f i




THESIS

~
g | A
~—

LIBRARY
Michigan State
Univcrsity




PATHVAYS POR CONVERSION OF THE BRTA
CARBON OF SZRINZ TO THZ N-MITHYL
CROUP OPF NICOTINT

By

Stanley Garscn Krans

A THZISIS

Submitted to the College of Sciaeance and Arts
Michigan State University of Agriculture and
Applied Sclence in portial fulfillment of
ths re.uirements for tha degree of

MAS "R OF SCIENCE

Department of Chenmistry

1953



-5 F
i 4)d

ACKNDLIDGMINTS

Tha author extends his sincerest thanks to
Dr. R. U. Byerrum whose guldaance and friendly
acsistance made this work possible. Thanks are
also due othor mombers of the Choalstry Department
for their willing advice.

The author also expresses his appreciation
to the Dspartment of Chemistry and the National
Institutes of Health for their financial aid.

00250000000

11



VITA

The author was born February 16, 1937 in
New York City. He attended DeWitt Clinton High
School in the Bronx and then went on to the City
College of New York, The Bachelor of Science
Degree was conferred in June of 1957,

The author entered Michigan State University
in the Fall of 1957. Fe served first as a
Graduate Teaching Assistant and then as & Special
Graduate Research Assistant,

SN0

111



PATHWAYS FOR CONVERSION OF THS BRTA
CARBON CF S8ZIRINE TO THZ N-MITHYL
GROUP COF NICOTINE

By

Stanley Garson Krans

AN ABSTRACT

Submitted to the College of Science and Arts
Michigan State University of Agriculture and
Applied Science in partial fulfillment of
the reculrementa for the degree of

MASTER OF SCIENCS
Department of Chemistry
Year 1558

Approved -Z) ({ . /?p?‘»c-w«nw



ABSTRACT

Previous relearch had showvn that several subdbstances
could funoction as metabollo precursors of the N-methyl
group in nicotine, This stwdy was undertaken in an attempt
to elucidate a pathway by which the betamrdon of DL-serins
is used for synthesis of N-methyl groups in nicotine. The
pathways investigated were (a) incorporation via formalde-
hyde or an active l-carbon unit at the oxidation state of
formaldehyde, (b) by way of formate or an active l-carbon
unit at the oxidation state of formate, or (o) through
transfer to the methyl group of methionine,

Tobacco plants were fed DL-serine-3-Cl% alone and in
cambination with relatively large cuantities of non-
radiocactive formaldehyde, sodium formate and DL-methionine,
each in a saparate experiment. Nicotine was isolated, as
the dipicrate, in eaczh case and 21ts radloactivity determined.

By comparing the radioactivities of the nicotine
obtained in each experimant it was shown that formaldehyda
or an active l-carbon unit at the oxidation state of
formaldahyda probably was an intarmediate for the conversion
¢f the beta carbon of serine to the N-methyl group of

nicotine, Formale or & l-carbon unit at the oxidation



state of formatoe wns ruled out &3 an important intermediate,
The results for methionine were erratic and no final
conclusion regarding its role as an intermadlate for moathyl

group synthegls from serine's betla carbon was reached,
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INTRODUCTION

During the past decade studiles on mathylation
reactions in plants have been extensively investigated.
Particularly the synthesis of the N-methyl group of the
alkaloid nicotine, in tobascce plants, has received a good
deal of sttention. Reports Dy Bysrrum and ssveral ¢o-
workers (1-7) showed that the methyl group of methionine,
the carbon of formsate, the methyl groups of choline and
glyocsine betaine, tha alpha cardbon of glycine, the alpha
carbon of glycolate, the beta e¢arbon of DL-serine, and the
carbon of formaldehyde cculd all function as metabolis
precursors of the N-methyl group in nicotine, It was
poseible to make comparisons of the extent of incorporaticn
of the above mentioned precursors into nicotine, aince the
molarity and radiosctivity was the same throughout, The
methyl groups of methionine, choline, glycine betaine,
thebeta carbon of serins and the alphacarbon of glycolate
ware used for methyl group synthasis to about the same
extent, The alpha carbon of glycine was utilized abou?
twice as much and formate about one-tenth as much as the
first five mentioned. The incorporation of formaldehyde
was about twicg that of the alpha carbon of glycine; hence
it would appear that formaldehyds 213 used for methyl group



synthesis in nicotine to & greater extant than any of the
other precursors studied, Howaver the existence of free
formaldehyde has never been demonstrated in plants, An
fctive lecarbon unit at the oxidation state of formaldeohyds
has been postulated as the actual methylating agsnt (7).
The present study was undertaken in an attempt to
slucidate a pathway by which the beta carboen of DL~-serine
18 usad for synthesis of N-methyl groups in nicotine,
Three possible pathways were investigated. These were (a)
incorporation via formaldehyde or the active l-carbon unit
at the oxidation state of formaldehyie, (b) by way of
formate or a l-carbon unit at the oxidation state of
formate, or (c) through transfzr to the mathyl of
methionine. 7he tazchnique used was to feed tobacco plants
labelad serine glone and in combination with a relatively
larga quantity of non-radiocactive formaldehyde, formata
or methionine, each in a seprarate experiment. If any of
the non-radlocactive compounds were Intermsdlates for tha
conversion of the beta cardbon of serins to the N-methyl
group of nicotine a decrease In the radloactivity of the
nicotine iaolated from the plants would ba expacted; since
the radloactlivity of the precursor would be diluted by
the large pool of non-radloactive intermediate., However
i1f any of the non-radiocactive, competing substancea were
not in the metabolle pathway of the dbata carbon of serina
no significent decrease in nicotine radicactivity would be

expected,



Using this motabolice competion technique the data
obtained indicated that formaldehyde or a l-carbon unit
at the oxidation state of formaldshvda was an intermediate
for ths conversion of tha beta carbon of serine to the
N-mathyl group of nicotine, Formate or a l.carbon unit
at the oxidation states of formate was ruled out as an
important intemeadiata, The results for methionine wore
erratic and no final conclusion regarding 1ts rols as an
intermediate for methyl group aynthesks from gerine’s beta

carba was reached,
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EXPERIMENTAL AND RESULTS

Grovth snd Preparation of the Plants

The tobacce plants used in the experiments were
Nicotiana rustica L. var, humilus; a strain with a high
nicotine content. The plants were growmn, in & greea house,
from sesds planted in vermioulate (commercially availadle
heat expanded mica), They were watersd once a day and fed
a mutrient soclution twice weekly, The nutrient solution
was composed of 1 g. MgS0y°7TH 0, 1 §. K;HPO,, and 5.8 g.
03{303)2-1&320 all dissoived in 4 liters of tap water,
After attaining a height of 0,75 inches the plants were
transplanted so as to give each individual more room. The
planis were kopt in the green house until a height of 6
inches was reached., This took from two to thres months,

Upon reaching the desired height the plants were
removed from the vermiculate; their roots rinsed with tap
vater and then clipped, with a scissors, near tiwe stem,
These plants were then placed in 125 ml. Erlenmeyer
flasks containing 50 ml, of an inorganic nutrient solutiony
which was & 1:3 dilution of & stock solution whose compogl-
tion is shown in Table I,



TABLE X
COMPOSITION QF THE STOCK NUTRIZNT SOLUTION

Water 1000 ml, HMognesium sulfate 250 mg.

Calcium nitrate l1g. Ammoniua sulfate 250 mg.
Potassium chloride 250 mg, Potasslum dihydrogan
Ferric chlorids 2 Ng. phosphate 250 ng.

The diluted stock nutrient solution was oxygenated
before the plants wers placed in it. Each plant had &
cotton plug wrapped around the upper part of its stem and
inserted in the neck of its flask, The flasks were coverzd
with black paper shields,

New root systems were permitted to develop on thess
plants; & process which took from 10 to 14 days. Any loss
in volume of the original 50 ml, of §iluted stock nutrient
solution, during this {ims, was periodically made up with
distilled water, WWhen the new reots had grown the plants
were fed the metabolle precursors, of the N-methyl group
of nicotine, to be descrided below. During the feeding and
afterwards, when the compounds fed were being metabolized,
the plants were kept in hoods supplied with artificial
lighting, 7Tws 36 inch 30 watt fluorescent tubes were kept
11t 12 hours of each day.

Administration and Uptake of “xverimental Comvounda

In order to increase significantly the metadolic pools
of the non-radiosctive competing compounds, fed in conjunction



with DL-ser1n0~3-clu. their concentrations were made greater
than the concentration of the radioactive serine, It was
dacided that the non-radioactive competing compound in each
expariment be mads ten times greater in concentration than
the radioactive mverine, on & molar basias, Each plant
received 8.76 x 1073 mmol, of radioactive serine and

5.76 x 10°2 muol. of non-radicactive competing compoundr
except the control experiment in which the plants received
only the 4,76 x 10'3 mmol, of redioactive serine,

The non~-radioactive compounds fed along with radio-
active serine were Dl-methionine, sodium romte/md
formaldehyde. Radioactive serine alone was fed as a control
experiment, Fach combination was made up of 1,8 ml,
radioactive serine, 1,0 ml, non-radioactive eompeting
corpound (0.0 ml in the control experiment), and sufficient
d1lute stock nutrient solution to bring the total volume
fed to each plant to 3.0 ml,

The $.0 ml, of solution in each expsriment ware
placed in 125 ml, Triemmeyer flasks which had black paper
thields around them, The plants which had generated new
roots were placed in these flasks, Each plant was than
permitted to absord the 3.0 ml, of solution. After these
initial 3.0 ml, of solution were taken up, sn additional
3,0 m1l, eomponad entirely of dilute stoclk nutrient solution
was given each plant., V¥When this was absorbed, 50 ml, of

dilute stock nutrient solution was given each plant, The



plants were grown for saven days aftsr feedings counting
the beginning of the first day as the time when the original
3.0 ml1, was fed,

¥hen the method of feeding cutlined above had
previously been used in this ladoratory for feeding radio-
active acetate and radicactive tryptophan, uptake of the
small volumes used was complete in two to three hours (8).
However in the present study complets uptake of the initial
3.0 m1, of solution took anywhere from 12 to 24 hours.

One further point of interest was that plants fed
the radioactive serine--non-radiocactive formaldehyde com-
bination wilted during the seven day growing period
following feeding,

Purity of the DL-Serine-3-cl?

The labeled serine was purchased from the California
Poundation for Blochemlcal Research (Los Angeles, California),
To da certain that no radioactive substances other than
DL-serine-clg were present & sample was co-chramatographed
with pure non~-radiocactive DL-serine, The solvent used was
butanol--acetic acid--water in a ratio of 4:1:1, The
radioactivity on the chromatograms was located with a Forro
chromatograph scanner (Forro Scientifis Co., Evanston,
I1linois) coupled with Nuclear-Chi:ago Model 1620A ratemetar
and & Model AW Eaterline Angus graphic armater, Only cne
radiosctive spot was found and its R, value corresponded to

that of the non-radicactive serine,



Isolation and Purification cof Nicotine

At the end of the seven day growing period following
the adminiastration of the solutiors describdbed above, nicotine
was isolated as the dipicrate from the planta, The plants
were removed from the flasks and their roots rinsed with tap
vater and then blotted with & chsesecloth., The plants were
cut into small piaeces and dried undar a heat lamp at ahout
80°C for six hours., Tha dry plant material was ground with
a mortar and pestle and placed in a micro-Kjeldahl flack
with 20 per cent of its weight of calciun hydroxide, Four
drops of G, E, antifoam solution (G. E, Antifoam 60, General
Flectris Co., Schnectedy, N. ¥Y.) were addsd and the contente
of the flask steam distilled, The dlstillate was sollected
ina flisk containing 5 ml. of 6 N hydrochloric acid.

Steam d4istillation was continued until no wmore nicotine was
present in the distillatei as was ascertained with silico-
tungotie acid, vhich forms a white pracipitate with nicotinas,
The distillate containing the nicotine hydrochloride was
evaporated to dryness in vacuo. The rosidual nicotine
hydrochloride was purified dby an azlotropic distillation
from dbasie solution; again the distillate was caught in

5 ml, of 6 K hydrochloric acid (9). The purified niocotine
hydrochloride was evaporated to drymess in vacuo and the
residus dissolvad.in a small volume of mothanol and water,

An excess of a saturated methanolic solution of picric acid



was added and the nicotine dipicrata was allowed to
precirvitate. The prrecipitate was collected on a small
sintered glass f1lter and recrystallized from water. The
melting point was 223°%-224°, (wncorrected), Ona refarence

records a value of 224°C, (10).
Re ts

The radioactivity of the nicotine dipicrate isclated
in each experiment is presented in Table XI, The specific
aciivities were corrected to gero sample thickness (see
Appandix foy sample calculation). Ths specific activity of
the combinations fed in Run I was 1,72 x 10/ cpm/mol of
gerine present., In Runs II and III ths activity of the
sarine in ths mixtures fed was slightly lower. The maximm
spacific activities of the nicotins dipicrates isolated in
both Runs II end III were corrected to correspond with the
activity fed in Run I, The 1solated dipicrate was weighed,
ground in a small agate mortar, a&nd platsd for counting on
aluminum planchets having an area of 2.83 sq. om. All
radicactivity meacuremants were made with a Nuclear-Chilcago
Model 192 x scaler (Nuclear Instrmments and Chemical Corp.,
Chicago, Illinois) and a Tracerlad Mod2l SC-16 proportional

flow counter {Tracerlad Inc., Boston, Mass,),
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TISLE III

CAPARISON CF THE INCORPCRATICW OF THY BUTA CrADBON OF
SERING IN NICOTINE DZPENDING ON COMPITING COMPOUND

FRESZNT

(Specime fetivity Nicotine Diplcerate in Control )
Tpacific Retivity NicotIne Dipicrata 1a Compatlelon SXDLTribaig

Run Serine-Methiocnine Serine-Formata Serine-Formaldehyde

1 18 2 15

2 0.9 5 32

3 4 3 13
Ave . * 8+9 3+2 20 + 10

* 4+ values are tns standard deviations [from the mzan,
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DISCUSSION

The nicotine dipicrate i1solated was radioactive; this
indicated that in each of the experimenta the beta carbon
of DL-serine was utilizedq for synthesis of N-methyl groups.
It was assumed that essentially all of the radicactivity
of the nicotine was in the N-methyl group. This had been
indicated in previous experiments (7). An examination of
Table IIXI shows that the ratiocs presented therein are
inversely proportional to the extent to which the beta
carbon of serine was converted to the methyl group. A large
ratio would be indicative of a eompound which competed to
2 large extent, in methyl group synthesis, with serine.
Such a compound would be expected to act as an intermedlate
for the conversion of serine's betacarbon to the niootine
nolocu;o. Prom Tadble III it can be seen that the largest
ratio was obtained for the serine-formaldehyde comdbination,
the smallest for serine-formate and intermediate between
these two was the serine-methionine oomdination., Hence
these data seonm to indicate that for the conversion of
serine to methyl zroups,rornaldehyde probadly is an inter-
mediate, formate probably is not and methionine may or may
not be an intermediate, It is important to note that the

range of values varied considerably in the serine-methionine
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runs, In fact 1if each of the three runs for the serine-
methicnine combination were examined individually instead
of as an average three different interpretions could be
arrived at,

Even formate lowered the incorporation of serins into
nicotine to soms extent:; though not very much when compared
to formaldehyde, This can be explained on the basis that
formate itself an be used to & slight extent for methyl
group synthesis (1), Nowsver the bulk of formate probadly
does not arise from the beta carbon of serine in tobacco
plants,

The problem of methyl group synthesis has been
investigated in animal metaboliss with regard to the
relationships of the scompounds studied in the present work.
In 1940 4u Vigneaud (11) showed that the methyl group of
methionine can be used for synthesis of methyl groups in
choline, Yormate and formaldehyde also can act as methyl
precursors in choline (12); both being utilised to about
tha same sextent., Jonsson and Moshar (13) demcnstrated that
the beta carbon of serine and the carbon of formaldehyde
could be used to syntheslsze lablle methyl groups in rats,
At the same tlme Welssbaoh, Elwyn and Sprinsoa (14) reported
similer results for the alpha carton of glycine and the
beta carbon of serine; theyalsoe found that the cardboxyl .
carbon of glycine was not used for methyl group synthesis,
The alpha carbon of glycine was not used as much as the deta
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carbon of serine, This same group of workers (15) also
showed that the betaarbon of serine was not oxidized to
formate; this is in agreement with the results obtained
in the present study., It seems that in animal metadbolism
methionine and glycine betaine account for most of the
methyl group synthesis that takes place (16, 17), whereas
in plants the alphaaarbdon of glycine and formaldehyde
appsar to play the most important rolcs,

Byerrum et al. (7) proposed that formaldehyde, the
alpha carbon of glycine and the deta cardon of serine
might give rise to a sommon active l-cardbon unit at the
oxidation state of formaldehyde. Berg (18) and Kisliuk
and Sakami (19) had previocusly postulated the same thing
in their studies of animal metadolisa. The dislogloally
active l-oarbon unit appears to de a desrivative of felic
acid (20). The work of Kisliuk and Sakami (19) has given
experimental support for this, An attempt has bdeen mads
by Brown (21) to isolate redicactive folis aoid from
tobacco plants after feeding radioactive formaldehyds.
The results were ineonclusive bdut it appeared that a redio-
active compound ressmdling foliec acid had been isolated.

The following scheme 1s postulated for N-methyl
group synthesis in tobacco plants on the basis of the
results reported in this study.



Serine
(beta carbon)

Methionine
Formate . (methyl group)

\) Fon‘i{ldehyda/

\ 7
N-methyl group of Nicotine

Methionine is visualized as ylellding methyl groups either
by direct tranamathylation or by oxidation to formaldehyde
followad by reduction. Serins has bean postulated to glve
rise to the methyl group of either nicotine or methionine
by way of formaldehydeyx although evidence for the latter
pathway was inconclusive from the data presented here,
Since the nature of thea active l-carbon unit 1s not known
it has deen excludad from the scheme.

One furthar point that must dbe mentioned is that
Arnatein (22) showed, in animal metabolism, that only the
L-isomer of serine was used for methyl group synthesis,
The work reported here used DL-serine, thsrefore, the
difference of the two forms in plant metabolism should be
investigated.

The possibility of serine's beta carbon ylelding
methyl groups via transfer to methicnine (either directly
or by way of formddehyde) should be reinvestigated because
of the dublous results obtained, Other experiments using



different combinations of compounds {2.g. a series with
radiocactive formaldehyds and various non-radlcactive

competing compounds) might help to clarify the prcblem.
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2.

17

Tobacco plants were fed DL-sarine—:s-cla alone and in
candbination with relatively large guantities of non-
radicactive formaldehyde, sodium formate and DL~
mathionine, each in a separate expariment. Nicotine
was 1solated, a3 the dipicrate, in each case and its
radioactivity datermined.

By comparing the radioactivities of the nicotine
obtained in each experiment it was shown that formal-
dahyde or an active l-carbon wnit at the oxidation
state of formaldahyde prodbadly was an intermediate

for the coanversion of the beta carbon of serine to the
N-methyl group of ailcotina, Formate or & l-carboa
unit at the oxidation state of formate was ruled out
as an imporiant intermediate. The results for
mathionine were erratio and no final concluslon
regarding its role as an intermsdilata for methyl group

aynthesis from serine's beta carbon was rsachad.
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APPENDIX

The formula used in correcting the odserved count to
gero sample thickness was

"y
whers Ay » maximum specific activity (counts/minute/millimole),
Co = observed count (counts/minute)
M e molecular weight of compound
W = weight of sample counted
b = fraction of maximum activity at the sample
:‘tiirvcl:x:ean used (T)--odbtained from self absorptiocn

Sample calculation:

C° - 235.8 o.p.n,, We 3“.6 mE., He 620
T =»12.2 m./sq. CMm,, Dm 0.‘&00

236.8 x €20

Am - 3:]- 6 x 0.400 1,06 x IOL’ c.p-ll/mmol-
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