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Abstract::Effects of different temperature on germination rate and mitochondrial activity during germination of Beta vulgaris

L.seeds were studied.The times required for 50% germination were 7 d at 7 ℃, 3 d at 14 ℃ and 2.3 d at 20 ℃, respectively.
The thermal times for 50% of germination were about 46 degree day s ( ℃·d) .The content of total proteins and activities of cyto-

chrome coxidase ( CCO) and malate dehydrogenase ( MDH) in mitochondria from seeds and seedlings germinated at 7, 14 and 20

℃progressively increased with germination;and specific and total activities of CCO andMDH at 20 ℃were higher than those at

7 and 14 ℃.Proteins with approximate Mw of 36 000, 35 000 and 18 800 in mitochondria from seeds and seedlings germinated at

7, 14 and 20 ℃ gradually decreased with germination, 22 000 proteins in mitochondria progressively increased at 7 ℃, and slight-

ly increased from 0 d of germination to 4 d ( 14 ℃) and 3 d ( 20 ℃) , and then declined.These results showed that germination
rate of seeds, activities of CCO and MDH and lmw proteins in mitochondriawere significantly affected by germination temperature.
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　　Seed germination incorporates those events that com-
mence with the uptake of water by the quiescent seed and

terminate with the elongation of the embryonic axis
[ 1]

.
Temperature affects both the capacity for germination and

the rate of germination
[ 1]

.Heat energy ( ℃·d) as a

quantitative measure of temperature requirement for germi-
nation has been reported.The thermal times required from
seed sowing until 50% germination in chickpea, lentil,

soybean and cowpea are 43, 24, 35 and 29.8 ℃·d,
respectively

[ 2]
;in cvs Shadegani and Isfahani of taree Ira-

ni are 62.5 and 61.5 ℃·d, respectively
[ 3]

.
Mitochondria is the main organelle in plant cell, they

can provide energy and substrate to embryo growth during

seed germination .Respiration by mature “ dry” seeds

(usual moisture content:10%～ 15 %) of course is ex-
tremely low when compared with developing or germinating

seeds
[ 1]

.One of the first changes upon imbibition is the
resumption of respiratory activity, which can be detected

within minutes.After a steep initial increase in oxygen

consumption, the rate declines until the radicle penetrates

the surrounding structures.At this time, another burst of
respiratory activity occurs

[ 1, 4]
.

Lund et al
[ 5]

have found that levels of heat shock

protein ( HSP) 70 and chaperonin 60 do not change to any

extent during stress treatments.In contrast, levels of mi-

tochondrial HSP 22 increase dramatically during stress and

decrease after the stress is relieved .The 23 000 light_
stress_regulatedHSP of Chenopodium rubrum L.is located

in the mitochondria
[ 6]

.Mitochondria may be a major tar-
get for the protective effects of HSP against oxidative str-

ess
[ 7]

.The repairs of membrane, mitochondria, DNA and

protein synthesis using extant mRNAs could be earlier

events during seed germination
[ 8]

.Sugar beet is drilled in

late April or early May in most southern parts of Sweden,

where the temperature is often below 10 ℃ for an extend-

ed period, and the crop therefore may be subject to cold

stress.In this paper, we have studied the effect of differ-
ent temperature on germination rate and thermal times of

sugar beet seeds, and on activities of CCO and MDH in

mitochondria;and the changes in soluble proteins of mito-

chondria.

1　Materials and methods

Sugar beet ( Beta vulgaris L.cv.Loke) seeds were
supplied by Novartis Seeds AB ( Landskrona, Sweden) .

1.1　Germination test

Seeds were germinated in special plastic box at 7, 14
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and 20 ℃ in the dark, respectively.A cover paper and a

pdeionidsed water was carefully added along the side of the

paper and left for 2 h before sowing.The pleated paper
has 50 fold;2 seeds were sown from the edge of the pleat-
ed paper per fold, i.e.100 seeds per box.The cover pa-
per was folded over the pleated paper after sowing.The
lid was put on the box, and then the box was sealed with

the Parafilm and incubated in darkness at 7, 14 and 20

℃.Germination percentage was determined after different
time of sowing.Seeds showing radicle emergence were

counted as germinated.
1.2　 Isolation of mitochondria

All procedures were carried out between 0 and 4 ℃.
100 seeds and or seedlings germinated for different time

were homogenized by moving the piston up and down 30

times in a precooled glass_teflon homogenizer in 35 mL

ice_cold extraction medium containing 0.3 mol L sucrose

and 10 mmol L 3_N_morpholinopropanesulfonic acid

(MOPS, pH 7.2) .The brei was squeezed through a 300

μm mesh nylon cloth.The filtrate was centrifuged at 1 000
g for 10 min.The supernatant was centrifuged at 41 400 g
for 30 min .The pellet was suspended in extraction medi-
um, and centrifuged at 1 480 g for 10 min, and then the

supernatant was centrifuged at 41 400 g for 30 min.The
pellet was resuspended in about 0.3 mL extraction medi-
um.The volume of the resultant samples ( washed mito-
chondria) was measured, and dimethylsulfoxide was added

to the sample to make the final concentration 5%.The
samples were frozen in liquid nitrogen and were stored at

-80 ℃.
1.3　Enzyme assays

CCO ( EC 1.3.9.1) activity was measured as in

Rasmusson and M ller
[ 9]

.NAD
+
_dependent MDH ( EC

1.1 .1.37)was measured as in M ller et al
[ 10]

.
1.4　SDS_PAGE of soluble proteins in mitochondria

Samples (washed mitochondria) were mixed with a

sample buffer
[ 11]

and heated at 95 ℃ for 4 min .Discon-
tinuous SDS_polyacrylamide gels ( 12% separation gel,

4% stacking gel) were prepared and run according to the

method of Laemmli
[ 11]

using a Mini_Protein Ⅱ electro-
phoresis cell ( Bio_Rad) .
1.5　Protein determination

Protein was determined by the method of Lowry et

al.
[ 12]

, with standard curves prepared using bovine serum

albumin.

2　Results

2.1　Rate and thermal times of seed germination

Sugar beet seeds, which are fruits in fact, were har-
vested, stored and sowed in production.Water content of
dried sugar beet seeds was 8.7% ( fresh weight basis) .
The germination rate of seeds increased with increase of

germination temperature and elongation of germination time

( Fig.1) .The times required for 50%germination were 7
d at 7 ℃, 3 d at 14 ℃and 2.3 d at 20 ℃, respectively;
whereas, the times for final germination were 10 d at 7

℃, 5 d at 14 ℃and 4 d at 20 ℃, respectively ( Fig.1) .
The thermal times for 50% germination, however, were

about 46 ℃·d at 7, 14 and 20 ℃( data not shown) .The
final germination percentage of seeds at 20 ℃was slightly

higher than at 14 and 7 ℃ ( Fig.1) .

Fig.1　Effect of different temperature on germination

rate of sugar beet seeds

Seeds were germinated as indicated time and temperature.
Each value is the avenage of two replicates of 100 seeds

2.2　Changes in activities and latencies of CCO and

MDH

Specific and total activities of CCO in mitochondria

markedly increased with seed germination, and their ac-

tivities in mitochondria from seeds and or seedlings germi-
nated at 20 ℃were much higher than those at 14 and 7

℃ ( Fig.2) .Specific activity of CCO at 20 ℃, for exam-
ple, increased from 78.1 nmol·mg

-1
·min

-1
at 0 d of ger-

mination to 353.3 nmol·mg
-1
·min

-1
at 4 d of germina-

tion .Specific activity of CCO from seedlings and seeds

germinated for 4 d at 20 ℃was about 130%of that for 5

d at 14 ℃and 280% of that for 10 d at 7 ℃ though their

germination percentage has little difference ( Fig.2) .The
content of total proteins in mitochondria significantly in-
creased with seedgermination ( Fig.3) , and their contents
increased by 93, 95 and 62% as germination percentage

of seeds from 0 to final germination at 7, 14 and 20 ℃,
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Fig.2　Changes in specific activity CCO ( a) and MDH ( b)

in mitochondria from seeds and seedling germinated

as indicated time and temperature

CCO medium contained 0.3 mol L sucrose, 50 mmol L
Tris_acetate, 100 mmol L KCl, 45μmol L reduced cytochrome

c, pH 7.2;5 μL ρ=5% Triton X_100 and 2.5 μL washing

mitochondria were added in a total volume of 1 mL.MDH me-
dium contained 0.3 mol L sucrose, 20 mmol L MOPS, pH

7.2;2μL100 ng μL antimycin A, 20μL 100 mmol L oxaloac-
etate ( pH 7.0) , 4μL 50 mmol LNADH, 5μL ρ=5% Triton

X_100, and 2.5 μL washing mitochondria were added in a total
volume of 1 mL.All of three repli_cates.

respectively ( Fig.3 ) .Specific and total activities of

MDH also significantly increased with seed germination,

and their activities at 20 ℃were much higher than those

at 14 and 7 ℃ (Fig.2, 3) .In addition, the specific and
total activities of MDH in mitochondria at 7, 14 and 20 ℃
were much higher than those of CCO with seed germina-
tion (Fig.2, 3) .

Latency of CCO and MDH, measured as in Rasmus-
son and M ller

[ 9]
, increased with seed germination, and

the increase in latencies of CCO andMDH from seeds and

seedlings germinated at 20, 14 and 7 ℃was about the

same ( data not shown) .
2.3　SDS_PAGE analysis of mitochondrial protein

Coomassie blue_stained SDS_PAGE gel showed that

mitochondrial proteins markedly changed with seed germi-
nation at different temperature.Proteins with approximate

Mw of

36 000, 35 000 and 18 800 in mitochondria from seeds

and seedlings germinated at 7 ℃gradually decreased with

germination, 22 000 proteins progressively increased, and

38 600 proteins did not changed ( Fig.4a) .The Changes
in mitochondrial proteins were the similar as seeds germi-
nated at 14 and 20 ℃ ( Fig.4b, 4c) .The proteins with

Fig.3　Changes in content of total protein ( a) , total

activities of CCO( b) andMDH( c) in mitochondria from 100

seeds and seedlings germinated as indicated time and temperature

approximate Mw of 38 600, 36 000, 35 000 and 18 800

gradually decreased with germination;22 000 proteins,

however, progressively increased from 0 d of germination

to 4 d ( 14 ℃) and 3 d ( 20 ℃) , and then declined

( Fig.4b, 4c) .

3　Discussion

Germination commences with the uptake of water by

the dry seed and is completed when a part of the embryo,

usually the radicle, extends to penetrate the surrouding

structures.Although all seeds of a species may germinate
over a fairly wide range of temperature, the time needed

for the maximum germination percentage to be reached

varies with the temperature;that is to say, the rate of ger-
mination is temperature dependent

[ 1]
.The rate and per-

centage of germination of sugar beet seeds at 20 ℃were

higher than at 7 and 14 ℃( Fig.1) .Rapid germination of
seeds in production is of importance, because it permits

crop establishment before soil borne pathogens and pests

may affect the seedling, and it permits the root access wet

soil ahead of the drying front.The thermal times for 50%
germination of sugar beet seeds were about 46 ℃·d, the
time of sowing could be selected before practical applica-
tion using this data.
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Fig.4　SDS_PAGE analysis of mitochondrial proteins

Seeds were germinated for indicated time at 7, 14, and 20 ℃
respectively, and then mitochondria were immediately isolated.

The panel a ( 7 ℃) , b ( 14 ℃) and c ( 20 ℃) are Coomassie

blue_stained SDS_PAGE gel loaded with 20 μg of mitochondrial

protein per lane.

CCO, which is a marker enzyme of mitochondria
[ 13]

, is

the terminal complex of the electron transport chain, and

contains two cytochromes ( cytochrome a and cytochrome

a3 ) and two atoms of copper (CuA and CuB) .The reaction

catalyzed by CCO is the four_electron reduction of O 2
[ 14]

.

MDH catalyses the oxidation of malate to oxaloacetate.
Oxaloacetate is a necessary substrate for citric acid cycle.
The citric acid cycle also produces a wealth of primary and

secondary metabolites ( carbon skeletons) .The supply of
carbon skeletons may be more important than the supply of

ATP during active cell division
[ 14]

.The content of total
proteins and specific and total activities of CCO andMDH

in mitochondria markedly increased with seed germination

(Fig.2, 3) .These results showed that activities of CCO
and MDH strongly correlated with progress and tempera-
ture of seed germination, and that the recovery of mito-

chondria function was important for seed germination and

seedling establishment.A decline in cytochrome oxidase

activity occurs in parallel with accumulation of mitochon-

drial damage and viability loss
[ 15]

.
HSPs are thought to act as molecular chaperones and

to prevent further aggregation of partially folded denatured
proteins or to promote the correct folding of the target

protein
[ 16]

.Work by Lee et al.
[ 17]

has shown that two cy-
tosolic lmw HSPs from pea can enhance refolding and pre-
vent aggregation of artificially denatured proteins in an

ATP-independent manner.Antibodies against HSP 22

from Zea mays L., which is a gift from Thomas E.Elthon
( School of Biological Sciences and the Center for Biotech-
nology, University of Nebraska, Nebraska, USA) , could

recognize the 22 000 proteins from mitochondria of sugar

beet seeds and seedlings ( data not shown) .22 000 pro-
teins in mitochondria from sugar beet seeds could be a

constitutive protein ( Fig.4) .Work by Bettey and Finch_
Savage

[ 18]
and Bettey et al

[ 18,19]
has showed that HSP 17.6

accumulated in the latter stages of Brassica seed develop-
ment and was present in mature dry seeds and in imbibed

seeds.Proteins with approximate Mw of 36 000, 35 000

and 18 800 in mitochondria from seeds and seedlings ger-
minated at 7, 14 and 20 ℃gradually decreased with ger-

mination ( Fig.4) .22 000 proteins in mitochondria pro-
gressively increased at 7 ℃( Fig.4a) , and increased from
0 d of germination to 4 d ( 14 ℃) and 3 d ( 20 ℃) , and
then declined ( Fig.4b, 4c) .These results showed that

change in proteins of mitochondria ( Fig.4) was in close

relationship with temperature and rate of seed germination

( Fig.1) , and activities of CCO and MDH in mitochondria

( Fig.2, 3) .
The mitochondrial low molecular weight ( lmw ) HSP

could protect NADH:ubiquinone oxido_reductase ( com-

plex Ⅰ ) , and consequently electron transport from com-
plex Ⅰ to cytochrom c:O 2 oxido_reductase ( complex Ⅳ)

in submitochondrial vesicles;and addition of purified lmw
HSP to submitochondrial vesicles lacking this HSP in-
creased complex Ⅰ electron transport rates 100% in sub-
mitochondrial vesicles assayed at high temperature

[ 20]
.

Lmw HSP in the chloroplast could protect photosynthetic

electron transport during heat stress
[ 21]

.Therefore, the

further studies on relationship between lmw HSPs and ger-
mination rate under different temperature, especially in

stress temperature, are very important.
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摘　要:研究了不同温度对甜菜种子萌发速率和线粒体活性的影响。在 7, 14和 20 ℃中甜菜种子萌发 50%需要的时间分

别是 7, 3和 2.3 d;萌发 50%的热时间大约是 46 ℃·d。在 7, 14和 20 ℃萌发的种子和幼苗的线粒体中, 总蛋白含量以及细

胞色素氧化酶 ( CCO) 和苹果酸脱氢酶 ( MDH) 的活性随着萌发进程增加;相对分子质量大约为 18 800, 35 000 和 36 000 的

蛋白质随着萌发进程降低;相对分子质量大约为 22 000 的蛋白质在 7 ℃中逐渐增加, 在 14 和 20 ℃中则先少量增加然后下

降。20 ℃中萌发的种子和幼苗的线粒体的 CCO和 MDH 的比活性和总活性比在 7 和 14 ℃中高。这些结果表明, 萌发温度显

著地影响种子的萌发速率 、 线粒体的 CCO和 MDH 活性以及较小相对分子质量热休克蛋白 22。

关键词:CCO 和MDH 活性;甜菜种子;萌发速率;小相对分子质量热休克蛋白 22;温度
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