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fobasen plant leaves in order to study the incorporation of 0% inte
D-R1bose-1-0% waa Suoczpomated Lxfo the nisotine melsewle slthough
the methyl group of nicotine contained cnly & swell part of the C38,
Uhen tobacoe plants were allowed o metabolize the redisestive pantoss
for twe, threew or weven dayw, the 0% convembration of the nicotine
was aimllar. However, the 03 located in the methyl groups decrassed
with the shorter moteboliem perdod. The vate and grest wariety of the
abelie trensforsations of pentoses and pentoge devivabives in planbs
possibility that a large quantity of the Deribome-l-03e
wuld be utiiized for synthesde of one carbom wnits. The rapid synthesis
of nicotine-C¥ gugpested that the pyridine ving of niootine wes formed
from = compound relsted %o glyoslysis.
Ribose~l-C* was aduinigtered to detached tobaceo plant lesves.
_ bolise bni no radissctive
Wmmmmg The C%% wms Joonted primrily in the beta carbon
of the serine with a lesser qunbtity in the alphe caybon, Serine myn-~
thesised during light metaboliem contained the majority of the C1¢ in
the alpts and bets carbons, The spacific aetivity of the beta carbem




wes gheater than that of the aiphe caxbon, Glyeine eynthesized during
gt metubolisn was lsbeled precdominantly in the alpha carbos,
A mechenism for glycine and sevdne synthemls which lovolved two meta~
bolis pathweys was postuisted. It was suggested thet glysine and
serine weve synthesized madnly from glymxylic acid whieh was forwed in
the giyoxylede ayole and o & leseer oxtad by comversion of S-phospho-
glyverie svdd te aerine.

The dsslation of glyeins and serine containing 0 in She slphe
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INTRODUCTION



The transfer of methyl groups was established as a reaction in
living organisma by du Vignesud eb sl. (1) in 1940. Since this time
mich attention has been focused on the transfer snd bicsynthesis of
the one carbon unit, Organic acids, amino scids, and other types of
compounds have ‘besn shown o be precursors of methyl groups in plants
snd animals (11-3.6'};

The pnly earbon source necessary for growth in mest higher plants
is carbon dioxidae. Hmw; no evidence hes been reported that carbon
diexide can be reducsd directly te a methyl group. Also, no vompound
formed during the photosynthetic cycle has been shown to be a methyl
group precursor. A pathway by which methyl groups may be formed from
carbon dioxide in plants is yeb to be demonstrated.

Previous work in this laboratory has shown that the nicotine methyl
group may be synthesized by transmethylation reactions and by reduction
of a one-carbon intermediate believed Yo be an active or bound form of
formaldehyde. The Yactive one-carbon unit® was synthesized from the
alpha carbon of glyecine, the alpha carbon of glycolic acid, and the
beta carbon of serine. These compounds sre labelsd rapidly duaring the
photosynthesis of C3%0g and are believed to arise from a common
precursor formed in the photosynthetlc cycle.

This study was underisken to demonstrate a pathway for the
formation of glycine and serine from the photosynthetic cycle.



The formation of mesthyl groups from photosynthetic carbon dioxide
could be explained with this mromtim; D-Ribose-C1¢ was sdminis-
tered to tobacco plants and detached leaves of tobacco plants,
Nicotine, glyeine and serine were isolated and degraded. The dis-
tribvution of ¥ in these molecules was determined.



HISTORICAL



HISTORICAL

The transfer of the methionine methyl carbon to an oxygen or
nitrogen atom of another metabolite has been reported from several
laboratories (1-8), The methionine methyl group, labeled with C*4,
was incorporated into nicotine in tobacco plants (2), A1l the C?% was
located in the methyl group of the nicotine. Dewey et al. (3), using
methionine containing C1* and deuterium in the methyl group, showed
the transmethiylation reaction occurred with pmo intermediate oxidation
and reduction during the transfer. Sato et sl. (L) supported these
resulis by showing that the methyl group of methionine was transferred
intact to form the methyl esters of pectinie acid in radish plants.
Also, methionine was shown to be a methyl donor in the formation of
lignin of tobacco plants (5), ricinine of castor beans (6), and
hordenine of barley (7) .  ®ycine betaine and choline are metabolites
in plants which contain three N~methyl groups. The methyl groups of
glycine betaine were introduced inte nicotine to an extent approxi-
mately equal to that of the methionine methyl group (2). Glycine
betaine has been shown to be a methyl donor for the formation of
N-methyltyramine and hordenine of barley plants (10). The methyl
groups of cholinewere not incorporated into the barley plant alkaloids
or ricinine from the castor bean although the methionine methyl carbon
was utilized to form choline methyl groups (6,11). Byerrum gt al. (9)
hag shown that choline methyl groups wers precursors of the Nemethyl



group in nicotine and incorporated to an extent similar to that of
the methyl carbons of methionine and glycine betaine.

Several metabolites labeled with C34 have been administered to
plants in an attempt to establish the origin of methyl groups and the
mechanism of their tranafer and reduction., The alpha carbon of glycine
(12), the alpha carbon of glycolic acid (13), and the beta carbon of
aerine (14) were shown to be utilized by tobacco plants for the form-
ation of the nlcotine methyl group. They were incorporated to an
extent sinilar to that of the methyl groups of methionine, glycine
bstaine and choline. These carbon atoms were shown also to be
incorporated into the methoxyl groups of lignin from tobacco plants
(15) and methyl esters of pettinic acid from radish plants (16).

It is significant that glycine, glycolic acid and serine contribute to
the onew-carbon popl and, also, ars among the first producta to be
labeled when plants photosynthesize 0140, (17-22).

The bypothéaia that the one~carbon unit of glycine, serine and
glycolic acid was transferred at the oxidation state of formic acid or
formaldshyde has been tested. Formic acid was shown to be mstabolized
and reduced to the methyl group of nicotine from tobaceco plants (2),
pectinic acid from radish plants (16}, hordenine from barley plants (7),
ricinine from castor beans (6), and lignin from tobacco planta (5).
The incorporation into nicotine was only one~tenth the extent as that
of the methionine methyl carbon. Formic acid did not appear to be an
intermediate in the transfer of one carbon units in tobacco plants

because it was @ very poor precurscr of methyl groups. Byerrum et al.



(14) fed tobacco plante formaldehyde~Ci%, The methyl group of nicotine
contained three to four times more C1% than the nicotine from corres-
ponding experiments with glycine«-2-C%, serine«3«C14, or glycolic
acid-2-C1%, These data supported the hypothesis that the one carbon
unit is transferred at the formaldehyde oxidation state. The role of
formaldehyde in methyl group synthesis appsars to be limited to the
transport mechanism rather than asa primary source of methyl carbons
since free formaldehyde is not a normsl constituent in plants.

A petivay for formation of one-carbon units or methyl groups from
photogynthetic carben dioxide is not known. MNo evidence has been
reported that carbon dioxide can be reduced direetly to contribute to
the one~carbon unit pool, Culp (23) and Ganz gt al. (2L) administered
C140, and NaHC¥0, to tobacco plants and isplated nicotine containing
C3, Culp found that the Nemethyl group contained only 13% of the
radiocactive carbon in the molecule. If random labeling ocourred, one
would expect 10§ of the C3* in the methyl group as there are ten carbon
atoms in nicotine. Iubeck and Kirkwood {6) found no G in the O- or
Nemethyl groups of ricinine when barley plants were allowed to metabolize
C¥0,. Kuzin and Merenova (25) administered radioactive carbon dioxide
to excised tobacco plant leaves and found all the C3% to be in the
methyl group. They believed that carbon dioxide could be incorporated
specifically into the methyl group. However, Dawson (26) and Tse and
Jeffrey (27) have shown that the main site of nicotine synthesis is
in the root although the transfer of methyl groups to the nicotine ring



tsystom may oceur in the lwes.; Thus, the tmly probable lecation of
0¥ yould have dbesn the methyl gmnp

the photoaynthetic fixation of carbon diexide by plants has been
studied extensively in recent years. The Pirst stabls product in
which ¢is ‘appears during photosynthesis with 0340, is 3-phosphoglyceric
acid (28). The photosynthetic fimation reactien has been showm to be
& chonmissl combination of ridulose diphosphate and carbon dicxide to
form tw molecules of J-phosphoglyceric etd (29-32). Ichiha
Gresnberg (33) sbtatned enzymes fyom rat liver which formed serine from
Juphwsphogiycsric acld via phosphohydroxypyruvie acid and p&wsphmmme;
Also, Vernon and Arnef? {17) snd Newburgh sod Burris (3L) proposed that
a stullay type of reaction docurred in plants. They postulated the
conversion of slanine to serine without rupture of any carbonw=carbon
mm. This scheme would constitute a fairly direct ecomversion of
respiratory carven dioxide into methyl gx-mps Frontera-Aymat (35)
fed tobaeso plants pyrevic mﬁ.&aa-#a'“; She isolated radicactive
niootine but only 6% of the &M in the molecule was located in the
nethyl group. In em%z;ist, the bets carbon of serine was incorporated
specifically ints the methyl group of nicstine (1&) Tolbert and
tafley (36) studied G0, fixation by stislated wheat plants. Alamine
and 3-phosphoglyceric acid ecowmiited large smounts of CI¢ during
the initial peried of pha%mﬁh%is; Serine and glycine were not
iabeled substantially during the first 20 hours of photesynthesis.
The incorporation of CI4 into glycine and serine coincided with the




formution of cholorpplasts and activation of glycelie scid oxidase.
These data indicated that serine did not arise from a triose or other
three carbon compound fyom the photosynthetic oycle.

Wycolis acid, serine and glycine appear to be interrelsted in
plant metaboliism .(18;3?}; Other studies huve demmetrated the inter~
comverston of serine and glycine {38,39). Tolbert and Cohen (18) have
shoun that bexley and wheat leaves convert the two carbon atoms of
glyeolde sold directly into glyiine and the sarboxyl and alpha carbons
mfw'iﬂa_ he beba carbon of serine wme derived in part from the
alpha carbon of glycolic wm. The accumalstion of C3 in glycelie
acid (20-22) and glyeins end serine (17-20) during short time photow
synthesis has been absmﬂ;

The interrelationship of glycine, serine and glycolic acid has
been sebablished. W, the formation of these metabolites from
the photosynthetds cyele is wicertain, Calvin and co-workers (21,28)
have observed a marked inerease in giycolie acid formatlen during photo-
gynthesis in the absenve of curbon dioxide. m»; the carbon atoms
of glyeolie acid and the alpha and bota carbons of 3-phosphoglycerde
acid were uniformly labeled when plants photosynthesized carbon dicxide-
€14 (37,10). It ia believed that glycolie scid 1s related to the
photosynthetic cycle and glycine and serine are formed from glycolic
ae:wn;

Smith and Cunsaing (L1) discovered sn en!;ym, isasim, that
cleaved isocitric acld to glyssylie seid and smeeinie acid. The eneyme
wis purified from extracts of g; asruginosa. Kornberg and Krebs (42)




extended these studies and proposed a new metabolic cycle to occur in
conjunction with the citric acid cycle. The glyoxylate cycle consists
of the cleavage of isocitric acid to glyoxylic acid and succinic acid
and the condensation of acetate and glyoxylic scid to malic acid,

The latter reaction is catalysed by the enzyme melate synthetase (L3).
Recently Beavers and Kormberg (LL,L5) demonstrated the presence of
these enzymes in castor bean planta. The importance of this pathway
for glycolic acid formstion is not knowm. The distribution of €% in
glycelate during photosynthesis with €140, does not negate this
mechanianm.

Wilson and Calvin (29) have attributed glycolic acid formation in
plants 4o a cleavage of the glycolyl-transketolase complex. This
engyme catalyzes the tranasfer of a glycolyl group to an appropriate
aldehyde acceptor to form a ketose (L6-4B8). The formation of pentose
phosphates in plants are believed to ovccur primarily by this pathway
(28,49). The formation of xylulose-S-phosphate from fructose—6-
phosphate and glyceraldshyde~3-phosphate and the formation of ribose-
Sephosphate and xylulose~S-phosphate from sedoheptulose~7-phosphate
and glyceraldehyde-3-phosphate involves a transketolase enzyme which
transfers a glycolyl fragment. During _cctosynthesis the utilisation
of pentose phosphates is ra,pid; The forward reaction is predominant
due to the constant depletion of pentose phosphates which are necessary
for fixing carbon dioxide. If the reverse reaction was forced, the
glycolyl-ensyme complex and glycersldehyde-3-phosphate would compete
for erythrose-4~phosphate. The erythrose-i-phosphate pocl is very small



(not chromatographically detectable)and competition for the small
Qantity of tetrose phosphate will increase the mean lifetime of the
glycolyl-ansyme complex. Wilson and Calvin (29) 1lluminated plants in
the absence of carbon dicxide and vbserved a repid accumiation of
pantose ﬁmmm; After a short perdod glycolic scid concentration
increased and the pentose phosphate concenbreation decreased. The
insresse in glycolic acid was believed 40 be dus to the increase in
glycolyl-ensyme concentration and ite subsequent decomposition to
glyeolie acld and free mw. i’hia anism is amis#mt with the
available information soncernding glyeolic aeid formation.

Gresnbeorg and mmmth {(50) investigated the significance of
this metabolic pathwey m rats. They fed raie ribose-1-Ci* and
srabinose~l«0i%, Benmoic acid was ingested along with the pentoses
and glycine was isolated from urine as hippuric acid, No 0 was
detected in the hippuric acid in either experiment, Weissbach and
Horecker (19), using & soluble extract from spinach leaves, reported
the conversion of 1-03wribosew-S-phosphate to glycine. The glycine
wag labeled predominantly in the alpha carbon.




EXPERIMENTAL AND RESULTS



_ The *&umms plants used in this study were Nicotiana rustica I
var. umilus, a strain with a high nicotine emtemk The seeds were
planted in flate num:lnins Wmieuli'ha, & cormercial non~mitrient,
supporting material. After two weeks the sesdlings were transplanted
to insure suffielent separation in the flats. The plants were fed
twice a week with & mutrient solution composed of 5.8 g. Ca(NO;)a-LH0,
.1 g. H@ﬁ,"?ﬁ;ﬁl and 1 g. KHPO, in L liters of m%\er; Additional water
wse adminigtered as reguired. The plants were grown in the green
house until & height of 6 inches was attained. The growing period wae
about 90 days.

To prepare plants for hydvoponic administration of the radio-
active compound, they were remeved fyom the flats and the roots rinsed
carefully with tap water to remove the adhering vermiculite. The roots
were soaked in a -@.“:L percent solution of a detergent germicide
{Detergent germiside ma. 1528 manufactured by Wyandotte Chemicsl Co.,
Wyandotte, Michigen) for an hour with cccasionsl &glt&tim. The roots
were ringed free of W&Mﬁhmmmandpmﬁdinmsm;
Erlermeyer flasks containing 50 m‘i of an inorganiec matriemt solution.
The mutrient soluticn wasz a 1:3 dilution of the stook solution whose

composition is shewn in Table I. The mutrient solution was saturated



TARLE I
COMPOSITION OF THR STOCK NUTRIENT SCLUTION

Ww iy R b R R S B A mmm-»uw w‘hmwwy..mw e

Vater 1 m‘.t. Hngmuium mlfate 250 ng.
Galotum nitrate 1 g Avmenivm sulfste 250 mg.
Potassium chloride 250 mg. Potassium dihydrogen

with cxygen ges to provide aersbic conditions for the mm_.av.: Three
drops of 1 percent solutien of detergent germieide was added to each
flask to protest agalnst posaible miorobial destruction of the radio-
active compound éwms the iﬁs&ing period.

mplm%a wore mhuhb&mﬁmﬁmh&nd follmthe
a@i&iﬂrsﬁi@n of Deribose-1-c4, Artificial lights were used during
the administration period. Two 36 inch 30 wati fluvorescent tubes and
one 100 wbt incandescent bulb was placed 1 inches above the plants.
The light m%nsity at the top of the plants was about 200 footcandles,
The plants were illuminated 12 hours per ﬁny.

Nicotine was isplated from tobaceo plants following the adminis-
tration of D-ribose-1-014. The plants were rempved from the mrtrient
solution and the roots rinsed with tap water. Thg plants were cut into
amall pleces and dried under a heat lamp at 80° C. for & hours.
Thedxvphntmtamalws grouad with a small mortar and pestle and
tranaferred to a siore-Kjeldahl flask containing four drops of 1 per-
sent G. E. sntifoan solution (G. E. antifoam 60, Genersl Electric Co.,



Schnectedy, M. Y.). The nicotine was separated by sbeam distillation
and the distillate collected in 1 ml. of 6 X HGL. The stesn distil-
Jatdon was contirmed wntil no additionsl nicotine was in the distillate.
The distillate ves tested with allicotungstic acid which fovms a white,
insoluble salt with nicotime, The distillate was comcentrated in vacuo
0 & small yolwme and the nicobine purifisd by two successive azeo-
twopie distillations from & basic selution inte 1 al. of 6 M KCL using

s Wdrar eolums (S1). After purificstion, the water and excess hydro-
dissolved in & smell quantity of water and mm A saturated
solutien of pieric acid in methenol wae added im excess and the nicotine
dipicrate allowed te wmmae The precipitate wes collected and
receystalliszed mﬁam The melting point was 225-227° ©.

A reported value is 221° ¢. (52).

Hicotine lsclated from plants fed Deribose-1-0}* was redicactive,
The methyl group of nicotine was isvlated as methyliriethylammonium
todide by the procedurs of Pregl (53) as modified by Brown and
Byervam (2). The :guatenary asmonium salt was counted to determine the
quantity of €3 in the methyl group.

An additismal modification of the demethylation procedure was used.
Brown and Byerrum chose to demethylate nicotine hydrochlovride because
the diplerate derivative is extremely insoluble in acid solvents.

In this study only small quantities of nicotine were lsolated from



planis mmwu&mmw eliminate uwmecessary transfers of the
nitokine. Therefors, the demethylation was carried out on the
nicotine diptorate. |

Twenty to 60 mg. of miwbine ﬁipiem%, L5 mg. ammonium :Lad.ide,
2 drops S percent g0l ¢hloride and 3 ml. of hydeiodie acid (sp. .
of L.7) ware Mﬁd in the resction vessel axd the vessel attached to
the demsthylation train (2). The gas washing vessel contained 1.5 ml.
2 sulfatevaodivm thissulfate solutien which removed iodine and
hydroiodic acid from the gas a*bx'am. The delivery tube was placed
belew the surface of a 5 parcent solution of trlethylamine in ethancl
in the reseiving tube which was couled to ~70° C. in & methyl
collosoive~solid carbon dicxide b&*&h; Hitrogen gas was passed slowly
through the demethylation train dwring the entire mﬁm; :

The reaction flask wae placed in & vopper oxide bath and heated
to 200° C. in 20 to 25 mimites. The temperature vas then raised slowly
to 350 to 360° & and allowsd to remain st this tenmperature for L5
mimsbes. The heating elememt was yemoved and swesping with nitrogen
gas wae contimsed for 15 mimm. The delivery tube s ringed with
ethanol and the ngs placed in the receiving flask.

The solution in the recelving flask wes m:umd, stoppered and
allowed to atand for 12 hmam-; After staading, the solution was
eveporated to a small volume on a stean ‘bath with a slow stream of
air divected on the liquid mfam; The rmmi.ng alcohol and tyrie
etiylamine were removed in a vacuum desiccator. The resulting




ium iedide, a white crystalline solid, was trans-
ferred quantitatively to & tared alumimum planchet for determination
of weight and 034 sentent.

The dats shown in Table IT illustrate that amamﬁian of
mmam mmm .’m feasible and yields sare similar to those obtained
from nicotine hyﬂmhlarm {2). ﬁm relisbility of this procedure
is nmm&m mwm- in Table III. Radiomctive nicotine em’oaining
C™ only in the methyl group (1L) whs demethylated and the specifie
activity of the methyltriethylammonium icdide was essentially emal to
the apaéiﬁc activity of the originsl nicotine di;;icrate;

EMRTHYL m OF NICOTINE wxmm

Wicotine mwawmm» | Percent,
_Tg. L T

279 7.
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RECOVERY, OF (3% FROM METHYL-C14-NICOTINE DIPICRATE

E A P O S s oS

{Counts per u

mmmg éxl_vzi;mﬁe

Wiratiopaion o

4.0 x 10°
2t5 x 108
A samplo of the calowlations 1s shown in the appendix.

A1l coumts were made with a BuclerrChicagy Model 192X scaler
r Instrunents and Chemical Corporation, Chicage 10, Illinois)
and a Trecoriab Model S0~16 proporticnal flow counter (Tracerlab, Inc.,

Bogton m, Massachusetts), The counting system was L0 percent efficient
as determined by a National Buress of Standards Kagﬂmt}a saupla.

Phe substences to be.&mm; with the exception of ribaaeeml-ei‘;
were grourid in a small apate mortar or dlissolved in ethanol and pleced
in alumimmm gmch'ets; The material wes distrituted in the planchets
and the surface mede as smooth as possible befere counting. The sctivity
of the compounds was corrected to ®infinite thickness® by referemce to

a Ba0MQ, gelf sbsorption curve, Deribose~l-0l% was counted as an
infinitely thin layer.

Radicactivity on chromatograms was located and estimated with a
Forrs chromatograph scammer (Forro Scientific Company, Evanston, Illineis)



eoupled with a Moslear-Chicage Model 1620A vatemeter and s Model AW
mmmmawumm‘
mmmmmmmmmmhmmmmu
were corvected to mmmemamwwmmmm The
Mmgs Mﬁiﬁy aﬁ m a%!m' ewmn were rapwmé ﬂ.ﬂawt Wting

Deribope~i~03i% (purchased from Nuclesr mmmm and Chemtoal
Goxporation, Chicage mg linois) was mem with suthentlc
Deribose with water saturated phenel snd propiomic w&dwhml-—mter
solvents {5&}. The Ry velues of the W aawemadaﬁ with the
radicactive avea en the amw@m; Be other vadisactive ares was

Several studics in this laboratory (2,9 ;3.2,1@3;1&;353 have shouwn
that tobaceo plsnts can absord various nubrients through their root
ays'tmm fyom rutrient selution, Before gdministration of mribnsawl-c“
it was necessary to ascertsin the absorption rate of ribose and, also,
to determine if miervorgenisms altered the ribose molecule before
absorption ccourred.

A colorimetric method of amelysis was used to estimate ribose in
the nutrient solutions (55); A compound with an absorption vaximm at
660 mr ie formed by a resction of penitoses, ferric chlorlde and orcinol
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in sirong asid solution. Turee ml. of an wquesus solution combaining
bmmh-h@ug. Mmmmmtosm&. of 1 percent crcimol
in 6.1 pmm zmm wh‘.wrida dissolved in concentrated mmcmm
nm MWMM*&MMSQMMMﬁMMmWM,
mm o roon Wam and ﬁm optical dem;wy datmim with a
naﬁem mdul B WWMW’&W. A atmdav& mfwmo surve wes
prmm w&xxg known mmt:wim af Mﬂwm. Sinces m mm-ient aolam
tion contained several inprganic compounds that wight mfera during
the awmﬁm, the solutions were treated with 0.1 gn. Dovex 50
and 0.1 2, Dowex 1 x*ea:hm (Dow chmm Company, Midland, Michigan)
before Memmmg the msimal rzﬁihm.

F:tm nl. of nutrient mlatinn, 3 drops u;t detergent germacide

and L wg. afwmsemplwad in 32 flasks. Tobacoo p:mmm
placed in L flasks, L were inooulated with six roob fraguents 1 em. in
1emgthmﬁﬁha£mminingﬂaskameﬂedmplmﬁmbml
After 36 hours the mitrient solutions were deionized and the D-ribose

was éebwmimﬂ'

Bemdte
Ko loss of ribose was detected in the control selutions and solu~-

tions conteining root fragments. The mutrient solution in which plants
were grown containad no rihosa; These remlis indicate a complete

and rapid sbsorption of ribose from the mitrient solutions and ne
detectable microbisl destruction ceeurred wnder thess conditions.
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?@nmse phaapiw&ea pax'tieipam in most m‘b&bam metiam oﬁ‘ the
pmtam in plant,a. 2‘11@ ahemical Mﬁmﬁm mﬁa&w Bo mpafh concern~
ing ther preamce of a pem.me k’lmwa ia pmw. Thmfaz'e, it wvee
dsairable %o a&tahliﬁh methw rﬁhwe Wwas mtabalixed af'ben !miag
ubmm w tobacen p&&nﬁs‘ M.sa, it waa of interest to determine the
m&l distritution of ¢4 in plmt substances after feeding Dribose-
1-C34 and whebher an added carben source in the mtrient sslubion would
deorease oxidation of the ribose by the plmt-a‘

Tvo tobaceo plants were prepared for hydroponic administration of
ribose as previowsly deswﬂh@d. b mz. of Deribose-le(i4 (1 x 10°
counts per mmbs} wae placed in the mutvient solution of each plant
and 10 mg, of Deglncose was added to the muirient selution of ons p&mt.
The plawte were enclesed in separate glags conbginers and carben dioxide
fres air was passed threugh the containers. The respiratory carbon
dioxide in the mwmsﬁrmma sollected in a gas washing bottle
conbteining § ml. of 0.1 ¥ NaOB. The plants were allowed to metebolize
the ribose for 36 howrs with Light during the first and last 12 howr
pertods.

Following the feeding peried the plants were removed from the
flasks, dried and ground with a mortar and pestle. The radisactivity
mined on a flow counter and corrected

of the plant matarial was debe
fer self absorption. The C14 remaining in the matrient solution wes
deternined by piscing a smwall amount of the liquid in s planchet and
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the water evaporated with the sid of & heat lamp. The respiratory
carbon dioxide was collected am barium carbonate and counted as such.
starch ws lsulated by the method of Hassid gf al. (56). This method
employs an acid aldohol snd a waber Wﬁm. The insoluble residue
from the stareh preparation was also analysed for ms;meﬁrity;

The residue consisted of cell wall constituents and part of the plant
proteins

The distribution ef radicactivity after feeding the plants is
shoun in Teble IV. Abwut 85 percent of the radicactivity wae recovered
in these experiments. This discrepansy might be due to backscattering
of the beta particle during the counting of the ribose-1-CM,
Deribose-1-C14 was counted : as an infinitely thin layer in alumimum
planchets. When counting samples at "infinite ﬁhﬁzmm,“ meny particles
are reflected into the sensitive volume of the counting chamber. This
effect causes the observed number of counts to bs higher than the
mmm; 411 the other plant fractions wre counted under con-
ditions where backscattering could mot ocour and were corrected to
ninfinite thickness® with a gelf absorption aurvm.

Tolbert and Oailey (36) have shown that carbon dioxide fixation
wus sbimilated vhen leaves were spraysd with s ribose solution. This
indicated that riboss could be phosphorylated and ntiliged l?y' plmtﬁ;
Thesa studies show that ribose can be metabolined by plants.



TARLE IV

m:rm OF RADICACTIVITY AFTER FEEDING .
mmcw mm n—ztmsﬁ—m'u '

B—aimw-:wa“ - '2;; 2 11 46 o - -39

D-Ribope«l-gM .
plus Tucose 18 s 14 0.2 25

Ribokihiase has heen purified from animal tissue (57) and is probably
present in plant tissue also. Rsawtly, um (58) has shown that
wheat plante motabolize arabinose y by synthesis of the
pentose~Siphosphate initially.

A very striking result was that about ona-fifth of the (¥* appears
as respimtar;r carbon M&a\; The plants apparently absorb and oxidise
the ribose very midly. The metabolic rate further emphasised by the
incorporation of a large quantity of the C3* into the insoluble
constituents. Starch contained only a small fraction of the a.et:!.vity.
Rowever the quantity of stayreh present wes very small as would be

expected when plants are grown in an atmosphe
dioxide.

The quti#y' df’ 03 premaining in the mutrient solution of the
plant fed ribose only was probably & result of root fragments and
material excreted from the plants as it was shown previcusly that ribose
is absorbed from the mabtrient sclution in 36 hours. The matrient
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solution in which glucose was added contained almost one-balf the
radicactivity originally fed. Although no definite conclusions may
be gained with the limited informetion obtained, it appesrs that the
rate of vri.bose absorption was considerably slower in the presence of
glucpsa. Glucose had no sparing effect on the oxidation of ribose as
the quantities of C3% respired in the two experiments were similar.

Methylation Studies with D-Ribose-1-gié

These experiments were undertaken to study the synthesis of methyl
geoups from ribose in p‘lmi‘ha. The formation of glycolic acid from
pentose ﬁhosp&mtea and the snbsequent conversion of the alpha carbon
of glyeolic acld inmbo mebthyl groups has been postulated to be a pathway
for synthesis of the one carbon unit in plantas. The methyl group of
nicotine was shown to be synthesized from the alpha carbon of glycolic
acid by Byerrum et al. (13). If this pathwsy does exist the one carbon
of ribose would be incorporated into the methyl group of nicotine in
tobscco plants. Wilson and Calvin (29) have shown that plants growing
in the absence of carbon dioxide produce greater amounts of glycolic
gcld, In these studies the plants were grown in an atmosphere in which
carbon dioxide concentration was minimized in order to increase the
concentration of glyecolie acid.

The plants were prepared as described previessly. Two mg. of
D-riboge-1-C34 with known activity and 10 mg. D-glucose was dissolved
iy the mutrient solutiona. The plants were placed in a 10 inch desicecator
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and .e_m.'bonl dioxide free air passed through the desiceator at the rate
of 0.2 liters per mimbe., PFollowing the growing period the plants
were harvested and nisotine isclated and demethylated as described in
previcus sesbions of this report.

| Hicotine m:taw from plants fed Mme—l«c“ was radioactive.
The results, presented in Table v; show that only & very mmall part
afthe@”mimmmwainte the methyl group of nicotine. The
distritution of 03 indicates thab a mid aud, posaibly, a #pecific
synthesis of the nicoline ring system from ribose oecurs, and that the
rate of Meﬁa of methyl groups is relatively alw;

Previous work in this laboratory hss shown that the alpha carbon
of glycine and the beta carbon of serine may be converted into the
methyl group of nicotdne in tobacco plants (1%;&); It has been postu-
lated that these amino acids might be formed from a twoe carbon compound
(glycolaldehyde) which is formed in the photesynthetic cycle cw;zm;
Tolbert and Cohen (18) and Schou gb al. (37) have shown that glycine
and serine may be formed from glycolie acid in plants. Ths, the
formation of glme; serine or glycslic acid from the photosynthetic
eycle would establish s patimmy in plants for the synthesis of methyl
groups from carbon dioxide.
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The extremely rapid metabolism of ribose by tobaces plants limits
the value of the hydroponic method of feeding plants for studying methyl
group synthesis. The absorption of ribose from the nutrient solution
was very slow as compared to the metsbolic transformations of the pentose
and a rapid randomization of the €3¢ occurved, that is, the 0% is
distributed to all carbons of the riboss. The initial reactions of
D-ribose~1+03% are masked by similar reactions of uniformly labeled
ribose. Thus, the compounds formed from ribose would be nearly uniformly
labeled. A method wee desmired in which the pemtose could be introduced
rapidly into tobaceo plants and the plants allowed to metabolize for
short periods. The vacuunm infiltration method was employed in these
experimenta (59).

Vacuum Infiltration of D-Ribose-1-GC1?¢ into Detached Leaves

Leaves from three month old tobaceco plants were immersed in an
aquecus solution containing 2 mg; Deriboge-1=C1* (8 x 10% counts per
mimute) per ml; The pressure above the solution was reduced to 30 rm.
marcury to remove the air from the intercellulsr spaces of the leaves,
After one mimute, air was allowed to enter the chamber and {lhe solution
surrounding the leaves wasg drawn into the intercellular -spacas; The
leaves were weighed before and after infiltration to determine the
welght of infiltrated D-ribose-i-C3%, The leaves weighed approximately
0.6 g. each and the amount of infiltrated solution was about 50 percent
of the weight of the original 1eaf; The stems of the leaves whre placed
between two pieces of moistened filter paper during the period for

metabolism.
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Several leaves were placed in 2 light proef container to study
metabolism of pentoses in the absence of light and several were
Dluminated with finorascent tubes with & light intensi

faoteandles, ‘xallmg & three hour pericd for metebolism the leaves
wore hawmmu cut inte small pieces sand placed in boiling 80 percent
othanol. The mixture was cooled snd homogeniszed in a ground glass,
motoy driven mma«. The homogenate was flllered with Whatmen Ro, 2
filter pupar to remove cell debris and insoluble substances. The
filtrate wun diluted to 10 all. with water and 0.8 mg. carrier glycine

The redissctivity of free ribese romaining in the leaves was
estimeted hy clromsbographing an aliquet of the sxtract and determining
tograph strip cmw. The
resolving solvent ws tesnyl alovhol and scetate butfer, pH 5.6, (60)
and analinewphihalle acid reagent (61) was ussed to identify the ribose
on the chromatogran.,

the G in the ribese area with a chroms

Glycine and serine were isolated from leaf extracts by onee
dimensional paper chromatographic methods. The resolving solvents were
employed in the following ordemr:

(1) t=Amyl alcohol saturated with 0.1 M sodinm acetate buffer,
pH 5.6 (60).

(2) Phenwl ssturated with an aqueous solution of 3.7 percent sodium
" dihydrogen phosphate and 6.3 percent sodium ciirete (62).

(3) Pyridine and water (65135) (62).
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Phenol and salts were C. P. grade and the brganic solvents were
redistilled before using.

The arepr of the chromatograms containing the amino acids were
eluted with water and placed on another sheet of filter paper for
resolution with the succeeding solvent, Authentic glyeine and serine
na&{@laaed on all chromatograms to identify the amino acid areas
following resolution.

Approximately 1 ml. of the 80 percent ethanol extract was applied
in contiguous droplets to an avea of 1 x 20 om. on a shest (30 x 4O cm.)
of Whatman No. 1 filter paper. The extract was applied on a line
5 cm. from the narrower edge of the chromatogram. The solutions were
applied with micropipettes and & stream of warm air was used to
facilitate avaporation of the solvent. The chromatograms were stapled
in the form of & cylinder in such & manner that the edges did not touch,.
This self supporting cylindrical chromatogram wvas placéd upright in a
15 x 45 em., glass jar that contained 50 ml. of the resolving solvent.
The jars were sealed and the solvent allowed to asceond until the solvent ?
front was 8«10 om. from the top of the filter paper. Resolution was
complete in 20 to LB hours at room temperature,

The chromatograme were removed from the jars and placed in a
forced draft aven and dried for one hour at 200° F. The amino acid
areas were located by cutting the strips from the chromatogram that
contained known samples of glycine and serine and spraying with nin-
hydrin solution (62)., The corresponding areas that contained glycine

and serine from the plant extracts were removed from the chromatograms.



Amino acids wers eluted from the paper with water. A filter paper
wick was fastansd to one end of the paper strip and %he end of the
wick was lnmarsed in weter. The olution was accomplished by capillary
movemmt of water through the £ilter mer | The elution was comtimmed
until 2 nl. of eluste was collected. Glycine and serine solutions
were placed on another filter paper shest for purification with the
succeeding solvent. The sluate containing glycine and serine from
the z‘m emmmm L evaporated to 1 ml; on the stean ha-hh;
Forty mg. serine er 20 mg. glyeine was aimlvw in the solutions as
The purity was established by recrystallizing the amino aclde
until thedr specific activity was em&tmt. G‘.t;mm and serine were
obtained in crystalline form by adding 9.3. ml. pyridine snd mfﬁuisnt
uamna to ma precipitation in 1 ml. of aquesus amino acid solation.
The precipitate was collaected on a filter and transferred to a planchet
to determine the speeific ’mﬂvity.i Two mz?stallimtim war e
sufficleant to yield essentially pure anino acids.

Glyeine s eiegmﬁed by the ninhydrin method (63) which 4s

surmarised helow: |
00N €02
Bé—ﬁﬂg — Righydedn , B-CHO

Tem mg. of glycine wes dissolved in § ml. of water and the solu-

tion placed in ome side of a two compartment reactlon vessel.
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One hundred mg. citric acid and 150 mg. ninhydrin were placed in the
other compartment. The vesssl was swepd with nitrogsn gas for five
minutes and & gas wahingbmtle containing 5 ml. of 0.1 M sodiun
WMG ws attached. The reactants were mixed by tilting the vessel
mmahmmm t!w:&tho g:,ycm:mmﬁmnmmammdrm
and eitric asm mixture. The remction wus allowed to procesd ab 100° ¢.
for 25 minstes. Hitrogen gas wae passed slowly through the system
dnring the reaction porm.,

When the reaction was mmple'&-@; the carbon dioxide collected in
the gas mahing betile was precipitated as barium e&rmte; The yield
of carbon diexide from the carboxyl car-on was 80-85 percent of the

The formaldelyde remaining in the reaction vessel wae distilled
N vas Five ml. of water was added to the residue in the resction
vegscl and the solubion concentrated to dvyness again. The vacuum
distillations were performed at 50° G. Threo ml. of (.8 percent
dimedon (5,5-dimethylcyclohesmnedione=1,3) in 95 percent ethanol was
added o the conbined distillate. The formaldehyde and dimeden solu=
tion was adjusted to pH 5.6 with acetic acid and allowsd to stand for
2L hmara; The dimedon derivative of the formaldehyde was collected on
& filter and washed with 5 ml. of cold water containing ome drop of 1
¥ acebie agid; The melting point was 168-189% ¢. The yield of
formsldehyde from the alpha carbon of glycine was 2535 percent of

the thsoretical yleld.
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Sering wae degraded by medifying the procedure propesed by
Aronpfs ééh) as Linstrated 3n the egnation belowr

At -'H Bl B mge(coy P Hge(cl04)
| aem 30%. 10d’c. €Oz

'i‘he mﬁmﬁ sarins with psrisdiec widmrapwbﬂdbyﬁimlﬂ
mdmﬂm(éh} %apmceedalwlymﬂumﬂ.lytu take 10 to 24 hours to
complete. Also, the oxidstion of glyoxylic acid, a product formed
from the th oxidation of mina, was reparted to be Msiwmam
during this reaction period (L0,6k). It we chserved in this sk
that serine was w:mizﬁﬁ mpid:ly with perindic wm. The reaetim was
complete in sbout 30 mimates s room tamperature. When two eqaivalmws
of pericdic acid were used, the excess periodate oxidized the glyoxylic
acid rapidly. Both oxidations were complete in one hoar.

Twanty mg. gerine and 397;1 mg. periodic scid were dissolved in
5 ml. of water and the resction mixture allowed to stand for one hour
at room Wmm {abodt 25@ ﬁu}w ‘i’hﬁ solubion eontaining formaldehyde
snd giyoaylie scid wes adjusbed to pH 8.5 with sodium hydruxide and the
formaldehyde removed by two succesgive vacuum distillations. 'I'ha
formaldehyde was isolated ae described im the preceding section. The
reaction flask eonteiuing the residual sodium glyoxylate was swept with
mitrogen gas for five mirmbes and & gas washing botile somtaining 0.1

droxide was atiachod., Ritrogen g8 ws pasaad alwly through

the mﬁam during the following procedures. Five ml. of 0.5 M
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perchloratocerate snln'hiqn (G; F; Smith Company, Gﬁlnmbns; Ohic) was
&dded tirough a side arm, The reaction was allowed to contime for
15 mimutes at 30°C. Following the reaction pericd the gas washing
bettle was recherged with 5 ml. 0;3. N sodium hydroxide and the reaction
temperature incrsased to 1007 c. for five mimtes; The reaction
mixture was allowed %o covl and sweeping with nitrogen gas continued
for 10 mirutes, The carbon dioxide collected in the gas washing bottle
was precipitated with w:lxm chloride solution and the barium carbonate
collected on ¢ filter. The dimedon derivative of formaldshyde and
barium carbonate samples were welghed and the radicactivity determined.
The yield of the formaldehyde from the beta carbon of serine was
60~T70 percent of the theoretical value and barium carbonate from the
alpha and carboxyl carbons was obtained in 70-80 percent of theoretical
yiem&

The data in Tsble VI show hat ribose was absorbed into the oslls
of the leaves from the in spaces and rapidly metabolised
during the three hour period.  The metabolic rate decreased in the
absence of light. Approximately 37 percent of the Deribose~l-Cl®
romsined in the leaves which were not illuminsted whereas only 18 per-
cent was recoverad from the 1lluminated leaves.

Glycine and serine isolated from the illuminated leaves was radio-

active. The glycine from leaves fed in the sbsence of light did mot
contain detectable quantities of C¢**, however, the serine was radicactive,



31

TAH.E VI
METABOLISM OF D-RIBOSE=-1~(031% BY DETACHED LEAVES
C34 Infiltrated ¢4 Recovered
Nambex into Leaves as Free Ribose
Experiment of Leaves (cpm) (cpm)
Dark L (2.53 g.) 9.2 x 108 3.1 x 108

Light L (2.78 g.) 10,1 x 108 1.8 x 108

Each figure is the average of two experiments. Less than five percent
variation in individual experiments occurred.

The location of the C¥* in serine from the light and dark experi-
ments 18 similar although the serine from illuminated leaves contained
nore total 2cbivity. Serine was isolated from 5.2 ml of the illumi-
nated leaf extract and L.h ml. of the extract from leaves growm in the
dark. Aleo, a greater quantity of ribose was metabolized in the leaves
which werse mumi.mte:d; When this information is consldered, it can be
seen that about the same percenmt of €% from the ribose metaboliszed
wa# incorporated into serine in either light or dark. These resulis
are interpreted in greater detail in the Discussion part of this thesis.
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N:S.cutﬂ;m mthesim in tobaceu plants vhich wers fed D-ribose-
1eCi¢ was mﬁioactiw. The methyl gmwp contained only a small part
of the ﬁ“ of the nicohins mma. About sevem percent of the Ol
m in tha methyl group caf nicotine from plawbs which were harvested
three and seven ms after adninistration of the radioactive eummnd.
When the plants were harvested two days after aduinistration of the
ribose, the nicobine methyl group contained three percent of the g,
The shorter metabolism periods did not result in a large decrease
the iamm@tim of the ¢ into the nicotine mlamls.

%ammwwmmmwmmmmmmmm
appeare to be & velatively slow metabolic reaction (2,65). Leste (65)
has cbserved that the radioactivity of nicotine immased linsarly up
to five daya whoen Wa,pimt’s were fed mmyi*s*%mthimm. No
further :mm'eum in (3% gontent was mﬁe& when the pericd for metabolism
was extended to three weka. In contrast, the metabolic transformations
of pentoses in plants sppear to be extremsly rapld. Calvin and co-
workers (2‘3;29 ,39,6&) have studied (340, incorperated into the pentose
phosphates and related mbamws; Changes in ¢ concentration were
detected after a period of less than one second. It was moted in the

present study that about twenty percent of the (1%, from Deribose-1-{34
administered to plants, was respired in 36 hours and a large part of
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the C1% was incorporated into the insoluble cell wall eubstances. The
rapid rate and great variety of the metabolic reactions of pentoses
and their phosphate esters precludes the possibility that a large
quantity of the pentose would bs utilized for methyl group synthesis.

Several pathways have been suggested for the formation of one
carbon units from pentose phosphates. The initial step in these postu-
lated metabolic pathways iz the synthesis of a two or three carbon
compound which then 1s converted to glycine, serine or glycolic acid.
Glycine, serine and glyeolic acid are interrelated in plant metaboliem
and appear te be synthesized from a common precursor (18,37). The
dijution of C3%* when serine-3-C1* was converted to nicotine in tobacco
plants was about 2000. The alpha carbons of glycine and glycolic acid
are converted inte the nicotine methyl group te a simllar extent.
Assuming ribose was comverted to glycine, serine, or glycolic acid an
additional large dilutian of the C3% yould be expeoted. Thus, the
dilution ef ¢ in converting D-ribose~1-C1% to the nicotine methyl
group would be 2000 times the dilution in converting ribose to serine,
glycine and/or glycolic acid.

The ¢3% from D-ribuse appears to be incorporated into nicotine
at a rate greater than several other C1¢ labeled compounds which were
tested. Dewey (67) and Lamberts (68) have studied incorporation of
ornithine and glutamic acid into the pyrrolidine ring of nicotine,

The C} was not rapidly incorporated into nicotine when tobacco plants
wore fed the Cl.labeled amino acids under conditions similar to those

used in the present studieas.
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The G4 content of nicotine from plants fed D-ribose~1-C}4 was
simlilar in experiments in which plants werse allowed to metabolize two,
three, and seven days following the administration of labeled pentose.
These results indicate a rapid and possibly specific synthesis of the
nicotine ring system. B8ince the rate of incorporation of ¢34 into the
pyrrolidine ring was slow when an immediate precursor, such as glutamic
acid, was fed, the C* from Deribose~l-C1% may have been incorporated
into the pyridine ring of the nicotine. Although these observations are
without experimental proof, the suggestions appear tenable.

Frontera-Aymat (35) administered pyruvic acid-3-C34 to tobacco
plants and found the nicotine 4o be radiocactive. The methyl group
contained about six percent of the total activity of the nicotine.
Lamberts (68) has shown that gluntamic acid-2-C% is incorporated into
nicotine. About ten percent of the activity was in the pyridine ring.

A1l radiocactive compounds administered to plants and incorporated
in the nicotine ring system were related to intermediates in glycolysis
or the tricarboxylic acid cycle., The results suggest that a compound
such as acetate or possibly a pentose derivative can be converted
rapidly into nicotine in the tobaceo plant.

Very little information 1s available concerning the bilosynthesis
of the nicotine molecule. Ornithine and glutamic acid have been shown
to form the pyrrolidine ring of nicotine (67,68). The synthesis of the
pyridine ring is still unsolved. The formation of nlcotinic acid in
animals and bacteria has been shown to arise in part from trypiophan.
However, the formation of the pyridine ring from tryptophan catabolism
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does not appear to be an important pathwsy in plant metabolism (69).
These observations mey be of importance in the elucidation of the bio=-
synthesls of the pyridine ring of nicotine.

Synthesis of Serine and Glycine from D-Ribose in Detached Leaves
Several metabolic pathways for serine and glycine synthesis from

D-ribose~1-C14 are ghown in Figure 1. The colored dots adjacent to the
carbon atoms denote the mejor forward metabolic pathway for these atoms.
Reactions which have not been sufficiently established are indicated by
dotted lines,

The €14 distribution in serine and glycine synthesized from
D=ribose~1-(1% cannot be accounted for by any single known metabolic
pathway. The C% distribution suggests that at least two metabolic
pathways are utilized for serine synthesis. One possible explanation
of the data would be for a portion of the serine to be synthesized from
3-phosphoglyceric acid (reaction E, Figure 1). Glycine and additiomal
serine could be gynthesised from glyoxylic acid produced in the
glyoxylate cycle (reactien F, Figure 1). Endogenous G140, is assumed
to be fixed primarily by condensation with phosphoemolpyruvic acid
(reaction D, Figure 1).

Glycine, glycolic acid, or glyoxylic acid synthesized from D-ribose-
1-02% wyould be labeled in the alpha carbon atoms. Synthesis of serine
and glycine from glycolic acid has been demonstrated in plants (18,37).
The C1* content of the beta carbon would be less than, or at best
equal to, the C3* content of the alpha carbon of serine if it were
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synthesized only from glycolic acid or glycine since dilution of the
one carbon unit would be expected (reaction C, Figure 1) (18). However,
partial randomization of the €% in the alpha and beta carbons of
serine does indicate that serine was gynthesized primarily from a two
carbon precursor. :

Glycine has been shown to be synthesized from glycolic or glyoxylic
acids in plants (18,37). The synthesis of glycine from serine, as was
postulated to pecur in animsl metabolism (33), appears to be of minor
significance in tobacco plants. The specific activities of the carboxyl
and alpha carbons of glycine and serine were not identical as would be
expected if glycine were synthesized from serine.

The two carbon precurscr of glycine and serine is believed to be
produced in the glyoxylate cycle. This postulate is based on two lines
of reasoning. First, the C#* of the one carbon of ribose camnot be
incorporated into the two, three, or four carbone of pentose phosphates
by knoun reactions of glyeolysis or the photosynthetic cycle. Therefore,
C3% in the carboxyl carbon of glycine or serine mst originate from
endogenous C1%0,. The reaction of G340, and ribulose diphosphate
(reaction B, Figure 1) would yield enly 3-phosphoglyceric acid-1-014,
Serine synthesized from 3~phosphoglyceric acid would contain a greater
percentage of the C1¢ in the carboxyl carbon than glycine synthesized
from a two carbon precursor, If G140, was metabolized by fixation with
phosphoenolpyruvic acid, glyoxylic acid synthesized from it, would
contain 034 in the carboxyl carbon. Glycine and serine formed from



39

the glyoxylic acid then would contain equal quantities of C1% in the
carboxyl carbon.

The dilution of 34 in the serine carboxyl carbon probably occurred
by a direct conversion of 3-phosphoglyceric acid to serine. The fraction
of serine formed from 3-phosphoglyceric acid which is labeled only in
the beta carbon would increase the specific activity of the serine beta
carbon. The fixatlon reaction of carbon dioxide and phosphoenclpyruvic
acid is firmly established in plant metabolism (70) and appears to be
particularly significant during dark carbon dioxide fixation (71).

Secondly, the distribution of C3%* in serine from the dark metabole
ism of D-ribose~1-C}* also provides support for the postulate that the
two carbon precursor of glycine and serine is synmthesizmed in the glyoxy-
late oycle. The percentage of C** in the beta carbon of serine was
greater and the C3% content of the carboxyl carbon was less than the
corresponding carbons of serine synthesized during light metabolism.
These data indicate that serine synthesized from a two carbon precursor
contributes & smaller part of the total serine synthesized. This result
is consistent with previous observations on light and dark metabolism.
Stutz and Burris (72) and Benson and Calvin (21) noted that glycolic
acid disappeared from plant tissues when the plants were placed in the
dark. Other reports indicate that glycine is not synthesized or synthe-
sized very slowly during dark metabolism in plants (71,73). Glycine-C14
was not detected when D-ribose-1-C1% was metaboliged in the non-
4{1luminated leaves. Therefore, only a small quantity of serine could
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heve been synthesized from a two carbon precursor. The (1% distribution
of serine formed in leaves during dark mstabolism of D-ribose-1-C14
would be expected to contain C}% primarily in the beta carbon and only
& very small part of the C3% would appear in the carboxyl carbon.

It may be seen that data obtained from degradation of serine supports
this hypothesis.

Unfortunately, the specific activity of glycine and serine from
light metabolism ocould not be calculated since the total amounts of
glycine and serine in the intact planta was not determined. If the
specific activity of the carboxyl and alpha carbons of serine were
greater than the corresponding glycine carbon atoms the hypothesis that
serine was not synthesiged exclusively from glycine or other two carbon
precursors would be established.

The mechanisms for glycine and serine synthesis postulated from
the results of this atudy ave consistent with data reported from other
laboratories. Newburgh and Burris (3L) administered pyruvic scid-2-(34
to plants and isolated glycine containing essentially all of the C14
in the carboxyl carbon atom. When plants were allowed to photosynthesize
C%), for 15 and 50 seconds, C}* was incorporated into the carboxyl
carbon of serine and to a lesser exbent into the alpha and beta carbons
of serine and both carbons of glycine (17). Nyc and Zabin (7L}
administered pyruvic acid-3-C14 to rats and the labeling distribution
in glycine and gerine was similar to that found in this study. Data
from reports in which HCY4Q0K, acetate-1-Cl%, acetate~-2-C1% and



pyravie acid-2+034 ywore administered to plants, animals, or micro~
srganiems also support this mechanism fer glycine and serine synthesis
(73,7Th,75).

The conversion of D-ribose-1«0% to glycine labaled in the alpha
earbon snd merine labeled in the beta carbon demenstrated one pathwey
by which methyl groups may be synthesized in plants. It was stated
previcusly that glycine-2-03¢ (12) and serine~3~02¢ (1) were metaboliged
by plants and the {3 incorporsted into the methyl group of niectina
It was suggested that the majority of glycine and serine wms synthasimd
from giyoxylic acid vhich was produced in the glyoxylate mle;.
Additional sxperiments should be peeformed to further establish the
biogemesis of these amine acids. It would be of interest to administer
mdisactive isocitric acid to plants and study the labeling distrilmtion
in glycine, serine and nicotine.
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Tobaceo plnnta absorbed Deriboge~1-C34 from an aguesus mutrient
solutien. About 20 percent of the C14 was respired as (140, during
a 36 hour growing period. Approximately one-third of the G was
lscated in the water- and 80 percent ethancleinsoluble constituemts.

N‘i&b‘km isolated from tobagoo plants fed Deribose-l-01* was radio~
active. The Nemethyl group of nicotine contained only a small part
of the 0%, The yate of incorporsiion of C1* into the nicotine
moleculs suggested that a specific incorporation of a glycolysis
intermediate into the pyridine ying W.

Tobacoo plants leaves wers vacuum infiltrated with Deribose~( 14
solution. The leaves which were allowed to metabolize in the dark
synthesiged serine-(34¢ but no radicactive glycim. Numinated
leaves synthesized vadioactive glyeine and serine.

Degradation of glyeine and sarine symthesized fyom Deribose-l-gi¢
showed the 03 to be located primerily in the alpha and bets carbons
of serine and the alpha mrbnnesfglycine; A meehanismfez_' glycine
and serine biogenesis in plants was proposed and discussed.

The isnlation of glycine and serine containing €34 in the alpha
and beta carbons showed one possible pathway for synthesis of methyl
groups from the photosynthetlie cycle.
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The formila vsed in correcting the chserved coumt to merc sample
thickness wass
g » M
by ™ g
whers A, = meximun speeific activity (counts/minute/millinole)
Cp = obsarved counts (counts/mimite)
M = mpleculax weight of compound
W = welght of sample counted

b = fraction of maxiwmm activity st the sample thicknese
nasd {T)»obtained from self-absorption curve.

Sample ecalonlations | |
Nicotine diplorate == Co = 161.2 c.;p‘.m.; W= 29.0 :u@., M - 620
T e 10.2 mg./m.“, b= 0.hho.
g, @ ?.83 x 10® e.y.m./milli.mle

Efficiency of coumbing asystem = }O%
Correction of speeific activity to 100%:
783 = 302

= 1,96 x 10% e.pom./millimole




