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丝瓜果实发育过程中 4-香豆酰辅酶 A

连接酶在管状分子分化中的作用

王隆华
 　姜　宁　颜季琼

摘　要　对丝瓜果实发育过程中 4-香豆酰辅酶 A连接酶作为初步纯化 ,并对

它的一些理化性质作了研究 .结果表明 4-CL含有两个同工酶 ,酶Ⅰ 纯化 15. 68

倍含量为 22. 63% ;酶Ⅱ纯化 44. 23倍含量为 3. 91% .酶Ⅰ对香豆酸和咖啡酸

的亲合性大于酶Ⅱ的 ,酶Ⅰ 的最适温度为 40℃ ,最适 pH为 8. 0.研究表明 4-

CL活性与木质素的生物合成和管状分子分化密切相关 ,它们之间存在一种顺

序关系 , 4-CL是管状分子分化的标志酶 .
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The Role of 4-coumarate Coenzyme A Ligase in Tracheary

Element Dif ferentiation During Frui t Development

of Luf f a cyl indrica Roam
 

Wang Longhua　 Jia Ning　 Yan Jiqiong
( Department o f Biolo gy , East China No rmal Universi ty , Shanghai 200062)

Abstract　 The 4-CL was purified roughly from th e fruits o f sponge gourd and its essential

prope rties w er e char acterized. The results showed that the 4-CL contained two iso enzymes. A

15. 68-fold purification of enzyme I and 44. 23-fo ld purification o f enzymeⅡ was observ ed. The

purity o f enzyme w as 22. 6% in the case o f enzyme Ⅰ and 3. 91% in the case o f enzymeⅡ .

The a ffinity of enzymeⅠ to 4-couma rate and coffeic acid wa s higher than tha t o f enzymeⅡ .

The optimal tempe ratur e w as at 40℃ and the p H-optimum w as a t 8. 0 in enzymeⅠ . Th e study

r evealed tha t the activity o f 4-CL was r elated much with the lignin bio synthesis and the T E dif-

ferentia tion, and the re wa s a sequential relation among th em.

Keywords　 fruits o f sponge gourd, 4-Couma rate coenzyme A lig ase, tr ach ea ry element , cell

differentiation

Abbreviations　 4-CL= 4-coumarate coenzyme A liga se ,

OM T= o-methyltr ansfe rase,　 PO= peroxidase,

PAL= phenylalanine ammonia lya se , TE= t racheary elem ent ( s)

The cell di fferentia tion was the base o f st ructural change and formal construdtion in

the plant. Therefo re, the research was paid at tention to the cell dif ferentiation
[ 1] . TE can

be clea rly distinguished from pa renchyma cell by the cha racteristic secondary w all thicken-

ing , w hich is accompanied by ligni fica tion. Lignification can be a ma rker of TE di fferentia-

tion
[2 ]
. Therefo re studing mechanism of cy todi fferentia tion have been made by TE dif fer-

entiation and lignin synthesis. The metabolism of phenylpropaniod is sources for bio syn-

thesis of lig nin, in which several enzymes, e. g. PAL, OM T, 4-CL and PO were in-

vo lv ed
[3 ] . It has been much reported that PAL, and PO

[1 ] . 4-CL have been ex t racted f rom

va rious plant
[ 4] . In the present study , we explo red rela tionship each o ther among 4-CL ac-

tivi ty and the biosynthesis of lignins, as is also T E-dif ferentiation using experimental sy s-

tem o f the f rui ts o f sponge gourd.
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1　Material and methods

( 1)　 Plant ma terial: The f ruit s o f Luf f a cyl indrica Roem were f rom the Biological Station

o f East China Norma l Universi ty. It was monoecious species. The seeds w ere sow n in

batchers a t interv al ten day s. The f rui ts f rom tenth node to tw entieth node w ere used.

( 2)　 Lignin content determina tion: Acco rding to the method prev iously described
[3 ] .

( 3)　 Isolation and puri fica tion of 4-CL: The procedures were referred to method o f BI and

Ouyang [5 ] .

( 4)　 Assay for 4-CL activ ities: The enzyme activ ities w ere determined in a spect ropho-

tometric assay. The optical densi ty was determined wi th 245 nm and 362 nm respectiv ely

in case o f ferulic acid and caf feic acid became substances.

( 5)　 Assay for the physical and chemical properties of 4-CL: The form Ⅰ andⅡ o f en-

zyme w ere obtained th rough chromato graph over DEAE-cellulose 52 column. The follow-

ing al l assays w ere given as fo rm Ⅰ of enzyme.

( 6)　 The tempera ture-optimum reaction: Af ter the fo rmⅠ was incubated in various tem-

pera ture fo r 10 minutes respectively. Then th e enzyme activi ty w as determined by a direct

spect ropho tometric method.

( 7)　 Assay fo r 4-CL thermostability: The method w as as previously described. The fo rm

Ⅰ was separated into three pa rts. The samples w ere incuba ted at thermostatic condi tion in

va rious tempera tures. The enzyme activi ty w as determined once at interv als of 5 minutes.

( 8)　 Assay for pH-optimum reaction o f 4-CL: The enzyme w as added into v arious pH-

buffer solutions. Af ter reaction solution w as kept for 10 minutes at 40℃ , then pH-opti-

mum was determined.

( 9)　 The counting of the number o f t rachea ry elements: The percent of T E w as counted

by sectioning and staining method. The sections w ere stained wi th the phlo roglucinol test.

The number o f TE w ere counted using statistics method, and show ed w ith the percentage

o f TE area fo r to tal a rea o f f ruit section.

( 10)　 The protein determintion: Pro tein w as determined by Bradfo rd method
[6 ]

using BSA

as a standard.

　 Results

( 1)　 The lignin content changes in developing process of sponge gourd f rui ts: The content

o f lig nin show n as Fig. 5. It increased slow ly until at fi f teenth day after f low ering. It en-

hanced rapidly to maximum until a t twentieth day af ter flowering.

( 2)　 The activi ty of 4-CL changes in developing process of the f rui ts of sponge gourd:

The p-coumaric acid w as used as substrate. The activi ty change o f enzymes shown at

Fig. 5. The results indica ted tha t activi ty change increases w ith pollination and frui t devel-

oping. There is a peak from the fif teenth to tw entieth day af ter flow ering.

( 3)　 The physical and chemical properties o f 4-CL: The ma terial wa s used by frui ts a t fi f-
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teenth day a fter f low ering. Tw o promari ly puri fied isoenzymes o f 4-CL w ere go t as show n

Fig. 1 and Tab. 1.

Tab. 1　 Summary of purif ication and separation of two forms of 4-CL from sponge gourd fruit

　　 Step
Total

activity

To ta l

pr otein

Specific

activ ity

Purifica-

tionfo ld
Yield

Crude ex tract 10584 8586 1. 2 1. 0 100

Precipita tion in 45% ～ 75% o f ammonia sulfate 8820 2916 2. 98 2. 5 83. 3

Dex tr an G-25, DEAE-25, chr oma tog raphy , Enzyme

FromⅠ 2396 127. 3 18. 82 15. 68 22. 63

FromⅡ 414 7. 8 63. 07 44. 23 3. 91

Fig. 1　 Chromatography elut ion prof ile of 4-CL isoenzymes on DEAE-cellulose 52 Column

( 4)　 The subst ra te speci fici ty: All enzymes reacted w ith p-coumaric, ferulic and caf feic

acids respectiv ely fo r assay 4-CL activi ties. The enzymeⅡ activi ty w as low er than tha t o f

enzymeⅠ ( Tab. 2) .

Tab. 2　 Substrate specificity of isoenzymes of 4-CL from sponge gourd fruit

Enzyme Couma ric acid Coffeic acid Ferulic a cid

Fo rmⅠ 　　 504 　　 340 　　 98

Fo rmⅡ 107 46. 1 8

( 5)　 The temperature optimum reaction: The enzymeⅠ was incuba ted at v arious temper-

ature respectiv ely. Then activi ty w as determined af ter 10 minutes. Optimum temperature

w as at 40℃ or so ( Fig. 2) .

( 6)　 The 4-CL thermostability : Th e results indicated tha t enzyme activi ty at 30～ 40℃

was stabler than others( Fig. 3) .
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　　 Fig. 2　 The temperature optimum of

from4-CL sponge gourd fruit

　　 Fig. 3　 The thermostability of 4-CL

from sponge gourd fruit

( 7)　 pH-oplimum reaction: The emzyme was incubated in various pH buf fer, then i ts ac-

tivi ty was determined, pH-optimum was found about a t 8. 0 ( Fig. 4) .

Fig. 4　 The pH-optimum of 4-CL from sponge gourd frult

( 8)　 T E number estima tion: Percentag e o f TE among to tal area s was counted by stati s-

tics method. The resul ts was show n in Fig. 5. At the tw enty-fif th day af ter f low ering , TE

percentag e was the maximum. In developing process of f rui ts of sponge gourd the co rrela-

tion among 4-CL activi ty , lig nin content ang T E numbers show ed in Fig. 5.

3　 Discussion

Only one form coumarate: CoA ligase has been cha racterized in spruce
[ 7]
. How ever,
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Fig. 5　 The change of 4-CL activity, Lignin content and TE

　　 number during the fruit development of sponge gourd

the occur rence of multiple forms of this enzyme has been demonst rated in cell suspesion o f

etiotated pea seedling and rice[5 ] . In the present study tw o p-couma tale; CoA lig ases w ere

separated from sponge gourd f ruit s. The results indicated that optimum-temperature w as

a t 40℃ . The pH-optimum was 8. 0.

In our study tw o 4-CL isoenzymes w ere sepa ra ted f rom frui t o f sponge gourd. The ac-

tivi ty reacted of bo th formⅠ andⅡ enzymes w ith p-coumaridcc co ffeic and ferulic acid de-

creased one af ter ano ther. The af finity of form Ⅰ was bigger than that o f fo rmⅡ as a

w hole. But affiinity o f fo rm Ⅰ in rice to ferulic acid w as absent almost
[5 ] . Grand et al

( 1982) indicated once that particular subst rat speci fici ties o f 4-CL correlated no t only wi th

the plant species, but also wi th the tissues character
[8 ]
. Our study indicag ted tha t 4-CL

w as st rongly co rrelated with bo th lignin synthesis and tracheary element di fferentia tion.

The peak of 4-CL activ ity appeared previously to the peak o f lignin synthesis. Then ra tio

on T E dif ferentiation raised obviously. There was time sequence relation among these

changes. It is in accord wi th the foundamental rule tha t material metabo lism is alw ays es-

tablished prior to the mo rphogenesis. Our study provided the evidence that 4-CL as ma rk-

er of TE dif ferentiation reported by Church and Gatston[ 4] . At 30～ 40℃ 4-CL activi ty ex-

hibi ted thermostability and significant ly high. The 4-CL thermostabi ti ty can ensured tha t

T E di fferentia ted la rgely and lignificated speedly, and frui ts o f sponge gourd riped

promptly in the July and August.
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