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ABSTRACT 

Some plants release thousands of viable cells from root caps into the soil. These 

cells can be technically defined as root border cells (BRD cells) and may playa role 

in the regulation of microbial populations in tht! rhizosphere. Chemoattractants 

released from pea (Pisam sativum) to Awobacterium tumefaciens were characterized 

by using lectin and chemical analysis for heat-stability, size, and solubility. 

Experiments designed to understand the process of border cell release were initiated, 

and a relationship was established between pectolytic enzyme activity and the release 

of pea border cells. 
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Section One: Preliminary Characterization of Compounds from Pea Root Border 

Cells Chemotactically attractive to Agrobacterium tumefaciens 
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SUMMARY 

Root border (BRD) cells originating from meristematic cells in the root cap are 

released into the soil, and we hypothesize that these cells may have a role in the 

regulation of microbial populations in the rhizosphere. In this study, we 

characterized chemoattractants released from pea (Pisum sativum) BRD cells toward 

Agrobacterium tumefaciens A348. Based on observations of previous studies that A. 

tumefaciens is chemoattractive to sugars found in root exudates, we used lectin to 

determine if lectin-binding sugars are involved in chemotactic attraction. No one 

single lectin we used in this assay was able to identify the bacterial chemoattractant. 

Some preliminary chemical analysis with respect to the heat-stability, size and 

solubility of the chemoattractants also was carried out. 
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INTRODUcrION AND LITERATURE REVIEW 

A A~obacterium tumefaciens: 

The soil-borne phytopathogen, Airobacterium tumefaciens, which causes crown 

gall on most dicots, some gymnosperms and monocots (13,14), infects plants through 

wounds. Pathogenesis results from an unique interaction between plant cells and the 

bacteria (45). A. tumefaciens first recognizes and attaches to a susceptible plant cell 

in the complex soil environment. This recognition involves in a series of events. 

Although directional movement to the infection sites appears to be an advantage for 

the bacteria under some conditions (19,24), the importance of chemotaxis in guiding 

bacterial movement is not yet confirmed. After the initial attachment of the 

bacterium to the wound sites, a bacterial conjugation-like reaction occurs between 

the plant and the bacterial cells, during which one part of the bacterial genetic 

material is transferred and integrated into the host plant genome (36,45). The 

transferred bacterial DNA has been identified as a segment of the tumor-inducing 

plasmid (Ti plasmid) which is harbored in virulent strains of A tumefaciens (38,54). 

The segment of transferred DNA (T-DNA) involved in tumorigenesis is about 25 kb 

in size (53). The expression of T-DNA in the plant genome results in the formation 

of crown gall, through the over-synthesis of cytokinin and auxin in plant host cells 

(36). There is another set of genes in the Ti plasmid, called the virulence (vir) genes 

which are required for the transfer of T-DNA The vir genes consist of at least seven 
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gene loci, virA-G. VirA and virG genes activate the other loci in response to 

phenolic compounds from host exudates (30,44,46,52). The vir Dl and Yir D2 gene 

produces a topoisomerase and a site specific endonuclease which process the T-DNA 

and release one single strand of T-DNA (16,50). The Yir E2 at the vir E locus 

encodes a single strand DNA binding protein which, when acting in consents with vir 

D2 may serve to protect the transferred molecule (T complex) (5) from bacterial and 

plant cell nucleases, and possibly facilitates its localization to the plant nucleus and 

integration into the plant genome. The vir B gene produces membrane associated 

proteins which are likely involved in the transportation of T-complex across the 

bacterial cell membrane and wall into the plant cell (51). The functions of the other 

vir genes are not clear yet (review in 55). A tumefaciens is by far the best 

characterized soil-borne pathogen. It was therefore chosen as a model to study the 

impact of root border cells in rhizosphere dynamics. 

B. Root border cells: 

Root border (BRD) cells originate from a root cap meristem which is separated 

from the apical meristem of the root (2,15). These cells can be defined as the cells 

from the root cap region that can be nondestructively dissociated by agitation of the 

root in water (21,27,29). The cells form a sheath around the root as they are shed. 

These cells were previously thought to be "sloughed" as dead cells in a passive and 

nonspecific way which may provide some sources of foods for microorganisms in the 
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soil (34,47,49). Recent studies showed that these cells can exhibit 90-100% viability 

after release into culture (27) and can survive under field conditions (47). BRD cells 

may playa more specific role in the regulation of certain microorganism populations 

in the rhizosphere than suggested previously (17,18,20,22,23,24,25,26,28,29). For 

instance, mutants of A tumefaciens which did not respond with chemotaxis to BRD 

cell exudates lost virulence in soil (22,25). 

C. Chemotaxis of A. tumefaciens toward BRD cells: 

Chemotaxis can be defined as the movement of microorganisms along a 

chemical gradient. Chemotactic mutants of Pseudomonas syringae (19) and' A. 

tumefaciens (24) do not colonize leaves or roots respectively. The role of chemotaxis 

in plant host-parasite interactions in the rhizosphere is not understood in detail, but 

such a movement may play an important role in the location of nutrient sources (4) 

or the recognition of infection sites (19,24). Bacterial receptors of chemoattractants 

and the nature of the chemoattractants from BRD cell suspensions are not known. 

The chemoattractants from BRD cells may be different from those released from 

plant root exudates which are released prior to the formation of BRD cells. Both 

sources of chemoattractants may have different effects on microbial populations in 

the rhizosphere. The objectives of my research were to characterize compounds 

released for the cells that are chemotactically attractive to A tumefaciens. 
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D. Lectin assay: 

Lectin are proteins or glycoproteins that have an affinity for specific saccharides 

that gives them the ability to agglutinate erythrocytes and other types of cells (41). 

Some of the lipid molecules and proteins that comprise the cell outer membrane 

carry branching chains of sugar molecules that extend from the cell surface. When 

lectin bind to these saccharide branches on cell membranes in hydrophobic 

interactions, they interconnect large number of cells, causing them to clump together 

(41). Because lectin differ widely in their specificity in cell-agglutination reactions 

and in binding to specific saccharides, lectin are valuable as a probe for identifying 

and mapping the sugars on the surface of cells (48). Previous studies revealed that 

A. tumefaciens is chemotactically attracted to sugars found in root exudates (25). To 

determine if specific sugars released from BRD cells contribute to the attractiveness 

of these cells to A. tumefaciens, lectin were used in attempts to block chemotactic 

attraction of BRD cells by binding specific saccharides. Although it was not the 

objective of the research, these assays also gave some information on the cell wall 

structure of BRD cells. 

Preliminary characterization of BRD cell chemoattractants with respect to 

stability, size, and solubility of the chemoattractant was undertaken in order to 

provide a foundation for further purification and identification of these compounds. 
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MATERIALS AND METHODS 

Bacterial strains and culture conditions. A. tumefaciens strain 348 (37) for all 

chemotaxis assays was grown on yeast extract~mannitol (YEM) medium ( K2P04, 

0.5g; MgS04.7H20, 0.2g; NaCI, O.lg; mannitol, 10.0g; yeast extract, O.4g; agar, 8.0g 

in per liter of deionized water, pH = 6.9) at 30 C for 24 hr, and then suspended in 

sterilized distilled water (SDW) to a concentration of 109 colony forming units (CFU) 

per ml. This concentration corresponds to an absorbance value equal to 1.0 O.D., 

measured spectrometrically at 625 nm wave length. 

Plant material. Pea (Pisum sativum, cv. tittle Marvel) seeds were obtained 

from Royal Seeds, Kansas City MO. Pea BRD cells and their exudates were 

collected by the methods described by Hawes and Wheeler (29). Pea seeds were 

sterilized for 5 min in 95% ethanol and 50% commercial bleach respectively. Seeds 

that swelled quickly were discarded and those remaining were soaked in water for 

12 hr. Imbibed seeds were placed on the surface of water agar (0.7%) covered by 

sterilized filter paper in a petri plate, and incubated at 25 C in the dark for 2-3 days. 

When roots were 2-3 cm long, root tips were immersed in sterilized distilled water 

(SDW) and gently agitated to detach the BRD cells. The BRD cell suspensions thus 

obtained were then used in assays. Cell numbers were determined by counting with 

a hemocytometer. All procedures were carried out aseptically. 



17 

Chemotaxis assay. The assay used was described by Hawes et al (25). The 

chemotaxis reaction was conducted in a 6Ox15 mm petri dish containing semisolid 

agar (0.2%). A 10 ul sample of bacterial suspension (109 CFU/ml) was centered in 

the petri dish. The BRD cell suspension or their exudates (10 ul) was placed on one 

side of the plate (Fig. 1). After 24 hr incubation at 30 C, the chemotaxis ratio was 

measured to present the positive (> 1.0) or negative reaction ( < 1.0) of the bacteria. 

The chemotaxis ratio was obtained by dividing the distance of the bacterial 

movement toward the BRD cell suspensions by the distance of the bacterial 

movement toward the opposite side (Fig.l). 

Lectin. All the lectin were obtained from Sigma Chemical Co. as crystallized 

products (Table 1). For assays, lectin were dissolved in sterilized deionized water 

containing 0.1 % Triton X-100 to inhibit the non-specific binding sites on lectin (33). 

Agglutination assay. Fifty ul of BRD cell suspension (1,000 cells/ml) was mixed 

with 50 ullectin (1 mg/ml) in microtiter plate wells. The suspension was incubated 

for 1 h at room temperature. The agglutination response of BRD cells was observed 

under a stereomicroscope at magnifications up to 50 X (Fig. 2). Specificity of the 

reactions was tested by adding 50 ul of haptenic monosaccharides solution (1 mg/ml 

dissolved in sterilized deionized water) into the agglutinated cell suspension. 
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Chemical analysis. BRD cell suspensions (1.0 x lOS cells/ml) were treated with 

boiling water bath for 10 min prior to assay. Suspensions were dialyzed in membrane 

tubes (Spectrum medica Inc.) of three different pore sizes, 1000, 2000 and 3500 

molecular weight cut-off against water for 5 hr at room temperature. BRD cells 

were isolated into SDW from 285 roots. The BRD cell suspension was filtrated by 

a 10 um pore size nylon mesh to separate BRD cells and its filtrates. The filtrates 

were freeze-dried and dissolved in methanol and water, and then fractionated by 

reverse phase using a Sep-Pak C18 cartridge. Both fractions were lyophilized to 

dryness, resuspended in sterilized distilled water and tested for activity in the 

standard chemotaxis assay. 
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RESULTS 

Agglutination of DRD cells. Sixteen sources of lectin were selected to test the 

agglutination of BRD cells (Table 1). Lectin were chosen based on the binding 

ability with specific sugar(s) and the nondestructive effects on human blood cells. 

Pea BRD cells were agglutinated by ~ix different lectin and cotton BRD cells were 

agglutinated by two different lectin (Table 1) in the presence of Triton X-lOO. 

Agglutinated pea BRD cells were dispersed by addition of haptenic monosaccharides 

(D-+-galactose or N-Acetyl-D-galactosamine). Pea BRD cells alone or pea BRD 

cells plus Triton X-I00 did not agglutinate (Fig. 2). Chemotaxis of the bacteria 

toward the agglutinated cells suspension was positive in all lectin treatments (Table 

2). Lectin alone did not attract the bacteria. 

Attraction to nonviable DRD cells. Boiled BRD cell suspensions were attractive 

to the bacteria, suggesting that living cells are not required for attraction (Table 3). 

To estimate the size of attractants, dialysis tubing of 3,500, 2,000 and 1,000 molecular 

weight cut-off pore sizes were used. BRD cell suspensions dialyzed in these 

membranes ( against water) all lost their attractiveness to the bacteria (Table 4). 

Chemical analysis. When freeze-dried BRD cell suspension filtrates were 

dissolved in methanol and water, both fractions were attractive to the bacteria. 
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Based on differential solubility, suspensions may contain more than one compound 

which can attract the bacteria (Table 5). But, it is also possible that the attraction 

of both fractions could be attributed to a single compound soluble in both methanol 

and water. 
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Fig. 1. Assay of A tumefaciens chemotaxis toward the pea BRD cells. Ten ul of 
bacterial suspension (lx109 CFU/ml) are centered in the semisolid agar plate (6Ox15 
mm) plate. The BRD cell suspension is placed in one side of the petri dish. After 
24 hr incubation at 30 c, the movement of the bacteria will perform as a swarm. 
Movement of the bacteria toward pea BRD cells suspension on a semisoft agar was 
indicated by arrow. Photograph was obtained from M. Hawes with the permission 
(24). 
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A 

B. 

Fig 2. The agglutination of pea BRD cells. A The dispersed pea BRD cell control 
in the absence of lectin. B. The agglutinated pea BRD cells. Fifty ul of pea BRD 
cell suspension (1,000 cells/ml) is mixed with 50 ullectin solution (1 mg/ml) in the 
presence of Triton X-100 (0.1 %) in a microtiter plate well. The mixture is incubated 
for one hour at room temperature. The agglutination response is observed under 
dissection microscope. 
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Table 1. Agglutination of BRD cells by lectin 

------------------------------------------------------------------------------------------------------------------
Source of lectin pea cotton sugar specificity 

----------------------------------------------------------------------------------------------------------------
x 
fhaseolus limensis + 
Triticum vula:aris + 
Glycine max + 
Vi&na radiata + 
Arachis hypoKaea + 
Phaseolus vulgaris + 
Bandeiraea simplicifolia -

Ulex europaeus 
Phaseolus coccineus 
l&ns. culinaris 
Madura pomifera 
Pisum sativum 
Solanum tuberosum 
Erythrina cristaKalIi 
Concanavulin A 
Lathyrus odoratus 

y 

+ 
+ 

z 
D-GalNAC 
(D-GlcNAc )2 
(D-GlcNAC)2' D-Gal 

D-Gal 
D-GaINAc 
l-O-methyl- -D-GaIP, 
l-O-methyl- -D-GalP, 
Gal, Glc, -Lactose, 
D( + )-Melbiose, D( +)
Raffinose, D( + )-Fucose 
L-Fuc 
Fetuin, Type N 
Sucrose, D-Man, D-Glc, GlcNAc 
D-GaINAc, yal 
Sucrose, D-Man, -D-Glc, GlcNAc 
(D-GlcNAc)3' (D-GlcNAc)2 
GalNAc, Gal- -Lactose 
-D-Glc, -D-Man, D-GlcNAc, 
Glc, Man 

--------------------------------,------------,---------------------------------------------------------------------
x: II + II root cap cells were agglutinated by the lectin. 
y: "-" root cap cells were not agglutinated by the lectin. The agglutination response 

was investigated at least in three separately experiments. 
z: N-acetyl-D-galactosamine (D-GaINAc), N-acetyl-D-glucosamine (D-GlcNAc), 

D-galactose (D-Gal), l-O-methyl- -D-galactopyranoside (l-O-Methyl- -D-gaIP), 
l-O-methyl- -D-galactopyranoside (l-O-Methyl- -D-GaIP), D-glucose (D-glc), L
fucose (L-Fuc), D-manose (D-Man), N,N',N"-triacetylchitotriose «D-GlcNAc)3)' 
N,N'-diacetylchitobiose «D-GlcNAc)2)' "---" (no information). 
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cells in the presence of lectin 
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_________________________________________________________ u _______________________________________________________ _ 

x 
Source of 
reaction 

y 
Agglutination 

ratio 

Phaseolus limensis + 
Triticum vull:aris + 
Glycine max + 
Vigna radiata + 
Arachis hypol:aea + 
Phaseolus vulgaris + 
Bandeiraea simplicifolia 
~europaeus 
Phaesolus coccineus 
Lens culinaris 
Maclura pomifera 
Pisum sativum 
Solanum tuberosum 
Etythrina cristagalli 
Concanavulin A 
Lathyrus odoratus 

z 
Chemotaxis 

1.29.±.0.118 
1.34.±.0.040 
1.32.±.0.126 
1.31.±.0.127 
1.31.±.0.136 
1.36±0.035 
1.33.±.0.084 
1.35.±.0.021 
1.24.±.0.098 
1.35.±.0.136 
1.28.±.0.152 
1.29.±. 0.111 
1.27.±.0.046 
1.25±.0.106 
1.34.±.0.006 
1.34.±.0.012 

lectin 

----------------,-----------------------------------------------------------
x: Lectin were obtained from the same stock as the agglutination test. 
y: II + II BRD cells were agglutinated by the lectin. 

"-" BRD cells were not agglutinated by the lectin. 
z: The chemotaxis ratio larger than 1.00 means the positive attraction to A. 

tumefaciens, which was measured in the absence of Triton X-tOO by the 
following of the standard chemotaxis assay. Values were means and standard 
(error/deviation) of three experiments. 
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Table 3. Heat stability of chemoattractants for pea BRD cells 

--------------------------------------------------------------------------------------------------------------------
Boiled Nonboiled 

--------------------------------------------------------------------------------------------------------------------
y 

chemotaxis 
ratio 1.33±.0.046 

z 

1.35±.0.05 

---------------------------------------------------------------------------------------------------------------------
y: BRD cells ( 1.0 x lOS /mI) were heated in boiling water bath for 10 min .. 
z: Ten ul of boiled BRD cell suspension was placed on semisoft agar for the 

chemoattraction assay to A tumefaciens at 30 C for 24 hr. The chemotaxis ratio 
(distance of bacterial movement to BRD cell suspension/distance of bacterial 
movement toward the cross-side) larger than 1.00 means positive attraction. 
Values are means and standard (error/deviation) for 5-10 replications in three 
experiments. 



Table 4. Molecular weight range of chemoattractants for pea 
BRD cells 
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--------~------------------------------------------------------------------------------------------------------
Pore size of dialysis tubingY 

------------------------------------------------------------------------------------------------------------------

3,500 2,000 1,000 undialyzed 

------------------------------------------------------------------------------------------------------------------
chemotaxisZ 

ratio 1.05±0.092 1.06±0.055 1.07 ±O.08 1.36±0/09 

------------------------------------------------------------------------------------------------
y: One to two ml of pea BRD cell suspension (1 x lOS cells/ml) was pipetted into 

molecular weight cut-off of dialysis tubing and dialyzed against water for 5 hr 
at room temperature. 

z: Ten ul of dialyzed pea BRD cell suspensions were placed on a semisoft agar for 
chemoattraction assay toward A. tumefaciens. Values are means and standard 
(error/deviation) for 5-10 replications in three experiments. 
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flltrate 
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----------------------------------------------------------.------------------------_._ .. _-----------._--._ ..... -. __ . 
x 

filtrate/water filtrate/MeOH unfraction 
_________________________________________________________ , •• _________ • __________ --u_ •••• ___________ ._ •••• _. __ ••• _ •• _. 

chemotaxis y 
ratio 1.28.±.0.048 1.32.±.0.055 1.3I.±.0.056 

-----------------------------------------------------------_._-----._-------_._-------_._---------_._-_ .. _ .. _-.. _ .... 
x: Pea root cap cell filtrate was obtained by filtration with a 10 um pore size nylon 

mesh. The filtrate was dried and dissolved in methanol and then fractionated 
by a Sep·Pak CI8 cartridge. Fractionation was lyophilized to dry and 
resuspended in sterilized distilled water to test chemotactical attraction. 

y: Ten ul of fractionated pea BRD cell filtrate was placed on semisoft agar for 
chemotaxis assay toward A. tumefaciens. Value is the mean of five replications 
in one fractionation. Ratio larger than 1.00 means positive attraction. 
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DISCUSSION 

Dialysis, thermal tests and solubility indicate that the chemoattractant(s) in pea 

BRD cell suspensions are heat-stable, and less than 1,000 daltons molecule weight. 

More than one component may contribute to the attractiveness to A. tumefaciens. 

According to recent analysis done by B. Timmermann and B. Wahyuono (University 

of Arizona, personal communication), supernatant of pea BRD cell suspensions 

contains 55% amino acid and 45% polysaccharides in the methanol soluble fractions. 

Chloroform extracts of the supernatant of pea BRD cell suspension were rich with 

simple phenolic substances. 

Attractiveness of pea BRD cells to A. tumefaciens was not inhibited by 

agglutination of the cells with lectin. Several possibilities exist which may explain this 

observation. First, pea BRD cell suspensions may contain chemoattractants other 

than lectin-binding saccharides. Second, continuous production of saccharides could 

result in release of unbound attractant. Third, a combination of more than one lectin 

may be needed to inhibit the attraction, if more complicated saccharide moieties are 

involved. Fourth, bacteria may possess an unknown mechanism which can respond 

to the lectin-binding saccharides complex gradient. Completion of the chemical 

analysis may be required to resolve some of these questions. 

Concerning the nature of the BRD cellular receptors for lectin, the sugar 

specificity based on the dissociation tests of agglutinated cells by haptenic 
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monosaccharides (Table 1) indicated that pea and cotton BRD cell surface may both 

contain similar glycosidic structures. However, the best haptenic monosaccharide to 

dissociate the binding is not necessary identical with the cellular receptor recognized 

by the lectin (32). Such a hapten in solution may mimic another carbohydrate that 

occurs in the oligosaccharide receptor site on the cell surface and that may be 

influenced by neighboring saccharides, by the nature of the linkages between the 

sugars in the oligosaccharide chain and by the properties of the protein backbone to 

which the saccharide is linked. Although equivocal, the characterization of lectin 

receptor sites, by differential agglutination of BRD cells may provide a new 

technique for classifying intact plant cells comparable to that use in mammalian red 

blood cells. Such an assay may be especially valuable when lectin receptor sites on 

plant cell surfaces are involved in the interaction between plant and pathogen. 

" 
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Section Two: Relationship between Pectolytic Enzyme Activity and The Release of 

Root Border Cells of Pea (Pisum sativum) 
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SUMMARY 

In some plants, thousands of viable cells are released from the root cap into the 

soil. To understand the role of these cells in the rhizosphere, we have started to 

characterize the release process by identifying gene(s) responsible for the release. 

In this study, we established a relationship between pectolytic enzyme activity in root 

cap and the cell release process. This finding is consistent with the possibility that 

a gene(s) controlling pectolytic enzyme activity is involved in the cell release process. 
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INTRODUCTION AND LITERATURE REVIEW 

A The release of BRD cells: 

This experiment is one part of a long term project to understand plant factors 

that regulate microbial populations in the rhizosphere, and potentially to develop a 

nonchemical biological control method for soil-borne diseases. Because there are 

thousands of BRD cells released into soil in some plant species (27), it was suggested 

that BRD cells may playa role in the regulation of microorganism populations in the 

rhizosphere (17,18,20,22,23,24,25,26,28,29). It may be possible to promote a selective 

microbial environment which is disadvantageous for the establishment of soil-borne 

diseases by genetically manipulating the release of BRD cells into the rhizosphere. 

The differential release of BRD cells may be obtained by using anti-sense mRNA 

technique to create mutants which are deficient in the release of BRD cells from 

plants. This technique has been successfully used to generate mutants with reduced 

polygalacturonase production which normally increases during tomato ripening (43). 

The use of this technique requires construction of anti-sense mRNA from a gene 

involved in BRD cell release and integration of the construct into the plant genome. 

The expression of this anti-sense mRNA in the plant will regulate the translation of 

specific protein synthesis (review in 31). Use of this technique requires some 

knowledge of genes involved in the phenotype. 
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A study was initiated to characterize the process of BRD cell release in the 

interest of ultimately identifying genes which are potentially responsible for the 

programmed release of BRD cells. Initial developmental studies showed that no 

cells are released from very young roots « 5mm), that cells begin to separate when 

roots are > 5mm in length, and that cell number increases with increasing root 

length to a mean of 3400 cells per root (21). These cells can be maintained on the 

root tips as long as the tip was kept intact under laboratory conditions, with roots 

suspended in a chamber with water-saturated air to avoid any physical abrasion of 

the roots. The process of BRD cell release can be reset and synchronized by washing 

root tips to remove associated BRD cells. It was also found that the rate of root 

growth and the release of root cap cells differed according to temperature. When 

pea roots were grown at 35° C, the rate of root elongation was reduced compared 

to growth at 25° C. However, the release of BRD cells was completely inhibited. 

The differential performance of the two processes in response to temperatures 

suggested that the release of BRD cells may be controlled by a metabolic pathway 

different from that controlling root growth. Based on these observations, we 

suggested that the c;eparation of BRD cells may be developmentally regulated 

independently of the root apical meristem (21). 
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B. Pectolytic enzyme: 

Pectic polymers predominate in the middle lamella of plant cells and the 

degradation of these pectic polysaccharides is likely to occur during the separation 

of plant cells. Enzymes with the ability to degrade pectic polymers are called 

pectolytic enzymes (PE). They are widespread amongst microorganisms (review in 

6) and are thought to take part in the establishment of microbial pathogenesis 

(6,7,8,9). It has been demonstrated that fragments released from the cell wall by PE 

can elicit plant defense reactions and that the highly pectolytic pathogens, for 

example the bacterium, Erwinia carotovora, are capable of producing endo- cleaving 

PE, resulting in maceration of tissues and death of cells. Several pectolytic enzymes 

have also been identified in plants. With the exception of tomato fruit 

polygalacturonase (PG), nothing is known about the function and regulation of such 

enzymes in plant development. Fruit PG has been studied extensively and was 

thought to play a role in fruit softening, but recent experiments showed that 

inhibition of the PG gene by antisense mRNA did not inhibit softening. 

Consequently its role in fruit ripening remains unclear. We hypothesize that 

pectolytic enzymes may be involved in the release of BRD cells. 

The pectolytic enzymes are characterized by their ability to degrade the a-l,4-

bond of polygalacturonans. They include exo- and endo- forms of polygalacturonase 

(PG), polygalacturonide lyase (PL), and pectin methyl esterase (PME) (9). PG 

cleaves the linkages by hydrolysis and generates products with a saturated 
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galacturonosyl residue at the non-reducing end. PL and PME cleaves by B-

elimination and generates products with a 4,5-unsaturated galacturonosyl residue at 

the non-reducing end. These enzyme activities can be detected and distinguished by 

several assays which measure the products of enzyme (3,10,38). 

In this study, the relationship between induction of pectolytic enzyme activity 

and the release BRD cells was examined to test our hypothesis that pectolytic 

enzymes are involved in the release of BRD cells. 
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MATERIALS AND METHODS 

Plant material. Pea seeds (little Marvel, Royal Seeds, Kansas City MO) were 

sterilized, soaked in sterile water for > 12 hr , and then germinated on water agar 

until the radicle reached a length of 1 to 10 nun. The seedlings were then placed 

over holes in a sheet of aluminum foil which covered a 1000 ml beaker containing 

500 ml of water, so that their roots were suspended into the air-space of the beaker. 

The entire apparatus was covered by plastic wrap to maintain moisture and 

incubated at room temperature. BRD cells produced by a single root were removed 

by placing the tips of the roots into a small volume of sterilized water and agitating 

gently for 10 to 20 sec (27). 

Pectolytic enzyme assay. Root caps (1-1.5 mm segments of the root tip) were 

harvested from roots (> 25mm in length) at different periods of time after washing 

to remove BRD cells, and were ground in a conical Belleo tissue grinder. The 

ground tissue was suspended with phosphate buffer (pH=6.9) to a concentration of 

50 tips/400 ul buffer. The extraction was centrifuged at 14 krpm /min for 10 min to 

remove most of the plant tissue residue. The supernatant then was retained for 

Nelson's reducing sugar assay (35). For each treatment, 50 ul of supernatant was 

mixed with 50 ul polygalacturonic acid (0.8% w Iv) in phosphate buffer and incubated 

at 30 C for specified intervals. Reducing sugars were measured by adding 100 ul of 
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Nelson's reagent (25 parts of copper reagent A to 1 part of copper reagent B) to the 

enzyme substrate reaction mixtures and heating for 10 min in a boiling water bath. 

At the end of 10 min the mixtures were cooled in a pan of cold water. 

Arsenomolybdate reagent, 100 ul, (reagent C) was then added by pipette. Reaction 

mixtures were incubated at room temperature for 15 min, diluted 700 ul of distilled 

water and read in a spectrophotometer at 660 nm wave length. Enzyme activity was 

estimated as micro moles (urn) of reducing sugars produced by per unit of enzyme 

activity. Absorbance of known concentrations of reducing sugar was plotted following 

Nelson's assay and concentrations of sample unknowns were extrapolated. Controls 

included tissue extract without substrate and substrate alone. 
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RESULTS 

Enzymatic activity in the root cap was detectable 30 min after washing to 

remove the BRD cells, and the PE activity was maintained for 10 hr (Fig. 3). After 

25 hr, activity in washed root caps returned to control values. No activity was 

detectable in non-washed root cap or in the tissue extracts alone. This indicated that 

the enzyme activity detected was obtained from the degradation of substrate added 

to the reaction mixture; not from the degradation preexisting of substrate extracting 

from the root tip tissues during extraction of the enzyme. 
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Fig. 3 Pectolytic enzyme activity in response to washing of root cap to remove BRD 
cells (circles). BRD cell release process (triangles) was investigated separately in 
different set of experiments with the same time course .. Enzyme activity is expressed 
as units (1 unit is the activity of enzyme to release 1 micro molar of reducing sugars 
per hour). 
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DISCUSSION 

These data showed a relationship between PE activity and the release of BRD 

cells from pea root caps. Previously (21), it was shown that following release of BRD 

cells from washed root caps, BRD cell separation began anew five hours after 

washing and the number of new BRD cells reached a maximum of about 3,400 cells 

after 25 hrs (Fig. 3). In the current experiment, PE activity was detectable several 

hours before BRD cells dissociated from root tips and was not detectable after 20 

hrs indicating that PE activity emerged in response to washing of the roots or 

removal of BRD cells and was repressed when BRD cell release reached the 

maximum level. That PE activity was related to development of BRD cell release 

is consistent with the possibility that the gene(s) controlling PE activity is involved 

in the release of BRD cells. The mechanism by which this occurs is not known yet. 

A program has begun to characterize the pectolytic enzyme as well as to isolate gene 

clones controlling the expression of this enzyme. Clones of the gene will be used to 

prepare anti-sense mRNA constructs to generate mutants which can be used to test 

the concept that pectolytic enzymes playa role in the release of BRD cells. If so, 

it may be possible to use the technique to create plant mutants that do not release 

BRD cells. Such mutants can be used to test the impact of BRD cells on rhizosphere 

biology. 
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Pectolytic enzymes are thought to be involved in pathogenesis of many plant 

pathogens and frequently are produced by the pathogens themselves. It has been 

shown that elicitor-active oligogalacturonides which may be released from plant cell 

walls by hydrolysis with PO stimulate the accumulation of phytoalexins (39). Plant 

PEs may be involved in the release of elicitor-active oligogalacturonides in an 

unknown mechanism. Pectolytic enzymes have also been identified and extensively 

characterized from tomato fruit and increase to high concentration in riping fruit 

(11,12). In addition, mRNA with structural homology to pectin lyase genes has been 

identified in tomato pollen, although nothing has yet been reported on the gene 

product (42). The PL gene is also expressed in tomato root caps (McCormick, 

personal communication). These studies suggest that PE may be involved in a 

number of processes in nature. 
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