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INTRODUCTION

In the past aseveral years many investigators have shown the ime
portance of transmethylation reactions in the enimel organism (1), but
relatively lititle is known about the role transmethylation plays in
plant metabolism. Experiments recently underteken by Kirkwood and
Marion (2), in which they ebtempted to demonstrate the transfer of methyl
groups from choline to the barley plant alkaloid, hordenine, using redio=
active trmoer techuigues, were unsuccessful, IHowever, in recent months
it has been shown by Browmn (3) that the methyl carbon of methionine may
be transferred to the methyl group of nicotine in tobacco (Wicotiana
rustica), and it was postulated that a transmethylation reaction was ine
volved, It seemed possible thet transmethylation reactions might be
involved in the metabolism of other plant produchs.

The work described here was undertaken in an sttempt to study the
possible role of bransmebhylation in the formation of lignin in the
plents Lignin, the substance chosen for study in this investigation, is
a consbtituent of the cell wall of plants. Although the ampunt of lignin
present in a plant increases ss8 the plant grows older, there is an
gppreciable amount present in comparatively young barley planta.

Lignin is not a definite chemical compound, its composition verying
according to the method uged in its isclation, Hence a great deal is
unknown asbout its chemieal shructure end its formation in the plant.
Fuchs (4) suggested that psctin, a partially methyl-esterified poly-

galacturonic acld formed in plant cell walls, acts as the precursor of
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lignin, since it had been shown that the percentege of pectins in older,
lignified plant tisesnes wes smaller than in young plant tissues. However,
as the plant ages, whereas the percentage of pectin decreases, the actual
amount of psctin present increases (5), Further, it is lmown thet in
lignin the methoxyl groups form en ether linkage, mot en ester linkege
such as is found in pectin, o a rather profound chemical change would
have to take pleace if lignin were to form from pectin. A more reasonable
explanation of it appearance was oflered by Hibbert (6). On the basis
of the structurs of the decomposition produots of lignin, he postulated
that a fructose derivative can condense with gusiacol in the formation
of lignin., RAzcept for a suggestion, made by Klason (7), that formalde-
hyde can act as 8 precursor of the methoxyl groups in lignin, little is
known shout thelr origin.

Since no satisfectory explanation for the appearance of the mebhoxyl
groups 1n lignin hes been offered, it seamed desirable to learn whether
tranamethylation was involved in thelr formmtion. Although in all
previously reported transmebhylation astudies the compounds inmveastipated
conbained methyl groups attached to sulfur or nitrogen atoms, it seemed
posaible thet transfer of & mebhyl group teo =n oxygen atom could take
place, thus forming a methoxyl group.

it was decided in the present studys {a) to fesd barley planta
appropriately labellesd methionine and formate, which are known to act as
methyl donors or precursors in the suinmal orpanien, (b) bo isolete the
lignin formed by the plants, and (c), if radiecactivity is found, to
perform degradations in order to determine the location of the radio~

activity in the lignin.
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EXPERIVMENTAL METHODS

Radleactive Prscursors
The radiocactive tracers used in this work were D,Il~msthionins con-
taining 014 in the methyl group end tha sodium salt of cl4-pormic acid.
Methionine was syathesized by resclting D,l-t=bengylhomooysteine with
plé- methyl iodide which wag obbaloed from Traceriab, Inc., under
alloostion from the Tnited Stabes Abomiec Anergy Commlasion. The formbe
was obbainaed frem Osk Ridepe National laborekery, also under allocation

from the ™iteld States Atomic Energy Commission.

Preparation of Berley Plants

A variety of Hordeum vulgars known as Bay barley was used in this

investipgation. According bo Phillips and Goss {8) the percentage of
methoxyl in barley lipnin increased at the fastest rate when the plants
were thirty to forty days olds MacDougall and De Long (9) showed thet,
with respect ho lignin content, ninety-four-day-old plants grown in the
greenhouse were at about the same stage of maturity as forty-one-day~ola
g;le.ntm grown in the fleld. Conseguently the seeds wers planted in flats
end ellowed to grow outside the greenhouse for about thirty days . Plants
of this age were from eight to twelve inches tall, variations probably
being due to seasonal effects, A commercial plant food mixture was fed
as reqiired in a wabter solutions

Before helng fed the radicactive compounds, the plants were given

the following troeatment. As much of the adhering soil as possible was
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carefully removed from the roots by shaking. After sesking in water
for about thirty mimtes, any dirt left on the roots was washed awny
under ruming water. To reduce the mumber of bacteria present, the
roots were soaked in s 0.1 percent solution of Wyandobte detergent

germleide Yo, 15231

for about thirty mimites. Following & rinse in
distilled weter, the roots of each plant were placed in 25 ml. of an
inorgenic mtrient solution in s 50 ml, Zrlemmeyer flask. This mtrient
golution was prevared by making a 1:3 dilution of the stock solution,

the composition of which is given in Teble I. As s further precaution

TABLE I

COMPOSITION OF THS WUTRIGERT SOLUTION

Calcium nitrater Ca(¥0,).,1 g.

Potagsium chlorides RXC1, 25C mg.

Mognesium sulfates MgSO,, 280 we.

Ammonium eulfate: (:smé)zsoé, 260 mg.

Ferric chloride: Fall,, 2 mg.

Potaggium dihydrogen phosphates KHQPO4, 2450 mg.
Distilled wvmber to 1 1.

against becteorial combamination, three drops of o one percent seclution
of the detergent germicide were added to sach flask. SZach flask also
cortained a suitable smeount of the radioketive compound beinr studled,
ag will be described later.

In the plants! matabolism of the redicasctive cempounds there was a

14

poesibility of C 0y belng libersted. The plants were grown in a fumwe

1 this matoerinl was obtained frowm tho Wyandotte Chemical Corp.,
Wyandotte, Mich., by the Michigan State College Horticulbure
Department.



hoad,ﬁ in order to prevent the contamination of the air from this source.
Two S6«inch, J0-watt fluorescent tubes and a 100~-wntt bulb, about 15
inches above the plants, were used as & scurce of light. A light
inbtensity of about 200 foot-candles at the leaves was thus obtained,
During the feeding experiments, the light was burned on for about 12
hours out of 24, The volume of the mtrient solution was kept fairly

constant by the addition of distilled water,

Iscletion of Lignin

Difficulty wes encountered in the isolation of lignin, using a
modification of the sulfuric acid method of Ost and Wilkening (10). In
this method the dried plant tissus wea put inbe 70 percent sulfurlie aocid
for 16 hours at 20° C. or less. The sulfuric acid was then diluted to
about three percent, the mixture was hydrolyzed for two hours at 100° c.,
and filtered, ligrin being the precipitate cbtained. When this method
wog used with these young plenbes, it appeared that complete webbting by
the sulfuric scid was net achleved., It wes felt that an extraction of
the fatty material from the tissue would permit complete contact by the
sulfurlc acid. Howsver, after an ether extmotion was performed on the
tissue, the percentage of "lignin" present was still found to be about
thres times as high as that reported in the literature in work done with
comparaeble plants (8).

“mcDougall end Ne Long (9) found thet the nbsolute methoxyl content
of lignin from dried plant tlssues was greater than that of lignin from

fresh tissues of the same plents. They thought that this was due to the



inclusion of methoxyle-coutaining carbohydrates in lignin from the dried
tissues. The fresh plants used in the present work were pre~treated
befere placing in conbtact with the sulfurioc acide This treatment cone
sisted of extractions in & Waring Blendor using various solvents, ag
suggested by MacDougall and De Long (11). Ether-saturated water was
believed by them to be the best noneacid solvent for removal of nitrogen=
conbaining mierial from young undried tissues., A five percent solution
of acebie acid was found effective in removing carbohydrates from young
tissuse, A constant-boiling (1:2) mixture of ethanol and benzene was used
as & solvent for fabty mabteriale presewmt in the tissuese Accordingly,

in the present work, a pretreatment of the plant tlssues was adopted.

The following extractions were performed on the tissues in a Waring
Blendor: two 1lb6~mimte extractions with etherwsaturated water, one 20
mimite extraction with five percent acetic acid, two 1lB-mimate exbractions
with 1:2 sethanol-benzens. A suitable guantity of 70 percent sulfuric acid
was added to the dried fiber obtalned after carrying out the above
procedure and the reaction mixture allowed to stand for about 18 hours at
five degrees C. Thils was done in the cold because it had been shown that
carbonization of hydrolyzed carbohydrates tekes place at higher tempera-
bures, causing diffioulty in the subsequent filtration amd producing an
impure lignin preparation (12). At the end of 18 hours, the sulfurle acid
wag diluted to three percent, boiled gently for two hours, keeping the
volume constant by sdding weber, and allowed tio cooly the lignin sebtling

oubs The lignin was then filtered, using s fritted glass filter, washed



thoroughly, and dried in e vacuum desiccator at room temperature. The
lignin content of plants this age wes found to be about 4.8 percent on e

dyy weight basiws.

Demethylation of Lignin

To prove thet any radiocactivity found in the lignin wes located in
the methoxyl carben, it was necessary to split off the methyl group and
cbtain 1t in the form of a solid derivative sultsble for counting.

A modification of the method of Phillips (13), in which the methoxyl group,
treated with hydriedic acid, yields methyl iodide, wes useds In this
method the methyl iodide is caused to react with silver nitrate and the
precipltate of silver iodlde is welipghed. However, sinoce in the present
work it was necessary to recover the methyl group, the methyl iodide
formed was swept into a solution of triebhylamine. Previcus work done in
this labormtory showed that triethylamine reacts gquantitatively with
methyl iodide to form mebthyl tristhylammonium ilodide. Tristhylamine is
also less volatile than trimethylamineiich was used by Simnonds and coe
warkers {14).

A modified form of the apparabus described by Pregl (15, 3) was used
for demethylation. A4bout 60 mg. of tho lignin to be demebhylated wes
woighed into cigeretto paper and placed in the reaction vessel with two
ml, of phenol, whioch acted as a solvent for the lignin, and four ml. of
47,3 percent hydriodic acide Attached to this was a pgeaswwashing bubbler
conbaining 1.6 ml. of the five percent CdS0 e, Sg0g solution recormended

by Pregl to remove the hydriodic aclid end fodine. A tube from the
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bubbler led to the receiving vessel, which contained a five percant solue
tion of tristhylamine in esthancl, cooled in a methyl cellosolve-coz bath
o about -75° C.

During demethylatlon the reaction flask was fimmersed in a coppor
oxide bathe A stresm of nitrogen was slewly run through the side-arm of
the reaction flask and through theo demethylation assembly. Experimenbtation
ghowed that best resulis wore obbained when the temperature of the bath
was kspt at about 150° €, for 45 mimtes, then raised to 200° C. end held
there for 30 mimites. The bath was sllowed to cool for 15 mimites, during
which time s fasber stream of nitrogen wes pasaed through the apparatus.
At this time the tin of the delivany‘ﬁubo‘was rinsed with othanol inko the
recelving vessal, This vessel was then stoppered and allewed to stand
overnight at room tempersbure. The sbhanol solublon was teken almost to
dryness by heating, the last trace eof sthanol and unrescted amine removed
in o veaouunm desicosbtor, and a white sollid, the methyl triethylesmmoniunm
iodide, remained. This was weighed and tested for radlosctivity.

A meothoxyl analysis of lignin from thirty«day-old barley plants was
made and the methoxyl counbent of the ligunin was found bo be sbout six
percent, varying slightly from one run of plants to enother, It seemed
dosirable to know if quantitative demethylation was eoffected, so de-
methylation of wvanillin, a compound of known mebhoxyl conbent, wes
performeds This produced a 96 percent reocovery of the methoxyl grouv
as the guatermary compound under the conditions used. Assunming that a
gimilar stbusbtion mainteined in lignin, this figure was used as a

correction factor in subsequent determinations.



Determinabion of Radiocmctilvity

Al counts were mads using a WVedel 163 Scaling Tnit menufactursd by
Huclear Instrumet snd Chemical Corporation. By referring to & selfw
sbsorption curve prepared for the substance belng counted, all counts made
wers correckted te zero samplo thioknens, The zmmples were counted on
aluminm discs 2.83 zouare om. in area, The dise corbeining the sample
wae placed on the bop shelf of the countor sssembly of the Soaler Unit.
Baged on the measured achivibty of & shanderd ¢4 semple of kmown ectivity,
the over~all efficiency wes found te be B.79 percent,
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Experiments Using D,L-Yethionine

It has been known for some time that methionine ocan act as a methyl
donor in the smimal (1), ¥eller and co=workers fed methionine which was
doubly labelled in the methyl group with carbone1l4 and deuterium to rabts
and isolated choline and crestine from the rat tissues (16), Within
experimental error, the ratio of deubterium to earbon=14 in methyl groups
of choline and creatine wae found to be the same as that in the methyl
group of the distary methienine, proving that methlonine sots as a true
tranamethylating agent. Brown has shown that the carbon of the methyl
group of methionine can be transferred to the methyl group of nicotine
in the tobacco plant. Thus it appeasred ressonable that methylw-labelled
methionine could give rise to the methoxyl groups of lignin, and 1% was
decided to feed this compound to the plants.

An attempt was mnde to fosd methionine to the plant by immersing the
roobe in a muitrient sclution containing methionine, thus allowing absorp-
tlon to teke place through the roots. Analysis of the solution was
necessary o debtermine the rate of upteske of methionine by the plant and
also whether deatruction of the mebhionine by bacteria was teling place.
The colorimetric method of analysis used measured the red color produced
vhen methionine remcts with nitroprusside, as described by Yelarthy and
Sullivan (17).

Bach of six barley plants was fed two mg. of methionine in 25 ml. of

mbrient solution which contalned three drops of the one percent detergent

]G



germicide solution. After fortyeelight hours the plents were removed from
%ﬁo solution and analysis for methionine wus made, It was found that in
two days the average upbake per plant of methienine from solution was 70
percent of the two mg. originmlly present. No beoterial growth was
obgerved in the medium within this time. As a further check of bacterial
activity, samples of the mitrient medium were inooculeted with reot
frogments. After forty-eight hours ne decresase was nobted in the amount
of mebhionine present, compared with the uninooulated contrels.

Plants which had been prepered in the mammer previcusly described
were fed radioactive methionine, Bach flask vontalued 2,01 x 10”0 moles
of methionine pusseising a totel sctivity of 3.6 x 109 counts per mimte
{B.petie ) ond bhree drops of the one percent debergent germloids solubion
in 25 ml. of mutrient solubion. The planks were grown in the specially
designed hbed under ertificisl light at room btempevature for seven deye,
ay membioned sarlier, ALt the end of this bime no becterial growth was
observable. Az a further test of mebthionine upbaks by the plants,
replionte samples of the mubtrient solutlon were evaporated to dryness
after removing the plants ab the end of seven days. Only a small amount
of redicsctivity was detectable in the residus, indicabting ailmost complete
abgorption of methionine by the plants.

The moots of the plants were remgved and the remsining part of the
plante given the previcusly dessribed solvent extraction suggested by
MreDougall and De Long. Lignin wus isolated from the remining fiber by
the 78 percent sulfuric scid method. Afber hydrolysis, filtration and

washing, the lignin obtelined possessed considerable rediomctivity as
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determined with a laboratory monitor. In order to bring the radlo-
ectivity of the lignin into a range which could bs sounted with the Soaler
Unit, it was necessary to dilube the radiocactive lignin with from six bo
ton times ite own welghd of innctive lignin obtained from similar plants
not fed radionctive material, A weighed amonut of about 60 mg. of lignin
was placed on & gcounting diso and counted as outlined previoualy.

The same sample of lignin used for counting wes used for demethylatlon.
Radicactivity was found in the quaterusry compound obtained from demethyl-
abion of the lignin. Since lignin is neob a chemloal compound, the
spacific ackbivity oould not be sxpressed, as is customery, on o molar or
millimoler basls. Ilense it bscame nagessary Lo sexpress activity on a
recovery of counts basisy that is, by a comparison of the total ackivibty
of the guatarnary compound obbained from s certain amount of lignin with
the total activity of the lignin uzed. A sample calenlation is shown
in the ,ippendix.: Recovery of sounts obbainoed from lignin isolated in two
experiments 1 shown in Table II.

PABIE IT

METTIONING BXPERINENTS

Reparimont o Observed ACLivity S ercentc Beoovory
Yo. (counts per mimzte) of Counbs
Lignin Quabsrnary lodide
1 (24 planbs) a37 oRb 34,0
467 662 92,9
2 (24 plauts) 710 979 905
a8 8B4 2548




These data show that practically all of the activity found in the
lignin is recovered in the guabernary compound obtained upon demethylation
under the conditions used. This would indicate that the activity in the
lignin is located in the methoxyl groups Variation in the percentage
recovery between experiments may be noteds It was generally found in
these experiments that recovery of counts from lignin 4isolated from
plants grown at lower temperature (20° C.) was larger then that from
plants grown et higher temperature (25-30° €,), but no explanation for

this observation is apvarent.

Oxidetive Degredatiom Products of Lignin

Tignin isolated from bariey plants by the uaual procedure was
analyzed for nitrogen, using the micro-Kjeldahl method. The nitrogsn
conbent wae about 2.4 peorcent, a value lower than that obtainsed from
most lignin preparatblons. However, ‘the possibility existed that this
nitrogen wag present in the form of proteln and that the radicaetivity
observed in the lignin was due to the presence of methiocnine in the
protein. To debsrmine definitely whether or not the activity found was
associated with nitrogenous compounds, an attempt was made to isolate
vanillin, syringaldehyde and similar nitrogen~free derivatives formed
by oxidation of lipgnin with alkeline uibtrobenzene, and to test them for
radioactiviby.

To carry out this remotion, sbout 145 mge. of ligrnin isolated from
plants fed radioactive methionine were placed in o stainless steel bomb
with one ml. of nitrobenzene and 18 nml, of 2N Va0OH (20), This was hested

at 1307 Cay with agltation, for about three hours, After sooeling, the



alkaline reaction mixture was steam digtilled to remove nitrogenous
products, The filtrate was acidified to pH 3 and the resulting mixture
contimously axtrechted with benzene for 48 hours, The benzene solubion
was extracted ten times with 15 ml. portions of squeous five percent
Malﬁ{)s solution. The bisulfite extrection was scidified with three ml,.
of concentrated sulfuric acid and the solution freed from sulfur
dioxide under reduced pressure at room tempersture (21)s. This solution
wag then extracted six times with 15 ml. porktions of ebhyl ether and the
ether was then svaporated at 60% C. (22)¢ The residus was extracted
with hot weter, filtered, and made up to 30 ml. Duplicate 10 ml,.
aliquots of this solution were usedlfor micro=Kjeldahl nitrogen de-
termivations. Within the experimental error of the determination no
nltrogen was found. The aldehyde mixture was precipibated from the rest
of the solution using 2,4~dinitrophenylhydrezine. The precipitate was
allowed to stard overnight, filtered, dried end counted. The phenyl-
hydrazone mixture possessed a specific activity of 88 c.p.m. por mg,
Calculated as wanillin, this would give a specific activity of 192 c.p.m.
per mg, The mpecific asctivity of the lignin used for oxidation by

nitrobenzene was also ebout 190 c.p.m. por mg.

Beperiments Using Vormnte
Recent experiments show that formats, or & ono-carbon componund
desigmted as "formete” appears bto plsy & role ia Svanemebhylation re-
actions. Thare are two poselble ways in which this compound corld enter
euch reactlions. Tormate muyy ariae from the oxidation of methyl groups

and in some munnsr ach directly as & mebhylating azent, or it may de



reduced to form a methyl group, vhich is then transferred. Siskevitz,
et 8l.{18), have shown that, in the animal, the methyl group of
methionine may give rise to formete. On the other hand, accordivng to
Welch and Sakami {19), formate can he redused to form the methyl group
of methionine in the animal orgenism.

Two groups of plants, as closely similar as possible, weore grown
in mitrient solution under the same conditions, one group being fed
mothionine end the other formate. By comparing the sctivitiss of lignin
isolated from the two proups of plants i+ was hoped to obtaln evidence as
to whebther methionine or formate acts ms the more direst precursor of the
mebhoxyl groups of lignin.

No analytical method could be found which would give moourscy
comparable to that achieved in the method used for the determination of
mothionine. Upeon removal of ths plants from the mibrient molution after
the seven dey perlod, the contents of sereral cof the flesks were
evaporated to dryness. Negligible radieacbivity was fornd in the
residues, Ne bacterial growth wes cobserved in the flasks, even after
seven days. It wes concluded thet practically complebe absorpbion of
formate by the plante had taken plece within this time.

The plants were fed formate under the same conditions that were
maintained in the methionine experiments. The flasks each conteined the
mitrient solution, detergent permicide and 1.99 x 10"% moles of formate,
having a total acbivity of 7.2 x 105 Cepeme The molar concentration was
the same as that of methionine~wthe activity double. As before, ths

planta were allowed to grow in the soclution for seven days,
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As previously described, the plants were processed and lignin
isoleted by the 70 percent sulfuric scid method. The radioactive lignin
obtained was counted and demethylated, and the quaternary compound formed
was counted. The results obtained using two groups of plants are shown

in Table II7.

TARLE III

FORMATE EXPERIMENTS

Experiment Ohserved Activiby Percent Recovery
Noa (counts per minmute) of Counts
Lignin Quaternary Iodide
1 (25 plants) 243 283 T1e7
g4l 256 69.8
2 (25 plants) 329 412 8648
181 212 64.8

It can b»e seen that most of the activity found in the lignin was re-
covered by demethyletion, showlng that it was present in the methoxyl
group. The variation between the two runs reported here may again be due
to difference in temperature at which the plants were grown, slthough
this was smaller here than in the mebthionine experiments.

As stated earlier, e comparigon of the activities of lignin obtained
frem plants fed methionine and that from plants fed formate was made.
Total sctivities, molar quantities administered per plant and the specifie
activities of the lignin isolated from each group of plants are given in

Table IV. The specific activity of lignin obtained after administering



TABLE IV

COMPARISON OF ACTIVITIES OF LIGNIW TROM PLANTS FED "EBYHIONINE
AND THOSE FED FORYATE

Group Compound ‘ivles Given Total Astivity Specific Activity

o Administered per Plant Given of Lignin
per Plant

1l ¥ethionine 2.01 x 10=5 3,6 x 105c.p.m. 385 Cepem./mg,

2 Formate 1.99 % 10" 7.2 x 10%c.p.m. 29.2 c.pem./mg.

methionine was sbout thirtesn times as high as that obbeined in the
formate experiment. The molar concentrations of methionine and formate
administered were the same, but the activity of the formate war twice as

great. Considering this, it appears that if gle-

mebhyl mebthionine is
fed to barley plenmbs, the specific activity of the lignin isclated is ab
least one order of magnitude higher then that obtained after feeding
Clé-farm%:s, all conditicns being kept as nearly the same es poseible in

the experiments.
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DISCUSSION

It ie demonstrated in these experiments that the methyl carbon of
mebhionine can act as the precursor of the methoxyl carbon of lignin
preduced by barley plants in vive. The results cobtained give a strong
indication that e transmethylation reaction is invelved. In order to
prove conclusively that such a reaction has ocourred, i.e., that the
mothyl group is transferred intesct, it will be necessary to conduct ex=-
poriments using methionine doubly labelled with carbon-14 and deuberium
in the methyl group. Suoch experiments will soon be undertsken in this
leboratory, If s true transmethyletion is proven, the first instance of
transmethylotion to an oxygen satom will be esteblished.

Formate can also mct as precursor of the methoxyl group of lignin
but to o lesger extent than the methyl group of methionine, The lower
gpecific ectivity of the lignin obtained from plents fed formate as come
pared with those fed methionine indlicates that the methyl group of
mothionine is transferred ss such and does not go through a process of
oxidabion to formte and subsequent reduction, If the latter were true,
the lignin from plants fed formate would have at lemst as high a specific
activity as that from plants fed mebhlonine. From these results it would
alse appenr that formate is nobt transferred as such and them reduced.
Although Welch and Sskemi found that formate may be reduced to the methyl
group of methionine, the exact manner in which this takes place is not
known, but there is some evidence that the reaction takes place via

serine, ethanolamine, choline and betaine (23). It is conceivable that



choline end betmine act as methylating apgents in the formation of lignin,
mathionine not necessarily being formed before transmethylstion tekes
place. While most of the formate present in the plant probably is oxidized
to carbon dioxids, it seems possible that some could be reduced to methyl
groups and involved in methylation reactionss.

It is not known why, in demethylation of lignin from plants fed
formte, a lower recovery of counts is obtained than from lignin formed
by plents fed methierine. In several theories of lignin formation carbo-
hydrates are named as lignin precursors. Sakaml (23) has shown that
formate and glycine, through serine, form pyravates. This pyruvate could
glve rise to carbohydrates, from which lignin might conceivably be formed.
The lignin formed would very likely possess radiocactivity from the formete
in positiong cbher than methoxzyl groups, subseguent demethylation of the
lignin glving a lower recovery of radloactivity., This is a possible
arplanation of the low results cbtained,

Elwyn end co=workers found that in the synthesis of methyl groups
from serine the 4 wcarbon does not go through the oxidation level of
formate. The /3 ~carbon of serine has an oxidabtion state midway between
that of formate and a methyl group. Hence it might be expected, if the
labile methyl group were to be oxidlzed to this stage and then reduced
again to a methyl group, that the specific activities of lignin from
plants fed formate and those fed methionine weuld be of about the same
order. Since the dlfference in specific sctivities is so large, 1t would
seem logical that the methyl group is transferred without this exidebion

and reduction. This aspsct ocould be further investipgated by feeding the



plants labelled serine and comparing the activity of the lignin from
these plants with that from plants in the formate and methionine
exparimenbs.,

In such a comparison as thet made between lignin from plants fed
methionine and formate, several complications mey arise. Inm order that
e feir comparison cen be mpde it is necessary, among other factors,
that the retes of upbake of chemicaels fed be about the same and thet the
size of the pools of these chemicals in the plant remains rather constant.
It 38 possible that a variation in these factors could apprscisbly affect
the results end conclusions. However, the conditions were kept as
constant as possible, and since a difference in specific achbivities of
more than one order of mgnltude was observed, these conclusions sppear
to be valid.

The results obtained in the present study differ grestly from those
of Kirkwood and Marion. They found that radioactive formate fed to
barley plants was apprscisbly incorporsted into the methyl groups of
hordenine, but that radioactive methyl groupes of ocholine fed to the
plants were neot. In this laboratory Wing (24) found that, in 24 hours,
an extensive destruction of choline in mubkrient solution incoculeted
with root fragmemts had taken place, indicating bacterial activity.
Since the shbove anthors mke no mention of precautions taken spgainst
becterial growbh, it seems probable that the choline was destroyed by
baoterial action before it could be absorbed by the plants,

That the radloactivity was present in the methoxyl group and not in

methionine or any other nitrogencus component was proved by precipitating

-3 O



aldehydes formed upon oxidation of lignin as 2,4=-dinitrophenylhydrazones
from & nltrogen-free solution. For a convenient basis of comparison,
the activity found in the phenylhydrezone mixture was caloulated as
specific activity of wanillin and this was found to be on the same order
as that of the lignin which was oxidized, If much of the radicactivity
in the lignin were assccisted with the nitrogen present, the specific
activity of the vanillin would be appreciebly lower than that of the
lignin used for oxidation,

The resulis of the present study glve evidence that in H. vulpare
transmethylation is involved in feormation of lignin, Although there is
evidence to dlaprove Zherebovts statement that lignification is mersly
an accumilation of mebhoxyl groups or a process of methylation (25), it
is probably true that most theories of lignin formation do not plsce
due smphagis upon the importance of the role transmethylation may play
in the process. Evidence for direst methylation eppeers to be more
convincing than that supporting Xlason'a theory that formesldehyde acts
as the precursor of methoxyl groupse. Bofore the process of lignin
formation is understood thoroughly & great deal more experimental work
is necessary. ‘“lore light could probably Le shed on the problem by
feeding plants carbohydretes labelled in the carbon chain and/or in
methoxyl groupse. Determination of the location of radiosctivity in
lignin synthesized by these plants would give & further indication of

the manner in which the lignin is produced.
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SINMARY

Radloactlve methionine was administered to barley plants. ULignin

isolated from these plants possessed redlocactivity. Depradstion
showed that practically all of this activity wes located in the

mathoxyl groups.

Lignin with & lower level of radicactivity wes also isolated from
barley plants which had been fed radioactive formate. Most of this

activity was found in the methoxyl position.

On the basgis of these resulbts it ie postulated that the methyl group
is transferred as an entity, without oxidation and reducstion taking
place. It is further postulated that formate, as such, is not transe

ferred, but that reduction to e methyl gromp is first undergone.
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APPENDIX

The folleowing formila was used for the calculation of nercentage

racovery of countss

Co (quat, )/a
Co (lignin)/%

X 100
=z 95

% reocovery ®

X 100,

where C, (quat.) = cbserved count of quaternary compound (C.pem.)

8 = fracbicon of mewivmm sneociflic activity at sample thickness
ug ed=~from geli=absorption curve for quaternery compound,

Co (lignin} = observed count of lignin (c.pem.),

b = fraction of maximum specific activity st sampla thickness
neode-=from self-ahsorption curve for lignin,

100 2z oorrection fector, based on 95% recovery of methoxyl
13 groups from vanilline

Sample calculation:
Co (quat.) ® 741 c.pem.
a ® LBB4
Co (lignin)® 4C7 cepem.

b = .325

4% recovery = IM1/ o584 x 100 x 100 = 92,9%
467/,335 x 95




