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Abstract　Results show ed that 2m mol /L of sucrose fat ty acid ester (SFE) could increase the ac-

tivity of invertase in soybean leaves , but no effects on the permeability of cell membrane including

the leakage of K + and reducing gluco se. The analy sis of scanning on SDS - PAGE gels showed

that the increase of invertase act ivity af ter t reated w ith 2m mol /L of SFE w as caused by SFE en-

hancing the content of increase. Experiments also indicated that 8mg /L of actinomycin D (A MD ,

a t ranscription inhibito r) and 1. 5mg /L of cy clohexim ede (CH I , a t ranslation inhibitor) could de-

cline the activity of inve rtase promoted by SFE in very sho rt pe riod obviously. I t w as suggested

that SFE could increase invertase de novo biosynthesis on the level of the t ranscription mainly .
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　　Sucrose fat ty acid ester (SFE), a nonionic

surfactant , could adjust the opening or clo sing o f

stoma ta in soybean
[ 1]
, promote the abso rption o f

metal ion , such as M n
2 +

. SFE could also increase

the content of chlorophy ll in leaf and nit rogen in

seed[ 2] . Within 12 hours af te r being sprayed SFE ,

the activit ies of inv ertase
[ 3]

and SOD
[ 2]

w ould be

increase 160 % and 40%. It w as caused by that

SFE could delay the senescence o f leaf , improve

the abso rpt ion to nutrient .

Invertase (EC 3. 2. 1. 26) is w idespread in the

higher plants[ 4 , 5] . It cataly zes the i rrev ersible

cleavage of sucro se to g lucose and fructo se , which

is the main pathw ay through w hich a plant cell ob-

tains ene rgy and carbon from sucrose[ 6] . It w as re-

po rted that the activity of inver tase could be af fect-

ed by m any factors , such as phy toho rmones ,

st ress - related stim uli , and glucose - or mannitol

- t reatment[ 5 , 7] . Further resul ts show ed SFE could

elevate the activity o f invertase in vivo distinctly ,

w hich is not caused by the induct ion of sucro se ,

but by an increase in invertase content
[ 3]

.

Up to now , there is no repo rt on how surfac-

tants could increase the enzyme act ivity or enzyme

content. Therefore , the objective of the present

study w as to study how SFE increases the invert-

ase content in soybean in a sho rt time. Transcript

inhibi to r (Actinomycin D , A MD) o r t ransla tion

inhibi to r (Cycloheximede , CH I) w ould be added

into SFE solut ion , respect ively , and be sprayed on

the soybean leaves during both periods o f f low ering

and pod - f illing , to survey the changes in invert-

ase in vivo. Subsequent ly , w hich level in the bio-

synthesis of invertase that SFE could increase in-

vertase content w ould be determined.
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1　M aterial and M ethod

1. 1　Materials

Sucrose fatty acid ester (C1 8 H3 7COOC1 2H2 1O 10 ,

H LB=15 , SFE) w as purchased from Chongqing

Chemical Co. and used direct ly . Actinomycin D

(AM D) w as purchased from Fluka Company and

Cycloheximide (CH I) w as purchased from Sigma

Company in U. S. AM D and CH I w as used as t ran-

script and translat ion inhibi to r respect ively .

Soybean (Xidou No. 3 , Glycine max ) w as

planted in an open field and irrig ated prope rly .

During bo th periods o f f low ering and pod f illing ,

soybean plants were sprayed w ith the mixture o f

SFE and inhibito rs at 6 :00 pm on a clear day and

samples w ere taken in the nex t m orning. To keep

the uniformi ty of plant ma terials throughout the

experiments , fully expanded leaves (thi rd to six th

leaves f rom the apex)w ere chosen and used for the

ext ract ion of invertase.

1. 2　Extraction and determination of invertase
[ 3]

1. 3　SDS- PAGE and scanning of invertase gel

Sodium dodecy l sulfate - po ly acry lamide gel e-

lect ropho resis (SDS /PAGE) analy ses of inv ertase

t reated w ith SFE , SFE +AM D and SFE +C HI

were carried out. SDS - PAGE gels were scanned

wi th a dual - w aveleng th T LC CS - 930 scanner at

a w aveleng th of 540nm.

1. 4 　Determination of permeability of cell mem-

brane

1. 4. 1　M easurem ent of the relative conduct ivity :

The relative conductivi ty w as expressed by the ra-

tio o f conductivity to to tal conduct ivity that w as

measured according to Li JS[ 8] .

1. 4. 2 　Measurement of the leakage of K
+
:Soy-

bean leaves during f low ering w as taken and soaked

in distilled wa ter for about 10 min and w ashed.

And leaves we re cut to small round slice (diameter

8mm). 60 pieces were chosen and soaked into dis-

tilled w ater , 2m mol /L o f SFE , 2mmo l /L of SFE+

8mg /LAMD and 2mm ol /L SFE +1. 5mg /LCH I ,

respectively. The K + elect ric po tentials of solu-

tions above w ere measured by K
+

electrode (PXS

- 5) in 1h , 6h , 12h and 24h. And the leakage con-

centration o f K + w as calculated by Nernst equa-

tion.

1. 4. 3　Measurement of the soluble g lucose[ 3]

1. 5　Survey of scanning electron microscope

Soybean leaves sprayed by distilled w ate r ,

2m mol /L of SFE , 2mm ol /L of SFE +8mg /LAMD

and 2m mo l /L SFE +1. 5mg /LCH I , respectively ,

w ere taken w ithin 12h and treated by the methods

of Ye XL to carry out the survey of scanning elec-

t ron micro scope
[ 1]

.

2　Results

2. 1　Determination of effective concentration

2. 1. 1　Dete rmination of ef fective concentration of

SFE

SFE at different concentrat ions w as sprayed

on soybean leaves and invertase activity w as meas-

ured in di ffe rent t ime to study the ef fects of SFE

on invertase. The results w ere show n in Fig. 1.

The to tal tendency w as as fo llow s:w ithin 12h af-

ter being sprayed SFE , the activity of invertase

w as increased obviously . Especially , 2mm ol /L of

SFE could m ake the invertase activity increase by

1. 6 times of cont ro l w ithin 12h. H ow ever , the in-

vertase activity w ould be declined along wi th t ime

elongating . T herefo re , 2mm ol /L w as chosen to

the best concentration of application.

2. 1. 2　Dete rm inat ion to optimum concentration of

AM D

AM D w as added into SFE solution and mixed

evenly . The final concentration of SFE w as2

m mol /L , and the final concentration of AM D w ere

1m g /L , 4mg /L , 8mg /L , 12mg /L , and 20mg /L

respect ively. These so lut ions w ere sprayed on soy-

bean leaves. Af ter 12h , leaves w ere taken to meas-

ure the activi ty o f inve rtase. Fig. 2 showed that

AM D w ould inhibit the invertase activi ty , and the

higher the concentra tion of AMD , the m ore the in-

vertase activity w as declined. When the concentra-

tion of AMD w as exceeded to 8mg /L , the invert-

ase activi ty w as hardly decreased w ith AMD con-

centration increase. So , the optim um concentra tion
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Fig. 1　Inver tase activ ity after t reated w ith SFE　　　　　　　　F ig. 2　Optimum conecntr ation of AM D

of AM D w as 8m g /L.

2. 1. 3 　Determination to the optimum concentra-

tion o f CH I

From Fig. 3 , the invertase activity w as de-

clined rapidly along w ith the rise of CH I concentra-

tion. If the concentration o f CH I w as highe r than

1. 5mg /L , the re w as no decrease of invertase activ-

i ty. A cco rding to F ig. 3 , the ef fective concentra-

tion o f CH I w as 1. 5mg /L.

2. 2 　Effects of SFE on the permeability of cell

membrane in soybean leaves

Soybean leaves w ere sprayed by fol lowing so-

lut ions:A(2m mol /L SFE), B(2mm ol /L SFE +

8mg /LAMD) and C (2mm ol /L SFE +1. 5mg /

LCH I). Af ter 1h , 6h , 12h and 24h respectively ,

the relat ive conduct ivity o f membrane , leakage K
+

concentration and leakage soluble glucose w ere

measured , and the size of stomata w as surveyed by

scanning elect ron microscope to evaluate the ef fects

of AM D and CH I on mem brane permeabi li ty.

　　Fig. 3　Optimum concentra tion of CH I　　　　　　　　　Fig. 4　Relativ e electrical conductivity o f cell membrane

2. 2. 1　Rela tive conduct ivity

Fig. 4 show ed the ef fects o f 8mg /L o f AMD

and 1. 5mg /L of C HI on the rela tive conductivi ty.

Within 1h af ter application , three kinds o f treat-

m ent solution w ould m ake the relative conductivi ty

increase in dif ferent degree. With the elongat ion of

application time , the relative conductivi ty w ould be

increased slow ly and g radually . Af ter addi tion of

AMD and CH I , the relative conductivi ty increased

obviously. It w as suggested that if the applicat ion

time w as to o long , SFE , AM D and CH I could

change the m em brane pe rmeability .

2. 2. 2　Effects o f AMD and CH I on the leakage of

K+ and so luble g lucose

The data in Table 1 indicated that there w as no

ef fect of SFE on the leakage of K + and soluble g lu-

cose. Af ter addi tion of 8mg /L of AM D and 1. 5mg /

L of C HI , the concentration of K + and soluble g lu-

cose w ould be increased obviously . The longer

t reatment time w as , the higher the concentration of

leakage substances. It w as indicated that the longer

t reatment tim e w ould make the cell injured severe-

ly .
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Table 1　The effects of inhibito rs on the leakage o f K+ and g lucose of soybean leaves

Inhibi tor Time (h our) K + leakage (μm ol 60discs - 1 h - 1) Glucos e leakage (mg 60discs - 1  h - 1)

Cont rol 0. 04 0. 591

1 0. 04 0. 6

SFE(2mmol /L) 6 0. 048 0. 64

12 0. 051 0. 68

24 0. 053 0. 67

1 0. 058 0. 67

SFE+AM D 6 0. 073 0. 74

12 0. 086 0. 88

24 0. 092 0. 96

1 0. 054 0. 69

SFE+C HI 6 0. 077 0. 78

12 0. 085 0. 82

24 0. 088 0. 84

2. 2. 3　Effects o f AM D and CH I on the aperture of

stoma ta in soybean leaf

Fig. 5 indicated that 2m mo l /L of SFE w ould

make the stomata open to help leaves uptake nutri-

ents. H ow eve r , af ter the addit ion o f AM D or CH I

the stom ata were clo sed gradually. Especially ,

8mg / L of AMD w ould make stomata closed to tally ,

and cause epicuticular w as disso lved part ially .

Fig. 5　Effects of AM D and C HI on the ape rture of stomata in soybean leaf

　　Acco rding to the above results , once soybean

leaves contact wi th SFE , AM D and CH I in a longer

time , the cuticle cell w ould be injured severely and

furtherm ore stimulate some stress - related pro-

teins occurring. Under this condit ion , the st ress

invertase w ould emerge w hich w ould be m istaken

as the inf luence of SFE or inhibi to rs. So , samples

should be taken wi thin 12h af ter applicat ion to a-

void the produce of st ress invertase , and in the oth-

er hand , the ef fects of SFE enhancing the invertase

activi ty w ere the most obvious wi thin 12h.

2. 3　Studies on SFE promoting invertase synthesis

2. 3. 1 　M echanism of SFE promot ing invertase

synthesis during f low ering

During f low ering and pod - f illing , the solu-

tions of A , B and C w ere sprayed on the leaves of

soybean , respectively . Af ter 12h , sam ples w ere

taken to survey the change s in invertase activi ty

and the content .

Af ter invertase ex tracted f rom above samples

during f low ering w as purif ied by f ractional ammo-

nium sulfate precipi tation , SDS /PAGE analyse s of

inver tase w ere carried. The gels w ere scanned u-

sing the dual - w avelength T LC scanner CS - 930.
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The results w ere show n in Fig . 6.

The location of invertase on the lane o f SDS /

PAGE gels w as determined acco rding to relat ive

mig rat ion rate by compa rison wi th those o f stand-

a rd proteins. The resul ts o f comparison indicated

that the location of invertase w as the peak under

the symbol of "↓". T he area of peak represents

the invertase content.

During f low ering , the inve rtase content of the

control w as about 5. 28 according to the peak area ,

and tha t t reated w ith SFE w as about 14. 56 , w hich

w as 2. 75 times o f the contro l. It w as showed that

2mm ol /L o f SFE w ould make invertase content in-

creased by 175 %. Cor respondingly , the content of

invertase treated w ith C HI w as about 8. 4 , and that

t reated w ith AM D w as about 5. 5. According to the

experimental results , AMD and CH I could inhibit

the transcript process and the translat ion pro cess

obviously during the inve rtase bio synthesis , re-

spectively. They w ould hinder the function of SFE

on inve rtase. O r rather , SFE could increase the in-

ve rtase content in vivo by promo ting the t ranscript

and translation pro cess of invertase in w hich accel-

eration of the t ranscript process w as the main fac-

to r.

Fig. 6　Scanning of inv ertase ex tracted f rom soybean

leaf after applica tion of SFE , AM D and CH I on the

SDS - PAGE gel A - tr ea tment w ith 2mmo l /L SFE ,
B - treatment with SFE and CHI ,
C - treatment with SFE and AM D.

2. 3. 2 　M echanism of SFE promot ing invertase

synthesis during pod - f illing

　　Fig. 7 show ed the resul ts as fo llow s. The in-

Fig. 7　Inhibition of AM D and CH I to

inver ta se activity

vertase activity of the contro l w as m aintained at a-

bout 75mg reducing sugar  g - 1 f resh w eight of

leaves h - 1 in the w hole experiment. 2mm ol /L of

SFE would make inver tase avt ivity increase 81uni ts

of enzyme activity w ithin 12h. Transcript inhibi-

to r , AM D , could m ake invertase activi ty decreased

to 119mg reducing sugar g
- 1

f resh w eight of leav-

es h - 1 which w as low er 37 uni ts than the invert-

ase t reated wi th SFE. And translat ion inhibi to r ,

CH I , could m ake invertase activi ty declined to 135

mg reducing sugar  g
- 1

f resh w eight of leaves  

h - 1 .

The results during pod - filling , the invertase

content prom oted by SFE w as caused by that SFE

could accelerate the process of t ranscript and trans-

lation in the inver tase biosynthesis.

3　Discussion

SFE , as an auxiliary of foliar ferti lize r , could

increase inve rtase activi ty obviously. According to

the experimental results of permeabi li ty of cell

membrane , the ef fective concentration o f SFE ,

AMD and CH I w as 2m mol /L , 8mg /L and 1. 5mg /

L , respect ively.

Previous results show ed SFE could elevate the

activi ty of invertase in vivo distinctly , w hich is no t

caused by the induction of sucrose , but by an in-

crease in invertase content
[ 3]

.

According to the "central dogma of m olecular
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biolo gy", pro tein biosynthesis w as the flow o f g e-

netic info rmation f rom DNA through RNA and e-

ventually to pro tein. T ranscript inhibito r (A ct ino-

m ycin D , A MD) w as a peptide antibio tic coming

f rom streptom ycin , w hich could bind t ight ly to

double - helix DN A. Subsequent ly , DNA could

no t serve as a template for the synthesis of a com-

plementary st rand. AMD could inhibi t the t ran-

script process specially , but not inhibi t the t ransla-

tion pro cess. C HI w as a st rong inhibitor to inhibit

the t ranslation process specially . Because CH I

could bind to 80S ribosome of eukaryo te cells so

that C HI could inhibi t the function of t ransfer en-

zymes in the pro tein synthesis.

Our experiments show ed that during both

flow ering and pod - filling , the increase of invert-

ase content w as caused by SFE promo ting the de

novo synthe sis of invertase. SFE could accele ra te

the f low process of DNA →m RNA. And on the

other hand , SFE could accelerate the expression of

mRNA →pro tein. Of cause , the flow o f DNA →

mRNA could be a m ore impor tant facto r.

The adjustment to enzyme includes that to en-

zyme activi ty and to gene level. Adjustment to en-

zyme activi ty is realized by changing the structure

of enzyme. Previous study show ed that the confo r-

m ation of inve rtase had not been af fected , even at a

concentration of 2m mol /L o f SFE , according to the

result o f f lurescence measurement
[ 3]

. T herefo re ,

the increase o f inver tase content w as no t caused by

the changes in enzyme confo rmation.

And adjustment to gene level is realized by

changing the velocity o f t ranscription and transla-

tion pro cess. Acco rding to our expe riment , SFE

could no t change the confo rmation , but increase

the concentrat ion of invertase. Operon theory of

Jacob and M onod thought that the st ructure gene

w ould be closed w hen aporepresso r binds to opera-

to r , w hich w ould inhibi t the t ranscript o f m RNA

and co rresponding protein w ould not be expressed.

But inducer , such as sucrose , xisted , aporepresso r

w ould combine w ith sucrose. Therefo re , operato r

w ould bind to st ructure gene , and the t ranscript of

mRNA w ould be carried out smoothly . During

flowering and pod - filling , SFE w ould be as an in-

ducer because the st ructure of SFE contains su-

crose. i t could com bine w ith apo repressor , w hich

make mo re st ructure gene accelerate the t ranscrip-

tion o f m RNA and the t ranslation of inv ertase.
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that there is g reat dif ference in the four soybean varieties in the activi ty of supero xide dismutase (SOD),

perox idase (POD), and catalase (CA T). The controlled plants under low K exhibited an increasing of

SOD 、POD and CA T activi ties in different deg rees. The act ivity o f SOD appears earlier than that of CA T

and POD , but the dif fe rence of the activi ty of CA T and POD is m ore significant than that of SOD betw een

the ef fective types. So the dif ference o f po tassium nutrient ef fective types can be expressed by the di ffer-

ence of the protect ive enzyme system s.

Key words　Low potassium stress ;Soybean;Protective enzyme system
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蔗糖脂肪酸酯调节大豆叶片蔗糖酶生物合成机理研究

叶小利1 　李学刚2

(1. 西南师范大学生命科学学院 ,重庆 400715;2. 西南农业大学中心实验室 ,重庆 400716)

摘要　2m mol /L 的 SFE 能显著地提高大豆蔗糖酶的活力 。SDS - PAGE 结果表明 SFE主要通过

增加大豆叶片蔗糖酶的生物合成量来大幅度地提高蔗糖酶的活力 。用转录抑制剂 AMD(8mg /L)

和翻译抑制剂 CH I(1. 5mg /L)处理大豆叶片 ,发现它们都能在较短时间内大幅度地降低蔗糖酶的

活性。SFE 对大豆开花期和结荚期的蔗糖酶生物合成量的增加是通过 SFE 促进蔗糖酶的转录水

平和翻译水平来实现的 ,转录起主要作用 。

关键词　大豆;蔗糖酶;蔗糖脂肪酸酯(SFE);AM D;CH I
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