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Effects of Low Temperature on Photosynthetic Proteins and Photosynthetic
Capacities of Two Species of Spiraea

LIU Hui-min, SU Qing, ZHANG Qian, LIU Ji-xuan, and CHE Dai-di’
(College of Horticulture, Northeast Agricultural University, Harbin 150030, China)

Abstract: Spiraea trichocarpa Nakai and S. bumalda ‘Gold Mound’ , which have different cold
resistance ablilty were used as experimental materials, for measuring the change of photosynthetic
characteristics, establishing the different expression protein patterns of two species Spiraea in low
temperature by the core technology of proteomics and then identifying the species of photosynthetic
proteins, investigating the respond mechanism of two species Spiraea to low temperature treatments. The
results showed that the photosynthetic capacities of two Spiraea species decreased in low temperature, but
their capacities of using weak light increased and the capacities of using strong light decreased, S.
trichocarpa Nakai with stronger cold resistance showed a better ability of using weak light than that of S.
bumalda ‘Gold Mound’ with the weaker cold resistance. Seventeen kinds of photosynthetic proteins

involved in energy metabolism and transport were identified seperately under different low temperature,
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the enzymes involved in Calvin cycle, TCA cycle, the pentose phosphate pathway and photophosphorylation
of S. bumalda ‘Gold Mound’ showed obvious up and down regulation, while in S. trichocarpa Nakai only
the enzymes involved in Calvin cycle and the proteins of photosynthetic electron transportation in PS1I
showed obvious up and down regulation in low temperature; The photosynthesis of two species Spiraea
were affected by low temperature, the change of the photosynthetic proteins in S. bumalda ‘Gold
Mound’ were more significant.

Key words: Spiraea; low temperature treatment; photosynthesis; photosynthetic proteins;

photosynthetic capacities
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UEWELEE 2 A E BRI 7 (4% 55, 20000, —2ezE ) RIEEAR A S IR A S,
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Fig. 1 The change of photosynthetic physilolgyical indexs of two species of Spiraea with low temperature treatments

The letters in pictures indicate significance at P < 0.05.
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Fig. 2 The expressed patterns of proteins related to photosynthesis in S. bunmalba ‘Goldmound’

with low temperatures treatments
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TRRAZ MR A/ N 4B /N EHER 23 kD AR S R AR S SO S EI R E . e e
MRS RE s A R & ] ATP 5 B IE5E (ATP synthase beta subunit) 140 A (155 bo-f & A44 -
B - V3 (Cytochrome b6-f complex iron-sulfur subunit), ‘EAILEYGH FE R Iz H AT EEINRE .

L 1A 22 D EFREE AN 17 M, RPE2Z2MNEASNNE—MEA, g0t E K
A1 14 F1 16 X N [A]—N 2K A hypothetical protein. i 47 Fil 50 X i [7]—/N & A 23 kD OEC protein. £
5 F1 6 X3 [i]—4™ 25 [1 ATP synthase beta subunit. s 31 F1 32 % i [i] — 4~ 1 Cytochrome b6-f complex
iron-sulfur subunit, chloroplast precursor, putative, KJIXEEH i SFH A RIEWF. &
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F1 ANEEHRERSLELEENLSIERER
Table 1 Proteins related to photosynthesis in two species of Spiraea indentified
by MS under low temperatures treatment
AR FE 57 53 F /55 H A Mw/pl MALDI-TOF-MS
Y L) 2 ks % % VLR IREL
; ; ; ; PSAA S PRAE 393
Function Spot  Protein name Accession No.  Sequence Species ) - # Matched
No. coverage Theoretical ~Experimental Score Peptides
fies AR 1 IR I S ABB36659 37 Malus x 35571/6.01 38492/4.65 759 16
Energy Cytosolic malate dehydrogenase domestica
metabolic 4 R %1% 11 Unknown ABK96359 21 Populus 52038/6.28 43 653/6.52 635 14
trichocarpa x
Populus
deltoides
8 1,5 - AL RALEE/ N AAF01660 21 Circaeaster  50221/5.73 32641/5.10 302 6
SR % Ribulose-1,5- agrestis
bisphosphate carboxylase/
oxygenase large subunit
14, 16 fRAE A CANG66664 17 Vitis vinifera 33 592/5.54 32357/4.10, 257, 9, 6
Hypothetical protein 20 639/5.52 230
17 1,5 - WA R ALEE/ I ACO35888 11 Ageratina 20016/8.94 19381/4.70 126 3
S N TEE Ribulose-1,5- adenophora
bisphosphate carboxylase/
oxygenase small subunit
19 BIRER 3 - 22 e Q43157 12 Spinacia 30347/823 20867/6.35 130 3
Ribulose-phosphate 3-epimerase oleracea
23 4N A Unnamed protein CAO045547 13 Vitis vinifera 35 613/4.81 26453/8.66 132 3
product
25 FUB T A RFE 2 AAMA46780 12 Hevea 42671/8.43 37465/545 334 7
Latex plastidic aldolase-like brasiliensis
protein
27 T # A XP 002330960 20 Populus 43342/8.15 35618/5.90 367 8
Predicted protein trichocarpa
30 WERRAZ W 2 AL I Ribulose  CAA31948 6 Arabidopsis 20 448/7.59 17294/525 70 3
bisphosphate carboxylase thaliana
33 1,5 - RAETRAZ MR /N L 1 & AAA82069 8 Glycine soja 19 962/8.80 20274/6.12 127 2
Ribulose 1,5-bisphosphate
carboxylase small subunit
precursor
37 1,5 - AL MR RALEE N AAB95214 8 Fritillaria 16 099/9.08 18256/7.10 85 2
JE  Ribulose 1,5-bisphosphate agrestis
carboxylase small subunit
47, 50 23 kD AL GWEA ABQ85433 11, 34  Salicornia 21 544/5.94 24 169/8.80, 69, 2, 211
23 kD OEC protein veneta 21 849/6.60 21 544
48 454K 11 Hypothetical protein  XP_002300858 18 Populus 28 173/7.68 23 569/6.45 291 8
POPTRDRAFT_551203 trichocarpa
Z4 5,6 ATP & 3% AAK72828 49, 54  Photinia x 51587/5.34 44391/7.15, 1024, 19, 23
Transport ATP synthase beta subunit fraseri 48 275/7.60 1128
31, 32 MU E bo-f HAMK - Bk - i XP_002513246 19 Ricinus 23447/8.22 21237/6.09, 225, 3,5
WEHE, WHERARHTfR Cytochrome communis 21486/4.52 256
b6-f complex iron-sulfur subunit,
chloroplast precursor, putative
40 MR bo-f LA BMIE 2 ABQ41994 20 Sonneratia 16 601/5.75 21246/7.80 106 2
Cytochrome b6-f complex iron caseolaris
sulfur subunit 2
41 ATP Bl 38 A AAF19791 11 Lactuca sativa 13 772/5.42 214 375/8.22 59 1

ATPase epsilon chain
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Ribulose bisphosphate Cytochrome b6-f complex iron-sulfur subunit, Ribulose 1,5-bisphosphate carboxylase
o carboxylase (Spot 30) chloroplase precursor, putative (Spot 32) small subunit precusor (Spot 33)
Z 032 ’ 06 a 04 2@
g =
i b b
ﬁ £ 016 0.3 b 0.2 '
| C
B
g o0 0 0 []
=0 39 90 b3y B30 032 33— 33 &
. ¢ 33—
15¢  10C  s5¢C I5¢  wt 57T 15°¢C 10°C 5°C
15— iR M IR A LR AN T 2
Ribulose l,?—hisphosphate carboxylase 23kD WEESEA
_ small subunit ( Spot 37) ) 23 kD OEC protein (Spot 47)
£ 075 N 04 2 a
=5 050 b
A E b 0.2
®EZ 025 c ‘ ‘
2
E 0 ﬂ 0
-y vl i ;
<37 3 B3 $—47 yr §
I5C  10°C 5C 15°C 10 C
5 ERFLEBERBELEXASEAZEAREIETL
Fig. 5 The change of expression quantity of proteins related to photosynthesis in
Spiraea trichocarpa Nakai with low temperature treatments
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31 RRRGAERMELFEERPEXEONRESFELHIIEED

SRR IEME (Spot 1, cytosolic malate dehydrogenase) 7E — & FRTIE I H S 5 39 HL IR A5 A0 o 1k
LIRS R, Eé‘z\lﬂ%&éfﬁﬁpééfﬁﬁiﬂfﬁ/ﬁ\i%iiiﬁ%%ﬁ (K 4>, it M it R &
B, RGN TP AR 52 B FE M, 38 T SR R R 27 AL I e B /D> (Nogueira et
al., 2007); Hilt QR ERE AR IR ot HERIA B AR 3 3508k S AR 2 iy m s R
Wb o MK R B R b T S FE %%Dﬁlﬁﬂ%bﬁ W RMMAMREERE T, S

RESA B D, BUEEORA VED U] B0 3 B A, HEDIIX 2 B I s isene k. Pise
PEZER RN Z —

1,5 - IR AZ IR R AL G N4 (RuBisCo) fEAHYIIAN & 45, RuBisCo £ /K ILIEH
HEAGEE — B E Y. (Mg 4, 2007), ¥ AU ICRE S T IR G e AR . il Sk
1,5 - W A% B R AL I/ NS KRS (Spot 8, Ribulose-1,5-bisphosphate  carboxylase/
oxygenase large subunit) &R T 1,5 - WAL IS/ IE T4 (Spot 33, RuBisCo small chain
precursor) IS FIEFWI W T, 1,5 - “WEMRAZEIHR A B/ N4 M R IEAE 5 CARIR N AR KA

(K 4). RuBisCo |31k B HESE W PG L5906 & [ 2 — U0k, SZmW oA HIDGRe, APy
FEACERE NI, W OPOER P BTAT BEREAE . JEH A IS 25 1 RuBisCo Ageik, W]
AT (L2 G AE g B P 8, I G 4 \L B A PIE iR 2 —, 54 Lg
A6 EIARPR AL — B Yan 55 (20060 KEUKFFIGHEN RuBisCo KA Bl T4 5 19 ARt ik
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HRBL i 1,5 - IR I RS R A B R A N, 54 R S H—
o WML T 1,5 - R AL IR R AL/ AU M /N L (Spot 17, Spot 37+ Ribulose-1,5-
bisphosphate carboxylase/oxygenase small subunit). & 4454644+ RuBisCo &1L (Spot 30, Ribulose
bisphosphate carboxylase) #f5x& /R SCOEFA P HEAAE FHIERE, GRN KA EA W E L (& 4), 7
SRR LA A R ), HIMBUIRRY D R S, AR 2 e H TSNS S A
RN, $REGLAPURILEE )] (Mittler, 2006). Hurry 2% (1995) JRIE IR /R SCHGIR AL 2R
FI A FIHRIA, Strand 55 (1999) R I 0L R Tt & 2B R FEARAY,  iE IR B B 5% o'
H1ER . MR AAREEA TR, —MEOS5Z2 MRS TR EZmW, — 7 kR
XAREHNE S = AR E R, 53— TR 25 755 9 E 30d AR A EE (Kwang & Daniel, 2003), ik
LB AT A RE AR AR A R IA R N IR AR

PSIT AR A5 (OEC) sy FH40 4 164 23 F1 33 kD 1) 3 4% 2 JIKHE P B I f 56
& (Mncluster) 4IRS ER, 3 AMREEMIThRE & Fa e AR I R R AR 52 AN AN R IRBE 520 LLEAT
IEHeE e . Hd 23 kD OEC 5 33 kD OEC A K &E AR TR AR e E A (Chloroplast
manganese stabilizing protein- 11 ), 5T IN 23 kD & H F#AAR 5 B R AR B 2 2 A RINEG 0, 151 23
kD S AR ELZ K (Laudenbach et al., 1990). AEsHEH 2% 23 kD OEC (Spot 47) (it /i5
FRIEEFL T (B 4, #HENEWN T ERELH PSITWER AR, DA ERZRmN, 5
EBRALHCEE IR — 3 BFFUE R IER /D 23 kD 2 11 14 e S+ 58 A A AR O] I Y. 55 64
il CFH %, 2001), BRFLH 23 kD OEC KA & PR b T35 B 55 6 R B LR A g 11
HEREL AR TOCE AR 2 —3

WElEfE (EMP). —RRIRIEIRS (TCA) FIBEIRIKE (PPP) S AU A8 A A ¢ (1t Rl 1 A& A AR
W= AZTARERERR 3 - 2210 A4S (Ribulose-phosphate 3-epimerase) 74 H T W8 S HAT 44,
TEWEIR B AE T A AZ R (R LR 5 1, AR IR OB ) A RO AT H i 1 B a4 12 S5 BRI 72, (RIE
EWREAER (EIESE 2%, 20110, RILI &1 LS4 5 1 i% 8 (Spot 19) RikEEE N (K 4),
BRI RE ) FPLIERE ) 6
32 KRBGAERMAEFRETHEXEANTESFLHNINERE

ATP G2 ALAE T M-SR ki tgh, 2 500G EIL BRI R Y, RIS A&
FRIDEI) 5 I8 51 8)) 71 % (proton motive force) ¥ ADP FIJCHL & & ATP, ‘& i CFo Ml CF, B4
B, BOAERE CFy B BRI EE (R ARFIBL 45, 2003). fRIRATG L L2 h ATP &1 B
TAE (Spot 5 Ml Spot 6) FifIRIE (& 4), WEMDGHE BRI ™ E ATP, (AR R /K SCIGHE, ik
DRI Y BT RS R, BRIRE L S PiERE )

Mo bo-f A AR L2 WA 1, R EAE (5 be. 1 ANERERE 7 T
ANZIRAY, Hodh 3 A ZIOE TR IR bo-f LA 1AS S PSIT M T1hi8, mATERM
AT IRAL R (R A%, 2012). HEERG LA a5 bo-f LAk - Bk - BRI (Spot
31 F Spot 32) JE4I LA E bo-f HA AT BRI E D, — 7 41 (A5 bo-f 55K M nfi
TAE 2 BRI e A E 2B, R N B RELA OGRS TR 59— R N4
03 bo-f A - Bk - WA B RS Ly h Rk G T, JUH 5 CAEEARKIE (B 4), N
IR FBOLA 3 bo-f EA WA, hkwmIehme i 5.
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TR PRI S 2258 16 G R . JEAME s SEIR ARSI B, (E Bl B S AN AR ) (RIERAE PR
P totaae HN R, HAH O GRRe g sm, R IGH eI FRAIG: BRGLHFH 90
RRE ) i Tl g 4%y, BIRGLAG L& VAR T 99 I s bt sEne )y, &lgh 451G
R I N G A S, ARG BRI T BB AR ) BRAIG .

ANFHIRHR K 73 0l 4 o e AR Sz DG SERE S 17 B, @i gz b RoR S
IR (RuBisCo small subunit FIl RuBisCo large subunit) &4 W #F 1 LA N HRIE, 50660
IRALH) ATP 4 f (ATP synthase beta subunit). TCA 73 (13 B i &l (cytosolic malate
dehydrogenase) R ICHHIE AL AL M HE 05 1% 3 - 22 0] A4 (Ribulose-phosphate 3-epimerase) [
BB E T BRGL TS 5085 1E H MM (Ribulose bisphosphate carboxylase RuBisCo small
subunit A RuBisCo small chain precursor) & 4F B W (1) FIAAIT 3L, H PSITH ) 23 kD A E &
M (23 kD OEC protein) FI41 il 43 b6-f 5144 - £ - #i V. E (Cytochrome b6-f complex iron-sulfur
subunit) MIFRIEELIEE T,

G G5 22 B IR 22 (RO G E 32 2GR 2 e, i 449 6 G /E R e R R XA
Iy TCA 3N BERR KRS SRR A A A b R AR B, BARELHTOCHIEN &
HRAERIRSCAF A PS T A2 35 78 4k 1l G5 262 6 A5 H B 1 2 AL S Wi A8 A B K (2 5
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