD MHFE AU Fo/Fm (ETR P gN Fl& T YRR B8 2 GG R, 0 sikRbes2 A
FERRE = A A ) AR A o B T E AR A X R A& B T8 T Rubisco B2 0B/ I AU AP 8
ANERE T B R E
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