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水分胁迫下内生真菌感染对黑麦草叶内游离

脯氨酸和脱落酸含量的影响

陈世苹，高玉葆‘，梁 宇，任安芝
〔南开大学生命科学学院.天津 300071)

摘要 以黑麦草为实验对象.研究了下早胁迫条件下内生真茵感染对植株叶){含水量和川内游离脯氦酸含量的彭响.同

时时渗透胁迫条件下植株叶内ABA含量的变化进行了分析 结果表明小 内生真菌的感染有助于使叶片保特较高的含

水量; Z;在两种形式的水分胁迫卜，前期至中期高感染种群的叶片游离脯氨酸含星低十低感染种Iff而在末期则有高出

低感染种群的趋势:':b内生真菌感染对黑麦草叶内ABA举积的正效应只发生在轻度渗透胁迫卜的较厉时同范围内

关健词 水分胁迫 内生真菌 黑麦草;游离脯氨酸 脱落酸

Effect of endophyte infection on the concentrations of free proline
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Abstract;Fudophytes or Endophytic fungi are a kind of fungi that live inside plant. 'I hey widely exist in

higher  plants,  particularly  in  grasses.  The  fungi  are  members  of  class  Ascomycete_a,  family

('lavicipitaceae. tribe Balansiae, including some imperfect fungi that are to close relationship with -ribc

Balansiac, such as fungi of Acre- boa. It has been well documented that endophytes and their host

plants are mutually symbiotic On one hand. plants provide photosynthate, for the fungi; on the other

hand. endophytes may enhance the host's growth and resistance to abiotic stresses (such as drought. high

temperature) and biotic stress,, (such as herbivore graze). Although die utechanism_s of how endophytes

enhance the drought resistance of host plant are still unknown. it is clear that endophytes bereft曰]IPlr

host through affecting its substance metabolism. or through producing physiologically activated ,ub,tances

(S. c. alkaloid, hormone). Some -eat-,hers have found Thai the infected plants have greater ability of

osmotic regulation, so as To maintain a higher turgor pressure and thus keep growing under water stra,.

Must of these studies. however, were focused on polyols. Two important molecules in osmotic regulation.

proline and ABA. have seldom been mentioned. A comparative study of HI (highly-infected) and 1.1 (low-

infected〕populations  were conducted  under  two different  water stress- conditions.  Physiological

characteristics related to drought resistance of plants. including leaf water content (LWC), free prolinc

content and abscisic acid (AB八)content. were determined..

    Seeds of Lai- pereune c, Pinnacle (from Oregon Secd Company. USA) were treated in two

山Iferent ways: some were placed on moist filter paper and germinated under room temperature to get HI

plants. others were exposed to heat treatment in bath (43 C 15min, then 57 C 33min ) and then placed on

moist filter paper to get LI plants. The experiment was conducted on the campus of Nznkm University.
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Tianjin. China. There were 18 plnrs. 40,.X 50cm In size each. and l5em wide interspeces between plots.

HI and LI seedlings were transplanted into each of the nine plots. respectively.  The drought stress

(without watering) was imposed to the plots from September 18 to September:，。，1999, and the plots

were fully watered a week before the experiment started. III and Ll plants were transplanted into culture

pot. which was filled with 500ml 1/2 Hoagland solution. One week later, osmoticunt (PEG600(1) was

added to impost osmotic stress (control, mild stress and severe stress). PECcontent for the above

stresses is 0叱。10叮.20另，respectively. Newly expanded leaves were taken for the deterttunation of

water content, free proline and ABA concentration. In field experiment. IeaLatoples were taken between

2:30 and 3:00 pin on daily basis or at 3-1 day intervals. In PEG osmotic stress experiment, the .,ampling

work was carried out between 9:00 and 9:30 am at 1-3 day intervals. Intrnediately after leaf blade was

cut off the plant, the sample was taken to laboratory and fresh weight was measured.  Flt, sample was

then placed in an oven at 105 C for a quick termination of enzyme activity before it was kept at 60 C for

24h. and then the dry weight was measured. Probes was determined following the procedure by Zhang 1)Z

et u1. (1990). ABA concentration of leaf was determined with ELISA and the kits were purchased from

Nanjing Agricultural University, China.

    The soil water content (SWC) and leaf water content (LWC) decreased progressively during drought

stress. The LWC of both HI and 1.1 plants changed in similar way, but the LWC of HI plants was higher

in the middle and later stages of stress. which indicated that HI plants could maintain higher LWC under

prolonged water stress. The SWC and LWC of plants were positively correlated (correlation equations are

as follows: HI   yy=0.6509x,-I 0.6796. r,=0.78. P<0.01 ;Ll  y,  0. 9493.,2+0. 6254. ,,=0. 79.1',-

0. ol ). The changes- of probes concentration of HI and LI plants were similar and both showed a wave小ke

increase. After two waves, however, the increasing trend of HI curve exceeded that of 1,l. There was

significant difference in LWC of HI and LI plants between different stress treatments. When no stress was

imposed, the LWC of HI and 1.1 plants kept a high level during the experiment period: under mild stress

the LWC of HT and Ll plants decreased slowly and demonstrated a relatively stable stage in the middle of

stress: under severe stress, however, the LWC of HI and LI plants decreased sharply. Both HI and 1.1

plants showed an ability of osmotic adjustment and their proline content increased under osmotic stress.

Under mild stress, III plants- had a substantial increase in proline content while LI plants did not. Under

severe stress-, the proline curves of HI and LI plants had a "peak" in the early stage of water stress and

prelim, content of LI plant., was higher than that of HI plants. In the middle and later stages of stress.

however, proline content of III was higher than that of LL Because proline acts as osmoticum. the

accumulation of praline may be a protective reaction to water stress. Under no stress conditions. ABA

content of HI and 1.1 plants kept low and shifted slightly; under mild stress. the change of ABA content of

HI and Ll plants exhibited "single peak" curves. but the "peak" of HI plants appeared in the early .stage of

stress. while that of Ll plants appeared in the later stage; under severe stress, the change of ABA content

of both HI and Ll exhibited "two-peak" curve., and the timing of "crest" and "trough" was same for HI and

1.1 plants. Under severe stress, the accumulation of ABA occurred earlier than that of proline and there

existed a 2.3 day time lag between these events. This result indicated that the increase of ABA induced

the accumulation of proline. Under mild stress. for HI plants, the time lag between the changes of ABA

and proline still existed, but it was shortened m one day long; for Ll plants, the accumulation of proline

occurred before the accumulation of ABA. which implied that the accumulation of proline might have other

mechenroms. Under severe stress. proline accumulation of Ell and Ll plants was mainly ABA-dependem

Under mild stress. prohne accumulation of HI plants was ABA-dependent while that of IA plant, might be
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ABA-independent. Endophyte may affect lire signal transfer path of proline accumulation.

    Urider different引ress conditions, especially in seven. stress川 plants demonstrated greater ability

to keep a high LWC to sustain growth than 1.1 plants. The proline concentration of HI plants was lower

than that of LI plants under mild or short time water stress, higher under severe or prolonged stress.

During greenhouse osmotic sires.,. ABA content of HI and LI plants increased and the dynamic

characteristics depended on stress levels and stress duration. 'Ibere was no significant difference in ABA

content between HI and LI plants and the positive effect of endophyte infection on ABA accumulation could

only occur within a .short period of mild stress. There was a time-lag between the increases of ABA and

that of proline, which indicated that accumulation of ABA induced the accumulation of proline. This

cause-effect relationship between ABA and proline was

Key words:water stress;free prohne:Lodtum perenve 1

expressed more markedly in FII plants

:八IlA

文章编号:1nn0-0933(2nol)12 1969-09 中圈分类号 Q945.Q946 文献标识码:A

    内生真菌(Endophytic fungi)是一种生长在植物体内的真菌。现已在许多高等植物中发现了内生真菌

的存在，并以禾本科植物中尤为常见川。它们包括子囊菌纲(Ascomycetes )麦角菌科(Clavicipitaccae)瘤座

菌族(Balansicae )的许多种真菌.也包括与瘤座菌族关系密切的一些平知菌类如顶袍霭属(.a, - -- )的

真菌 ’

    大量实验表明顶抱霉 植物之间的共生关系是4.惠性的田。植物为真菌提供光合产物井通过种子帮助

其传播 而真菌产生的生物碱可以阻抑昆虫和其他植食性动物的采食沙’」内生真菌还可以促进植物的牛

长一，8，并增强其对于旱、高温等环境胁迫的抗性或持久性t9.川 从目前的研究结果来看，内生真菌上要是

通过影响受感染植物的物质代谢、产生生理活性物质(t口生物碱、激素等)来改变植株的生理特性，提高植

株的抗逆性，刺激植株生长。已有研究发现感染植株表现出更大的渗透调节能力，从而在干旱条件下能维

持较高膨压，以维持其生长 但这些研究多集中在多元V(polyols)而关于水分胁迫条件下感染植株体内

脯氮酸含量和脱落酸含最的变化还未见报道.

    本文对两种不同水分胁迫条件下.高感染种群和低感染种群植株叶片含水量(LWC)及叶内游离脯氨

酸含量进行了比较研究，以期探明水分胁迫下内生真的感染对植物体内脯氨酸含童的变化是否产生影响

同时对温宁渗透胁迫条件下高感染种群和低感染种群植株叶内ABA含量变化及ABA与脯氨酸之间的关

系进行了初步分析

1 材料与方法

1一1实验材料

    实验材料为黑麦草(I,olaum pcre;ne I)，是优良的牧草和草坪植物 具有很高的经济价值，与内生真

苗A,-rernonium lot构成共生关系。供实验的品种为Pinnacle,种子自美国俄勒冈种子公司购迸，其内生真

菌感染率不低于85'/0

1.2 高感染(HD种群和低感染(I'D种群的建植与水分胁迫处A u;

    本实验通过种子加热处理使真菌灭活的方法获得HI和1.I种群

1.2. 1 固定样地干旱胁迫实验 选取均匀、饱满的种子一 部分先经过加热处理(43 C温浴15min后，升

温至57 C温浴35mm)后，再摆放于湿滤纸上，室温萌发〔用以产生LI种群);另 一部分则直接摆放十湿滤

纸上，室温萌发(用以产生HI种群)一周后(1999年4月16日)，将已萌发的种子植人固定样地中 样地面

积为4 x z. 5m}将其分成18个40X 50 cm̀ 大小的样方，样方之间间隔为15- 将热处理的和未经热处理

的已萌发种子分别植人9个样方 即LI种群和HI种群分别占据9个样方。移栽5周后进行内牛真菌感染

为方便起见.下文将高感染率的(卜ighly-m(cered )种群简称为H工种群，将低感染率的((low-infected )种群简称为_I种

群
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率的检测.采用的方法是苯胺蓝染色光镜观察法『”;检测结果是Hl样方的平均感染率为67沁LI样方的

平均感染率为140/0

    实验开始前 周.将样地允分灌水使各样方水分状况一致 一周后开始干旱胁迫实脸 实验从199:

年，月18日主9月3()日待续13d.胁迫期间停止浇水，使样方内土壤水分含量自然卜降

1.2.2 温室环境PEG渗透胁迫实脸 III和LI实验种群的建植力法同上，它们的内生真菌感染率分别

为60 和0筋二挑选长势良好、大小一致的HI和LI植株移人温室培养缸，卜(,4,I内盛有50urnl 1/2 Hoa创anti

培养液)缸盖上开有7个栽植孔，辱孔植2株_III和1.1种群分别移人 7缸，每3缸为 组，算作一个取样

单兀.这样HI和1,1各有9个单元。当移入培养NI的植株恢复正常生长状态时实施渗透胁迫处理

    渗透胁迫从2000年1月3日至1月16日共持续14d 本实验采用两因素随机区组设计.即考虑内生

真菌和渗透胁迫两个因素的作用。采用聚乙二醇(PP(46000)作为渗透剂o III和I.种群都分别设置1个对

照(I/2 Hoa创and溶液培养)和2个处理(I/21loagland溶液-Pi (1墙养),2个处X PEG浓度分别为10 Y,,

(轻度胁迫)和20吓(重度胁迫)对照及每个处理设3个重复 胁迫过程中注意及时补充山于叶片蒸腾损失

的水分.以保持M内培养液一定的浓度

1.3 植物样品的采集与叶片含水量、游离脯氨酸含量和ARA含量的测定

    固定样地十早胁迫实验期间，以Id为间隔，于每天下午2:30-3:00随机剪取植株的白心叶起第2叫

和第3叶，测定叶片含水量和游离脯氨酸含量 温室渗透胁迫实验期间.以I-3 d为间隔，于每大卜午9

00-9:30随机剪取植株的自心叶起第2叶和第3叶 测定叶片含水量 游离脯氮酸含量和ABA含量

    叶片含水量(leaf water content. LWC)按上述规则取1 -- 2个叶，称其鲜重(fresh weight. FW).于

60 C烘于24h.称其干重(dry weight. DVS')由下式计算叶片含水量:
                          LWC〔环少=f(FW L)W)/DW 〕x M Y,

游离脯氮酸含量的测定采用磺基水杨酸法『’习

    脱落酸(ABA)含量采用固相抗体3v酶联免疫测定法(ELISA).ELISA试刹盒购自南京农业大学 具体

操作按吴颂如等人的方法、，，1进行

2 结果与分析

2. 1 固定样地下旱胁迫实验

2.1.1 干旱胁迫期间上澳含水量(SWC)和叶片含水量(LWC)的变化 在整个胁迫期内SWC逐渐F降，

L"T也呈同样的下降趋势(图1). HI和LI植株的L.WC变化趋势基本一致，而在胁迫中、后期.HI植株的

L WC高于LI植株，并且后者的波动幅度更大些.这表明随着胁迫时间的延长.HI植株具有保待较高LWC

的能力。SWC和LW(，之间的相关分析结果表明.III和LI植株的SWC和L"Ic均为极显著的线性正相

关.即随着.SW‘的降低，LWC呈线性降低 二者的拟合方程分别为:HI  y二。.6609,,+0. 6796. 一0.

78.P<0.01;1,1 v-=0.9493二十。.6251. rz=0.79.P<O.OIoLi植株LWC降低的速率比HI植株快.说

明Li植株的LIV(’对SWC的变化更敏感。

2.1.2 干旱胁迫期间HI和LI植株叫片游离脯氮酸(Pro)含量的变化 随着干旱胁迫的进行和持续.HI

和1.1植株叶片中Pro含最均表现为波动式上升‘变化趋势基本一致 但经过两个波峰与波爷的交替变化

后.HI曲线的上扬趋势超过LI曲线(图2)

    比较Pr。和LW‘的变化曲线可以看出二者的变化趋势恰好相反. LWC表现为波动型下降，而Pro含

量则呈现出波动型上升 对十HI和III植株的Pro含量和LWC之间的相关分析均证实了二者之间存在显

著的负线性相关关系，拟合方程分别为1'‘一 96193.r...+75948, r一。.86. P<O.O1(HI); y,一一55324-

+44621.，=0.82. P<0.01(111)0

2-Z PEG渗透胁迫’A验

2. 2. 1渗透44迫期间HI和III植株I.WC的变化 渗透胁迫实验，J,的对照、轻度和重度二个处理之间的

1191(’表现出明显的差别 从图s可以看出，对照条件下 川 和I.l植株LwY一直维持稳定的高水平;轻度

胁迫下 HI和1.1植株1.1111:缓慢下降，且在胁迫，卜期出现一小段相对稳定的时期;重度胁迫下，HI和I,l植
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图 1 固定样地干旱胁迫下土壤含水量(SPoT)及植物

叶片含水H (LWC〕的变化

Fig. 1 Changes of‘叭’end LWC of plants under

击ought stre,= m field ploro

图2 固定样地干早胁迫下HI和Ll植株叶内游离脯

氨酸含m的变化

Fig. 2 Changes of free proline content of lame. of HI

and Ll plants nnder drought sacra m field plot,

株LWC表现为迅速地、大幅度地降低 只是在‘卜期下降速率略有降低 在整个胁迫期内 对照条件卜.HI

和Li植株LW'C基本相同;轻度胁迫下.有几个测定口(6d. 7d. 13d)HI植株I,wc人于Ll植株 而在重度

胁迫下大部分时间1.1植株与HI植株的LWC无显著差异。

2.2.2 渗透胁迫期间HI和LI植株叶片游离脯氨酸含量的变化 整个胁迫期内，在对照条件卜.HI和1.1

植株叶片中Pr(含量均未发生明显变化 在渗透胁迫处理下，H工和Ll植株叶片中竹。含量均发生了明显

的累积〔图4),轻度胁迫下，HI和LI植株叶片中Pr。含量都从胁迫第3天开始迅速上升.但LI植株叶片巾

Pro含量在胁迫第7天达到最大值 随后迅速降低，后期又略有间升 而HI植株叶片中Pro含量在第卜天

即达钊最大值，后期Pro基木保持稳定直至胁迫结束。重度胁迫条件下HI和1.I植株也都从胁迫后第 3天

开始Pro含量大最增加，并且增加的幅度明显大于轻度胁迫，其中L1的累积峰值高于HI植株。但在胁迫

未期，当LI植株Pr。持续缓慢下降时，III植株Pro却在明显回升
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图 3 温室渗透胁迫下 HI和 LI植株叶片含水量

(LWC)的变化:0,1,2分别代表对照、轻度和重度胁迫

Fig. 3  Changes of LWC ,I HI and LI plants under

- cue stress in greenhunse:n. l.2 represents control,

mild aveas and - re .,tre...,respecnvcly

图4 温宰渗透胁迫下H工和L工植株叶内游离脯氨酸

含量的变化:0,1,2分别代表对照、轻度和重度胁迫

Fig. 4  Changes of free praline ou-ut of leaves of Hl

and LI plants under osmotic stress in greenhou- 0.1.2

represents control, mild -re,., and score eves..

re_.pecvvely

    相关分析表明，在轻度和重度胁迫下

关 轻度胁迫下的拟合方程为 v〕 一

一72753,二+96636，一29976, r=。.84.

2.�+1363. 5. r一0.88. P<0.01 (111):

.HI和LI植株脯氨酸含量与LWC之间均表现出显茗的二次相

27074,, + 33810二一9222.8. r,=0.90. P<0-01 (HI):，一

P< 0. OS (!.l) 重度胁迫下拟合方程为:v=一10135峨+65,37.

3=一14433 r; + 12016.,一7. 1682. r, -0. 83. P<0.05 (1.1),
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2. 2.3 渗透胁迫期间HI和Li植株叶片中ABA含量的变化 如图s所 "F在整个胁迫期问.对照条件

下.III和LI植株0{片中ABA均保持较低水平 只在较小范围内发生轻微的变化 在轻度胁迫下，111和I,I

植株叶片中ABA含量的变化曲线均呈“单峰型”只是HI植株的’‘单峰”出现在胁迫的前期而LI植株的

“单峰”出现在胁迫的后期.二者的ABA峰值相差不大 在重度胁迫下，H工和LI植株叶片中人B八含量的

变化曲缓均表现为“双魄型”贬后一个峰值比前一个峰值高).且“峰”和“谷”出现的时间同步;当第一个峰出

现时，LI峰值较HI高，而当第_个峰出现时.二者的峰值无显著差异
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图5 温室渗透胁迫下HI和LI植株叶内ABA含员的

变化 !I'll2分别代表对照、轻度和重度胁迫

Fig. 5  Changes of ABA content of leases of HI and Ll

plains under .a. .... ..less to gteenhnase; 0. 1, 2

teptesents  ;ono-ol, mild -- and .mete stress

丁吧5卯covet了
会一Io  ti  la

助迫时间stress timed)
                e

2.2-4 渗透胁迫期间HI和Ll植株叶片中ABA含量

变化与Pro含量变化之间的关系 在重度胁迫下，HI

和I.l植株叶片中ABA的升高先于Pr。的累积(图

6A),ABA含量变化与Pro含量变化之间存在 一个时

间差，据此可以推测ABA的增加引起了Pr。的累积

HI和LI植株都在ABA第1个蜂出现后的第2天发生

Pro大量累积，ABA第2个峰出现后1.1植株Pro含量

继续降低。虽然Hi植株Pr。含量在其后3d出现较大

幅度回升，但此时植株已呈现严重的萎蔫枯死状态，不

-ABA(H12)
奋为BA(IJ2)

一P,..即 2)
b P- 住JZ)

，月1八川【1)杏Pro
+ARA(LII) 巧。思 )(L11)

图6 温室渗透胁迫下HI和Ll梢株叶内ABA含量变

化与游离脯氨酸含员变化之间的关系

A重度渗透胁迫,B轻度渗透胁迫

Fig. 6 Rrlauonsh}p haiween ABA cum- and f.rr

,-line cor,rem al leave, of HI and Ll plains ucder

o.,nauc slrcs Ir, greenhouse

A- -re stre- B- ild - -

可能具有重新合成Pr。进行渗透调节的功能了 此时Pr。含量的增加可能是叶片失水引起叶细胞死亡、蛋

白质快速分解造成的，是一种伤害症状而不是植物对ABA第2个峰值的响应

    轻度胁迫下 对HI植株来说.ABA的变化与Pr。的变化之间仍然存在时间差，只是缩)J至Id.峰值过

后二者均保持较稳定状态 表现出植物对轻度胁迫的适应性调节〔图6B);而对LI植株来说 其Pr。的累积

却发生在ABA含量升高之前，这与ABA诱导Pro累积的推论相反，表明Pro的累积不只与ABA的含量

有关.很可能受到其它因素的影响

3 讨论

3.1 水分胁迫条件下H丁和LI植株叫片含水量的变化

    在两种不同形式的水分胁迫实验中，FII和LI植株LWC均随胁迫时间的延长而不断下降、且下降的

程度与胁迫强度密切相关。Aracltevaleta等}’‘和Hill等’」认为内生真菌感染可造成植物水分利用F.的差

异 通常来说感染植株能维持 一个较高的水势，避免萎蔫。在本实验设计的两种不同的水分胁迫条件下，H1

植株LWC均高于川植株(除重度渗透胁迫 「二者无显著差异外)且随着胁迫时间的延长和胁迫强度的

增加次种姓应表现得俞明显 议表明HI植株在胁迫条件下具有保持较高LWC的能力。即内牛真菌的存在
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3. 2 水分胁迫条件下HI和I.I植株叶片内游离脯氨酸含量的变化

    水分胁迫下植物体内游离脯氨酸的积累是个普遍现象u。本实验室在过去几年对黑麦草的抗旱生理

生态机制的研究中发现，叶片内游离脯氨酸的累积是其对各种不同形式水分胁迫的一种普遍反应.且反应

敏感、变化幅度人，因此认为游离脯氨酸含量可作为黑麦草对干旱逆境反应的一个较灵敏的参数- 11 然

Ifp到目前为止人们尚没有获得足够的证据以便在植物体内游离脯氨酸累积同其抗旱性之间建立起必然的

联系 一些研究表明.干早胁迫卜植物体内发生脯氨酸的累积足一种适应性反应’‘一，」，因此可将其作为抗

旱性指标用于植物育种工作巾 而另 些研究却表明脯氨酸累积仅仅是一种损伤性表征L’了一‘，木文的结果

表明这种影响的确存在，但其生理生态学意义值得深人思考

    在固定样地+旱胁迫情形下.植物叶片含水量随土壤含水星的下降而呈波动式下降，而与此同时叶片

游离脯氨酸含量在波动中上升 在脯氨酸含量曲线的前两个波峰与波谷区间内HI植株低于1.1植株，这可

以用HI植株与LT植株相比具有较高的A}片含水量来解释(图I)，因为本实脸的结果和以前的报道『‘都

证实黑麦草叶内游离脯氨酸含量与叶片含水量之间存在着显著的负相关关系_川植株脯氨酸曲线在胁迫

期末土升速度加快并超出LI植株(此时HI植株水分状况仍优于I.1)，可能具有生态适应上的意义前者PJ

能因此获得相对较强的渗透调U能力

    与前面的情形不同 在温室渗透胁迫条件下.植物含水量曲线在胁迫开始后不久就随胁迫强度不同而

产生分化，但HI和LI植株之间却基本卜没有出现明显的分异。_者的脯氨酸含量曲线变化可能反映了它

们对渗透胁迫的反应特点。轻度胁迫下LI曲线有一个明显的峰值而HI却没有.表明前者刘渗透胁迫更敏

感:重度胁迫卜I .I和HT植株先是出现一个峰值.且有LI>Hl.说明在胁迫前期LT植株对胁迫较为敏感;

而到了胁迫后期HI植株的脯氨酸含量却出现超过LI植株的趋势.有可能是一种保护性反应，脯氨酸在体

内的积累作为一种渗透调节物质而起作用。

3.3 温牢渗透胁迫下，HI和LI植株叶片中ABA含量的变化及其与脯氨酸含量变化的关系

    ABA作为一种“逆境激素”在植物受到干旱、盐渍或寒冷引起的渗透胁迫时，其含里会急剧r. fl ='

月前己经发现许多植物在水分胁迫下体内ABA含量升高 Hanson等.发现16种不同基因型的珍珠粟

(Pennisetzon muerieunam (L. ) Leek,) 在水分胁迫下叶片中均发牛不Iff)程度的ABA累积:2‘。de Bruxelles

等发现在渗透胁迫下拟南芥(Arabtdopa;a lhuliunu)根和叶片中的ABA水平R著提高tz} 本实验结果表

明，在渗透胁迫下，HI和LI植株ABA含量与对照相比均明显增加，且增加的速度和幅度与胁迫强度和胁

迫时间有关，在重度胁迫下ABA增加的速度最快、幅度最大。内牛直菌感染对植物体内ABA水7的影响

与胁迫强度和时间有关:在轻度胁迫下，前期HI的AB八含量高于1.1，而后期则相反 在重度胁迫下.前期

LI的ABA含量高于III而后期二者趋于 一致 由此可以看出内生真菌对ABA累积的正效应只发生在轻

度胁迫下的较短时间范围内。

    在水分胁迫下 植物休内ABA和脯氨酸的含量都出现累积现象，但在时间上有先后之分，如在于旱胁

迫期间.大麦中ABA的增加发牛在脯氨酸增加之前(}R」研究还表明外施ABA -l以促进小麦、大麦、水稻

等植物体内脯氨酸的积累即”·因此人们认为ABA川能激发r脯氨酸的增加('" a Stewart K Vuetberg
发现大麦叶片经萎蔫处理后 ABA和脯氨酸含量均明显增加且脯奴酸的增加发生在ABA增加之后 I f ri

发现只响八BA含量达到。.3- 1棺FW时，脯氮酸才发牛累积;外施ABA得到了同样的结果 ”:Sewer

认为ABA诱导的脯氮酸累积的代谢原因是刺激了谷氨酸合成脯氨酸的过程仁3灿 目前的研究表明ABA和

脯氨酸的累积之问的因果关系存在于一此植物中，但并不存在于所有的植物中 乞、·“’而且在胁迫条1'I

卜植物体内ABA水平经常是在胁迫施加后不久出现累积峰 而后即使胁迫继续ABA含量仍下降全非胁

迫水平 因此Hare等认为胁迫条件下脯氨酸的累积受ABA依赖M (ABA dependent)和ABA非依赖M

(ABA independent)两种信号传递途径的调节之〕‘。
    本实验结果指出，在轻度和重度渗透胁迫下川 植株叶片内ABA与脯氮酸的累积之问均保持较为一

致的 时间差”即在ABA累积最大值出现 1-3d后.脯氨酸的累积最大值才出现 而L1植株只在重度胁
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迫千才与HI植株 一样表现出’‘时间差”，而在轻度胁迫下，其脯氨酸的累积却发生在AR八累积之前一以I

的结果可以表明.在渗透胁迫下ABA作为感受胁迫的信号物质省先发生累积 而后诱导渗透调节物质发

生积累 提高植物的抗早性 在重度胁迫 F.HI和LI植株脯氨酸累积的信号传递途径以ABA依赖型为

t, ABA与脯氨酸之间表现出较好的诱导关系 而在轻度胁迫下 LI植株脯氨酸的累积发生在ABA累积

之前，其脯氨酸累积的信号传递可能以ABA非依赖型为主。据此推断，胁迫条件下内生真菌可能会影响植

物休内脯氨酸累积的信号传递途径

参考文做

2飞

梁 守.高玉葆.内生真两对植物生长发育及抗逆性的彭响 植物学通报、2000. 17 (1): 52~一5 S.

Clay K. Fungal end,phy- of grass..: a defensive mmualism. Ernlugy. 1988. 69:1n-16.

SiegelM R.八rremoarum endophyces_ our current store of knowledge and future direction fur search. Agar

E;avosmme Envrrnn，1993. 44.301一121

4〕 Bacon C W. Sirg.l M R

乃 .1

Endophyrr parasni.m of call f...o'. .lours'!司 户rtxirrcxroa彻riudture. 1988 卜4,

15一Clay K. The eff- of fungi on the Imeracti;m betwe.n host plants and their h-hivores. C.,,,d,.,, 1,--l "f

      Plant Pathology. 1987.，380一388

  ‘了 Lewes D H. Evoluelon aspe,-is of rout-lisuc as...iauon between fungi and photosyn(henc organism.In; Rayne;

      A. D. M.，B-ter C M.Moore D.，eds. E-dutioaocv Biology of the Favgi. Cambndge Univer>itc Press.

      Cambndge. 1988. 161一178

  7_ Latch‘;C M. Hum W F. Mucgraye DR. Endophyne fungi affect growth。「perennial grass. N. Z.].

      Agriadtural尺.worth. 1985. 28:165一168

一6二Hdl .N S. Pclasky 1 P. Sumger W C. Cornpeurioene,s of ,all fe-e- influenced by A。 。。。。uennpheuhem.

      C,叻 Sr;ence. 1991 . 31: 18.5- 190

L，] Alexopoolos C J. Mims Cw、Blackwell M- In; Intmd.- y ;Mycology (4th edition). John Wiley $. Son，1-

        1996. 15:17.324.515

f_lo_  Clay K. The potential role of endophyres in ceosyxrenrs. In: Baco(.w.，Wh,re It 1. F.，eds. Uuaechnolog.。/

      endophytte fungi of grosses. CRC Prx,s. 1994. 73--86

二11]  LarchGC M. Chti,几 ensen M J. Artificial infection of grasses with endophyres. Annuls of Applied Barlogp. 1985.

        107: 17--24.

_12了 张殿忠，合沛供，赵会贤 侧定小麦叶片游离脯氮酸的方法.植物生理学通讯，工，90. 26 (4), 62 65.

乙13口 昊颂如，陈婉芬，周 燮.酶联免疫法(ELISA )测定内源植物激素 植物生理学通讯，J9M (3): ;3'57.

I I I]   Arach...leta M: Bacon C W. Hoeeland C S.ee a1. effect of the tall fesene endophyre on plain r，‘，- to

      emnonmenml sues.,. Agronomy J...-l. 1989. 81: 83--90

仁15J  Hill、S. Stringerw(，Rouinghaue G E. er 1f. Gtowth, morphological and them,: al component ...pons，,f ;all

      f ....〔。Arremarvmn met,叻hrulurn. Crop从trine. 1990. 30: 156- 161.

二]司 了〔文伟.钱 占.马 骏.等 不同地理种群羊草在聚乙二醇胁迫下含水贤和游离脯氨酸含晕的比较 生态学报.

        2000. 20 (2卜 349'-352.

[1了〕 高玉葆、任安芝.刘 峡.等 黑麦草叶内游离脆氨酸含最对于不同类型和强度的水分胁迫的生FF.生态响L" 桥

      物生态学报.19990.23(3):193-204

_18J 刘 宁，高玉葆 贾彩霞，等 渗透胁迫卜多花黑麦草叶内过氧化物酶活性和脯氮酸含量以及质膜相对透竹的变

      化.植物生理学通讯，2000 . 36 (1): 11一14

二19]  Singh 'P v. Paleg L(;，Asp6:all[〕.strews m-bol- n . Varinnon= is respon,e to waeer d,1:, a n  the hnrlcy

      plant. dusrralian Jnu+nal o} Blolog-l Suen,. 1973. 26: 64一76

-co   7reichcl S. Hrinckman E, Vcheirler H. ra of. Occurrence and'hanger :,f prol- cony- in placer二the ,ouch。二

      \amib

21   Kelley

Deserr io relations to mcrensing and d"Crcasing droughr

F，Ludlow M M. Carbohydrate m-bohsm in drought

Plans, 1984,162: 236-242

sue...cd Ica,e_, of Pigeon Pen (C,.w � �.ace�

万方数据



1972 生 态 学 报 21卷

      .barn.[ of E动enmenta[ Be- . 1993, 44: 13;1一1359.

乞22一 Stew- C R. Hanson A D. Proline accumulai:11as a metabolic responset . water stress. In: Turner N.〔·

      Kramer P. J-、,d,. Adapmtrnn of plants to ...... .ad high ternprrature stress. John Wile, 8. Sons, la, New

      York, 1980.. 173一189

1 23,   lberra-Caballcro J: V;Il.nue,a-Verduz- C, Molma Galan J, et al. Prohne :ucumulanou, a., a ,ymptora of

      drought ,vev m marz七:    a tmsuo differentiation req.... nirm, .low- of Erp-invent Botany. 1988. 39: 88，一

          89了_

_241 高玉葆 任安芝，刘 峰 梭拟草地内黑麦草叶游离脯氨酸含呈与叶1i含水量‘土壤含水量之间的相互关系研究

      南开大学学报 (自然科学版)，19996, 32: 169--176

江25 周 登,夏 凯.脱落酸的生物合成、代谢与作用机理.见:余叔文，汤章城编一植物生理与分子牛物学 (第二

      版〕北京 科学出版社，1998. 176--492_

=26乙 Hanson A D. Imerpredng the metabolic rn,ponsea of plants to water stress, flon5r:ence, 1980. IS: 623一(29.

  271  de 19..x.11- G L, Peacock W J. Der:nl, E S.“al. Absnsic acid ind.,,, the alcohol deh,击:genase gcuc m

      Arzhidnpsts. Plant Phyualogy, 1996: 111:381一391.

L28'  .Aspinal1 1). Role of ab,,i,ii acid and other hormones m adaptation to water stress, in: 7 timer N C, Kramer P J,

      ,d,. Adaptation汀Plants so W.--d High Temperature Stress. Wiles and Sons, New York. 1980. 155一172.

二29_曹仪梢，吕忠恕 水分胁迫下植物休内游离脯氨酸的娥积及ABA在其中的作用‘梢物生理学报，1985. I1(1):9

          一 16.

J30_  Stewart CR.下he tnechaulsm of ah,ri,ic acid induced praline a,e.m击,ion in bail'y 1-,、Plant Physinlngy.

        19806. 66: 230-233

厂31jChou I T, Ch,u C 7，Kao C H. Charactansnes of the induction of the accumulation of pro[。b, ab,,i5 i;d and

      :.,obutydc and ;n detached rice leaves. Plant Cell Phy,Wngs, 1991. 32: 269--272

_321  Dalltuiet K A. Stewart(一R. effect of e=ugenoas absct- avid on proline dehyd-genase activity in maze (Zea may,

      L)Plant Physiology, 1992. 99: 762-764-

[33]                                       St-t, (一R. Voetberg G. Relationship between sues.-induced ABA and proline arcnmolations and ABA-endured

      proline areumulation m excised badcy leaves. Plant Physiology. 1985. 79: 21--27

[31 i Xtn Z. l.in P H. Relationship between prol6,a and absci- add in the inducnon of chilling tolerance in〕 ,a.,

      susp-io-cultured -1L- Plant Physiology, 1993.103: 607--613.

  35 J    Sa.oure A, Hua X J. B-- he N,“.1. Al-sic acid independent and ab,(ish acid -dependent regulation of

      proline hiosymhesfs following cold and osmotic strew s. Molecular and General Geneno- 1997. 254: 104-10.

(36]  Hare P 1), Cc... W A. yen Staden J. Proline synthesis and degradation; a modelsy,t-, for elucidating sires.

      .elated signal varnndanon. Journal可Fsperimenfal Botany. 1999. 50(333): 413̂-431.

万方数据


