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plante, and the nfcotine was Lselated Lrom the M and ohosked |
radiosctivity. The nlootine fyom the serinsefod plavts possesmed o
radigaotivity, Heost of the medioactivity of the picetine lecolated frewm
mavduefod plants was losated in the wethyl group, Thevelore thn bota
carben of serine sppesrw bo be & precurser for the metind greup of
mieotine, whereus the carboxyl carbon of giyoine doss not svem o have a
role in nisotine syntlusle uader the conditions ueed. “hen cempared with
other pootine methydl group prasursers, the bote cardbon of sorizne scone
to be incorpesated to & lamesr sutord tham formaldedyde and the alpha
garbon of glyoina, and te about the same sxtent s Hw wethyl greup of
metidonine, cheline, and botaine, and the alphs easbon of glyoolate,

It was prepossd that formaldebyde, the alphs earbon of glyoise, and the
bt sarbon of serime suber the rdestine metlyl group by way of wn
"aobive formaldehyde” fptermadiobe.
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The beta carbon of serine seoms to he fncorpaates dmto the O-metipd
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diate is sbtracidve for e Pomation of Cemethyl grouwps,
by & sespnd pathway Levelwing the Lydroxyd oxygen attached to the bata
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radicactivity in the pyrinidines snd pardnes
fselated fvom the rate, Thymine, adenine
groatsr sctdivity than did aybosine, The mdfeactivity of Shymine wes
aggamed 10 be Tocuted in the methydl group bocauwy of the lew sctivisy of
aytonine and the results of etbar "lecarbon® compound ata:iies, “hen
compared Wil studies lovelving fermabe, the wmethyl grewp of methiondns,




and the bota curben of serine, formaldeliyds appeirs to be intermsdiste
butueen fomate an? sither the wethionine swthyl preup o the sarine
bete carbon as & precarasr for the tlomine metiyl group, Formaldehpde
may enber She Shgmine wothyl greup by way of ap Gctive forealdelipde®
iwtarmsdicte, whioh Miy be converted to an ®aotive formsabe" swnpound
te give viee %0 tho ureddo carbons of the purdnea,
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INTRODUCTION



INTROIUCTION

The investigations undertaken here were cencerned with some of the
possible metabelic methylation reactioms in higher plants and animals,
The firet study was to examine cempounds which might supply informatien
abous preocursors for the Nemetlyl group of nicetine in tobacco plant
metabolism, The second investigation was & comparative study ef the
possidle Owmethyl group precursors for the lignin molecule in the
tobacos plant, The third study deslt with the possible inecerporation of
formaldehyde inte the C.methyl greup of thymine and the urelde carbons
of the purinss,

Transmethylation was first shown 20 be a resction in animal
metabolism by du Vigneaud in 15h0 (1), Since that time a mumber of
compounds have been examined in animals and have been shown te give rise
to methyl groups either by direct transmethylation or by reduction of &
“onewcarbon uwit® 4o & methyl group, The origin of methyl groups in
higher plants was not studied until later, although Barrenscheen and
von Vilyi Nagy in 1943 (2) feund that the creatine content of wheat
germ was increased upon the administration of methlonine amd glyco-
cyamine, In 1952 Brown and Byerrum (3) showed that formate and the
mothyl group of methionine could serve as Nemethyl group precursors for
the alkaloid, nicotine, in the tobacco plant, methionine being in-
corporated to a greater extent than formate inte the methyl greup,

At sbout the same time, Marion, Kirkwood, and co-worlers (i) found that



nothionine could enter the methyl groups of the barley allkaloids,
hordenine, Remsthyl tyramine, and gramine %0 a greater extent than formate,
They howsver noted that the methyl group of choline did not give rise to
the methyl group of hordesive, Byerrum and Wing (5) in studies using
tobacco plants, observed that the methyl greup of choline could act as a
precurser for the mothyl group of nicetine and was incorporated at about
the sane rats as methionins, That methienine deuld serve as a precurser
for the Cumethyl and B.amethyl groups of the castor bean alimleid,
ricinine, was noted by Dubeck and Kirkwood (6), tub 1t was alse found
that cheline and formate falled to give rise to these methyl groups,
The reason postulated for the fallure of choline o serve as a methyl
group precurser in the barley plant was the possibility ef the abgence
of an sasyms system %o converi choline to betaine since beteine has
baen shown o be 3 methyl group precursor im animals (7) snd recently
in plants (8),

Pirect transmethylation bas been showm to ocour in higher plants
by Byerrum, Floketra, Dewey and Ball (9,10), who by the use of methionine
doubly labsled with carben-ll and dewterium cbserved the same deuterium
to earbon-dli ratie in the methyl group of nicotins and the methoxyl
group of lignin from both tobacco and barley as was in the mothyl greup
of mothdonine, It wis also asbown that methionmine entered the methoxyl
group of barley lignin to a greater axtent than formate (10). The alpha
carben of glycine, when studied in the animal, showed little ability to
gserve a8 a4 methyl group precurser. However when studied in the tebacoo




plant (11), 1% wae shown to be as good 4f not better than methioninme
and choline as a methyl group precurser of nicotine, The alpba carbon
of glycolate (12) also bhas been shown to be & methyl group precursor,
Serine, glycine, and glycolate appear to be interrelated in plant
metaboliom (13), and other studies (14,15) have shown the interconversion
of glycine amd serine, with the alpba carbon of glycine becoming the
beta carben of serine, It then was of interest to ascertain whether
sovine vas a methyl group precursor im plants, Sorine has been shown to
act as a methyl greup procursor in animals, In the present study serine
labeled with carbonell in the Leta position therefore was administered
to tobacce plants, the nlcotine isolated, and the redicactivity ebserved
compared with the radiocactivity of mlcotine after administration of
glycinon2-C¥ (11) to see if a possible metaboliec pathway might be

, sod,

The wmsual incorporation of the alpha carben of glycime into methyl
groups in plant metaboliam alse led to the possibility that the carbexyl
carbon of glycine might have & rele in nicetine synthesis, Previcus
stadies (15) in the animal have indicated that the carboxyl cerben is
exidised to carbem dloxide and the carboen dioxide ie not reduced to
fomate or any otbar one-carbon unlt, However, since in plant metabolism
the carboxyl carbon may react differeantly tham in the animal, it wes
deaided to feed glyeine labeled with carbon~ll &n the carbexyl carben
to tobacce plants, isolate the nicotine, and determine its redicsctivity,

The Oemethyl group 48 uninown in animal wetaboliem but dees ocour
in the higher plant, Ais mentiomed previously Byerrum, Flokstra, Dowey,



and Ball (10) feund thad methionine and formate could give rise to the
methoxyl group of barley lignin, whereas Dubeck and Kirkwood (6)
sinilarly showed that methionine gave rise to the Owmethyl group of
rieinine, The latter investigation hewsver falled te show that formate
and choline gawe rise te the ricinine Cumethyl greup, Further studies
on lignin isclated from the barley plawt (10) and the tebasco plamt
have demenstrated the ecourrence of tranmmethylatien between mothionime
and the methexyl group. Previeus to these studies little was Imown
about the origin of the lignin methexyl group, although Klasen (16)
suggested that formaldehyde might serve as & mebloxyl group precurser,
It thersfore seemed of intorest to investigate s number of possible
preocursers tv determine whwther thoy could give rise to methoxyl
groups and to compare the extent of incerporation of these compounds inbe
the methexyl group, The present study dealt with the isolation of
lignin from tha tebaceo plante to which had been administered Dleserdne~
30M formaldehyde-0, Dlemethionine-methyl-CM, glyeine-2-0*¢,
glyeineslaCM, choline-nethyl-C™, farmate-C'*, glycine betaine-
motdyle0 ™, and glysolates2-0™,

The blomynthesis of the methyl grovp of thymine has attracted
interest in recent yeara and has led to investigationm of possible
precursors in animals, Formate (18) has been shown to give rise te the
wothyl grovp of thymize snd to the carbons 2 and § of the purines,
Hethionine (18) has been demonstrated to serve as a thymine methyl
group precurser, and a source of the ureide carbons of the purines,
Serine, ss studied by &Zlwyn and Sprinsen (19), has also been shewn to



be a precurser for the methyl group of thymine, and fer ths ureide
carboms of the purines, It bas been indicated that the carbons and
sitrogen of glycime emter the purine melscule (19), and the alpha
carben inte the thymine methyl greup, Formaldehyde alse has been
suggested te have a vole in the thymine methyl group syntheses, but ne
data Yo confirm this suggestion has appeared, Recent work inm the rat
by Hermann, Fairley, amd Byerrum (L9) i which methienine and fermate
wors studied, indicated that formate was used to only twice the extent
of mothionine as & source eof the thymine metlyl greup, but te abeut
ten times the extent of methionine as & source of the urelide ¢arbons
of the purines, They also noted that the methyl group of msthlonine
appeared to omter the methyl group ef thymine to a greater extent in
relation te the purire uwrelde carboms than did the formate carbem,
These studies aleng with the serise work suggest the pessibility ef
the role of "active legarbom units® at the oxldatiom states of fermate
and fermaldehyde, 4s & remult of this pestulation, formaldehyde
labeled with carbea-ll has been administered te rats and the pyrimi-
dines and purines, iselated from the deoxyribomucledc acid of the rat,
wore examined for radioactivity. The extent of incorperation of _
formaldehyds as ceompared with formate and the methyl group of methienine
was ascertained,
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The tobacce plants used in the mmmumn-minwma
high nrlootdne struin, Niootiana rustica L, var, humilis, The seeds were
planted in flate containing vermiculite as & nop~mutrient supporting
material for the plants which were transplaated after a pevricd of twe to
throe weeks, The plants wore grows in the greenhouse until & height of
about 6 inches waw atdained, usually efter about a 90 day growing peried,
They wero fad twice & week with a mubrient solutien which was compoged
of 5.8 g, Ca(N0y),* bH0, 2 g, MgS0.* THLO, 1 g, KyHPO,, in L liters of
tap water, Budding and flowering were noted in some plants during the
feoding period, but for the most part were absent,

To prepave the plants for lydrepenie administration of the radine
asgtive compound to be studied, tle plants were removed from the flats
and freed of vermioulite as completely as poasible, They were then
ringed careffully with tap water te remove most of the remaining extranecus
material and to aveid damage %o the reots, The roots were scaled in
0.1 percent selution of 4 devergent garmicide (Detorgent germicide Ne,
1528 mamfactured by Myandotte Chemioal Co,, Wyandotte, Michigan) for an
hour, with occasienal agitatien, te reduce the muber of bacteria present,
The roots were then rinsed with distilled water and placed 4n 129 wl,
Erleonmeyer flasks contadning 50 ml, of an inorganic nutriemt solutien,
The mutrient solution was & 133 dilution of the stock nutrient selutien
shown in Table I, All the weighte are of the anhpirous salts and only



€, P, grado chemigals were used, Te prevent the destruction of the
sdwinistored orgunic cempounds by microorgsaisms, 0.5 ml, of 121000
selution of suresmycsin was also added %o sach flask,

TARLE I

COMPOSITION OF THZ SPOCK WOTRIENT SOLUTION
Water 1000 ml, Magnesion sulfate MgSO, 250 mg,
Caleius nitrate Ca(f0), 1 g. = Ammoniwn sulfate (RH,)g30, 250 mg,
Potansivn Chloride KU1 ﬁg mg,  Potassium dibydregen

Perria chloride Pedly 2 mg. phospliate 250 mg,

——

ol

The aduintstration of the varicus experimental wethyl group
pregursors will be desuribed later, ALl the experiments were carried
out ia & special fuwe hood to aveld any health hasard frem radicastive
material, Artificial lighting was used in all tlw exporimental werk for
12 houre each day, The source of light consisted of & 100 watt incandesw
cenmt bulb and twe 36 imoh, 30 watt fluorescent tubes, placed abeut 14
inches above the tep of the leaves and had a light intensity of 200.250
foot candles ab the top of the plants, A stroam of oxygen was passed
through the mitrient solution of eash plant for two mimutes twice & day
to provide aeration for the root systems, Additions) rutrient sclutiom
was added ap nmooded to keep the velume constant,

Following the poriod of administration of the possible methyl group
precursors, the plants were removed frem the flasks, the roots were



rinsed with digtilled water, and the exsess 1iquid blotted from the
roots with a cheese cloth, The plants wure Shen cut up into small pleces
snd fmmediately dried under infrared lemps, The temperature of the
plants was left at 80°C, for an hour near the end of the drying peried,
The dried plant material was fimely ground in a mortar, mixed with 20
percent of its welight of calotum hydroxide, and placed into a Kjeldahl
flask, rm MW m stoan Mmed until the distillate no longer
gave & precipitate with silicotungstic acid imticating that ne mors
slcotine was ceming over, The distillate, which wes cellected in 5 ml,
of &6 R bydrpchiorio acld, was concentrated in yague %o & small volume
and the neotine wue purified by two successive azeotropic distillations
into 2 ml, of 1 ¥ BC1 from allaline mediwm, ar desoribed by Smith (20),
the distillate was comcentvated te dryness under veduced pressure and
nlcotine hydrechlerdde crystallized eut, The salt was diseelved in
methanel plus a small amount of water, and & saturated methanslic solu~
tion of pleric acid wes added im exeess, After a half hour of standing
the nicotine diplerate orystals which had famed, wore filtered off,

" washed with methanel and recrystallized frem hot water, The melting
point was 223-221°% (224° literature (21)).

Several studies (3,5,11,12) 4in ttds laboratory have shown that
tobacos planta den sbserd vardous erganic cempounds threugh the reots,
in carlier study using glyoine «2-C + (11) indicated that about 2 mg.
of glyeine could be absorbed by the reote in a peried of ebout feur days,



The hydropenic administrwiien of the glycine ~1-C -, under study 1n
the presont experiments, peemed feasible,

Beioe o "
Two experimental fesding trials were rum with glycine «1.C

using 30 tobacco plants im each experiment, The plants were prepared as
dejm-m previeusly and 1,33 x 10" moles of glyeine with & radie-
activity of 1 x 10® counts per minute was added to the mutrient selution
in each flask, The molar quantity and radioactivity was caloulated to
be equal to compounds previcusly admimistered (3,5,11,12). after the
seven day administration peried, the nicotine was isolated as the
dipicrete as described in the previous section, The micotine diplorate
was ground finely with a mortar and pestle, and 60 mg, of it was plated
on tared aluminum disce for counting,

Results

Ko radicactivity was found in the nicotine dipicrate frem either
trial after feuding glycine -vlc-G“, indicating that the carbexyl carben
of glycine deosa not enter into nicotine synthesis under the experimental
conditions uged,

34
Motiylation Study with Serime -3-0

Uptake of DL - Serime
As with other possible methyl greup precursers, it was decided to
fead serine to the tebacce plants from a mutriemt selutiem through the

* (btained from Tracerlab, Imo,, Boston, Mass,
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reots, This procedure would them make 4% possible to cempare the axtent
of incorporatien inte nicetine and 1ignin of the beta - carben of serim
with ether methyl group precursers, Howsver, before the administration
of $he radiesctive serine, it was mecessary to ascertain the abserptiom
rate of serine, and to determine whether serins was toxic in lew comcene
trations, er vhether mioroorganiems on the reots destroy or changs the
amine acid before abnorptiéu.

Therefore 2 mg. of DL - serine was added to 10 flasks containing
mtrieat solution, Tobacce plunts were placed im 6 flasks, and 6 rect
" fragments 1 cm, long placed in sach of 2 flasks, The iast 2 flasks were
used as uninoculated controls, After twe days, the plants and rects were
removed frem the various flasks, and the selutions analysed for remaining
serine by the ninhydrin method of Harding and MacLean (22), This method
was considered adequate since 1%t was shown that plants grewing in mutrieat
solution without sdded serinme exoreted nothinmg te preduce coler with
ninhydrin under the conditlioms used, The analyses of the solutions conw
mg the plants showed that afier twe days all of the serime had
disappeared, The solutions cemtaining the rects, whem compared with
the uminocalated controls, showsd ne decrease in the concentration of
serine, These results indicate that serinme may be readlly absorbed
through the roots of tebacco plants frem a mutriemt solutionm and that me
destruction of the ssrine by micreoorganisms oscurred under the cenditions
of feading.

The nen-texicity of DL « serine im the concentratien used was
evidenced Ly the meormal grewth of the plant stem, preduction of leaves,



and growth of roots, The above findings agree with the results ebtaimed
by Ghesh and Burris (23) whdch indicate that DL - serine can be utilized
by tebaceo plants for growth and mitregen metabolism whenm administered
in & nutrient solution in the presence of smmonium doms,

Mnisistration of DL - Serime -3-0 -

In order to duplicate the comditions of previcous methylatien studies
se that valid compariseons of the extent of incorporatien inte methyl
greups could be made between serime and the other cempounds, the DL -
”r!.m% vas administered in the same melar quantity and radioactivity as
bad been done previeusly, The DL « serine wag fed to 2 groups of 30
tobacce plants as deseribed in the procesding sectien of Preparatien of
Plamts, Bach plant received 1,6 x 10" moles of DL = sorine with a
radicactivity of 1 x 19. counts per mimute as measured using & thin-end
window Osiger-Miiller tube,

After the seven day administration peried, the nicetine was isclated
as the dipicrate as desoribed earlier, The dipicrate was fimely ground

in a mortar, plated on aluminum counting disce, and counted for radie~
activity,

smethylation of Nicotine
As will be indicated later the nicotine from serine - 3-0“ fod
plants was radicaciive, and therefore it was desirable to determine
whether or not the radicactivity was lecalized in the methyl carbom,
The demethylation of the micotine wae donme by Brewn's (2L) modificatien

* tbtained from the Califoraia Foundation for Biechemical
Ressarch, los ingeles, Califernia,



of Pregl's method (25), and the methyl greup iselated as methyltriethyle
ammonium ledide, & white solid guitable for counting,

Bince the micotine dipicrate was guite inseluble and wmsuitable
for demethylation, 200 mg, of nicotine diplorate was disselved in sodium
hydroxtide and the nicotine was azeotropically distilled inte 6 ¥ hydro-
chloric acid, The distillate was placed inte the reactien flask of the
demethylatieon apparatus and concentrated Yo drymess under reduced
pressure,

The reaction flask was then attached to the demethylation traim and
the following reagents added te the flask on the basis of 50 mg, of
nicotine: LS mg, of ammonium iodide, 2 drops of § percent geld chloride
solution, and 3 ml, of k7.3 percent hydriodie acid, The gas-washing
bubbler centaimed 1.5 ml, of 5 percent sedium thiesulfate-cadmivm sulfate
selution to remove hydricdic avlid and lodine, The delivery tudbe dipped
below the surface of a 5 percent ethanolic selutior of triethylamine in
the receiving vessel, which was cooled to about ~70°C in a methyl
cellesolve~carbon dloxide bath, A constant stream of nitrogen, imtroduced
inte the side arm of the reaction flask, was passed slowly through the
entire apparatus during the demethylaticsm process,

The reactien flask was embedded in A copper oxide bath and was
heated to 200°C in 20-25 minutes, Then the temperature was raised slowly
to 350+60°C and held there for LS mimutes, After the heat was remeved,
the flask was allowed %o cool and was flushed for 15 mimutes with a
fagter stream of nitregon, The receiver was then discomnected amd the
delivery tube was rimsed with abgolute ethamol, The rinsings were placed
inte the receiving flask, Thias flask was stoppered, the centents mixed,
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and allowed to stand overnmight at room temperature, The fellewing day,
mest of the ethanol was eveporated over an infrared lamp with a slow
strean of air directed across the liquid suwfase, The last of the
othanol and triethylamine were removed im a vacuum desiccater, The
mnethyltriathylammoniun fodide remaining was a vhite crystalline cempound,

The quatormary lodide was disselved in a small amount of ethanel
and plated with a micrepipetie on a tared alumimm dise, The ethancl
was evaperated over aa infrared lamp, and the disc reweighed te cbtaln
the welight of the compeund te Ve counted,

Results

The radicastivity ef the nicotine iselated from perine =3 = fed
tobacce plants is presented in Table IX, The remsults are expressed in
counts per minute per millimole at "infinite thimness®, The coluwm
labeled "methyltriethylammonium lodide™ shows that most of the radiow
~astivity of the micotine after the admimistratien eof radioactive serine
is lecated in the methyl carbom, The difference in radicactivity of the
nicotine in the two experiments was probably due to seasonal variations
in growth and metabelism simce the plants were ralsed at different times
of the year, Seme incorporation of ssrine into the rings of nicetine
may be indicated by the fact that not all the radicactivity was recovered
upen demsthylation,



TARLE II

LOCATION OF RADIOACTIVITE IN THE NICOTINE o,
MOLBCULE AFTER THE ATMINISTRATION OF SERINE =3-C

‘m MU S0 _-,“ I 20 3& : y
{Counts per minute per millimele)
, Rusber | Nethyltriethyle
Experiment  of Plants Ricotine Dipicrate  amrcnivm iodide
) » 3
2 10 2.2 x10° 2.1 x10°

A sample of the caleulations is shewn in the appendix,

The tobacco plants used in this comparative study were of the strain
Hicotiams rustica L, var, umilis, The nicetine of the plants previeusly
bad been removed by steam distillation in the presence of caleium hydroxide,
and the resulting residue dried, Seversl groups of plante had been fod
difterent carben~ll labeled compounde, The Jabeled compeunds, fed inm
equimelar quantities, and in equal radieactivity, were as followss
Dl-methiontnewnothylel — (3), sodiun formate-C -~ (3), cholins-methyloc ®
(5), glycine bﬁmmmtbyluﬁ“ (8), Dlegorine ‘3-0“, gzyemwm“ (11),
glyoines1-6™*, caleium glycolate-2+0°" (12), and fermaldohydesc™® (36).
The moles of sach cempound fed per tobaceo plant was L.k x m..a and the
radiosctivity ws 1,0 x 10 counts per mimute,

* I an indebted to S, 4, Brown, R, L, Ringler, C, S, Sato, R, &.
Wing, and L, J, Dewoy for providing tive tobacco materials,
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Ton to fifteen grams of the dried tobacce plant residue was
treated by the method suggested by MacDougall amd Deleng (26) %o isolate
& low nitregen containing lignin, This method consisted of two 15 mimute
oxtractions with sther saturated water to remeve nitrogem containing
materdals, & 20 minute extraction with 5 percent agetic acid to remove
some carbehydrates, and finally twe 15 mimite extractions with an ethanole
bensene (112) mixture to remove the fatiy materisls, A Varing Blender
was used to disperse the tobscco plant residue in the rolvents, and
cheese oloth used as & £ilber te remove the liquid pertion,

_ The residus chtained from the series of selvent extrectiens, light
brown in coler, wis broken up imto fime pleces, placed im a large beaker
and goverad with a measured amount (usually 50 ml,) of 70 percent {v/v)
sulfuric asid, This suspsnslon wes allewed te stand 18 hours st 5°C to
b_;dnlna and prevent carbenivation of the carbebydrates, Then the suse
pension was diluted te three pervemt, and boiled gemtly using glass boads
as antisbump materials for twe hours te complete the hydrolysis, The
volume was kept conatant by the addition of distilled water,

The resulting suspension of ligain in acid was cooled and then f1ilw
tered on & sintered glass funmel under reduced pressure. Difficulty was
sncountered in the filtering process siace the fumel rapidly became
clogged, This trouble was aveided by alloving the lignin te settle, amd
decanting the supernate before filtratien, The dark brown lignin was
washed thoroughly with distilled water, partially dried on the filter with
suction, and then transferred te a vaguum ‘;!«ieanw to complete the
drying process,
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8inoe lignin isolated frem plants fod all of the compounds listed
shove was rodicsctive, as will bs indioated later, it was of interest
to ascortain vhether any radicactivity waa located in the methoxyl
group, Por suck studies it was necessary to oleave the methyl greup amd
sbtain 1t dn & suitable cempound for counting, FMokstra's medification
(27) of PRillips' method (28) wae used o split ths wethyl greup frem
the oxygen % yield methyl lodide. The methyl jodide wms awept inte an
ethanolis selution of tristhylamine to form methyltriethylasmenium dedide
quantitetively,

Although the lignin demethylation procedure wae similar in many
respects to the nicotinse demethylation precedure there were certain dme
portant differences, PFor this reasom the procedure for the demethylatien
of lignin will be presented in detail for the sake of clarity, The
demethylation was csrried out inm & wodified form (2L) of the apparatua
degoribed by Pregl (25), Appreximately 60 mg, ef lignin was acourately
weighed en cigarette paper, which was previcusly shown to yleld me methyl
greups in the demethylation progedure, and placed in the resction flask,
Two nl, of phenol wvm‘ﬁ &8 the solvent and b ml, of 47,3 percent
hmma acid wore alse added to the reaction flask, A gas~waabing
bubbler attached to the flask contatned 1.5 nl, of § percent cadnium
sulfute~sodium thiemulfate sclution recemmended by Pregl te remove icdime
and hydriedic acid, The dolivery tube was below the surface of the S
porcent othanslie salution of triothylamins in the recelving vessel, vhich
wag ocoled im & methyl cellegolve~carbon diexide hath to abeut -70°C,
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The reaction flask was embedded in a copper oxide bath during the
process of demethylation, 4 constant stream of sitrogen was run slowly
through the side amm of the reaction flask and then through the emtirs
apparatus, The reactium mixture was brought slewly te 150°C, and held
there for 45 mimutes, then slowly raised so 200°C and held for 30 minutes,
At the cowpledtien of the heatdng, the bath was allowsd te ceel fer 15
mimutes, and at the same time & fester stream of mitrogen was used %o
swesp the reaction train, After cooling, the receiving wessel wes dise
conmceted aud the delivery tube washed with absolute ethanol imto the
recelving vessel which was then steppered, mixed and allowed to stand
ovarnight at room temperature, The centents of the recelving flask were
transferred to a small beaker and svaporated almost to drymess ever an
infrared lamp with 3 slow strean of alr blowing soress the surfase of the
liguid, The last of the sthanol and triethylamine were remeved in a
vacuun desiccator, ylelding a white solid, methyltrietiylammonium icdide,
The cempound was welghed and ceunted for radicsetivity,

amounts were weighed on tared aluminmwm discs, The sample surface was
made as smooth as possible with the end of & spatula, The LO mg, weight
was used throughout the counting of lignin te facilitate the comparisen
of radioantivity between different samples,

The mathyliriethylamsondum lodide was dissolved in a small amount
of sbsolute ethanol, and plated em tared aluminum dimcs with a micro-
pipetts in such a mammer to oblain a smooth surface, The discs wers
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then reweighod te obtain the sample welght and kept in a desiccater
until ceunted,

A1l the ceunts wers made on & Medel 163 Sealing Unit manufactured
by Bueloar Instrument and Chemical Corporation, The disce centaining
the swmpler were placed en the top shelf of the end windew counting
aspembly, To cowrect for self absorption, the tounts were comverted to
"infinite thiciness” by reference to curve based on the activity of &
standard c“ sample,

Resulss

ldgain is not & chemioal sntity so that specific activity en &
melar or millimelar basis could not be used, The radiosctivity of the
lignin shown in Table III was therofere axpressed as counts poy minute
based on & definlte welght of lignin ceunted. The weight as shown in
the “Ligain® mm was 50 mg, After demethylation, the methyltriethyle
aspeniunm iodide mmmdfméﬂm. of lignin was welghed and a welighed
portion sounted, The coluwm labsled "Methyltristhylammordum iodide®
‘zi.m the counts par minute of tetal guateraary iedide from the dew
methylation of 60 mg, oi‘ lignin, A4 sempla of the caloulations for obtaine
ing counts per minute &t "infinite thimmess® is shown in the appemdix,

the results iadioate that all of the cempounds cxamimed enter the
lignin moleswle, but they are imcorporated in varying degrees, The beta
carbon of werine appears to be lncorporated te & greater sxtent than any
of the other cempounds wdministered to the plants, The carbon of forme
aldehyde waz secend in extent of imcorperaticn when compared (o the
other substance fed, The ether compounds studied give results that are



similar to those obtalned inm the nicetime studies (3,5,11,12) with the
sxception of formute which sesus to be imdorporated into ligsin Cfaster
Shan into nicetine when compared to the other precursers,

The values obtained for cholinme and betalne should be sultiplied
by thres for a better comparison since only onme methyl greup in each
compound wag labeled with carben<ll, This involves the asmumptions
that 1) only ene methyl group is removed frem each cempound and 2) the
labeled methyl group is mat preferentially removed or retained se that
each cenpound bas & ene ¢ throe chance of losing the labeled methyl
gToup,

Exsadzation of the values in the methyliriethylammoniunm lodide
column indicate that the majority of the carbomell im the lsbeled com-
pounds entered the meihexyl greup of lignin, The beta carbenm of serine
would therefore appear %o be the best O.methyl group precursor studied
thus far, with formaldelyds being second best. Methlondne (3), the
alpha carben of glyoime (11), and the alpha carbom of glycelats (1R)
glve results similar te the Nemethyl greup of nicotine precursor studies,
- As stated above in the lignin resulis, formate appears to be incorperated
to & greater axtent inmto the Cemethyl group than into the Ne-methyl greup
vhen compared to the other precurserw, It is not knewn why such low
recoveries of counts in the methoxy)l group was emcountered in the choline
and betaine studies, but thess are being investigated &t present, The
carboxyl carbon of glycine probably goes to oarben diexide and random
distribution $s obtained since the percemt radisactivity of the lignim

recovered on demethylatien was similar to the recovery obtained after
fecding bicarbenate (29),



The diffevence in ecounts observed from a particular compeund in
twe different experiments may be due to seasensl variations in grewth
and metaboliem,

TiBLE IXX

CMPARISON OF VARIOUS COMPOUNDS AS HETHOXYL
OROUP PRECURSORS TH TOBACCO LIGNIN

1 Sertae 3G 8100 y240 8.5
2 Sorins -3 5360 14660 &
3 Tommaldebyds <G . kg 350 9.5
h Formaldehyde <™ kozo 3930 97.8
§  Methioninemethyl -0 1820 1770 97 .k
6  Methieninewmethyl G = 1520 1492 98,2
7 Glycine «2C 1820 1600 88

8 Glyeine <25 1650 1527 92.5
9  Glycelate =2 1740 1263 72,5
10 Formate 700 109 10
1L Cholinewmethyl «C 573 11l 20
12 Botaine-sstipd £ 665 168 26,3
13 Glyoine <10+ 176 23 3.2
U Glyoine <+ 615 on 1,6




Administration of fermaldebyde -C
Two malde albine rats, weighing amumm 160 g. each, were used
in oanh trial, Hach rat was injected intvaperitoneally with 1 ml, of a
water solution containing 0.1nM of formaldehyds® having & radicactivity
of 0.1 ms, Aifter twaty-four hours the rats were iilled by etherifica~
tion, immediately dscapitated, ami the blood allewed to drain out of the
bodies, The rats wers then cut apen and the viseera removed, washed,
and immedistely freszes on solid earbon diexide, The stomechs and
intestines ware cut open and oleaned of food particles before freeping,

The fyoeen viseora frem two rats wore cut inte emall pleces and
placed in a Yaring Blender, Two hundred ml, of cold absolute ethanel

was also added to the blender and the mixture hemogenised fer five minutes,
The honmogenate was then centrifuged im & refrigemwted centrifuge at

1340 x g,, and the supernatent liguld discarded, The tissue was extracted
with 200 ml, of & 35l ethamel-ether mixture in & boiling water bath for
five minutes to remove lipids, The extraction was repoated thrvee times,
the extractbeing discarded esach time, The tlsmsue was Pinally washed twice
with ether and alr dried,

The dry residusl material was plased in a4 mertar anmd gufficient 10

percent sodium chloride solutien added te mals a paste, Then 0.5 g, of

¥ ovtained from the Isotopes Specialtdes Co,, Ulendals, Califernda,



120 wesh earborundun pewder wes added and the mixture greund for 15
minutes with a pestle, The sixture was then trensferred to 2 centrifuge
bottles with 300 ml, ef 10 percent selutien of sedium chleride,

The suspsasion in the 2 bottlos was heated on the stemn bLath fer 20
mimotes, and then stirred slevly with mechantcsl stdrrers for 2 hours,
The suspemsion was centrifuged and the supermatant liguid wes decanted
into & beaker. One hundred ml, of the 10 percent sodium chleride solu
tion was added to aach bottle, heated sgain fer 20 mimutes on the stean
bath, and stirved for 12 hours, After cemtrifuging and decamtdng, the
residus was washed with a amall amoumt of the sodiun chloride solutien,
and the waskings and supernatast flulde combismed 4n a large beaksr,

Tuwo and a half volumes of ethane) was ndded So the contents of the bealwr,
the mixture stirred and allowed to stand svernight in the cold, 4 white
£ibrous material formed $mmediately upon the addition of the alaoohol and
had settled to the bottem of the beaker by the mext day, The mixbture was
contrifuged, and then the residus washed 3 times with ethamel, Finally
4t was waohad twice with ether, The mixed pelynuclectides wers allowed
to dry 4m air and the white residue was weighed, (Yield of abeut 1 g.
obmﬁdd

The deoxyribemucleic acld was 1sclated by the method of Hamaraten
(31). The mixed polymuclectides were placed in an Erlemmeyer flask and
sufficient 0,1 N NaOE added %o malo & 1 peraemt solution, The mixture
wis heatod im a boiling water Lath for twe hours, the polynuclectide
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disselving seen after being heeted, The solution was adjusted te ph2
with 2 § hydrechleric actd and a gumy precipitate formsd, The suse
pensida was trunsferred to a centrifuge betile, ome~tenth velume ef
0,1 M lenthamm nitrate added to precipitate the desxyridemuclsic acid,
and the nizture cemtrifuged, The supermatant selutien comtaining the
monoribenucleotides was discarded, and the precipitate was transferred
te & 15 ml, geatrifuge tube with the ald of 2 md, of 0,01 M lamthanum
nitrate, The precipitate vas wished twice with 0,01 .n lanthanve nitrate,
One ml, of 1 M petassiuvm carbenate solutien sad Li,5 ml, of water were
added te the precipitats and heated fer five mimutes to decempose the
lanthanam precipitate, After cemtrifuging and ceeling the supernatant
fluid gelled, but liquefied upen warming, The precipitate was decompesed
twe more times with C,5 ml, of 1 ™ potessium carbonate solutien and 2.5
ml, of water. The supermatant selutions were combined in a beaker,
adjusted to slightly acid pH with glacial acetdic acid, and boiled te
remove carbon diexide, The deexyribermucleic acid was precipitated by
the addition of L volumes of sthamol and allowed to stand overnight in
the cold, The mixture was them centrifuged and the presipitate washed
3 timos with ethanol, twice with ether, and allowed te air dry. The
deexyribenucleic acid, a poarly white pewder, wag then weighed (usually
a woight of about 180 mg, was obtained),

The entire deexyribenucleic acid sample was placed imte a 10 ml,
volumetric flask with a ground glass stopper. Twe ml, of 7,5 N
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porchlenie acid was added %o the flask and bhe mixture heuted for oms
hour on the stean bath vith ccossiomal ehaking, The misture was ceoled,
tranaferred to & 15 ml, centrifuge tube with the add of 1 ml, of water,
and ceomtrifuged. The residus was then washed with 0.5 ul, of water,
the combined supersatant solutions placed in amother comtrifuge tube,
and 4.7 ml, of 3,47 F XOH added to the seluiion to obtain a pH of 1011,
The petassium perchlovate precipitate, which resulted, waa centrifuged
off, and washad with 1 ml, of water, The supernatant solutioms, conme
taining the purines and pyrimidines, were cembined and cemcentrated to
5 ml, By & stream of alr directed across the liquid surface,

The separatien and purification of the nitrogen bases were dome by
mothods suggested by Cehn (30), Dewex 1 resin in a 2 by 30 om, columm
was washed with 1 ¥ hydrochloric anid and then with water, The hyiroly=
sate was placed on the column and allowed to filter inte the resin,

The cytosine was eluted with & flow rate of 3 ml, per minute with 0,015

N asmenium formate buffer of pH 10,1, Thisty«five nl, fractioms were
collected, The oytosine elution was detected with a Beakmarm Model IU
Spectrephetometer by measuring the absorbancy at 27k mu, After the
oytesius was off the eolumm, 500 ml, of 0,015 M ammonium formate buffer
of pil 9.1 was used 1o wash the soluvem, checldng absorbancies at 260 mu
for any Mla elution of thymine, Bo thymine elution was cbserved,

To slute the thymins, 0,015 ¥ ammwnium formate buffer of pH 8,25 was used,
and the elution was fellowed by messuring the shsorbancy of the eluate
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ot 260 mu, After the elution of thymine, the adenine and guamine were
elubed with 300 wl, of 1 ¥ B,

The oytosine eluite wes concemtrated o 5 ml, under reduced pressure
and 3 drops of 12 ¥ W1 added to the solutien, The solution was placed
on & Dowex 50 eolwm (1 1/2 x 23 om,) 4n the hydregen Son ferm, and
eluted with 1 ¥ BC1, The olution was again followed by measuring the
abgorbanty of the eluate at 27L mu,

The purine eluate vas concentrated to dryness under reduced pressure
goveral times to remove most of the hydrechlorie sold, transferred to &
beaker with a mmall amount of water, and evaporated to dryness with &
stream of alr, The residue was taken up in L wl, of O1 ¥ W, ad
placed en a Dowex 50 colum (1 x 12 em,) in hydrogen ion form, The
column was waghed with 100 m), of 0,1 ¥ H, checking the absorbancy of
sumplas ot 260 mu to be sure that the purine were not eluted, The purines
were them oluted with 3 ¥ 1, with the collection of 10 ml, samples ab
& flow rate of 2 ml, per mimte, The purine separations were fellowsd
by measuring the sabserbancios at RL% mu and 260 mu, Ouanine gives a
ratio «f absorbancies of 2L9 ma to 260 mw of 1.3, and adenine gives a
ratio of 0,82,

Aliguots of the variocus fractiens collscted from the chrematographic
columng were placed on platinum dishes and evaporated %o drymess over an
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infrared lsmp, Onme m), of the purified cytesine golution, 1 ml, of the
thymine sclutden, and 0,5 ml, essh of the purified guanime and adenine
solutions were the aliguots used in sach case, Simce the amcunt of each
Bitrogen base plated wag kmown frem the optical density messurdmwots

and molar extinctions, the mpecific activity wae expressed as oounts

por minute per micremole, The molsr extinction of cytesime inm apid
solution wae cbtained from & prepared chart, and tle molar extinetions

of guardne and adexdne im 3 N hydrechloeris acid and of thymime in 0,015

H ammonium formate tuffer, pH 6,25, were detormined, i Tracerlsb lsternal
fiow Geigey counter wag used to measure she radicactivity,

The chromatographic fractions of onch wmitrogen hase were determined
0 be satisfasterily pure ag judged by the rutlo of radioactivity %o
absorbancy, and from the ratlo of absorbancles at twe sslected wave
lengths,

The radieactivity of the deoxyribomucleic acid components ilsclated
from rats fed formaldehyde-C — is shown in Table IV, The specific
activity was exprossed as gounts per mimute per mioramole, the caloulatien
of which 18 zhown in the appeniix, Thess results indicate that formaldee
hyds is incorperated inte thymive, ademiwe, and guanine to a wuch larger
extont than imto cytesine, If the dilutien valus is regarded as &
moagure of uiilization, 14 i» imdiesated that about } moles of formaldehyde
enter the purines for each mele of foraldehyde wieh enters thymine,



The low madieactivity in the cytosine would seem to lemd suppert te the
assumption that most of the radieactiviiy of thmine is located in the
methyl group, Therefore formaldehyde weould be considered to have &
majer role in the wethylation of pyrinidines, The radicactiviiy of the
adenine and gusnine is thought te be located 4n the 2 and 6 carbons as
demenstrated by ether wrinrs using formate and serine, and would indie
cate that formaldelyde would be & relatively majer source of the
urelde sarbons,
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The results cbbaimed from the studies using serinssdel ~ indicated
that the beta carbom of serine can be ulilized as a source of the methyl
grovp of nicotine, Howsver, the resulis obtaiwed frem the studies using
smmm“mmmmutmmww:mumm
wot used for nicotine synthesis under the comditions used, The demethyl.
ation of the nicotine isclated from the serime-fed tobacce plants
denenstrated that west of the radicecidivity in the nicetdne was located
in the methyl group,

Gerine provicusly bad been shown to be & methyl group precurser in
amimals but thls present work is the first ovidemcs of its use in the
nethylation reactions in higher plants, Welssbach, lwys, and Sprinson
(mmammmmmmiwtmmmumnwm
could be utilised by the rat for the synthesis of the cheline methyl
group, Armstein and Nouberger (3h) also have demenstreied the utilization
of the beta carbon of serine for the synthesis of the methionine methyl
grenp, I studles by Armstedn (35), i was found that omly the Leserine
isomer gave rise to methyl grsups in the reat, D Lserine was used in
this present study as it was asmmed that both Lsomers of the amine acid
were used in plant metabolimm to yleld methyl groups. The difference in
the use of the twe iscmers has not been studied in plant metaboliss so
that clarification of this point must awit further investigation,



Pravious studies imvelving warieus plant predutts have demonstrated
that the methyl greups ef methionine {3,4,10), glycine detaine (8), and
choline (5), the sarbens of formate (3,10}, and formsldekyde (36), and
the alpha oarbone of glycine (11) and glysclate (12) could swrve as
methyl growp precursors, The investigations of sicotdse formation in
the tebasos plant provide an exvellent opportunity te make & cemparisen
of the various compounds fod sincs the melarity and radicactivity were
kopt equivalent, The carben of formaldehyde seems $0 be utilised as &
nethyl group precurser to & grester extent than any of the other gube
stazces studied, The niocetine isclwbed frem the tebacco plamts fed
formaldehydo-0 ' was about tuice as redicactive as sicotise frem plante
fod glyetne-3<0 ", and almost L imes as radisactive as from plants fod
mothlentne-mathyl-C . The methyl groups of methienins, choline, and
betaine, and the alphs carben of glycolate appear te emter the methyl
growp of nicotine to about the same extent, vhereas the carbon of formate
$s incorperated only to about cnsebenth the sxtent of these substances,
The beta cavbon of serime was imcorporated imte the methyl group eof
nicotine to about enehalf the extemt of the alphs carbon of glyeine and
3 40 5 times loss than the earbom of formeldehyda, Hven $f the Lewerine
isomer were the saly form utilised by the tebaceo plamt, 1t would still
be utilized to a lesser degres than tho carbon of fermaldehyde,

The sbove methyl group precurssrs Also have been studied in animal
motaboliom and seen to shov & marisd difference in relative importance
when compared with the plant metdyl greup precursers. The methyl groups
of glyoine betaine and methionine appesr to supply most of the methyl




groups by transmethylation in the animel, In de nove synthesis studies
in the rat, irnsteln and Neuberger (3L) have shown that formate enters
the methyl group of methionine st least as rapddly as the bata carbon of
sarine, and that the bota carbon of serine iz utiliszed to almost & times
the extent of the alphs carbem of glycine, Stelol et al, (37) hawe
demenstrated that the beta carben of serine can be used for choline methyl
group symthesis to & greater extent than formate or the alpha carben of
glyeins, Only a few investigations using formaldehyds (33,38,39) have
been made, but they seen te fndicate thet formaldehyde is utilimed at
about the same extent or slightly less than formate, 3 distinct differemce
therefore is noted in the de move synthusis of methyl groupe in antmal
MMMM&,%%&MW#&M&MMWW&%@
animal and formaldehyde amd glyeine being the move Important cempoumds
for synsthesis of Wamethyl groups in the plant,

A possible pathnmy for the synthesis of Nemethyl groups in plints
might therefore be proposed in light of these studies. Ainimal studies
indicate that glycine enters mothyl groups by way of serine, and that
possibly formaldebyde, forwate, or & *l-carbon unit® comdenses with
glyoine to form serime (3L,i0,41), However, this dess mot appear %o be
the case in the feovmation of the ndcotine wethyl group, since neither
Cormaldehyde ner the alpha carbon of glyvine ssems to be metabelized %o
a Jarge extent by way of the beta carben of serine, 4 suggested idea
that the beta carben of serine may be exidized o the oxidatien state of
formaldehydo but mot to the oxidationm state of formate has been supported
by studies by Llwyn, Weissbach, and Sprinsem (L2) who demenstrated thet



serine is not exidised to Lormate to form cholins methyl greups in the
rat,

Rovent propossls of an “active lwcarbon units® by Berg (L3) amd
Kieltuk and Suiowst (Lh) &% the oxidetion state of forwaldshyde appear
to be attractive for the utdlisation of formaldehyde, the alpha carbon
of glycine, and the beta carben of serine for the formatiom of Nenebhyl
groups in plants, This %active lesarbon compousd? could then be reduced
to form methyl greups for transmethylatien or the "nonelabile® greups of
Mpdn, EHwn and Sprinson (43) demenstrated a Jowsred utilisation of
serine in falic actd deficiemt rets to lend suppert to & hydroxymethyle
tetralydrofolis acid derivative of Kisliuk and Sakami. The addition of
homouystaine to rat dlets s been shown to Ancresse the incorperation
of merine {37) and formate inte choline and greatise methyl growps to
lend mapport te a hydreaymethylhonmscysteine derivative,

A pessivle patiney for the formatien of Wemwrklyl groups in the
plant might therefore bes

Formate > ®iotive Pormate® yoine alpha

Formaldehyde —— "Aotive Formaldehyde® —- Serine beta

\ carbon
Niowiine Hothionine
grow group

The role of the carbaxyl carben of glyeime im plant motabelimm
meMmmuummm, Slekavits and
Oreesberg (15) demonstreted that the carboxyl carben of glycine was
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exidised to oarbon dioxide and thet the carbon diexide formsd was not
redused to Sermate, whoreas the alpha carben of glycine gave rims te
formate, Welsdbask, Elwn axd Speinsen (32) also showsd that the
carboxyl carbon of glycime Aid met give rise to cholime mothyl groups
in the rat, If the present expsriment using glyeisswlsC . had beem run
for & lenger psried poseibly ramdem distributien of radicsctivity in
the misotine would have been found as was indicated by Culp (29) 4n
studies with bisarbonate ,

Tt was demonstrated in thage dnvestigations of wethylatien in
tohacoe plants thet the methy) carbems of mothionins, choline, mnd
betaine, the alpha serbons of glycine and glycclate, the bets carben ef
serine, the cerbon of formato and formaldehypde, and the carbexyl cerben
of glyecine can serve as precursors of the mothexyl carbon of lipnin,
A1l of the above substances, when fod i tobasco plants, gave rise te
raddoastivity in the lignin isclated from the plants, buk the extent of
inserporation varied with the substances, After demethylation of the
1igain, 16 was Cound that mest of the radicactivity of the lignin wes
loonted in the methoxyl grmﬂfli@hfmmt‘m D Jeperinow

mothyded ™, glycines2s0™*, formaldahydens™,
fycolate<2-0™", and formate-G -, The methoxyl greupe of the Liguin
after fooding oholinsmetiyleC " and Detainoenethyl-G " posseased snly
about ouasthird to one~lifth of the radicactivity of the lignin, whereas
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the nethoxyl growp of the lignin frem plants fed glyoinesl<C* contained
less than emetldriieth of the radicactivity of the lignin,

The Owmethyl greup is umusual ia the sense that it dees mot exist
in animal metabelimm, It was first shown by Byerrum and Flekstra (L6)
that the Owmethyl group of barley lignim could arise frem the methyl
carber of methionine, and the carbon of formate, The methiemine methyl
group was demonstrated to bs incorperated te a much greater extent than
the formate. Dubeck and Kirkwoed (6) found that the methyl greup ef
methionine could be utiliszed as & source of the Owmethyl group of
ricisine, an alkaleid from the caster bean, but they falled te show that
elther the choline methyl groups or formate could give rise te the methyl
groups of this alialoid, Sribmey and Nirkwood (47) alse have demenstrated
that the methyl group of methionine could sarve as a precurser of the
methylemediexy groups of protepine in Disentra hybrids, Subseguent
studies by Byerrum, Flokstra, Dewey, and Ball (10} have shewn that the
mothyl greup of methienime is transferved intact to give rise te the
Oemethyl group of ligeim inm barley and tobasco plants, an instance of
transmethylation in higher plante. Transmethylation in higher plants
had been shewn earlier imvelving the methionine methyl greup and the
nicotine methyl greup (9), Studies by Stone (L8) in which labeled
carbon diexide was fed to wheat plaats for a short tm indicate that
the methylation of lignin is an irreversible process, the methyl greups
being of a "men~-labile” type. He demonstrated that the total radie
activity acquired by the syrimgaldehyde pertien ef lignin remained
constant threugheut the growth of the plamt, imdicating that ligaim was
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an endepreduct im the plant and methylatien was a reaction in the eym-
thesia of ligninm,

The results obtained in the present studies differ frem the results
obiained in previeus plant methylation studies (3,5,6,11,12,36) mentioned
in the discussion of serine imoorperatien imto the Nemethyl group of
mootine. The beta carben of serims appears to be incorperated te the
greateat extent imto the O-methyl grewps of tebacos lignin when compared
with the other precursers. It is imserperated te nearly twice the extent
of the carbon of formaldehyde, abeut L times the extent ef the alpha
carben of glycine and glyvelate, and the methyl group of methieaine,
and about 10 times the extemi of the carven of fermste, If only the
L-serine is utilized by the plant them serine weuld be am even better
methyl greup precurser whes compared te the other substances,

The reasen fer the low recovery of the total radicactivity after
demethylation of the lignin from plamts fed choline and betaine is not
understeod at present and is under inveatigation, The resulis obtained
frem the demethylstien of the lignin frem plante fod glyoine-1-C = seen
%o indicate that the gcarbexyl carbem of glycime enters the lignin mele-
ocule randenmly much as carbon diexide emtere the micetins melecule as
demenstrated by Culp (29),

The impertant rele which seems to be assigned to the beta sarbem
of serime would indicate that im higher plants the O-metkyl greup is
formed at least partially by & different pathway Sham is the N-methyl
group ef aicetine. This suggests that pessibly the beta carbem of
serine is metabolimed threugh mere than one pativwey, The possibility



of & *lecarben unit® (L3,hL) similar te. that propessd in the previous
discussion seems to be attractive bere alse, but since the beta sarbem
of serine s incorporated te a greater extent tham the carben of
forsaldehyde thers may bs sti)l ancther pathway, As mentioned previsusly,
the methylation of ligmin seems te be an irreversible process whieh
might lend suppert to the idea of the involvement of the oxygen of the
serine hydrexyl group, Perhaps the serine condenses with the rimg
structure of lignin and then the curbem linimpge between the alpha and
beta carbons is clesved, follewsd by redustiom to yleld the methexyl
group, A study using deubly labeled serine with 0“ in the hydroxyl
grovp and ﬂu in the bata position would be useful inm proving this
hypothesis,

These studles also indicate that the carbons of formaldehyde and
formate, and the alpha carbens of glyoine and glyselate might be
| utilized for methyl group synthesis by way ef the beta carben of serine
as suggested in animal metabolism (1h,39), This again differs frem the
rasulis ebtained fren ths mathylation studies ef the N-methyl greuwp of
nicetine, These investigations showed that the earbom of formaldshyde
and the alphs carbos of glycins were mﬁhrpmm to a greater aextent
than was the bets carbon of serims, which suggest that they were not
metabelized b;y way of serine,

The presest study has shown that the carben of formaldehyde can
serve as & progursor of thymine ami the purines, ademine and guanine,
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The low radicactivity feund in cytesime lends suppert %o the assumption
that all the redieactivity ef thymise was lecated in the methyl greup.
Studies using fmk-b‘“. um:n-s-cu, and glyeine-2.0 “(17,19) have
demonatrated that upon degradatior of thymine mest of the radieactivity
was losated in the methyl group, and in each case the thymime riag
isetepe leval correspended te the isetope level ef he cytesins ring.

It has been well known frem imvestigations with pigeens that formate
or biclegical precursers of formate such as the beta carbem of serine, |
the alpha carben of glyvime, and the methyl group ef cholime ceuld give
rise to the 2 and B carbens of uric acid, Formate has been show by
Totter, Velikdn, and Carter (17) to give rdee %o the methyl group of
thymine in the chiek and rat, The methyl greup of methionine formerly
was feund te serve as a rathor ineffective thymine procurser by Brown
(18), but recently it was feund te be readily comverted to the 2 and 8
carbens ef purines by Sime and Jelmsem (18), Kwyn and Sprimsom (19)
have shown recemtly that the beta carbom ef serime and the alpha carben

of glycime could serve as precursors of the methyl group of thymine,
| demonsirating that serive was lnsorporated %o a greater extent than was
glyei»s, The beia ocarbon of serins also was shown to enter the 2 and 8
carbens ef the purines,

. Recent work reperted by Hermsamwn, Fairley, and Byerrum (L9) dealt
with & comparisen of the ocarben of foermate and the methyl greup ef
methionine as precurgors of the methyl greup of thymine and the wreido
carbons of the purime, Earlier stadies usimg formate (17) and
methionine {18) had falled to provide a cemp&risen of the reapective
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utilizations for thess processes, Herrmamn gt a1, (49) found that
formate was a wure effective precursor of the tlymine methyl greup and
the ureide carbons of adenime and gusnine than was the methyl greup of
mothdonine, Howswer when a ratio of the radicactivity of adenine to the
radicactivity of thymine was considered, studies using fermate gave a
ratio of abeut 5 %o 1, whereas studies using methionine gave & ratie of
abeut 1.k to 1, These ratios indicate the methyl greup of methionine
would anter tiw metlyl group of thymine mere preferamtislly than dess
formate when compared to the entrames imte the vreido sarboms of the
purines, The work of Llwyn ass Sprinsom (19) gave a cerrespomiinmg ratie
of 1,5 to 1 for the beta carben of serine indiceting what the methyl
group of methisning and the bsta carben of merise may form & comnen
intermediate before gm%mmmmmhmwmmma
and the mothyl group of thymine, The present study using fermaldehyde
gave an adenive to thymine activity ratic of about 3 te 1,

The dilutien valus, that is the specific sotivity of the precurser/
specific activity of the compound isolated, oblaimed in the present
study was compared to the dilution walues oblained from the formate and
methisaine study (L9). They indicated thad formaldshyde is incorperated
into the purines te about the same extent as formats, and abeut 7 times
the extent ef the methy) group of methionine, Hewover when compared
with respect te the incorporatien inte thymime, formaldehyde was used teo
twioe the exbent of formate, and L times the extent of methionine,

Phose results seem to indicate that fermaldehyde has an mrf
mediate rele as & thymine precurser whan cempared te serine, methionive,



and formate, Elwyn and Springen (19) demenstrated that during the
conversion of the beta carben of serine to the thymine methyl greup the
hydregens en the beta carbon ascompany the carben, Whercas in the come
vereion to the ureldo carbens of the purimes extenmsive labilization of
the hydrogens teok place, indicating twe distinet pathways for the two
processes, In studles of the synthesis ef sarine by Xisliuk and Sakmms
(L) and by Mitema and Oreemberg (39), it was suggested that an active
intermediate compound, possibly a tetrahydrefelic acid derivative, at

the oxidation state of formaldeliyde exlated which could give rise to
serine or te the mothyl groups of thymime and chelime, Berg (L3) alse
has propossd that hydroxymethylhomocysteine was an imperient "active
lecarvon intermediate®, Kisiiwk and Sakami (Ll) also pestulated an
"aotive l-carbon compound® at the oxidation state of formate which wmipht
form the ureide carbons of the purines or be reduced %o form the “active
hydroxymsthylistrahydrofolic acid" ab the exidation state of formaldehyde,
These pestulations weuld help to explain the differemce ia the incorpora-
tion of formaldehyde ami formate inmto the methyl growp of thymine,
Recently Greemberg (50) also has presented a schames for the imterrela-
tiomship of formaldehyde, the beta carben of serine, formate, and the
purine ureido carbons utilising the “active lecarbon compound®, a
derivative of tetrahydrefolic acid as proposed by Kisliuk end Sakemi (Ll),
Wyatt and Colmm (S1) bave reported the occurrence of S-hydrexymethyl-
cytosine in phapge deoxyribonusleic acid anmd propossd a possidble pathway
for the formation of thymine by way ef the S-hydroxymethyleybosine which
soams to be attractive in light of the resulis with formaldehyde,






SUMMARY

1. The administration of uv&wﬂ“ to tobasco plants resalted in the
Lformation of radicastive nicotine, Most of the radicactivity was
shown to be centered in the methyl group,

2. When cempared with ether methyl greup precursers previously fed to
tobacco plants, the bebtawcasben of serine seems to be imcorpereted
inte the nicotine melecule in & lesser amount than formaldehyde and
the alphascarben of glycime, but &t about the same extent as
mothdonine, oheline, betaine, and glycclate, Fosstble mechanisms
for the formation of the Femethyl grouwp are disvussed,

3. After the administratien of glysine<1<C " te tebasco plants, the
nlcotine dipiorate isolsated pousessed ne rMadioactivity, It is
Sherefors assumed that the carbexyl sarben of glycine dees met omter
inte Wootine synthesis under the conditiens used,

ko Lgeln toclated from tebacos plaste fod mm-.w ¢ Soraulinye-
emethyleC *, mam-c , gxyemnw . cholines
metiylC ™", glyoine betainsemsthyl-C , glycolate=2eC ', aid formatesC
has been shown to possess radicactivity, Most if pot all of the
radioactivity we shewn to be lecated in the methexyl group except
aftor fesding choline, botains, and glyoine-l-C  , The results with
choline and batains foeding are unexplained at present, and the
carboxyl carbon of glycine appears %o result in randem distributicn
of the carben in the lignin melecule, |




5. A cemparisen of results indicates that the beta carben of serins is
the best methoxyl carbom precursor studied and formaldehyde is
secend best. Methionims, the alpha carbous ef glycime anmd glycelate
are incerporatsd at about the same extent, Fermate aﬁpmrs to be
incorporated better into Owmethyl groups than into N-methyl greups
when campared to the ether methyl group precursors. The significance
of the results obtained are discussed in view of poseible pathways,

6, Radleactive formaldehyde, vhen injected intmpﬂritnmdly inte rats,
hag been shewm to yleld radlsactive purines and pyrimidines iselated
from deoxyribemucleic acid. The purines, adenime and guanine,
possessed & large ampunt of activity, as did the pyrimidine, thymine,
but cytesine showed little activity, Mest of the radieactivity of
thymine appears to be located im the methyl group, Whem compared
with methionine and formate, farmaldehyde appears to be intermediate
in the fermation of the thymime wethyl group and purine ureide
carbons, but seems %o be & goed gsource for beth of these carbens,
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AFPENDIX I

ﬂmtnm&umdinmtmmmdcmaﬁmm
diplovate and methyltriethylsammenium lodide to merv ssmple thickness

WASY

where Ay = naximum specific activity (counte/mimmte/millimels)
Cy = sumerved counts {oounts/mirute)
¥« nolecular welght of compound
W = weight of sample counted
b = fraction of maximum activity at the sample thickness
used (T) < obtained frem self-sbsorpticn curve,
Sappls caloulationt
Nicotine dipiorate e Cy = 116.3 ...y W = 60,6 ng., M « 620,
T » 01.h mgfon,”, b = 0,290,

» b1 x10® cpm, /el
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APPENDIX IX

A) The formula ussd in correcting the observed counts %o zero ssupls
thicimess for lignin wamples wast

e . &
Tl en
vhere Ay *'erm'wﬁw (counte mimite /60 mg, of
Gy = observed eem: (counte Andmate /eample woight of lignin)
W o= mg, of sasple counted

b = frection of maximum sctivity at the sampls thickness
used {T) == obtained from self abeorption curve,

Sample caloulations

B) The formula uped to correct the cbserved cownts for the metiyle
triethylamenium iodide to zero mempls thiciness wast

- Gy xI % 100
‘n P xW=x 98

vhers A, » maximus specific astivity (counmts/ninute/total mg, of
b fedide chtaimed frem 60 mg, of lignin)

8, = observed counte {counts/minute)

I = mg, of methyltriethylommontium lodide ebtained frem
demethylation of 60 mg, of lignin

W = mg, of mothyltristhylamsonium fodide counted
b = fraction of maximum specific activity at the sample

thicimens used (T) <o obtailmed frem self-abserption
surven ,



e © correction facter, based on 95% recovery of methexyl
% groups from vamidids (27), 7

Sample caloulationy
cg - 271%0 B.p.M,, Iw 31»1 L We 21,7 WMoy T = 7,67 ‘8'/

B0 « 1350 opam./ weight of Lodide
; obtaloed foom &0 mg,

mt‘ 1ignin,
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APPENDXY IXT

The formula used te cerrect the obmerved counts of purines and
pyvinmidines te specific activity,
8« Cox M x1000m
isx1 xi10%
where 5 = spocific activity (counts/tmutefmicrenole)
Co = observed counts (counts/mimte/nl, of sampls)
#y » molar sbsorbanoy index (melar extinction sosffioient)
iy = abserbancy of sample counted
1/1 x 10% factor to qonvert moles to mioromeles
Sample caloulations Thymine
Co » 112 ¢, pm.Aidl, of sample, Ay = 7 x 10® (260mu, pH 8,25)
Ay = 0,257

£ 20° 23000 w 3050 o ,pum. M




