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ABSTRACT

Induced xylogensis in explants of lettuce pith parenchyma was

greatly in■ uenced by the presence of exogenous methiOnine (0。 l to

O.025 μM)in the culture mediumo ALt the various concentrations of

methionine tested, tracheary element cytodifferentiation was greatly

stimulated in the majOrity of explantso Differentiation, hOwever,was

markedly depressed in a slnall number of explants gro、vn under the

same cultural conditions in the presence of methiOninee Cytodifferen‐

tiation in control explants, cultured on a similar medium lacking

methionine, gave consistent tracheary cell counts with relatively little

variabilityo These data suggest that endogenous ethylene may play

an irnportant role in the induction of tracheary element differentiation.

The internal concentration of ethylene produced within the cultured

tissue may be a critical factor in deterrrlining whether the hOrmone

will stilnulate or suppress the initiation of cytOdifferentiOn. Some

thick‐ walled and pitted cells were observed, and these may represent

partially‐ differentiated xylerrl elelrlents.
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lntroduction

MethiOnine is a major precursor for tlle biosynthesis of ethylene in

higher plant tissues(Abeles,1972,1973;Yang,1974)。 The incorporation

of methiOnine into a culture medium supporting the growth of

internode segments excised from a short‐ day plant, PJ%πみαgο グη″εα

L.var.Angko,induced the forrnation of■ ower buds under noninductive

photoperiods. The  treatinent of sirnilar cultures  with exogenous

ethylene pr6duced the same results(Nitsch,1968).Sakai and lmaseki

(1972)demonstrated that exogenous methionine acts as anグ ηυグυθ prec‐

ursor of ethylene biOsynthesis in auttin― treated mung bean hypocotyl

segments, and other workers httve Shown that ethylene production in

apple tissue slices is greatly stimulated by exOgenous methionine

(Liberman, Kunishi, MapsOn and Wardale, 1966).TheSe results
suggest that methiOnine may be employed in an external rnediurrl for

the enhancement of ethylene production by isolated Plant tissues.

Deinitive evidence is lacking to support the hypothesis that ethylene

acts as a functional horIIlone during the initiation of tracheary

element differentiation (see review by ROberts, 1976).Nevertheless,

several workers have provided evidence that ethylene may in■ uence

either growth, cytodifferentiation, or lignincationo The application of

mechanical stress to branches of various trees resulted in signittcant

increases in the ethylene cOntent of the internal atIIlospheres Of the

stressed branches(Leopold, Brown and Errlerson, 1972), and reaction

w00d forrrlation may be an expression of stress― induced ethylene

prOductione Trauma― induced ethylene biosynthesis has been demons‐

trated in secondary xyleⅡ l tissue(Cooper,1972). The prOductiOn of

ethylene by the secondary xylenl of Pグ 22πs rαググαια has been associated

with heartwood formation(Shain and Hillis,1973),and phen01ic acid

and lignin biOsynthesis has been stirrlulated by ethylene in swede root

tissue (lRhOdes and Wooltorton, 1973). 
′

「
he application of exOgenous

ethylene gas to the trunks of Pグ ηπs πa″α′α and Lグ 9πグι滋%ιみαr s4ソ rαεグメ:%α

resulted in the production Of greater amounts of secondary xylem
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than did untreated controls (Neel, 1970). Increased xy10genesis in

stem‐ wounded Cθ Jθπs shoots subjected to geOtropic stimulation on a

clinostat was probably related tO stress… induced ethylene biosynthesis

(Roberts and FOsket,1962). The best evidence fOr a role Of ethylene

in secondary xylem differentiation was presented by Zobel(1974)in

connection with his discOvery of the tOmato mutant, ″αgιθ″rθクグεα

(agι ), which is deicient in the capacity to synthesize sutticient

quantities Of ethylene fOr norHlal developmento ln cOmparison with

the stem Of a normal tomatO plant, the 4ダ ″ mutant produced 。
signi■ catttly greater number Of tracheids. The xylem tissue of the

々 ι mutant completely lacked vessels, whereas large vessels weFe

conspicuous in the normal tomatO stem(Zobel,1974).

The current study involves the addition Of trace amOunts of L‐

methiOnine tO a culture mediuna prepared fOr the inductiOn Of the

cytodifferentiation Of tracheary elements in explants Of lettuce pith

parenchyma(Banko,ROberts and Boe,1976)。 The assumption was made

that ethylene biOsynthesis by the explants will be enhanced f0110wing

the uptake Of the methiOnine from the mediumo A prelilninary

exanlinatiOn was made of the qualitative and quantitative responses

of the explants tO the cytOdifferentiation of tracheary elements。

Materials and Methods

Tissue explants were prepared from the trilnmed cOre Of pith

removed from heads Of ROmaine lettuce (Lα ειπεα sαιグυα L.cv.
ROmana)as described previOusly (Dalessandro and ROberts, 1971).

The trilnmed central cOre Of the lettuce head was surface sterilized

in a 10 per cent aqueous s01utiOn of Ch10rox fOr lo ■line The cOre

was rinsed three tilnes with sterile dOuble― distilled water,and cylinders

of pith parenchyma were aseptically excised with a 5-mΠ ■I.D.sterile

cOrk borer.The cylinders Of tissue were cut into explants 3 1■ ■l thick

and rinsed twice with sterile dOubledistilled water. The explants were

lightly blotted On sterile Whatman No。  1 丘lter paper and transferred

singly to Kimax culture tubes(16 mm O.Dex 75 mm)containing
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approximately 5 ml of a xylogenic culture medium. The medium

consisted of a Murashige and SkOog basal rnediurn(1962)supplemented

with l per cent Bacto‐ Agar, 3 per cent(wノ V)sucrOSe, 笏ッο‐inositol

(100 mgノ 1),thiaminO HCl(0。 l mg/1), glyCine(2.O mg/1),niCOtinic

acid(0。 5 mgノ 1),pyrodo対 nOHCl(0.5 mg/1),ind。 leacetic acid(10。 0
1)

mg/1),and kinetin(0.2 mg/1.L¨ MethiOnine was incorporated into

the medium in concentrations varying fron■  lo。 O μM to ooo25 μM.

The open end8 0f the culture tubes were enclosed with a sterile wrap

of aluminum foilo The tubes were placed upright in storage jars(100

mm x 80 mm;10 tubes per jar), and the jars were wrapped with

amluinuΠl foil to exclude lighte The culture tubes were maintained

at 25 °C during the 7 day incubation periOd. At the cOnclusion of

each experiIIlent tracheary elements were exanlined ΠlicrOscOpically

for anatonlical variations in some explants, and other explants were

macerated for tracheary cell cOuntso For the nlicroscopic exanlination

Of individual tracheary elements the explants were cleared with 4

per cent NaOH at 55 °C for about 12 h.The NaOH was decanted

and the explants Ⅵrere stained with a O。 03 per cent aqueous solutiOn

Of safranin O for 30 min. at 55° Co This was f0110wed by destaining

with several changes of l。 O N HCl over a 2 h periOdo After destaining

the explants were stored in glycer01 for subsequent exanlination.

Tracheid numbers were deterΠ lined by a mOdi■catiOn Of the BrOwn

and Rickless(1949)maceration techniqueo The explants were removed

frorn the culture tubes and placed singly in 6-rrll shell vials. The

explants were irrlmersed in apprOxilnately l rn1 0f maceration ■uid

consisting of equal parts of 5 per cent HCl and 5 per cent chrOΠ lic

acide After maceration for about 24 h at roOrn tempcrature, the

maceration fluid was gently removed with a hypoderrrlic syringe and

replaced with an equivalent amOunt of distilled watero The macerated

explant in the distilled water was drawn repeatedly intO a 2.O rrll

1) L‐ Methionine was purchased from the Sigma Chemical COmpany,P.0.Box

14508, Sto Louis, Missouri 63178, Uo S.A・
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hypodermic syringe ntted with a No. 22 guage needleo After a

thOrOugh homOgenation the sample was transferred to a v01umetric

tube calibrated tO cOntain 2。 O Πll. The Original shell vial was ■ushed

repeatedly with distilled water, and the Ⅵrashings were transferred

to the v01umetric tube. E)istilled water was added tO the v01umetric

tube fOr a inal sample v01urrle Of 2.O Πll。 One Ⅱl1 0f the sample was

transferred by hypOderrnic syringe to a 25 1111n x 40 nlln x l ΠHn
Sedgewick_Rafter planktOn― counting chamber(Klein and Klein,1970)。

Tracheary elements were cOunted in 10 0ptical ■elds with the aid of

a VVhipple eyepiece Πlicrometer at a magnilcatiOn of 100xo The total

number Of tracheary elements in each individual explant was calculated

(Banko,Roberts and BOc,1976).

Results

The incOrporation Of trace amounts of methiOnine(0。 05 to O.025

μM)to the culture rrledium was highly effective in stilnulating the

induction of xylogenesis in the majOrity Of the explants Of a given

experirrlent(Fig. 1).In prelinlinary trials cOncentrations higher than

O。 05 μM were  cOnsiderably less e∬ ective in stirnulating xylem

differentiation, and the inhibitOry cffects observed in sOme explants

were increasedo FOr example,cOunts of apprOxilnately 100,ooo tracheids

Fig。 1. Tracheary Element Direrentiation in Lettuce Pith Explants

Cultured on Methionine_Containing Medial)

Methionine

Concentration (μM)
Tracheary Elements(x104)

Experilnent No。  1 Experilnent No. 2

3.55± 0.70(9)

5.89± 1.83(10)
7.27± 1.28(8)

1)The mean number of tracheary elements is given with the standard errOr
of the mean fOr each cOncentration of methiOnine tested. The number

given in parentheses f0110wing the standard error indicates the total number

of explants that were macerated and cOunted for each treatment.

0.0

10.0

1.0

0.1

0.05

0。 025

3.69± 0。 43(8)
4.24± 0.93(6)
4.65± 1.17(7)
5.77± 1.38(7)
6.65± 1.82(10)
8.48± 1.35(10)



ゴθ∂ Exogenous Methionine as a Nutrient Supplement for the lnduction of
Xylogenesis ln Vitro

Fig。 2.Selected Data of Tracheary Elernent COunts frorrl lndividual

Explants Receiving Various Concentrations of Methioninel)

Explant No。 10。 O μM(Exp.1) 0.05 μM(Exp.2) 0.025 μM (Exp.1)

1

2

3

4

5

6

7

8

9

10

5.50

4。 87

4。 85

4.29

3.33

2.64

9。 96

7。 69

6.87

6.34

5。 03

4.94

4.81

4。 48

4.38

4.37

10.54

10。 05

9。 97

9.24

8.42

7.86

7.56

7.26

7.15

6。 94

Means 4.24 5.89 8.48

1)′rhe cell cOunts are given x104. For purposes of comparison control explants,

without exogenous methionine, contained a mean number Of tracheids in

Exp. l of 3.69x 104 and 3.55x 104 in Exp. 2.

per explant weer found at concentrations of O。 025 to o.05 μM

methionine, whereas the maxilnum number of tracheids observed at a

concentration of 10。 o μM was about one‐ half of this value(Fig. 2).

There was■ o apparent difference in the extent of the callus production

by the  explants cultured either in the presence or absence Of

methionine, and there were ■O signs of organogenesis in any of the

explants at all concentrations of inethiOnine testedo Although a careful

histological study has not been made Of the arrangement of the

newly― fOrIIled tracheids of the methionine― treated explants, cleared

and stained whole explants revealed a greater number of tracheids

in the central region of the explant than has been described previously

for explants cultured in the absence of ttLethiOnine (]Dalessandro and

Roberts,1971).In addition,extremely large numbers of tracheids were

observed in the callus surrounding the initial explanto MOst Of the

tracheary elements displayed the typical scalarifonl― reticulate secondary

wall thickenings. There were, however, several large hickwalled and

pitted ceHs that may represent partially― differentiated xylenl eleIIlents

(Fig.3--4).In some of these unique cells bar‐ like secOndary wall
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Fig. 3-4. Tracheary  elements  differentiated in the presence of exogenOus

methionine. Fig。  3. Spherical cell, cOntiguous with a nOrlrlally_differentiated

tracheary element, exhibits an irregular pit patterno x 200. Fig. 4. Cluster Of

tracheary elements possessing various patterns of secOndary wall thickeningo Note

weakly‐ diferentiated cell in upper part of photornicrograph in which secondary

wall striations are barely discernible and are apparent in only certain regions of

the cell. x230.

thickenings were barely discernible, and these cells were always

10cated cOntiguous with fully… fOr]med tracheids. These unusual cells

have been described previOusly in pith parenchyma explants Of lettuce

(CawthOn, 1972)and in tobaccO callus(Snijman,1972)fol10Wing

growth of the cultured tissues in the presence of gibberellic acid.

E)iscusslon

The remarkable  stilnulation of xylogenesis, resulting from the

assiHlilatiOn of exogenous methiOnine by the parenchymatous explants,

is undoubtedly a hormonal respOnse to certain  critical levels of

endOgenous ethylene.This is the ttrst report that ethylene, in addition

to auxin and cytokinin, acts as a hormonal `critical variable'(Roberts,
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1976) in the initiation of xylogenesiso Methionine is an iinportant

amino acid in the initiation of protein synthesis (see review, Zalik

and Jones, 1973), and thiS Could be a factOr in the cytodiferentiation

requiremento lt is dil五 cult to experilnentally deterIIline the concen‐

trations of endogenous ethylene e∬ ective in xylogenesis. Ideally a

quantitative relationship should be shown between methionine levels,

ethylene production, and xylem formatiOn. Unfortunately, the culture

vessel must be sealed for chromatographic analysis, and this rapidly

leads to ethylene levels that are toxic to both cell divislon and

cytOdirerentiation (Zobel and Roberts, 1975). In faCt, it is doubtful

if the measurement of atmospheric ethylene within the vessel wOuld

be rneaningfulo Ethylene forrrled within the tissue, either by the

differentiating cells thernselves or by neighboring cens, has some

immediate effect on the initiation of the cytodifferentiation process

prior to release to the external air. In our experiments as little as

10.O μM of exogenous methionine showed some tOxicity to cytodiffe‐

rentiation, and  previous  workers may  have emp10yed too high

concentrations in order to attempt tO demonstrate an ethylene response

(Rubinstein and Leopold,1962).

The signincance of the poorly― developed secOndary 、vall striations

in some of the differentiated cells is subject tO speculationo Since

these cells are apparently produced in the presence of either gibberellic

acid or ethylene, it is possible that these cells renect some horrrlone―

induced malfunction of the IIlicrotubules associated with the Orientation

Of the secondary wall microttbrils.Brower and Hepler(1976)have

reviewed the current status of the role Of microtubules on secondary

wall deposition in xyleITl elements,but our knowledge On the hor】■onal

regulation of this process iS still rrleager. Gibberellins may be involved

with Πlicrotubule function (Shibaoka, 1972, 1974; Fragata, 1970), and

the well―known radial cell enlargement response to ethylene must

involve a reorientation of the struCtural components of the cell wall.

The high Variabllity in the xylogenic response by the methiOnine‐

treated explants may reflect differences bet、スアeen individual explants
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in the capability for ethylene production due to some lilniting factor

in the biosynthetic Pathway. Ethylene output is complicated because

it represents a sun■ rrlation of the biosynthesis induced by (a) the

initial wound response,(b)auXin,(c) methiOnine, and (d)SucrOse

and other carbohydrates.Since sucrose stirnulates ethylene biosynthesis

(Moore, 1976), the induction of xylogenesis by exogenous suCrose

(]DeMaggiO, 1972) lnay inv01ve the sugar‐ induced  production of

xylogenic levels of etyleneo The  biosynthesis of wound‐ induced

ethylene Often involves rrlethionine(Hanson and Klende, 1976), and a

more consistent cytodifferentiation response to ethylene IIlight be

achieved by transferring cultured explants from a minus… lnethionine

medium to a methionine‐ containing medium following the initial

■ush of ethylene associated with excision of the fresh tissue.

Gamborg and LaRue(1971)repOrted that cell suspension cultures

Of Rπ ια sp. were capable of cytodifferentiation, while silnilar cultures

Of Rθsα  always remained undifferentiated. The addition of 2,4-D

enhanced ethylene prOduction in the Rπ ′α cultures, but ■ot in the

rose cells. The authors suggested that there may be some cOnnection

between auxin¨ induced ethylene biosynthesis and the capability for

cytodigerentiationo lt would be of interest to deterΠ line the relative

effectiveness of 2,4-D and NAA, compared to IAA, in the initiation

Of cytOdifferentiation in the presence of methionine.

We have conducted some prelilninary experilnents that support the

view that ethylene in■ uences xylogenesis(L.Ⅵ「.Roberts and C.E.

Russell, unpublished). Lettuce pith explants, incubated on a xylogenic

medium (withOut methionine)in culture tubes, were capped with a

single layer of Para■ lm tt instead of aluminum foilo Gas chromato‐

1)Parallm M,manufactured by the American Can Company,

sealant composed of a rubber¨ wax‐pOlymer combination,

employed in our study had a thickness of apprOxilnately 4.8

are grateful to R.F.De Long, Arl■erican Can Company,

asslstance.

is a commercial

and the sample

mil(122μ )。 We

for his technical
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graphic analysis Of the ethylene remaining within the atmosphere Of

the culture vessels indicated concentrations ■uctuating during the 7

day incubatiOn periOd between l-2 μ1/1. Xy10genesis under these

conditiOns was silnilar t0 0ur results obtained with methiOnine, i. e。
,

there was a high variability in the numbers Of tracheary elements

fOrlmed in individual explants. SOme explants revealed relatively high

numbers Of tracheids, whereas in other explants the cytOdifferentiation

process was sharply inhibited. The range of cell cOunts resulting from

the Para■ lln M experilnents more c10sely approxirrlated methiOnine

concentrations of looo μM and abOve than the lesser cOncentrations.

Concentrations of cOnsiderably less than l μ1/1 are prObably required

for the Optilnal stilnulation Of xy10genesis, and this estilnate is

conservative since ZObel (1974) found that oooo5 μ1/1 ethylene
normalizedをι mutant characteristics.
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