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■ĵy A pMNptp̂S SiSBN̂LvSsB̂I ĝi llNSitfeB
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The investigation* undertaken here were concerned with some of the 
possible metabolic methylation reaction* in higher plants and animals, 
the first study was to examine compounds which night simply information 
about precursors for the H«methyl gnap of nicotine in tobacco plant 
metabolism, The second investigation so a comparative study of the 
possible O-ewthyX group precursor* for the ligniis molecule in the 
tobacco plant. The third study dealt with the possible incorporation of 
formaldehyde into the C-methyl group of thymine and the ureide carbon* 
of the purinse.

T ranswethylation was first shown to be a reaction la animal 
metabolism hr du Ylgmeand in 19h0 (l). Sines that tins a number of 
compounds have been examined in animals and have been shown to give rise 
to methyl groups either by direct tr«j»metiylation or by reduction of a 
ôoô êsrbom unit to a siobhyl group, The origin of methyl groups in 
higher plants was not studied until later, although Barrensciieen and 
von Vilyi lagy in 19i*3 (2) found that the creatine content of wheat 
gem mas increased upon the e«*̂ fitatratton of glyoo—
eyamiae. In 1902 Brawn and Byerram (3) showed that formate and the - 
methyl group of mothLonine could servo as B«methyl graup praoursers for 
the alkaloid, nicotine, in the tobacco plant, methionine being in­
corporated to a greater extent than formate into the methyl group, 
it about the sane time, Marina, Kirkwood, and eo-workers (U found that
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methionine could eater the methyl groins of th® barley Alkaloid*, 
bordcntne, N-mebhyl iyrwata®, mad granting t© a greater extent than formate. 
They however noted tiiat the methyl group of choline did not give rise to 
the methyl group of hordeaiae., Byerms and $&»g (5) in studies using 
tehOBfio slants. observed that the mthtfi sreun of could aot as a
precursor for the methyl grsqp of nicotine and was incorporated at about 
the same rate as methionine. That amtii serve as a emattrssr
for the 0<4elkvl ***** SLMwtettvl eponns of 4tW> caster bean alkaloid, 
riclnlme.. was noted by Bubeek ***d Kirkwood (6). but it was also found 
that cholins and formate failed to give rise to these methyl groins, 
the reason postulated for the failure of clioline to serve as a methyl 
group precursor in the barley plant was the possibility of the absence 
of an eaeyne system to convert choline to betalas sines bstalne has 
boon shewn to be a methyl group precursor in aaimaLs (7) and recently 
in plants (@)«

Direct transmethylation has bee® nheap to occur in higher p̂ ŝ te 
by Byerrum, Floketra, Bewey and Ball (9,10), who by the use of methionine 
doubly labeled with c«rbon~lli and deuterium dbsewwd the same deuterium 
to cashcw-lk ratio in the methyl group of nicotine and the methoxyl 
group ef llgnin from beth tObaeoo sad barley as was is the methyl group 
of wstidamims. It was also whom that p»Qt<«i»dw entered the methoxyl 
group of barley llgnin to a greater extent than formate (10). The «3pha 
cartoon of glycine* when studied in the animal, shewed little ability to 
serve as a methyl group precursor. However when studied in the tobacco
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plant (H), it m* stem to bs a# good if not bettor than nethionine
and obelise as a methyl group precursor of nicotine. The alpha carbon
of glyeelate <12) also baa been ahems to be a methyl group procursor. 
Serine, glycine, and glaciate appear to be interrelated in plant 
metabolism (13)» and other studies (Xii,lS) hare item the interconversien 
of gTyftino gerinô  with the alpha carbon of the
beta carbon of serine, It then ms of interest to ascertain whether
serine was a methyl group preoureor in plants, Serine has bees shewn to 
set as a methyl sreun oroowtor in anbaals- Is the wpwwwt study serine~ »'■—11 "rfRSlBw »,TRr rr; w ■ WWIPWIlimr g urerw wpâin* VR RWTtfpw W wp 'RRtRw rww

labeled with casboŝ lii in the beta therefore was *<iBi4 »4ytered
to tobacco plants* the nicotine isolated, *f»s the radioactivity observed 
ftwpaeid with the radioactivity of wtawMma after ni ctrctloa of 
ffl-ycic^*Gu  (11) to sec if a nesalbis satbeay might be’SB̂Tr WPW RWRF.RW RRr*pr- ’**f VWwaWWRW R«NRr RWIWWWWBI1P *RRR* Ri R'RWF̂HnW WmWrWRPR »R
mrtertvr̂sa4>Aj4

The unusual incorporation of the alpha carbon of glycine into methyl 
groups In plant retaiMsiicr also led. to the possibility that the carboxyl 
carbon ef glycine might have a role in nicoMne synthesis* Previous 
studies (15) in the animal have indicated that the carbonyl carbon is 
oxidised to carbon dioxide and, the carbon dSmdbis is not reduced to 
fornate or any ether one-carboa unit. However, since in plant nsetabolism 
the carixoyl carbon nay react differently blmat in the animal, it was 
decided to feod glycine labeled Kith carbon~lh in the eaiboxyl carbon 
to tobacco plants, isolate the sloetins, and determine its radioactivity.

Tbs testhyl group is unknown in animal metabolism but does occur 
in the higher pleat* As mentioned previously Byerrum, Flokstna, Dewey,
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and tall (10) found that methionine and formate could give rise to the 
metlwucyl group «f barley ligrdn, whereas Msmk and Kirkwood (6) 
ateilarly showed that methionine gave rise to the 0*«©thyl group of 
rieinlne. The latter iavestlgatlon however failed to show that fornate 
sad choline gave rise to the ricinin® &*wtihyl group, Further studies 
©a ligain isolated frow the barley plant (10) sad the tobacco plant 
have demonstrated the occurrence of between /»»**>«»
and the notheâ l group* Previous to these studies little was known 
about the origin of the lignin methesyl group# although Klason (16) 
suggested that formaldehyde Right servo as a msthosyl group precursor.
It therefore seemed of interest to investigate a snsnber of possible 
precursors to determine whether they could give rise to sethesyl 
greens to compare the- ©actant of iftonrDoratlon of these comneunda into 
the methssyl group* the present study dealt with the isolation of 
lignin from the tobaoeo plants to which had 'been adeiniatered DL~«erin©~ 
3-044# fermaldshy&M?m , DL~mtldordne-siebhyMS*4, L̂yeine-a-C*4, 
glycine-l-C*4, eholiasweethyl̂  3,4 * formated14, glycine boiaine- 
meiigrl*̂ *4# and gXyeolatê Z-G**,

The biosynthesis of the methyl group of thymine has attracted 
interest is recent years and has led to investigations of possible 
precursors Is animals. Formate (18) has been shown to give rise to the 
methyl group of thymine and to the carbons f wad 8 of the purines. 
Methionine (18) has been demonstrated to servo as a thymine methyl 
group precursor, and a source of the itrslde carbons of the purines. 
Serine, m  studied by Hwy» and Sprinton (IP), has also been shewn to
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be a precursor for tbe methyl group ef thymine, and for the ureide 
oarbens ef the pptsw, It he* been indicated thet the carbon* mi 
nitrogen «f glycine enter the purine iselscuXe (Ip), and the alpha 
eafben lute the thymine methyl group, Formaldehyde else hue been 
suggested te have * role in the thymine methyl group syntheses, but so 
data te confirm tide suggestion has appeared* Heceat mark in the ret 
by fterxmana* Falrlsy, and Byeirua (I*?) in which methionine end formate 
mire studied, indicated that format® me need te only tmlee the extent 
ef methionine ae a source ef the Upline methyl group, bat te about 
ten times Use extent of methionine as a source ef the oroide carbons 
ef the purines* they else neted that the methyl group ef methionine 
appeared te enter the methyl group ef thymine te a greater extent in 
relation to the nurime orelde thaH <h<4 the formate carbon.
These studias along with the serine work suggest the possibility ef 
Use role ef "active l«aarbe» unite* at the oxidation states ef formate 
and formaldehyde. is a result ef this postulation, formaldehyde 
labeled with earben-lh has been administered te rats and the pyrimi­
dines and purines* isolated from the deoxyj&bonueXeic aeld ef the rat, 
sere exsnined for radioactivity. The extent ef incorporation ef 
formaldehyde as compared with formate and the methyl group of methionine 
mas ascertained.
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EXPiiSIHEHTAL AMD BSSB1TS

Preparation of Plants

The tfthifffft used ia ̂ iq nicotlrto e»<* itgwtw studies w m  a
high nicotine strain, Mioetiaaa matloft L* wr* huB&lis. The seeds m m  
plepfotd 4a #tAfa)» «n«wfafc4 «4*>g vaptaiculito OS ft l$9n*snb$&S&t Supporting 
SSbSFial for the ptfffltff iffaUh nggp8 transplanted after a period ef two to 

weeks, flit pi **»♦•* ttft grows it ̂  greenhouse »«»n 1 a >>»4 
about 6 inches tat attained, usually after tent t fO day grates period* 
They note fed twlm  « teak with a nutrient solution which tee composed 
of $*8 g# 0*<»©s>** 1 g, %S04* ?H»0# 1 g, £»«** in k liters of
Up water* Budding and flooring were toted It some plants during the 
feeding period, but for tit meet part were absent.

fo prepare the for hydroponic auiiîfiietnti.effl' of the radio*
active eoapsuxid to be studied, tin plants wsr® moved frow the flats 
and freed of vennieulib© as cos$Utely as possible. They sere then 
rinsed carefully with tap eater to move most of the remaining extraneous 
naterlal and to avoid dosage to the roots* the roots sere soaked in 
0,1 percent solution of a detergent garaicide (Detergent germicide go* 
106 nsaafaotared by %sadotts fitelesX Co,, %amdette, Michigan) for m  
hear, with occasional agitation, to redoes the anther of bacteria present. 
The roots m m  then rinsed with distillod water and placed in 125 «&• 
Erleaweyer flasks oentaining 5© ml. ef an inorganic nutrient elution.
The nutrient solution was a lt| dilution of te stock nutrient solution 
shown In Table X, All te weights are of te anhydrous salts and only



T

0« ?» grade M M i  mere «te. fe prevent te destruction of te 
edmlailsiened erfsMile b®* ««■. © jz »i «# 1*1000
eolation «f aureosycin mas ate added to each flask*

f^B LK  1

CGKPOSITIOH OF fHE STOCK SOTKIEST SCUJTIOJI

*%ber 106© «i# Magnesium snlfate MgS04 25© ng«
Calete aIterate ©a(i©»)t 1 1« teoate sulfate (HR̂ JjjSÔ  25© mg,tftesAsemaI araia -f̂2s?l smes4lt#Asn 85ft Tl SNdQjvk mttm tSFaiirth' 11 St̂ryHTtim* ̂d&'ltotatt&miuaeeinmfk• © wflMmwXvlsw v̂«lXvw 3wBg' JsSiaX- 8t̂t# «n̂4 # v̂sBw-w$«i9B
Ferri® chloride FoOl* 2 mg* pbmplmte 25© mg.

ffko administration of ttet vsĵ ou* â iyjmf tŵapfcâ jeetbyl gromp 
nraetirssre irt.il bo deserted later* Hi ife© eameriiseats more C43Rpi#d 
oat la a special fmse ted to avoid any health haaard t e  radioactive 
mate rial* i*gfr,fc<»g mas need in an. tbo ex^rlnentsl mark for
12 hours each day. fiw soanee of ligbt consisted of * 13© matt incandes­
cent M b  «ad tmo id inch, 30 matt fluoroacaat tubes, placed teat lb 
laelaos te*e te top of te leave* and bad a li$*t intensity of 200*25© 
foot candles at te top ®f te plants, 1 stroma of osgrge® mas paste 
through te matrtet solution of each plant te te minutes tmioo a day 
to provide aeration te te root systems. Additional nutrient solution 
mas added «* steed to keep te metes constant.

Following te period of administration of te possible methyl group 
precursor®, te plants m m  moved fro® te flasks, te roots mere
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rinsed wUh distilled water, ant! %%t» excess lifuid blotted fra■ the 
w t *  with « chess* sloth. The plants were theft out up into nail pieces 
and iwwdiately dried under infrared lamps. the temperature of the 
plants ms left «t 80#C, for an beur near the end ef the drying period. 
The dried plant materiel was finely ground is a mortar, nixed with 20 
percent ef its weight ef calcium hydroxide, and placed Into a Kjsldahl 
flask, the material sea steam distilled until the distillate no longer 
gave a precipitate with silicotuBtstic acid,IisSieail*ii that us mere 
oicotiae was coming over. The distillate, which was collected in % ml. 
of 6 I? hydrochlorie acid, was cmoetitmted j& m&m te a mall velum 
and the nicotine was purified by two successive aeeotropic distillations 
iste 2 ml. ©f 1 Jf Wd imm alMlifte medium, m  described by Saith (20). 
the distillftte was eenoentroted te dryness under reduced pressure and 
nicotine hydrochloride crystallised eut. The salt was dissolved in 
wMieiMtiMtfi wiw a «ann amount ef water, and a saturated aethanellc solu** 
Mim of nietvAt* Amid was added in excess. Aft®p a half hour ef standing 
the nicotine dipicnate crystals which had formed, were filtered off, 
washed with methanol and roerystalAlsed front hot water, the malting 
point was 223-22h°C (22k°C literature (21)).

14Hethylfttlon Study with Glycine «SU0

Savona! studd.es (3,5,31,12) in this laboratory have shewn that 
tobacco plants can absorb various organic compounds through the roots.

14An earlier study using glycine « M  (11) indicated that about 2 mg. 
of glycine could be afcsoxbed by the roots in a period of about four days.
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J4til® hydroponic admtnigtmtion ef the glyeim -1-C , under study in
4k<MJ|k n N M A 1ikSMSK>fc ill -^>1 rfiyQilf -M* fr ̂  f h ^  m .fl Jft* ■*■-•BP (Xt v iw l 8̂ p8V33WWwv®̂  lOQIROCl X#&3iDJL€*

Mnlolgtratlon if, glycine »4«C**
14 *

fm eapsrlmomtal feeding trial® nave ran mith glycine -1-C f 
using 50 tobacco plants In eaeb experiment, the plants wre propared as

«*edescribed previously and 1.33 x 10 moles ef glycine with a radio­
activity of 1 x 10® counts per minute mas added to the nutrient solution 
in each flash, the molar quantity and radioactivity mas calculated to 
bo equal te compounds previously administered (3,5,llA2)* After the 
seven day administration period, the nicotine mas isolated as the 
diplcrate as described in the previous section. The nicotine diplcrate 
mas ground finely mitb a mortar and pestle, and 60 mg. of it mas plated 
on tared aluminum discs for counting.

Results
So radioactivity mas found in the nicotine diplcrate from either

44
trial after feeding glycine -1-6 f indicating that the carboxyl carbon 
of glycine does not enter into nicotine synthesis under the experimental 
conditions used.

teMethylation Study mith Serine -3«C

Uptake of DL - Serine
As mith other possible methyl group precursors, it mas decided to 

food senna to the tobacco plants from a nutrient solution througa the

* Obtained from Tracerlab, Inc., Boston, Maos.
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This procedure would thou make It possible te compare the extent 
of incorporation lata nicotine and lignin ef the bata • carbon ef serins 
with ether methyl group precursors. However, before the administration 
af the radioactive serins, It wi necessary ta ascertain the absorption 
rate af serine, and ta dstamine whether serine was toxic la lav concern* 
trations, or whether microorganisms on tba raota destroy or change tha 
amine acid before absorption.

Therefore 2 mg, a£ SI* * serine was addad to 10 flasks containing 
nutrient solution, Tobacco plants were placed is 6 flasks, and 6 root 
fragments 1 cm, long placed in each of 2 flasks, Tba last 2 flasks more 
used as uniraculated controls. After toe days, the plants and roots vers 
removed from the various flasks, and the solutions analysed for remaining 
serins by the ninhydrin method of Harding and Maclean (22), This method 
was considered adequate since it was shorn that plants growing in nutrient 
solution without added serine excreted nothing to produce color with 
nlnhydrin under the conditions used. The analyses of the solutions cos* 
tainlng the plants showed that after two days all of the serins had 
disappeared. The solutions containing the roots, when compared with 
the unlnocwlated controls, shewed no decrease in the concentration of 
serine, Those results indicate that serine stay be readily absorbed 
through the roots of tobacco plants from a nutrient solution and that no 
destruction of the serine by microorganisms occurred under the conditions 
of feeding.

The ne»»texicity of HI - serine In the concentration used was 
evidenced by the normal growth of the plant stem, production of leaves,
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and growth ef roots, The above findings agree with the results obtained 
by Ghosh and Barrie (23) whioh indicate that BL * serine can be utilised 
by tobacco plant* for growth and nitrogen metabolism when administered 
in a nutrient solution in the presence of ammonium ions,

taAdministration of DL - Serine -3-C
la order te duplicate the condition* ef previous methylatiea studies

*e that valid comparison* ef the extent ef incorporation late methyl
group* could be undo between serin© and the ether compounds, the DL - 

e
•ovine was administered in the same molar sjuantiiy and radioactivity as
had boon dene previously. The BL - serine was fed to 2 groups of 30
tobaeee plants as described in the proceeding section ef Preparation of

*ePlants. Saeh plant received 1,6 x 10 nolos of 0L • serins with a
aradioactivity of 1 x 10 counts per minute as measured using a thin-ond 

window Ckigor-Miiller tube.
After the seven day administration period, the nicotine was isolated 

as the dipierate a* described earlier. The diplcrate was finely ground 
in a mortar, plated on aluminum counting discs, and counted for radio­
activity,

Damethrlatioa of Blcotino
As will be indicated later the nicotine from serine - 3-C** fed 

plants was radioactive, and therefore it was desirable to determine 
whether or not the radioactivity was localised in the methyl carbon.
The demethylation of the nicotine was don® by Brown1* (2k) modification

* Obtained from the California Foundation for Biochemical
Research, lee Angeles, California,
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of Pregl*s method (25)9 and the methyl group isolated a* metbyltriethyl- 
ammonium iodide, a white solid suitable for counting.

Since tbs nicotine dipicrate ms tuite insoluble and unsuitable 
for demothylation, 200 »g, of nicotioe diplcrate ms dissolved in sodium 
hydroxide sad the nicotine mas aaeotropically distilled into 6 H hydro- 
chloric acid* the distillate ms placed into the reaction flask of the 
demetbylation apparatus and concentrated to dryness under reduced 
pressure,

the reaction flask ms then attached to the demethylation train and 
the following reagents added te the flask on the basis of 50 mg, ef 
nicotine* 1*5 mg* ef ammonium iodide, 2 drops of 5 percent gold chloride 
solution, and 1 ml* ©f 1*7,3 percent hydriodic add. The gas-msMiig 
bubbler contained 1*5 ml* of 5 percent sodium tdosulfate-oadmiuoa sulfate 
solution te remove fcydriodlc add and iodine, the delivery tube dipped 
boles tbs surface ef a 5 percent ethastolie solution ef trlethyladne in 
the receiving vessel, which ms ceded to about «?0°C in a methyl 
cellosolve-carbon dioxide bath, A constant stream ef nitrogen, introduced 
into the side arm ef the reaction flask, ms passed slowly through the 
entire apparatus during the domethylation process*

The reaction flask ms embedded la a copper oxide bath and ms 
heated to 200*8 in 20*25 minutes* Then the temperature ms raised slowly 
to 358*6©*$ and hold there for 1*5 minutes. After the heat ms removed, 
the flask ms allowed to cool and ms flushed for 15 minutes with a 
faster stream of nitrogen, the receiver was than disconnected and the 
delivery tube was rinsed with absolute ethanol, The rinsings were placed 
Into the roeeiving flask, this flask was stoppered, the contents mixed,
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and «H«wtd to stand overnight at room temperature, The following day, 
most of the ethanol was evaporated ever an Infrared lamp with a slew 
stream of air directed across the liquid surface« the loot of the 
ethanol and triethylamine more removed In a woman desiccator, fin 
notbyltrlethylajojoonium iodide remaining mas a white crystalline eanpoimd,

flat quaternary iodide was dissolved In a small amount of ethanol 
and plated with a miereplpette m  a tared aluminum disc, The ethanol 
was evaporated over an infrared lamp, and the disc reweighed te obtain 
the neight ef the compound te be counted*

tow!*!
uthe radioactivity ef the niootine isolated from serine *>C fed 

tobacco plants is presented in fable XX* The results are expressed in 
counts per minute per millimole at "infinite thinness" * The column 
labeled "methyltriethylamBoaium iodide" shews that most of the radio­
activity of the nicotine after the administration of radioactive serine 
is located in the methyl carbon. The difference in radioactivity ef the 
nicotine in the two experiments was probably due te seasonal variations 
in growth and metabolism since the plants were raised at different times 
of the year. Seme incorporation ef serine into the rings of nicotine 
may be indicated by the fact that net all the radioactivity was recovered 
upon demethylatioa.
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TABLE n
m m m  or w m m m m  ik the kicotirk w  

h w d i i  A i m  us m m t m m m  m  s m m  ~j-c

AHroraiBsmv
ItMpK1 
of Plante

iaxianan Specific Activity r 
(Counts per minute per millimole)

Methyltriet hyl» 
Bloc tine Mpicrate mmmixm iodide

1 30 ia * xo* 3.5 * xo*
2 m 1,8 X XO 2.X x XO*
A sample of the calculations is shoim in the appendix.

ligaln Studies

Source of Plant Material
The tobacco plants used in this comparative study core of the stroio 

Klcettaaa rustics L, var. buaili*. The nicotine of the plants previously 
bad been moved by steam distillation |** the presence of calcium hydroxide, 
and the resulting residue dried* Several groups of plants bad been fed 
different carbon-lfc labolod compounds. The labeled compounds, fed in 
eguimelar quantities, and in equal radioactivity, *ero as follow i

Aa • ia S4Dl-«iethioaiiie-»ethyl«-C (3), sodium fe?mate«C (3), cholius-methyl-C
($), glycine betaine^thyl-C*4 (8), KUeertne glycine-a-C** (11),
glycine*!^*4, calcium glycolate-2-014 (if), and fcroaldohyde-C*4 (36)*

*sTb® moles of each compound fed per tobacco plant was l.U x 10 and tbs
aradioactivity sag 1*0 x 10 counts per minute.

* 1 m indebted to S. A. Broun, R, L. Riagier, C, S, Sato, R. K.
Wing, and I*. «J. Beeey for providing radioactive tobacco materials.
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fen to fifteen grans of Hie driad tobacco plant residue nee 
treated by the netted suggested by MaeDeugall and Belong (26) to laolete 
a lev nitrogen containing Updn, This Method consisted of tm  lg minute 
extractions vitli ether saturated eater to reneve nitrogen containing 
Materials, a 20 Minute extraction with g percent acetic aeid to reneve 
sens CMMbefeydrates, and finally tee 15 wiaate extractions with m  ethanol* 
bensene (l»2) mixture to reneve Has fatty Materials* 4 Waring Blender 
nut muni to diseerse the ♦,*>**»<■>*«» elast residua in the solvents. and 
cheese eleth need a* a filter to renew the liquid portion.

The residue Obtained greet the series of solvent extractions * ll&ixt• BNPTCP Wv FWt WW*1Hr M M lWW WWB» w ̂HNBW ̂ W'BB.iFFWWNBF »

bnnffl is eeler. was broken an into fine nieces. eleeed in a larse beaker
a,<4 eoswred with a weeevifed (usually SO il.) of fo nereeat (v/v)^̂weŝF* OWŜ ŵn os, .smbf bows b® , bfoo b̂wob*si.̂f JiwFBiFwŵ e

sulfuric aeid, This suspension mas allowed to stand 18 hours at g*C to 
hydrolyse and prevent carbonisation of the carbohydrates. then the sue* 
pension was diluted to tees percent, mid boiled gently using glass beads 
as aati-toaap Materials for two hours to complete the hydrolysis. The 
velum was kept constant by the addition of distilled water,

sad then fil-
tersd on a sintered glass funnel under rodeoed pressure. Difficulty was 
ensousstered la the filtering process since the funnel rapidly became 
cleggs*. This trouble was avoided by aUswlag the lignln te settle, mid 
dtcmitiwg the supernote before filtration. The dark brown llgnin was 
washed thoroughly with distilled water, partially dried on the filter with 
section* and then transferred te a vacuun desiccator te complete the 
drying process.
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mrnimmrn of Mania
$&mm lignin isolated fvm plaa*9 fed all of the compound* listed 

abam mm radioactive, *• will b* indicated later, it ms of interest 
t« ascertain whether any radioactivity- was located in the nethe*# 
group. f*e maiii studies It was necessary to cleave the nethyl group am 
obtain it in a suitable cenpouiid far eetmtiag. Flok»tra*» modification 
(it) af Phillips* netted (28) warn used to ipMi the aethyi groâ  trm 
the oxygen la yield methyl iodide, the methyl iodide was swept into an 
©thaneXtd solution ©f tidLethylawin© te fern ««! fl©tM<f©
jatMkWfcli'd- 4irja4t'4 wan̂l wo- ÎNallliAlNIM TO©/ §

Â t/hattgh tbe devise th#ati.©tfi procedure was in many
respect© to bits dowethyinttrn ppoeodw© there were ccftsiUt <«■
portent difference*. for this reason the procedare for the dmaathylatioii 
of ligain will bo presented la detail for the oak© of clarity. the 
denethylatlea woo carried eat la a aodiflod fors (2b) of the apparatus 
described by fro# (2$), Approximately 60 mg, of lignin was accurately 
weighed ea cigarette paper, which woo previously shown to yield m  methyl 
groups la the dsnethylaties procedure, and placed in the reaction flask, 
two nl* of phenol to act as the solvent and U ml. of b7#3 percent 
bydrlsdic add wore also added to the reaction flask, A gas-washing 
bubbler attached to the H a d  contained 1,5 ®1# of 5 percent cadmium 
sulfatê eodiun thlosulfat* solution recommended by Pregl to roaev* iodine 
and hydrlodic acid. The delivery tube was below the surface of the 5 
percent ethanOlle solution of triothylwnin* in the receiving vessel, which 
was seeled in a methyl eeHoadve^earbsn dioxide bath te shout ~70°C,



17

te reaction flask te embedded in a copper oxld* bath dazing the 
process of doaothylaiion. A coastsat stream of nitrogen was run slowly 
ttP## te side am of te reaction fla«k and titan through te entire 
apparatus. She reaction matte® was breâ it slowly to 1$0®C# and held 
there te 2t$ minutes* ten sicn&y rated to tOO°C end hold te 30 minutes, 
4t te co»plstiea of te heating, te hath was allowed to cool te IS 
minutes, and at te same tte a. faster stream of nitrogen non used to 
ooeeii te reaction train, After cooling, te receiving vessel was dis­
connected and te delivery tee washed with absolute eteaol into te 
receiving vessel Shiah was tea stented $ mimod and allowed to stand 
overnight at roan teî efahnre* The contents of te receiving flash were 
tzsnwfsrrod to a beaker evaporated alneot to dzysess over an 
infrared lamp wiifc a slew steam of air bloving sores* te surface of te 
ligiSd, The last of the ethanol and trie thylazdjae sore removed in a 
vacuum desiccator. vieldiair a white solid. <MiiaiiWl.ta»* »».trwi amn*m*'nm iodide« 
t e  compound te weighed and counted for radioactivity*

te Hg»in sangtat were ground very finely in a nertar and ho mg, 
amounts were weighed on teed aluminum discs* te sample surface te 
wade as smooth as pos*^® «*th te end of a spatula* te 10 mg, weight 
was used teon^sut te counting of ligaia to facilitate te cea$ar£*es 
of radioactivity betted different staples,

te netl^tzlsthytensniua iodide te dissslvsd in a small amount 
of absolute ethanol, and plated on tared alus&ma dieca with a aiero- 
pipctts in snob a manner to obtain a smooth surface, The discs were
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then reweigM is M s  to*1® staple weight cod Icept in a desiccator
m>t<l eiMBlsd'

*31 the sates were made «n * Model 163 Scaling Unit jaanufaetured
toy Huclear XterttKe»t and Chtecal Oorpeteiei** The dine* containing
Us# sauplee ««» pissed an the top H»l£ of te end window counting
assembly. f» a n w i  for self atoaerptloR, the opiate were converted te
"infinite thickness* toy reference t» m a m  based cm tbs activity ef a 

to#standard C sample,

llssults
MiBiii in net a obentos! entitv so that specific activity an a 

»elar er williiaoXar basis could net be used. The radioactivity of te 
lignln tews is TOble XXX was terefere stressed as cote* per tests 
based an a definite weight of lignin sotted. The wei$it as tews is 
te »Mgte* ©duna was mg, Xfier dameihylatiea, te aethyiitriethyl̂  
aanteum iodide recovered frea 60 wg, of ligniist was weighed sod a weighed 
parties counted* Th# column labeled "Met Ijyltri©tt̂ laajBioniuia iodide* 
gives te coasts per tests of total <|mi«H*ary iodide iron te do* 
methylstiss of 60 sag* of ligte, A awnpla of te calculations for Obtain* 
lag counts per tests at "infinite thinness* Is shewn in te appendix.

Tbs results indicate that all of te mapeuais examined enter te 
vt.gpai» molecule, but they are Incorporated in varying degrees* te beta 
oaten of serine appears te be incorporated te a greater stent ten any 
of te other ecngmwnd* adsiidstered te te plants* The eaten of fern* 
aldehyde ms second la stent of Incorporation ten compared te te 
other substance fed* The other compounds studied give results that are
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similar to those obtained In the nicotine i M n  (3,5,11,12) with the 
exception of formate which seems to be iroerporoted lain Hgtdn faster 
than into nicotine when coopered te the ether precursors,

the values obtained fer choline and hetalne should be multiplied 
by thro© for a bettor comparison since only on© methyl group in each 
compound mo labeled with mttaublli* ffeIs involves the assertion* 
that 1) only one methyl group is removed from each compound and 2) the 
labeled methyl group Is set pref©ro»ti«lly removed or retained so that 
each a ewe to three ****00* of i.p©f»g the label-©d methyl
group*

of th© values In the ŵ -hyl trt©t^XavM|̂ *tyw> iodide 
column indicate that the majority of the ©arbon-Xl* la the labeled oen* 
pound* entered the metlMnql group of ligrtin. Th® beta carbon of eerine 
weald therefore appear to be the boot CMsethyl group precursor studied 
thus far, with feraaldelg«le being second best* Methionine? (3), the 
alpha carbon of glycine (31), and bias alpha carbon of glyeelate (12) 
giro results similar to the 8«M©ttayl group of nicotine precursor studies, 
is stated above in the llgain results, format© appears to bo iacorporatod 
to a greater extent into the Ô mothyl group than into the Jtowithyl group 
ohm compared to the other precursors, It is not known why such low 
recoveries of count* in the aethoxyl group m$ mmmterad in the choline 
and bctaia© studios, but these are being investigated at present. The 
carboxyl earbon of glycine probably goes to eaxfcon dioadde and random 
distribution is obtained since the percent radioactivity of the lignim 
recovered on demethylatien was similar te the recovery obtained after 
feeding bicarbonate (29).
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The difference la count* observed trm * particular compound la 
twe different experlweBts may be due te seasonal variations la growth 
and metabolism.

9Utt& yrt
ccmmxsor or ?«c®s as nwmm*m m  mmwms m  toaqoo u a r a

Trial jn 4ite*-NMkj)9 „aufŵ flWi met
ttMwwwwfuw <«<Mita Percent 

flecovery 
#2 Counts

1 Serin* ̂ l*©14 h g ® 7240 ®9.5
2 _ * le Serin© ~3"G 5366 4660 87
3 l# 'Formaldehyde *G MilS k m 98.5

Fo:na*ld©hyde -G** 3930 97.8
1 S4M«thicasi®e-ia«thyl «0 1820 v m 97,4
6 44KetMenlneHsifethyl *C •1526 98*8
7 * ** ©lysine « M 1820 % m 88
6 14CQyeiae *2*6 x m 1527 92.5
*

84(Ê celat® -t-G n m 1263 72.5
16 14Fozmt© *C 76® m 161
XX 3MfcOholine-methyl -0 573 nit 20
12

14ltetatr»«»eitiyl «C m 188 28.3
13

14Glycine *1*C 716 23 3.2
lit

.14GQyoiiie ««UC 675 11 1.6
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iBWKiwtouf fwwMrtaito U U  ttwrtai «ad ttm furim*.

4d»lBWr»tl<mo{ f«rMld»hyd« -C**
Two male albino rata, neighing approximately 166 g. each, noro used 

in oaoh trial. lash mt wm injected iidiraperifconeally with 1 & % of a 
water solution containing 0.1sl! of formaldehyde* having a radioactivity 
of 0,1 me, After fcw©aty~four hears the rati wore killed by etfcerlfiea* 
ilea. immediately dsoaoltated. a#* the blw! aiiswwMt to drain wit of the 
bodies, the rata were than out open and the lissom renewed, waahed, 
oftd Immediately froeen ob soils onfbon dioxide. The stomachs and 
intestines were cat open ***** ot«aywwf of food particles before freesing.

The freeon liases* fsen two rata were out into small piece* and 
l̂ oood is & ̂ rl ng Blender. Two hundred hi. of cold absolute ethanol 
waa ***** added to the blender tod the atahun f©j* five minutes.
The hemegsnate waa then centrifuged in a refrigerated centrifuge at 
IjliO x g#i m& the supernatant liquid discarded, The tiaaue waa extracted 
with IS© hi. of a 3*1 ethswiel-ether mixture in a boiling water bath for 
fire minute* to remove lipids, The extraction waa repeated three tinea, 
the extract being diaearded each tine. The tiaaue was finally washed twice 
with ether and air dried*

The dry residual material waa placed In a mortar and sufficient 10 
percent sodium chloride solution added te make a paste* Then 0.5 g. of

* Obtained from the Isotopes Specialties Co., Glendale, California.
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ISO mesh wabmm&m. powder mas mIdled and the mixture ground for 15 
minute* with a pestle, fh* mixture was them tnsaeferred t* 2 centrifuge 
bottles with 300 ml, of 10 percent solution of sodium chloride, 
tb* suspension in the t bottles was bested «a tin® stem bath for 20 
Klimt#®, and than stirred «tl<ndy with aechasleSl stirrers for 2b hour#*
¥1ia MiliwMiiitan wee fteefn#ftitxuft jmwI WIm  mimiwuplinnt' *14 otild wee ibMsamted‘̂ ^ss^w ss^y^jp'^KSs^KSAwew# etoh aSejWStls ^̂ mmô tSr SiSutO wstiSwFtw,^^eilOsiSp^KnewF sjs^swi^^insss^sta

into a besker. One hundred ml, of the 10 percent sodium chloride solu­
tion WMF added I* OSeh bottle« atariw fm» 9Q nimtttii ah the Steam^^^wmwawawa* ,bwa woeowfFOS oeweee  ̂epeewr jb ewweAê  ê wp-we mô mEWBOiMeo Aewom' in ™  awoeeeww^eAA^Be B^we

bath, aim stirred for If hour*. After centrifuging and decasting, the 
fQiidtti was washed with a fliWMtiH  swotwt of the sodium chloride solutim,
airf ffrytf.ay 4» & large bSlk5r(
fwe and a half relumes of ethanol wms added t# the onBtstiits of biffikiy,
the mixture stirred and allowed te atand overnight in the cold, A whit© 
fibwwt s®tei"Aal formed the of tt*** alcohol and
had settled te the bottom ef the beaker by the amit day, the mixture mm 
centrlfugsd, mat than the residue washed $ times with etha»eA, Finally 
it mas mushed twice with ether, the mixed polynucleotides mere allowed 
to dry la air sad the whit© residue sat weighed, (field of about 1 g, 
obtained,)

Isolation of Beox^boimcleic Acid
The deoxyribonucleic acid was isolated by the method of tamarstsm

(31). the ntad polynucleotides m m  placed in m  Erlmamoysr flask and 
sufficient 0,1 8 FaCK added to mats a 1 percent solution, the mixture 
was heated in a boiling mater bath for two hours, the polynucleotide
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dissolving sees af ter btisg . The loltiilim mi idjvutid to 
sith 2 8 hydrochloric add te * gamy precipitate formed. The ans* 
peasiia ms transferred te a centrifuge be tile, one-tenth veluae ef 
0.1 8 lenthm HM nitrate teed te precipitate the dmsyribonneleic acid, 
te the mixture centrifuged. The supernatant solution containing the 
aenorlbeinjcleotidee was discarded, te te precipitate ms transferred 
te e 15 «l. centrifuge tab® sith te eld ef 2 ml, ef 0*01 It lesteftm 
nitrate, The precipitate ms washed teles with 0.01 If lamfflwm nitrate. 
One al. ef 1 H potassium carbonate solution te b,5 el* ef mbs* sere 
added te te precipitate end heated fer five minutes te decompose te 
lanthamm precipitate, After centrifuging te ceding te supernatant 
field gelled, bat liquefied upon warning. ĥe precipitate ms decomposed 
te mere tees with 0,5 d, ef 1 8 petasste carbonate solution and 2,5 
ml. ef eater. The supernatant selutles* were eteised is a beaker, 
adjusted te eligibly acid pH with glacial acetic acid, te belled te 
relieve cates dioxide. te deoxyribonucleic acid ms precipitated bp 
te addltiea ef h volume* ef ethanol te aUemd te stte overnight In 
te celd. The mixture ms then eeatrlftiged te te precipitate sated 
3 times sith ethanol* tides with ether* te aUemd te air dry. The 
deoxyribonucleic acid, a nearly white powder, ms tea waited (usually 
a might ef about 180 mg, m* tested).

Hydrolysis ef Peexyribeaacleic Acid
The entire deoxyribonucleic acid stele ms placed 1st* a 10 al. 

volumetric flask sith a ground tees stepper. T m  al, ef 7.5 8
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IMttltai* acid was « d M  to te flask and the mixture heated for ene 
hem* m  the steam bath with ©ceasloimX shaking. The mixture hm eeoled, 
transferred to a 15 ®1, centrifuge tube idth the aid of 1 ml* of water, 
*»d ee»trifC@®d. the residua mi then washed idth 0.5 id* of water, 
the combined supernatant solutions placed la another ceafcilfage tube, 
end h«7 ad* of 3#fc7 H KOH added to the solution te obtain a pH of 
The potassium pefoliXorate precipitate, which resulted, me centrifuged

oon-
tbs purines *»< pyrimidines, were eesib£nsd aed concentrated te 

5 ml, by a steam ef air directed across the Uguld surface.

The separation aad parifioatles ef the nitrogen baeee were done by 
meted* suggested by Cohn (30)* Bewex 1 resla in a 2 by 30 cm, column 
«ae washed idth 1 # hydrochiwio acid end tea with water. The hydroiy* 
eate wae placed m  the column and allowed to filter into the reals*
The cytosine was eluted with a flow rate of | ad* per minute with 0,015 
M ammonium formate buffer of pB 10.1, lUvtywflwn ml* fraction* wore 
collected. The cytosine elution was detected with a Beakmaira Hedel 130 
Spectrophotometer by measuring the absorbaaey at 27k m» After te 
cytosine was off the cetea, 500 ml* ©f 0*015 M aramoate formate buffer 
of pH 5*1 ms used to wash the column, cheeking afeserfeancies at 260 ®u 
for aî r possible elation ef thymine* Bo thymins elation was observed,
To sluts the thymine, 0,015 H monte formate buffer of pH 8*25 was used* 
and te elution was followed by measuring te sbsezfeaaey of te duate
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at 160 not, After the elution of thyniae, the adenine and guanine wore
•luted m m  3@o »a* «r x r aox.

fbe tytneiae eluate m* cmMMBtittted te 5 a&* under podmed pressure 
and | drops of 12 I USX M M  to mo solution. The eolation ms placed 
on a Dowex $0 eeXvm {X 1/S x S3 ©»,) is the hydrogen ion fens, and 
eluted m m  X f H3X* The elution wo ageia followed by »m«wrt»g the

of mo oXmto at 271; eta*

fM oXftttifr OM pttwim ttmtftd to dryness under rodeoed pi*@90£C9
several time to wwowo uoet @f tb® hydrochloric *oM. teaaifaww^ to a 
honker Kttb a ppa-tt amount of mtepj ***** evaporated to dryness m m  a 
*%«**» Of air. the residue mo taken up in h M* of ©#1 V RSI, and 
placed on a Roms 50 eelum {X x M  cm.) in iydmmm tm £ms0 The 
column mo m * M  m m  100 at. ef 0#1 1 Wtg ofcsaldbig tho absorbancy of 
sample# at 260 wo to bo sure that tho praise min not olutod. Tho purines 
m m  then mated Mth | R V31, mth the ooXXootloa of X0 nil. samples at 
a flow mbs of 2 nl* pm m*»*t## the pmlm mpmmtixm m m  fs&Umd 
by measuring tbs sbsorbaadLes at 2h9 m  md 260 »a« Guanine give* a 
ratio of sJwwasbaaeiss ef tk9 tm to 260 m  of X*|# and adenine fiuM. a 
ratio of 0,62.

Radioactivity m m m s m . t.
Aliquots of the various fractions eolleefced frea the ehremtographic 

wtixma m m  j&need on pXntlntsa dim®* and evaporated te dryness ever an
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iafteed laasp* One »1* of te purified cyteeto solution, 1 nXt ef the
eed 0*5 nil* ef the feeHlfled guanine 

aolufcione m m  the aliiaois need In each ea#®, Since te amount ef «ach 
nibr©i]j®ii bane plated ana htetai f®ws the optical denaliy roiNbftirfflffrntc 
and molar exMest$fl®Sg. the activity uae ®3<pr®ased an ceuate
nee mimste see Bloiwol© , fie molar extinction ef srleaime in acid 
ed&tiesi leiffi ebtafjeei from & pimpared chart, a?** the molar exMneMeito 
efLguaslne and leMLne in 3 H hyteel&erte mid md ef thymine in 0.035 
K ammonium feimte buffer, pH ®*®>, were detewined. 4 Tracerlab internal 
flee Gfelgtr counter me wmd te measure te radioactivity.

Criteria a#
fhe teenategs^Me imstima ef each nitrogen base were detei»ii»d 

te be satisfaeterlly pare a® fudged bgr te m t e  ef xv̂ loaetivity te 
MbBorimmy, and from te retie ef abeoataoiee at tee selected naira 
length#.

tealte
te radioactivity ef te deijosyribenaaleio acid mmpmmte isolated

14from rat# fed fsmmJUiahjteG ie tens in fable If. te epeclfic 
activity te eapresaed ae cotes per minute per microm®!©, te calculation 
ef tech ie nb&m  in t e  appendix, them reeulta indicate that fomalda- 
hide ie incorporated lute tĥ aino, adenine, wad guanine te a much larger 
extent ten into eyteslaa. If te dilution value ie regarded a# a 
measure ef utilization, it ie indicated that about 3 moles ef formaldehyde 
enter te puttee for each mole ef forsaaIdehyde teefc enter# thymine.



27

the low radioactivity ta the eytesiae weald seem to lend support te the 
assumption that west ef the radioactivity ef is located In the
■Ŵ wQWL i?3BWe®K®5H» SriWiflBMw wKUm M  GOCftXCMdPdu ti® flW® w
major role in the mtkrfUMm of pyrimidines, the radioactivity ef the 
aitaaiiiMf juiit gnfl»4m> ig t&eugfcb te he Iwatfftfl in the 2 Bfl*1 0 oarhe**# es 
deMSWstreted by ether wrfeere using formate serin®, end Mould indi** 
eete that formaldehyde weald be e relatively major source of the 
ui*oldo oasbonŝ
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DISCUSSOT

the result* obtain̂ I from Hie etudiae using serliaHMJ44 indicated 
that the beta carbon ef serins can be utilised ee a tearoe ef the methyl 
grwp ef ateetiiie, Bsmver, the results obtained treat the studies miug

J4glycine-l-C cam te indicate that tbs cartwayl eastern ef glycine wtm 
net 11 ted ter sleetiae srctbaais under the fidediMtes need. The daaaetfayl*
sties ef the Iff’elatiiMl free tfr* eeriimHted trebffflee plants
demonstrated tfa**- meet ef the radioactivity is tN* me located
la the aethyl group.

Serin® pwiid.eiisly bed been ehem te- be a methyl group precereer lit
jKw4.MMit.ii- tm t » M i mpasgnt work 1» tikfi flTSt 8Vid®*t*Se e f Itff «*» In t foo

wŵ wt-wMjww rmaetioiia is h* «i>m* slants• Weis abach. s£Lw»* and dtoriaeeeiŵi aPsâ p̂dPTSem̂ âapms *e- ̂oŵniv̂wiafcaa'Ô̂aip wwiwfe *̂aepĉww*̂ ŵ ir ̂^̂̂awpw. mw(̂pwv̂ wpmw

(32) end Jcncsen end Hosber (33) shewed M  the beta carbon ef serina 
eeuld be utilised by the m% for the synthesis ef tie obelise methyl 
group. Aractein end Neubergpr (3k) else haw 4me®sh*mted the utilisation 
ef the beta eatbea ef seriae for the eyaibeel* ef the methionine methyl 
group. In studio# by Amstela ( 35) ,  It me found th a t only the 1» * w H m  

1 earner gave rtee te methyl group# la the rot. B̂ L-eerlne me need ie 
tbie preset etedy ae it me aeemd that beth isenens ef the aai*x> acid 
mre need in plant metabelian te yield methyl groups. the difference in 
the uce ef the tm iso®©*# has net been studied is p lan t metabolism ee 
that clarification ef tlxie point nuet malt farther Investigation.
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frnmmm afasMm iawwliring w r liii plant predate have demonstrated 

tha t mm nethyl &m$* e f mrnmSm  (3#M©)« glycine betalne (8 ), and 

fitw lli*  ( * ) , the easfeene e f tm m te (3,10), and formaldehyde (36), and 

the alpha earbos* a f glycine (11) and glysialai* ( if )  <*euld *«s*» as 

aatlgA greup preeuraera, the in s tig a tio n s  o f nicotine f«*»aiie» ia  

the tebaeee i&aatjspeiride m  excellent eg$ertunity te na!» a comparison 

e f the W le a i eenpettatla fed a te * the m olarity «** w»dl«MicMvity ware 

teapt e fa lie la iii# , the carbon af fomimldefcyde aaana te be u tilise d  a t *
mtftEvjfcfe'wft ttfta iiH ftK a  aniiMnhiMeane^Haikine' 4 ^ tt m  nen^ttAdhiMne' ^aMidheeL<̂Mb Ahh^ewk isndb <4hhn^> LjeL f̂ct&^eas ^nethe»kM.owi ean̂ igse1 n̂nanns naans' Tene fltâ â̂aiat̂ â T̂ p̂ertp̂nentp epessmpos aaâ tattar at ataaat

sbasees sindied^. tin  free *Pr* lsfrwjiitfHt p lm ti fed
141 nan ebeat twice m iw&di©notlv© a t nl̂ e tf mr fynm plants
it#nil iA dfc9tnw\ja$. I* $&4iite*fft< mm t«U!l4«ltifci*̂fe$wta Jtft INwaii' «1 an̂ i &**A*fa  ̂m3 «*wv.nt f» lolapi' «MP IWPM^wlfW Mi £$*1981 Ja&w&w? mfwm

M # ©j£ <3li®liB® * tHt&
V j | ) | i | | j |  m m  * » * ltr illit t  ta t taaflfci ia t i  Mi* JM’f tifll iS K B ttfltiM lit A jaâttr ^̂nêns* aaat̂̂ a ^̂Kaatgjjtââa' aê êe* asanêo êmâjpima

MtaiMh —tp .Mit jMJi.fj-ĵ ife_ ̂hlŝa nHtMKA '** 4̂htilfc MkaAmtt f̂MeeMkttdt̂ntft^  âa*HHfct tsKas dn^Sdseae anoeô eaw *ntss mnwFn» t t ‘ae aâ k

4  ^  i f  in im      •lit--^-^ m m Iir ir . ifk .  ijlu iit tn f r  iw iiiiitit mi’ltiKfcin'flhiiii ‘M ^tn  nfcitMpft j ja iif i atffci'tflia iM if mwkm itamS»8l 3w8̂BQ8̂H8F8̂iMN* €sPt4y W Ŝkwwawa ŜlfllflHp Sron3d̂laB6tiBSI #

fin  bata tttb m  ef m rtm  m$ IneetDtfaM  in to  tin  ontfeyl ^<eî  e f 

altetijae te  # » ttt ms~halt tbe extent e f the alpha eaihea e f glĵ iae and

3 te  5 tltw t la te  mm the mm®  e f mm i t  the L-eerina

im am  mam the **&y tmm e tlliaed  hy the tebaeco plant, i t  nwOd a t ill 

be m tilised te a laeaer degree then the mehm e f femal̂ hyde*

the 4 b m  methyl gamp ptmmmmm aim  ham ham atadied in animal 
sntaheHiM end seen te ahem m mamma MMmeama in wslatlire iŝ ertanoe 
î en eaupamd mtth the plant mtte&L $pmp pvaemam. the aethyl gmape 
ef glyeine betaiee and metldonlae appear te atspply neat af the nathyl
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group* by twwaiwtfcylatieR in the animal» i» de awe synthesis studies 
*» tin rat, Arasteln wadi Stetibsrger <|2i) inn 0110101 that fomate enters 
the methyl group ef methionine at least as rapidly as the beta carbon of 
seilne, and that the beta carbon of serine it utilised to almost 6 tinea 
the extent ef the alpha carbon of glycine* Stake! «t fa (3?) have 
demonstrated that tbs beta carbon of serine can be used 100 choline methyl 
00000 synthesis to 0 greater extent than fornate 00 the alpha carbon of 
cSyKtai. Only a fair ii*ree1d#*tlQns using formaldehyde (33,38,39) baas 
been and#, bat they m m  ts indicate that formaldehyde is utilised at 
about the m m  extant «r sillily lass than, formate. A distinct difference 
therefore is noted in the d« m m  wrathaeta of swtlyl groups Im «»i»al 
and plant motaboliee*, sith serine and female being mem important in the 
anlaal mA formaldehyde and glycine t«h0  the hops isportant compounds 
for synthesis of' &*methyl greets la the plant,

A possible patbssy for the synthesis of N-®ethyl groups la pleats 
might therefore be proposed la light of these studies. Animal studies 
indicate that glycine eaters methyl groups by nay ef earlae, and that 
possibly femldsfeyde, fomate, or a ”X*awbc»i twit* condenses sith 
glycine te fern serine (3^,^#bl)* However, this dess sot appear te be 
the case la the formation ef the nicotine methyl group, since neither 
fwrmaldeijyd© nor the alpha carbon of glycine seen* to be metabolised to 
a large extent by say •i the beta carbon of serine, A suggested Idea 
that the bet* carbon ef serine nay be ©xtdiced to the oxidation state ef 
formaldehyde bat not to the oxidation state of formate has been supported 
by 0todies by fltaQns, %A*ab*ehf sad Sprlnson (Ua) oho denenstrated that
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•amino in m% ejddiesd to fbmsto to fora choline methyl g/wagm in the

8*«w*b propooalo #f an *aotiw X~earbo» w&U* by Borg (l*3> and 
Kieliuk «aei Bakasl (24) at the esidatloa «bat« ef fowsaldehyde appear 
to be attractive for the otUioatieji of formaldehyde, the alpha carbon 
of glycine, aai tfeo beta carbon of eeiim far tip formation of H*®etteyi 
group* in state* tfete "aetiirn mm&waA* qwM  then bo reduced
to feist sethyl groups for m  tip «*»i»4ato!Ie» group* of
llfeis* tt** and %rtr»*©B (1*5) denenetraM a lettered utilisation of 
•arise in. folio aetd deficloat rate to load ot̂ jpori to a feydrcjQ̂ thyl-* 
tstrahydrofolis add derivative of Kleliuk and Sakami. the addition of 
kcmocunitoixio to fat diets hoe been *faa**h to tbs <* ananoowafi <>aW™'piWfw'TP̂ ”T P wwt Wl̂P tPWW “©F ’■ŵOPOFtIF ©r,*wW*r ■OaFOr

of SBfiae (l?l «M«i foiftiat# into, *««* i»M$ jftpnaaa&aMi Jtt&tllvl ttraSOS to 
load siipperi to a hyvh<03iymsthyll̂o8ieoyfitt©liKii dozioatiw *

A possible pathway for the fbemtiift of &<»ebbyA gimps In the 
plant ŝ #it therefore be*

Formate — ------- > *Actiee Foimto* (tains alpha**' mmodltuwwkmmNwbewWt
FoiMttafcyde----- > "ictif© Formaldehyde* t— - Sofia© beta

Ktttl&t *
group

methyl
group

$b0 r©l© of tbe mnbosyl oafhen of glycine la plant metabolism 
appear* to be abobfc the same ao is animal mUbell*®. Sielan&i* and 
Greeifcarg (15) d©««i*trated that the carboxyl carbon of glycine mo
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te eeztat dioxido and that toe eatoeft dioxide tamed km not 
reduced to tamata* toereae the alpha carbon ef glycto* ***e rtoe te 
f«MKte# Waiaabaeh, £a«y» end %*toe@» (jt) else ehened that toe 
earbosyl cartoon ef glycine did aet 0 m  rtoe te eheltoe notoyl group*

Min the net* Xff the prweat oxpertoent aetog glycine**!*© had h e  von 
fee * longer psriod possibly roatoa dtotribettoii of radioactivity la 
toe nicotine would m m  been toned *« mx indicated by M.p {29) to 
atudio* with bicarbonate*

U r n m m m m

ft wi detMaeetrntad ‘in fhewo tavoettî tdUHi* of sethylabioii

htosSjoe# toe ®f gtŷ tttt glytsolat®,, toe beta eostoee ef
eorto®* toe eavthMi ef tomato awd toiaMtodehyd* $ a*** th® eetoaeyf etttoefi 
ef eaa aerve to iwtotoaent ef toe nagtoeayl earhon ef ligata*
q®a*e AtaiM êeMSêMhtiaeajifĉâ* otdhîaMh dvjwk#l dit4isfea*iLaeofeaa< «ki ivshm wvinxeaa dheaêtjhiah tSôe d e i ( * a ^ ^ ( ^ f ' e e ^ e ® a 5 l H 9 r ^ ^ a g e ^ a t a

radioactivity to toe lignin isolated tmm toe plant*, bet toe extent ef 
Amelioration touted eito toe *«b*t«»eea, After dentetoylation ef the 
lignie# it eee toned that meet ef toe vedteawtivlty ef toe lignin toe 
located to toe xnethoxyl groop ef ligato tmm plant* fed D^-esria®- 
>CW | **, ̂ yetoê dWS*4, tomal^toyd*-©1*,
glyoolata-2-C14, and l m M U , the totoeayl gmeg* ef toe lignin 
after feeding efedtoe^toyl-C^ and h®taiii®-i»etoyl43U  peeeeeeed only 
about «WMtot**t te #n##afto ef toe radtoactlvi% ef to® llgata, toereae



the methexyl group of the ligalB trm plamb* fed #y8ine*l'«CW  contained 
less than one-thirtieth of the radioactivity of the lignin.

Tim ©-methyl group So unusual So the sense that it doos sot oxiot 
in talMl metabolism, ft mo first olioim by Byerrua and Vlokstra (k6) 
that tbo ©-methyl group of barley lignin could arise from the methyl 
carbon of methionine, and the carbon of fomnato. The nethieslas nothyl 
group one dononstrated to bo incorporated to a such greater extent than 
the formate. Dubeck and Kirkwood (6) found that the nothyl group ef 
motbionino could bo utilised as a source of the 0-methyl group ef 
rieinlae, an alkaloid from the castor bean, but they failod to show that 
either the choline nothyl groups or formate could give rise to the nothyl 
groups of this alkaloid, Sribnoy and Kirkwood (2*7) also have demonstrated 
that the nothyl group of methionine could serve as a precursor of the 
mstkylesediexy groups ef proteplno in Dlcentra hybrids, Subsequent 
studies by Byerrum, Flokstra, Dewey, and Sail (10) have shown that the 
methyl group of nsthieaime is transferred intact to give rise te the
O-aethyl group ef lignin in barley and tobacco plants, an instance of 
transmethylation in higher plants, transmethylation in higher plants 
had been shewn earlier involving the methionine nothyl group and the 
nicotine methyl group (9), Studios by Stone CU8> in which labeled 
carbon dioxide was fed to wheat plants for a short time indicate that 
the methylation of lignin is an irreversible presses, the nothyl groups 
being of a «nem«4Sbilc* type. He demonstrated that the total radio* 
activity acquired by the ayrimgaldehyde portion ef lignin renalaed 
constant throughout the growth of the plant, indicating that lignin was



35

as end-product is the plant sad nethylatisn was a reaction is the syn­
thesis tf ligsis*,

the results obtained is tbs present studies differ freo the result* 
obtained is previous plant nethylaties studies (3,5,8,11,12,36) mentioned 
is tl»« discussion ef striae Incorporation late the H-mothyl group of 
nicotine. The beta carbon of seriso appears to bo incorporated to the 
groatoot extent isto the 0-«*thyl groups of tobacco ligsis when compared 
with the other precursors* It is Incorporated to nearly twice the extost 
of the carbon of formaldehyde, about k tisos the extest of the alpha 
carbon of glycine and gLyeelate, asdi the methyl group of ssthlosiite, 
asd about 10 tises the extent of the carbon of formate, If only the 
L-serise is utilised by the plant them serine would be as ores better 
methyl group precursor who* compared te the ether eubstaaces*

The reason for the low recovery ef the total radioactivity after 
desethylaties ef the llgsia from plants fed obelise asd betaise is set 
uaderstoed at presest and is under Investigation* The results obtained

14
fres the desethylaties of the ligsis from plants fed gLyciae*l«C seen 
to iadieate that the carboxyl carbon of glycine esters the ligsis mole­
cule readonly much as carbea dioxide esters the nicotine neleeule as 
demonstrated by Oulp (2?) •

The inportast role which seems te be assigsed te the beta carbon 
of serine would Indicate that is higher pleats the 0*metfeyl group is 
formed at least partially by a different pathway than Is the H-aethyl 
group of nicotine, This suggests that possibly the beta carbon of 
serine is metabolised three#* more than one pathway* The possibility
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of a "1-earben unit* (U3,hU similar te that proposed la the previous
discussion seems to he attractive here also, bat sines the beta carbon
of serine It laeerperated te a greater extent than the carbon tf
formaldehyde there may be still another pathmsy. As mentioned previously,
the mothylation ef lignin stems te be an Irreversible presses mhleb
might lend support ts the idea ef the involvement ef the oxygen ef the
serine hydroxyl grasp. Perhaps the serins condenses sith the ring
structure ef lAgaia and then the carbon linkage between the alpha and
beta carbon* is cleaved, followed by reduction ts yield the methexyl
group. A Study using doubly labeled serine with 0 in the hydroxyl 

lagroup and 0 in the beta position mould be useful la proving this 
hypothesis.

These studies also Indicate that the carbons ef formaldehyde and 
formate, and the alpha carbons ef glycine and glycolato might be 
utilised for methyl group synthesis by may ef the beta carbon ef serine 
as suggested in animal metabolism (Ui,3T). this again differs from the 
results obtained frsa the methylatien studies of the K-netfayl group ef 
nicotine. These investigations shamed that the carbon of formaldehyde 
and the alpha carbon of glycine mere incorporated to a greater extent 
than mas the beta carbon ef serine, mhleh suggest that they mere net 
metabolised by may ef serine.

Incorporation of Formaldehyde into Thjmlne and hrrlnes

The present study has shemn that the carbon ef formaldehyde can 
serve as a precursor of thymine and the purines, adenine and guanine.
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to lew toleactlvlty found in cytosine lends support to the assumption 
that all the radioactivity of thymine mo located is the nothyl group. 
Studies owing fo*wnte-CU , seariUis-.J-C*4, and glyelne~2-C **(17,19) have 
demonstrated ttit upon degradation of thymine newt ef the radioactivity 
was located in the methyl group, and in each ease the thysdso ring 
Isotope level eerrespeadod to the Isotope level of to cytosine ring.

It has been wan toon from investigations with pigeons that formate 
or biological precursors ef formate such as to beta carbon of tevim, 
to alpha carbon of glycine, and to methyl group of choline could give 
rise to to 2 and 8 carbons of uric add. Formate has boon shewn by 
totter, Velkln, and Carter (17) te give rise to to methyl group of 
thymine in to chick and rat* the methyl group of methionine formerly 
was found to servo as a rather ineffective thymine precursor by ®rown 
(18), but recently it was found te be readily converted to to 2 and 8 
carbons of purines by Sfcae and Johnson (13) * J&wyn and Sprlason (I?) 
have shown recently that to beta carbon of serins to to alpha carbon 
of glycine could servo as precursors of to methyl group of thymine, 
demonstrating tot serine was incorporated to a greater extent than was 
gircto* The beta carbon of serine also was shewn to enter to 2 and 8 
carbons of to purines*

Recent work reported by Hewnaan, Fairley, and Bye waa (1*9) dealt 
with a comparison of to carbon of formate to to methyl group of 
methionine as precursors of to methyl group of thymine to to ureide 
carbons of to purine* Earlier studies using formats (17) to 
mstfciewlJie (18) had failed to provide a comparison of to respective
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utilisations for these precesses* Barcwura gj al. (2*9) found that 
fornate *a* « ness effective procurelor of the tlgmlns methyl group and 
the "mid* carbons of adenine and guantns than *ns the aethyl gnnp of 
weihioniae* However shea a ratio of the radioactivity of adenine to the 
radioactivity of thymine was considered, studios using formate p m  ft 
ratio of about 5 to 1, whereas studies using methionine gars ft ratio of 
about l«fe to 1* These ratios indicate %too Methyl group of raothiosiao 
would outer the nsthyl group of thyslne acre preferentially than dees 
fornate wfcaa compared to the entrance into the oroide carbons of the 
purines, the work of Shg» osd Sprtssen (19) p m  • oerrosposdiug ratio 
of 1*5 to 1 for the beta oarfoou of serine indicating that the methyl 
group of the beta oarber of eerie® may fern ft censes
into rmedlste before giving; rise to the welde carbons of the p H w  
and the aothyl group of thysin®, The present study using fernaJdehydo 
gave an adenine to tb̂ nino activity ratio of about 3 to 1,

the d ilu tio n  value, th a t Is  the specific a c tiv ity  o f the precursor/ 

speoifio  a c tiv ity  o f the oonpound iso la ted , Obtainod In  the present 

study was eesspsred to the d ilu tio n  values obtained frea  the format® and 

inethl&aiB® study Ch9) * They indicated th a t fomaldehyde is  ineorpoxmted 

in to  the purines to  about the sane extent as fo rn ate , and about 9 tines  

the extent o f the methyl group o f aothienlas, Eowever when compared 

w ith respect t© the incorporation in to  tJ^alne, formaldehyde was used to  

tw ice the extent o f format®, and k  tines the extent ©f methionine, 

those resu lts seen to indicate th at formaldehyde has «s In ta r- 

mediate ro le  as a thymine precursor when cellared to  aorta®, nsthlonine.
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and formate, SLm̂ xk and (19) demonetrated that during the
conversion of tl» Win carbon of eerine to th© thymine methyl group th© 
hydrogen* ©a the beta carbon ooeeapaay th© carbon. Whore** In th» eon* 
version to the wreide carbon* of th* purines extensive labilliatiea of 
th* hydrogen* took place, indicatlng too diotinot pathway* for tho too 
processes. In studies of th* synthesis of serins by Xisliuk oad Safcaal 
CftU) and by Kitano and Greenberg (39) , it ms suggested that an active 
internediat* confound, possibly a tstrahydrefolic acid derivative, at 
tho oxidation ctate of formaldehyde existed which could giro rise to 
serin© or t# the nsthyl grop of thymine and choline. Borg (h3) alee 
has proposed that hydroxythylhoBsocystoliie mo an important “active
1-earbcn intemodiato8 » an* ĝ tapni (Ith) poatolatod an
"active l-carboo eotopouiKi" at the oxidation atato of format* which might 
form the wreido carbons of th* purinee ©r bo reduced to fora tho "active 
r̂ejEymathyltotrahydrofolic acid1* at tho oxidation atato of forraaldehydle„ 
These postulations would holp to explain tho difference in tho incorpora­
tion of formaldehyde and format* into tho nathyl group of thymine, 
Koceatly Greenberg (50) al3© ha« presented a aehono for th* interrela­
tionship of formaldehyde, tho beta carbon of serine, formate, and the 
purine oroide carbons utilising th* “active l-carben compound", a 
derivative of tetrahydrofolic add a* prepoood by Kinliuk and Sakarai (hh) , 
Wyatt and Cohan (51) have reported the occurrence of Ŝ ydroajynotbyl- 
cytosine in phage d*©*jmbeaueieic add and proposed a pooaible pathway 
for the formation of thymine by way of the 5-hydroxymthylcytocina which 
secas to bo attractive in li#t ef the results with formaldehyde.



mmm



iiO

sniffy

X. The adaistisirattoii *f te tobacco plant* resulted la th®
foxaatiw* «f radioactive nicotine. Hast of tho radioactivity was 
show* to bo cantered la the methyl group.

2* Whoa compared with other nethyl group precursors previously fed to 
tobacco plants, the beta-carbon of serins oeena to bo incorporated 
late the alootiae molecule la a looser anoimt than formaldehyde and 
the eXptî corbon of glycia©, bat at about the sane extent oo 
yaothf©nine, ohellne, betslns, end glyoel&te. Possible tochodoo 
for tho fernation of the IMmsthyX group ore discussed*

3* After the administration of ipyoSaia-44!14 t* tOheooo plants, the 
alootiae dipierate isolated possessed ao radioactivity. It Is 
therefore that the eaiboQd OQ'rbfOt of gftyejm* does not enter
late nicotine synthesis under the eoaditieas used,

Ath, ligota looted £wm tobooeo pleats fed a®rlae~3-C , formaldehyde-
IA AA 10 10''0 , «ethloaiR®-eiethyl«-C , $yei»sMM3 , glyciBe»l-C , choline*

10 SO 10 s*nethyl-0 , glyeiss botainê matbyl-C , gJye©l*te-2«C , aad formate-C
hts been shewn to possess radioactivity. Most If set ell of the
radioactivity oss shewn to bo locetod la tho netheayl group except

loeftar feeding choline* betaias, end glyeine~l-C t Tho results with 
choline ead boteiao feeding ore unexplained at present, and tlie 
carboxyl carbon of glycine appears to result in rando® distribution 
of tho carbon In the lignla woleeule.



$ A comparison of results indicates that the beta carbon ©f eerine la 
th® best aethoxyl cartoon precursor studied and formaldehyde is 
second best. Methionine, the alpha carbons of glycine aad glycolate 
are incorporated at about the same extent. Formate appears to be 
incorporated better into O-methyl groups than into N«as©thyl groups 
item cesapared to the other methyl group precursors. tka significance 
©1 the results obtained are discussed in view o£ possible pathway®,

6, Eadieactlv© f©smldehyde, when injected iuiraperitoneally late rats, 
has been shoes te yield radioactive purines and pyrimidines Isolated 
from deoxyribonucleic odd. fhs purines* adenine and guanine* 
possessed a large amount of activity, as did th* pyrimidine, thymine, 
but cyteslme showed little activity. Host of th* radioactivity of 
thymine appears to be located in the methyl group. Iftiea compared 
with methionine and formate* formaldehyde appears te be intermediate 
la the formation of the thymine methyl group and purine urelde 
carbons* but seems te be a good source for both of these carbons.
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m m u  t

th* f orrcuXa need in eerreot&Bg ike ebeerved count of aieoiiw 
diplewiit raethyitri«t^ri*B»»#ida» iodide to w t *  ample thlefeaeee 
*n»*

d » »  im * m u d m  epecific activity (cetmteŷ diiutê llliaol#)
Cm * Gbaarv«d counts {ccunta/ainute)jfm w  ’wbftnw w w O M v K V '  OWlinHliRli'inilV OFw* ff

BK 00 OfctOê 9 OBSHv^^ee' ^^v^eiBOtSnaS'HS es^e* sjB^spwwnsUpUn^E^wo

W * neight ef sample counted .
h • fmotion ef mMrtiwBp* activity at ths fpewyle thickness need <f) **» obtained turn self*afc»orpticn eeg**»«

gfywpt* ^flwtAtiwn*

Nicotine dlpierate ** Co * 116,3 e«p«p«9 V  • 60,6 «g#, H * & m § 

f m H « |  jag/en,*, h m 0 mm .

% • 'Hlfll m 1*1 * 10*
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m m m n

ikft femOi vm& 1n ©errecting the ebemrad counts te a m  sample 
mmmrn far ligaia samples mat

#*«* %  - naadanat specific activity (ceaataM^te/60 «g* «f

0# » observed counts (c««ateŷ imite/BaB̂ le weight ef lignin) 
W » mg, ef sample counted
b * f motion ef aaatasft activity at the aaapis thickness 

owed (f) — • obtained from self absorption curve,

0<* • W  ©#«»*# M • fc£ i*g„ f » H»A9 b * 0,h?2

8} the formula used te correct the ebaenved count* for the methyl- 
^ tiHfffclWtfO iia®*

A « gO *.* ■* ̂

idisra JL. - maadmms epecific activity (ceuntê aijwie/tetal mg. ef 
iedid© obtained frm 68 s%, ef lignin)

00 * observed counts (ceuatasÂ iimts)
1 » «g, ef »8i23yitid®th3ii«iaBesim iodide obtained from

deaethyUtion ef 60 mg, ef ligain
w « mg, ef iodide counted
b * fmotion ef maadaBgt specific activity at the sample 

thickness used (f) <** obtained from *©If*abserptien 
introes.
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222 • eonreetlea factor, tetatx! on 99$ recovery &t aotheatyl 
“  groupa trow vau*mia ft?)*

8*tfmp,*hk

0# * 27teO I • jxa *g## w * 21J »g,f t * 7,67 ®g./

te *oj*

*• * # W *  *»*«&* *  iodidoW W W W T f z W  obtalaod fro® 60 mg.
of ligaiit*
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APPHKBEC 1XZ

$b» formula ihmk! t© correct tho observed count* of purines and 
pyrir&dlnoa te specific activity*

O * G0 X*M X 1000 si
ls*T x ...

viere S * specific activity (oouî îdmtê idercisele)
00 • observed coasts (couotoM^W®!. of aampltO
in * molar absorbaiicy fM***y (molar extinction coefficicit)
A* • absorbaiiey of ssŝ Le coasted 

l/l x IQO* factor to ©oixveyt bo odUsfC9ĉl>es 
>s$8ipjLe caic«ia«̂ wRi *syB3ti®B

C„ * 112 B.fjs./al.. of Mnplo, A,, - 7 x 10s {2&tau, pH 8,25)
A, - 0.257
3 ■ ̂ i l J S 4 ^ i l 2 S 2  - 3050 a.pj»./aM*157 s i s  loo


