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determined. These data were correlated in. terms Off l"the

'rate of 1ncorporation of Co into nicotine, (2) the site of

2




:fexperiments and from feeding precursors other than 002_

vaidence is presented for independent nicotine synthesis in
both root and aerial portions,'and some questions are raised
:concerning the glutamate symmetrical intermediate hypothesis

'Ior pyrrolidine ring biosynthesis._

Iﬁtfbéﬁétiénﬂ;

R F Dawson, Am Scientist 48 321 (1960)

that have appeared recently. These results have been obtained
Calmost’ exclusively by the now familiar technique of feeding :
';various Nicotiana species with potential precursors which aret
;Eisotopically labeled The nicotine isolated is degraded to -
'idetermine the site, if any, of incorporated 1abel. Interest
ffing results have been obtained in particular by feeding nico-
6

5irtinic acid;™ various amino acids related to glutamic acid 7 8.
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E Leete, Chem and Ind?

B PCta,

":'thefuedal ﬁ—methyl.preooreofsg}gaahd'glyceroi”androhganicd

T :10)' R U. Byerrum, L J Dewey, R L Hamill, and C D.-
yBall J. B101 Chem., Q 345 (1956) L

'*f’acids related to the Krebs cy01e 11 12 13 14 Thé?é;reguitS‘

SR (11) T. Griffith, K P. Hellman, ‘and R U Byerrum,
#-J. Biol. Chem., 235, 800 (1960) |

" (12)- T% Griffith, K. P. Hellman, ‘and R U.»Byerrum,;z
'ﬁ,Biochemistry, 1, 336 (1962). '

P (13); T. Griffith and R U Byerrum, Biochem Biophys‘ Res,
© - Commun., 10 293 (1963). L

-( él?) D. R. Christman. and R. F. Dawsoh,'Bioohemietry}?g;51825

subsequently wiil be diacussed.in detail as they'relateeto
vf?our'data. | | o B o s :;”5f; *n
Another approach to the- study of alkaloid biosynthesis
&iiS by exposure of the 1ntact plant to radioactive carbon

: dioxide In this case, the role of carbon dioxide as preoursor



f7thesis from.carbon‘dioxide must 'fsufficiently rapid to

ft*lh;~j-§udallow a differential labeling pattern among:theLvarious

’;flcarbon atoms of the alkaloid At 1east 1n Papaver somniferum
| 15 16

ithis has been the case and has 1ed to findings difficult

: 15) H. Rapoport F. R, Stermitz, and D R Baker,-;jg
i Am Chem. Soc ., 82 2765 1960) . ¥

L ,'(16 “H. Rapoport N Levy, and. F R Stermitz, J. Am Chem.
- Soc. N@, 4298 (1961)

ff;to obtain by other methods.3

Encouraged by the results in P 'SOmniferum,iwe have

f;undertaken a detailed study of the blosynthesis of alkaloids f

'lu]of Njcotlana glutinosa,17 using. 14

o g 2, Previous studies of

N

: (17) A 1arge variety of Nlcotiana species have been used
‘by others, usually the species. selected has been a high -
~producer of the: speciflc alkaioid under study. We shall ad
~ - here to N. glutinosa, since this species gives a good distri-
- bution among the various alkalolds [E. Wada, T. Kisaki, and -
M. Inida, Arch. Biochem. Biophys., 80, 258 (1959)] and ad-
herence to a single species may better reveal alkaloidal inter—
relat onships.

v”!{»tobacco alkaloid biosynthesis with
18,19,20,21

MCO2 have beenfspéfse

‘and limited, because long-term exposures were usedf

(18)  s. Aronoff Plant Physiol., QN’ 355 (1957)

-[f' (19) A M. Kuzin and. V I Merenova, Dokl Akad Nauk;
S.S.5.R -, mi, 393 (1952) : ‘ . : -

o (20) T, C. Tso R. N Jeffrey, and ™. P. Sorokin, Arch
“athiochem Biophys., 92, 241 (1961) : :

(21) T, c. Tso, Arch Biochem, Biophys,, QN, 248 (1961)




ftionq were made. Data were obtained in four areas.

e

e

'ﬂrate Of nicotine synthesis, (2) the site of nicotine synthes’

3) the,relative

;Plant Growth. A11 the plantStused in this"work were

2?} The plants used:in runs I II and‘III;

: na'glutinosa.

_ ‘(Elj’hwefwiStho'thank Mr. Billnyobertsuand his staff of~
. the-Virus Laboratory Greenhouse, University of California,.’
LerkCioy, for furnishing us with the Nicotiana glutinosa .
*plantb.‘ R

‘were grown in soil and were used for biosynthetic experiments

when they had reached the stage of growth where buds were

becoming evident R This-occurred when the plants.were aboutf'

had about lO 12 major leaves. ‘The 1eaf and stem portion of
each plant weighed about ‘28 g. and the root portion which -

_could be obtained from the so1l weighed about 3 g.:_Removaliof




i?};hour was required before the roots were killed in liquld

4;nitrogen.3 In order to shortenfthisl“kill time,f we turned

to N glutinosa grown hydroponically

For hydroponic growth, one month old plants'were

"removed from the soil, the roots were carefully rinsed and
the plants were transferred to a 46 X 18 X7 cm: white enam led.

_tray containing 1l£ of a nutrient solution.23 For the first

3 (23)" D. R. Hoagland ‘and D, TI. Arnon, California’ Agriculturai
;ngperimental Station Circular 547, revised. 1950, College of
;Avrﬂculture, University of Cai 1orn1a, Berkeley

f?*i»aweek, the nutrient solution was made up to only one half the

j'if'vindicated strength After one week, this solution wasw

L ;"W’ e B

.\V;fifvsiphoned off and new, full strength solution added. fThej

;"Qynutrient solution also was - changed every week thereafter.”'

,ff.gf?lror was added daily,}l ml. of a 0. 57 ferric nitrate solution

i for each. liter of nutrient solution. Distilled water was aisOr

o added when required to maintain a constant 1eve1,iand the solu»

'tion was continuously aerated Five N. glutinosa plants were'?
,1fysuspended into each tray through holes in a fiberhoard lidi v
f:?fand were held.in place'by means of cotton‘plugs.g The plantsﬁ
ﬁ;were grown in a greenhouse with supplementary lighting provide
Aﬁffrom 6: OO A. M to 6: OO P M by G.E. Power Groove fluorescent

vTvlights located 70 cm. above the plant trays.l~
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'were becoming evident

e of growth where bUO

'j&f;v;f»”;j;were usually 30- 40 em. high and had 15 17 major leaves at

ffathis stage of growth The leaf and stem portion of such

F:plants;weighed_lOOflSO;g and the root portion weighed about

'?1_;were utilized for the biosynthetic run, Directly before thev

u*ﬁ;;”fiﬂrun, the plants were removed from the tray and placed 1n ,

‘1:500 ml Erlenmeyer flasks which had been spray painted with

_Hdblack and then with white paint to prevent illumination of
.“}fthe roots.r The flasks were filled with freshly prepared

_nutrientlsolution and the mouths tightly plugged with‘cotton;

wads. The plants were then transferred to the biosynthesis’;t

" chamber and supported in an'upright position on ring stands

Biosyntheses.- The biosynthesis chamber was the ‘same

~..as that described earlier for multiplant biosyntheses with

rvcpium-poppies,15

| with a few modifications. The "daylight“’
‘:.fluorescent lights used to i1lluminate the.chamber during;the;
”3,-run have been replaced by Nu-Lite Ultra Lux fluorescent

:lights, the spectrum of which more closely approximates‘

 sunlight. The %

002 was generated directly into the system
14

by adding concd. sulfuric acld to barium carbonate- C having




fearlier description -lt’required about 6 minutes from the

o ffirst addition of acid‘until the maximum activity was recorded

iin the system by the vibrating reed electrometer. The time'_

fof this maximum was, taken to be the. starting point of the ;

'>.

fbiosynthetic run°
The volume of the biosynthesis chamber was such that

”about 150 ml of CO
14

2 was initially present ,Generation of

introduced an additional 30 ml., an- increase

g V2.
" of only about 20%. The 1nitial uptake of the Y¥co,

;,_..;'.30 vmc.., vof CO

2
- The plants growing in soil absorbed about 65%. of “the

was rapid

‘fduring the first hour, the somewhat larger plants growing

Anﬁ,ain nutrient solution absorbed about 90% of the'lACO during

2

'ifthis time. As the Coeiin the chamber became'depleted the
varate of 14002 absorption decreased markedly After l 5 hours,nh

b

;“over 95% of the COo,, had been absorbed and further absorption,

2
as indicated by the recorded trace of the vibrating reed

: *;electrometer, had nearly ceased Before each run, the infra-h
: fred Cog-analyzer was standardized with gas mixtures containingﬁ
various concentrations of CO . In the region of'interest-from
_normal air (approximately 0. 03% coe) down to less than O 003%
ﬁﬁCOQ, the infrared analyzer was not very precise, however, the
jplot of values obtained indicated that the CO concentration
iin the chamber was falling at a rate which paralleled the

?loSS'ofvradioactivity.; After l 5 hours, the, infrared analyzer
|
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ﬂchamber." In the second series (VIII-X), after l 5 hoursﬁ
14

CO had been taken up, additional

,when 95% of thev o

 was added The: 5

i;;bubble flow meter directly into the biosynthesis chamber a

.wfﬁa rapid rate until the infrared analyzer indicated that a)

Tﬁnormal.COQ concentration had been restored to- the chamber,

12

f’thennthejrate of ~“C0, addition was. decreased until the

”?normallco concentration was Just being maintained A flow'

2
ﬁof b5 ml /min was required for this purpose° In neither*
{{type of experiment did- the plants display any ill effects -
3after 12 hours of illumination. : B
: " The biosynthesis chamber described in the earlier work‘
"._;aiso has ‘been’ modified to contain "hot box" glove ports.' At,f
jthe end of the required biosynthesis period the plants Werei
ncseparated into root (R, below ground) and'aerial'(A leaf and:

"vestem, above ground) portiors by using the glove ports.-'This

":requ,t~d about five minutes.: When the plant portions had been

rpar d; simultaneously, the lights were turned offf

'tion of the chamber was begun, and liquid N was poured into

2 : .
’vthe Dewars containing the, plant material in the chamber, Within

L

o

1f15 minutes after the indicated end of the biosynthetic period,t
iall the plant material had been frozen in liquid N2 ) (except

ﬁas noted above in runs I- III)

Alkaloid Isolation.— After the‘ 4002 had been fully
1 =
,:evacuated from the chamber, the still frozen plant material

fwas removed and ‘the two portions blended separately in a’



The total aerial portion was

of acetone._

fi water and 375 ml

’treated with a solution of 800 ml of water and lOOO ml of

*atetone.: The blended plant material was allowed to stand in

with the aqueous_a"etone for 24 hr._ The suspension

steel column packed with potassium hydroxide treated 60/80
24

firebrick coated with 10% by weight polybutylene glycol

W 5y P S

o (24) L. D. Quin, N ‘A Pappas, J. Agr Food Chem,, 10,
79.-(1962) . R

used for the fractionation. At 169 C with a He flow of

300 m1 A%in., the following retention times were obtained
nicotine, 6' 15" nxnicotine, 10' 15"- anabaSine, 13' 0“'

..-’

f_anatabine, 16! O"
'Jhe alkaloids corresponding to each of these peaks




-;material was injected at any one time. The peak areas ofvth:

vichromatogram were measured with a planimeter.* By using a,
"ﬂ;standard solution of nicotine in benzene, a plot of peak area
?versus nicotine mass was prepared and was used to determine

N

'the amount of nicotine in each of the crude alkaloidal frac-t

;tions“"

fTo prevent contamination, the g l c. column was

-replaced several times during the course of experiments I-X

'siTo check the purity of the various fractions, paper
nfchromatography also was employed . Whatman No. A paper was
.sbuffered by dipping the sheets in a O 2 M potassium hydrogen
.;phosphate solution (pH 6 7) and allowing them to drip dry,_

Tert —amyl alcohol saturated with water was used as the moving

phase.?? No prior equilibration time was allowed before'f

jﬂfyf" (25) T c. Tso and R. N. Jeffrey, Arch. Biochem Biophys.,
- 80, 46 (1959)

:rbeginning-the chromatography;v The chromatographs were allowed
,_to run . for about lO hours during which time the solvent front'
gsdvanced about 30 cm. Using the descending technique, the

fRF values observed were nornicotine, 18 anabasine,: 31,

fanatauine, 48 and nicotine,L 81"“°The Konig reaction26 was~

" 1 o 1

.-

- (?6) S Aronoff "Techniques of Radiobiochemistry, Iowa
QState University Press, Ames, Iowa, 1956, p 165 i .

pSed:toﬂlocatefthe alkaloids,pnorndcotineﬁgivingéan orang




. gold spot The radiochemical_puwi_y;of; he various alkalo d:

5fractions was routinely checked by radioautography of the

‘}above paper chromatographs.){ﬁ(

Determination of Radioactivity by GLC Proportionaly;

w?{Counting The nicotine that had been separated and purified

ﬂbygg;l.c. (as determined_byfreinjection, the total*recovery

. was _8;0'—90%):was utilized’fo'r the specific activity determina-

i’ﬁtion described below. - . = )j'” —— '*f””

The apparatus used is illustrated schematically in .

V’Figﬂ*ig and consists of a chromatograph (Aerograph Wilkens

ﬁInstrument and Research Company), a dual pen recorder (Leeds

f%fand Northrup Speedomax—G), .scaler (Nuclear Chicago Model 182)“

) ‘Tja ratcmeter (Nuclear Chicago Model 1620 B) and a printer

Vﬁ(Digiial Recorder Model 560 A Hewlett- Packard) The flow‘

“proportional counter 'shown in Fig 2, was de31gned

-”f;Irville Whittemore of the Lawrence Radiation Laboratory,

:}and is ‘a modification of the counter described by WOlfgang and

TfRowland 7 who were the first to use this technique for the

( 8)) R. WOlfgang and F. 8. Rowland Anal. Chem., QN, 903
195 T -

w

‘”f counting of tritium and lL(.Cnlabeled compounds.

of.75~ml,/min.l The retention time of. nicotine under these

'conditions was 6'12" The proportional counter tube was




'everalginjections of 5 ulvsamples“of hexane-luC of known

tactiv1tv (1570 dpmAmJ were made.i The counts registered by
;the proportional counter were printed out at 20 sec. intervalse
fby the digital recorder,_ The average background registered
over several minutes was subtracted from the’ counting peak_;
corresponding to the samples of hexane—;uc to give the net
-Afcounts registered per injection -and equation 1 was’ used to

_calculate -an efficiency volume factor for the counter.

\

' N =& V A = net number of counts per peak.

R effective counter volume in ml. . .

measured® flow rate through the:

: ml./min. - o

absolute activity of hexane added in
disintegrations/min,

'\l\integrations. Since the counter was designed to have an
'ueffective counting volume of roughly 60 ml., the actual counting
;‘efficiency was about 50%

The next step in the determination of the specific

;'activity of nicotine by this method was the standardization 1

é




peak Use of the

;son of the observed peak area with the standardization plot.,

»The ratio of the absolute activity and mass determined in

/7this way gave the specific activity of the unknown nicotine_°
'g“s*fﬁjsample | , o
't%j;;ii : r[ Except for the samples from run X, all nicotine samples
aniwere determined on at least'two different occasions*When the*
lfiﬁentire standardization procedure was performed independently

UfTwo separate determinations were made of the. nicotine samples;~“

- from run X, but these were made on one occasion with the same»

f{;set of standardization values. The reproducibility of the
'method is demonstrated by the values in Table I.

) | In order to test the validity of this method of determi -
ing the specific activity of the nicotine, in certain cases

fthe nicotine was collected on cotton as. it left the proportional

ficounter tube. The nicotine so obtained was eluted with ethanol

iﬂ ;

lthe concentration of the resulting solution established by'}




'ffTABLE'Ilf:"'"

" Determin= .
o fvation_2¢

5 72 6 21 uc/mM 5 2 nc/mM.:6t73, 6 03 uc/mM,_5'85 uc/mM»

o 82 0. 70 uc/mM 0.98 uc/mM o 71 o 99 uc/mM o 86 uc/mM

Theé roman’ numeral represents the experiment number, the super—
script. represents the duration of the experiment in hours, and
:the subscript the portion of the plant o . ,

TABLE II:

rfeActivity. CActivity. by - ]-* Error
. by . 0 UV/scintilla-- . . dn:
L GLC .tion counting-* [ GLC

|07 o/ 7. e/ %

-0.86 we/mM | 0;95‘uc/mM : :v;li%ia

“Table II demonstrates that the specific activity of“

T”7n1cotine can be determined by theg&.m»proportional counter

in?method to an accuracy of better than 15% The sample sizet

W_used varied from 50 micrograms to 1.5 mg., depending upon the

;specific activity. The 1ower limit of the method appeared-to’

fbe about 0 1 uc/mM.‘ In order to determine the specific activity”



"] conductivity detector was standardized using a known solution

in 250 ml of toluene cooled in a Dry Ice—acetone bath° The

5solution of CH3I in toluene could now be injected into the

For the methyl iodide determination, a 1/4" X 10' stain-
less steel column of 7 5% apiezon L, 7. 5% polyamine 6 (Wilkens
':uInstrument Company) on. 60/80 firebrick was used In this case,
it proved possible to use pure methane as the carrier gas for_
fthe g l c., hence, it was not necessary to add methane for

§ counting purposes., At 55 with a flow rate of 40 ml /min.,

the methyl iodide was eluted in about y minutes° Three inJec-

tions could be made before the toluene was eluted The thermal'

$
of methyl iodide in toluene and showed good 1inear response in”
the region of interest from 10 ug. to 200 ug. |
To check the validity of the g.1. c.—proportional

counting method of determining the specific activity of 14

_Some standard 1&CH?)I_inltoluene solutionsjwere prepared,;*L'




'tf;tained by the two independent methods are compared in Table III:

K
o A e g e

-fTAaLE 111

’Q;”140H3I ACtiVity Activity by Scintiiia-m‘i?»Erfea in . L c
e by G L.C. 'rr f bition Counting -Vy;( ___Det.
| hf:;i’f;is:;}l.B uc/mM,'f LT g we/mM t . = “'-25%‘ﬁ
"vf’f-'ahio.é o ",:. ;f 0;95 o L ,': _-37%
.ffo.é1> o . 0.385 " - - -45%
©0.062 " o o0a3 n . -528

': They indicate that the g l c,—proportional counting method is‘
.hfdless precise when applied to\:40H3I than when applied to
dl_nicotine. This is probably due to quenching by methyl iodidecz
;The limit of detection was about 1-.2 uc/mM, where,.as 1isted‘

140H31 was low
f 14

above, the determined specific activity of the

by a factor of 2. 1t required 150 micrograms o CH I of

1 37
‘ispecific activity 0. 13 uc/mM for the activity to be detected
Ufby the g.l.c.-proportional counting method. In instancesvwhere:
bithe specific activity of the N-methyl was high enough, a |
.i-Herzig-Meyer analysis on 0.5 mg . of nicotine provided enough
: '140H3I for several determinations by the g.l.c. method

" ' ‘To determine specific activities leesthan 0. 1 uc/mM,
'a;the methyl iodide generated in the Herzig—Meyer determination
'fwas collected as before, the concentration in the toluene
“'solutioh was determined by g. 1 c., and the activity was de—;.

vdftermined by scintillation counting It should be noted that

oy
4t




‘this way should therefore, be considered an upper limit‘fo“
14

CH3I. B .,,J_xv,i,_ii o

Degradations.; A° Conversion of Nicotine to Methyl g

che activity of the

leicotinate - The methods available for the conversion of

. nicotine to nicotinic acid involve_oxidation with nitric*

"{acid,28 potassium permanganate;29 or_'chromic'acid.,30 The

(28) (a) S. M. McElvain, Org. Syn., Coll Vol. I, p 378
igb) E) Leete and K. J. Siegfried J . Am, Chem., Soc., 12, 529
1957 : S ' :

(29) (a) R. Laiblin, Ann., g?é 129 (1879); (b) B L. g
Lamberts and R. U. Byerrum, J J. 1. Chem., NQQ, 939 (1958)

- (30) S. Hoogewerff and W. A. van Dorp, Rec. Trav. Chim., 1,
107 (1882); R. Camps, Arch Pharm., 240 353 (1902) -

d28b

’“nlnitric acid oxidation has been utilize in a semimicro

V7,by a 4% yield of 3-nitro- 5- (3 pyridyl)pyrazole., The method

of purification involving coppﬂ’salt ‘precipitation and re-"

Yoo
Ly

generation with hydrogen sulfide led to a 31% yield of nicotini:
31
d.

.aci A similar purification via the silver salt was developedagb

(31)< E. Leete, J. Am.rChem. soc;;'1§;'35205(l956).

"micro\ cale has indicated

i, 3




v»aThe radioactive nicotine as obtained above was;re—
purified by gas-liquid. chromatography, diluted with inactive

EtOH

Anax: i°62 mu, € 2910,

‘was heated on the steam bath for 16 hrs., treated with a few
drop 'of ethanol to destroy excess permanganate,_filtered
| 'Celite, concentrated to dryness at reduced pressure,
f-treated with 1 ml of»conc. sulfuric acid and lO ml of an-
hydrous methanol, nd heated at reflux for 2 hrs,» The volatile
‘solvent was removed rapidly at reduced pressure,7 “and the resi
" due was treated with 10 ml. of water. and excess sodium bicarbon
ate and extracted with four portions of methylene. chloride, J
.. The - extract was dried over magnesium sulfate and concentrated

"at reduced pressure, and the residue was sublimed at 35 /30 mm

onto a cold finger maintained at O°33 yielding 90 mg (72% of
i .

I

: (33) The cold finger must be allowed to equilibrate to room
ltemperature in a. dry atmosphere before attempting to remove the




35) I H. Beynon and R jAf Saunders, Brit 'J Appl Phys
128 (1960) S o R _ '

;Inla Lyplcal example, a mixturedof 5 5 mg (O 04 mmole) of

‘ methV1-nicotinate, 0. 50 ml of 6 N sodlum hydroxid and approx

'with l gn calcium oxideg The entire solid was transferred to

f{a mechanical mixing device (Wig- L-Bug), treated With 2 drops

.

‘lof water, and shaken for l min.36 Heating of. the resulting

(36){ This procedure”is necessary for reproducible and
successful decarboxylation. - - :




exposure td 1ucoé was for 2 hours or more,

¥tine resulted

1u002, in the 1ast three experiments, 2002 was added after

1. 5 hrs. to maintain a normal carbon dioxide concentration

:
1




Plant .y i posure .to . _ cotin AL
Expt por-a ' Al H' '”*‘ﬁ: ‘,43 - <spe acti— , Nicotine:
No._ tion® S e vvity, R/A  mass, A/R

g

efers to theAaerial portioh othhe piant (leaves:and stems),,R to,t




'Nicotinate
80
76
_:?70

: _ 4002 feeding, andtthe superscrlpt refersito ‘the
abrjul and root portion of the plant. b Determination.: of
N-methyl activities was made with undiluted nicotine of.

specific activity as given in Table IV. £ Obtained from a
-.portion of the nicotine of specific activity as given in
-Table IV diluted with approximately 150 mg. of inactive
nicotine to a final specific activity of 1-0.1 pc/mmole in
most cases. = 2 The carbonyl carbon of methyl nicotinate,. -
~counted as barium carbonate. € This arises from the experi=:
.mental error in detecting 1ow-1evels of methyl iodide acti-
\-vity;.'f The concentration of methyl lodide was determined.
by v.p. ¢.; determination of activity includes everything
‘volatile that results from the action of hydrogen iodide on
_nlcotjne, since the quantity of methyl ilodide was too small
- to isolate., Therefore, these values should be considered: i
~only as upper limits. £ This represents a minimum value andiﬁ not
cused'klany further computation. S ST @

S

3




centage of the total nicotine activity The portions for

:”ring.and-carbon—zig the latter being presented collectively as

- methyl nicotinate, and separately after decarboxylation..,f’
_ A Figure 5 shows the fraction of activity incorporated
éinto the N-methyl group The percentage of the total nicotine

:activity found in the pyridine ring is plotted in Fig 6 as

a function of exposure time The value for the pyridine ring

is the ‘average of the pyridine value and the methyl nicotin-".

vfate minus carbon-2'1 value for each experiment and each point

e P o

should have an. accuracy well within +4% In. the same fashionh

the percentage of the total activity found in carbon-2' is

%

plotted in Fig 7

"~ Rate of Tncorporation: of 14002 intO'Nicotinei In spite

':f*ofith?”large number.of experiments“concerning the biosynthesis

of nicotine, there are few studies in which the rate of in—.-

“5corporation of . the various compounds into nicotine has been

t

'7f‘examine : This lack is particularly true er ‘short term experi-

3 ments in which incorporation of a potential precursor into

»‘nicotine is examined during the first few hours after exposure~




P L Wu, T Griffith, and R U Byerrum,‘J Biol
(1962) : L .

8%7

,two hours after feeding glycerol 2~a C, propionate—2-‘
V'aspartate 3~ uC, and three hours after feeding acetate l»

to the roots of N rustica,_ In the case of acetate 1—14

C the

increased from three to six hours.r The incorporation of

,-°tiacetate—2-luc after two hours was found12

to. be about 25% of

f{that after seven days and after one day was nearly equal to

d»the seven day 1eve1,_‘Ther%zwas a steady,<near1y linear»increase

fﬁ?in the incorporation of acetateé2414C into'nicotine as theh

i;incubation time increased from one hour to six hours, with
"u'the ‘level at six hours being about double that at two hours.

The most rapid incorporation reported39 to date is the

_ (39) T. C Tso and R. N Jeffrey, Arch Biochem Biophys.,
21, (1962) .

detection of tritium in the'alkaloid fraction 30 minutesi

"after the roots of N, rustica were exposed to tritiated water

'flfor one minute. However, this result is difficult to interpret

|

1in terms of de novo nicotine synthesis because of the possi- ;
;:;‘bility of facile tritium exchange with 1ate precursors.'k

ﬂhe data in Table IV show that activity could be :

5.detected in nicotine two hours after exposure of intact

.




ngfﬁchamber, tne maximum incorporation into root nicotine takes

1“00

”’fiplace between four and seven hours after exposure to
12,

2:

'fIn those runs ‘where CO was added after 1.5 hours to main“

2 .

“tain the'CO2 concentration at about O 03%, Fig. 3 indicates

ttwo regions of rapid incorporation, the first occurring betwee.

.two and four hours and the second occurring between six and

ftwelve hours after exposure to 14 Cco

Since very little in-_
14 :

2

'fcorporation of C has occurred by two hours after exposure

" to 14002, in ‘the case of the four-hour run, only a small in-_

12 12

‘. corporation of C can have occurred from the Co, added

'ff;2 5 hours earlier” For purposes of the following discussions,

>7wtherefore, the fouranour run (VIII) isvconsidered to be both;
i'ia 1.2002 added andfa l2()’02 not added type experiment;' In the-
“ffruns where no additional CO2 is introduced into the chamber,
'i?the metabolism of the plant, and thus the synthesis of nicotine
;;would be -expected to come to a halt after a time, as the pre-:
~f{cursor pools become depleted. rnftervthe rapid riseﬁin activity
Aaf‘between four and‘seven hours in these runs,-the specific;acti;i
" vity curve becomes level, indicating little new incorporation-
v",into the root nicotine during the remaining hours of the L
. experiment. |
In those runs-wheretthé CO; concentration was main-
- tained, the plant's metabolism would be expected to continue'
.*'»at its normal rate. Figure 3 indicates the first effect of
‘the added 002 is to cause. rapid incorporation o

" root nicotine at 2 4 hours versus the 4-7 hours in the runs




R
I
i
£

'ﬂ;period of rapid incorporation is not suStained for as 1ong a

ftime,'and the activity does not rise to 80 high a level as

is added The plateau from 4 6 hours represents

';c,-.:difwhen‘no 12CO2
' 120 and 14

'ffthe combined effects of C incorporation into root

}nicotine.. During the period from 6 12 hours, Fig 3 shows that
fthe specific activity of the root nicotine increased again.
:Figure 6 shows that during this period the percentage of

.activity in the pyridine ring of the root nicotine fell

wﬂjsharply, despite the increased incor‘pOPation°-”Thils.sevqond

'3ifregion of rapid incorporation is, therefore, consistent with

x

:the formation of new active nicotine in the root
*14

here the

C enters the pyrrolidine ring of the nicotine molecule via

}”idifferent In. the case

slower responding, precursor pools.:

?fwhere no l_ECO2

'§nicotine was not observed

was added, this type of incorporation into

since the slowing down of the over

14

:ﬁall metabolism prevented the 9 from advancing through these'

'slower responding precursor pools into nicotine within the

.,oeriod of the experiment
14

In all cases, the incorporation

of C into the aerial nicotine is significantly slower than

ﬂ’into the root nicotine. ,

"vs

fGriffith, Hellman, and Byerrum12

found that incorporation
‘“ring.w The incorporation into the pyridine ring continued to

?zfincrease at a slow rate. Incorporation into the pyrrolidine

wring from acetate~2—

[

4C, however increased at a rapid rate,




”“corporation of'

3ring is much greater with 1400 than it was with acetateve

2
After two-hour exposure to 14Coa;zabout 90% of the activity
,of the root nicotine 1s found in ‘the pyridine ring, and after
:12 hour exposure, the pyridine ring still contains about 60%‘

‘of the activity present even when 1200 which would be

29
expected to incorporate rapidly into the pyridine ring, has

been added

¢

20 .

’Sorokin. Working with N. rustica, they found no activit

14,
ACOQ

rhowever, they detected activity in nicotine, While the data

'one “hour after a half-hour exposure to Eight days lat

'_;cation of the earlier work namely, that it requires a long'

14

incubation period to obtain incorporation of Co into

20
”fnicotine, 1is not.true._ Our data show ‘that activityvcan ve

detected in nicotine two hours after exposure to

£

14002, however%

that found for the incorporation of acetate~
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_(401 ‘ﬁ,:F;»Dewson,'Anlij.'Botany, 22,166-(i9&2)jjf{n;

~and Hiekeyl,had,conclndec:tnat the tobacccabcot'pla&ed”%ne

(41) K. Hieke, Pianta,ﬂgg,,185 (1942) .

N

 primary role in nicotine synthesis and tnat nicotine was

1*;‘.tr'ansloca\.‘ced from the root to the stem and - leavesa After the

42

~_demonstration of nicotine production in 1solated root cultures,:

(¥2) R. F. Dawson,'Am, J. Botany, 29, 813 (1942);




shoot criticisms were raised which-prevented them from bein

compared to 1ntact tomato. In addition in grafting experi-.

quently forms roots which may grow inside the stem of the

v kM
‘stock. and‘therefore escape detection.AG_ Such roots would be

G

:(46) K}'Mothee;Anh.tRevrtPlaht'PhySioi,;rélvgojt(i955)




| (47),
’ _(1957 )

nitrogen from nitrate into nicotine ~ The amount of 15N enrich

ment of the isolated nicotine indicated however, that more

four week period spent in the 15N enriched nutrient

';ff Solt48 also carried out a study on the nicotine produc-

(48j M. L, Solt; Piant'Physiol., %%,.ﬂ84_(1957);f

of the total in the other segments, even though the dry weigﬁt

v

éincreased in each segment in a nearly uniform manner, This

‘suggests that the graft itself has a profound effect on the

productipn of nicotine. Also, N, tabacum scfons from tomato

root stocks formed radioactive nicotine when supplied with




S (49)° G. S. I1jin, Abhandl. Deut. Akad. Wiss. Berlin, Ki
;" Cnem., Geol., Biol.,.?:ztgj_ 111 (1956) . N

N tabacum were grown in NaHlucO

3 solution for seven day33ff
Three tobacco shoots which started new roots during the
"experiment produced active nicotine.

14

site of nicotine synthesis is the root. Though the C in our

‘j_experiments must enter the plant through the aerial portions
"by 4002 reduction and then be translocated to. the root por-
’tions, “in every case the nicotine isolated from the root hadw
“a higher specific activity than that from the aerial portion

A;%Figure 4 where the ratio of the total activity in the root
';nicotine to the total actjvity in the aerial nicotine is

: :plotted,-leads to the same conclusiono_ Even when the much

larger nicotine pool present in the aerial portion is con—\}

sidered,; the roots -contain more activity in the form of nico-

" tine- 140 during the first six to seven hours after exposure

lMC

'“ht O2 The R/A ratio is maximum at four hours and then

falls steadily until it becomes unity at about seven hours




14

v_The percentage of C in the pyridine ring of nicotine in the

,The nicotine obtained from the aerial portions after four
hours, however, contains only 74% of its activity in the
pyridine ring.' It is not possible to alter the proportion
l'of activity in the two rings of the nicotine molecule merely
by translocation. ‘Therefore, the active nicotine obtained
from the aerial parts after four hours of exposure must be.
2unique compared to the nicotine that was obtained from the

1400

:proot»afterteither two- or four-hour exposure to

PRI




-amount of activity in nicotine from the aerial portions.

)

From Fig 4 it can be seen that the R/A ratio has its maxi-

" mum value after four hours and decreases slightly as the,f

'exposure time is shortened to two hours. This behavior of

“the R/A ratio at ‘the shorter exposure times is most readily

7'explained:by assuming'independent synthesis,in the aerial

.»_'portions° The 140 enters the aerial portion originally and

T~must be translocated to the root before active nicotine can
'ffbe formed there. Though the root is the major site of nicotine

;fﬁsynthesis in the plant after two hours, the site of aerial

'“psynthesis has.been in contact with 14C containing precursors

"ffor a longer time, and, therefore, the more 1imited aerial

£ 14

" synthesis has incorporated a considerable amount o C into

vvnicotine relative to the root. After four‘hours.of,exposure'

'ﬂkéfenough 140 has been translocated into the root to overcome

V:this initial concentration advantage afforded the site of
‘aerial synthesis, and the R/A ratio riseso When exposure times.
;ﬁbecome longer than four hours, the R/A ratio falls rapidly,
”reflecting the translocation of nicotine from the root to f
ﬂ:the stem as discussed earlier.
] If we assume that the activity found in the aerial
portions'four hours after exposure is due to independent

;synthesis (We have not studied the rate of translocation




“from the apparent exposure time of the root to 1b'C the}

fsynthesis. However, we were able to detect a marked differenc'

"vplant Finally, by making some assumptions about the rate of
; 1y )

:transport of C precursors to the root and the-translocation

of nicotine from the root we can estimate that independent”




L (51) "R. U Byerrum, R .L Ringler R 'L.:
c D Ball, J. Blol. Chem., 216 371 (1955)

(52). L..J. Dewey, R U Byerrum,'and C D Ball '% Am
Soc., 16, 3997 (195hf. 1 o Menny

(5 3) R. U. Byerrum and R E Wing, Jd. Biol Chem., 20
637 (1953) _ BREA

IR (54) R. U, Byerrum, C S Sato, and C. D Ball, Plant
S Physiol., 31, 374 (1956) - g _ -

| (55) R. U. Byerrum, R. L Hamill, and C. D. Ball, J. Biol,”
Chen., 210, 645 (1954) . —=

Since all of these substances were incorporated into the N-
‘methyl of nicotine, although admittedly at different rates,_
it may be concluded that more than-one path can be utilized

in this methyl synthesis. Tt should also be noted that all

the known methyl precursors have not yet been tested,5

The evidence that the N-methyl of nicotine can come

from 80 many sources, the demonstration56 that the N dealkyl

énalossvis quite:

,ofinicotine57¥iny



‘In the present experiments, feeding of COé has’le

.short term 14CO2

,the statistical value.

feeding, contained far more activity than

tion of 140 into the N-methyl increases with ‘time from 2~ 12

;hours, since the total actiV1ty of nicotine is increasing

that the activity of the ‘pyrrolidine ring, as.a function of
exposure time, parallels that of the N-methyl group. Whether

more information.

PR
.

The present data is consistent with a
'fthe N-methyl arises from precursors, such as

'which become labeled slowly relative to more




7828b

8 'for the related amino acids ornithine

proline.8 Further, it has been demonstrated’ that putrescine
Fa potential intermediate from ornithine or olutamic acid,
falso could be incorporated | - | i
-_mThe pyridine ring can arise, via nicotinic acid,6 from
:arnumoer of two, three, and four carbon metabolites, viz.,%
Tacetate, propionate, succinate;“and aspartate11 13

,fOur present results from the 14002 feedings to N. glutinosa

show an early and high activity in the pyridine portion of
;nicotine (Fig 6) This rapid appearance of label in the v
pyridine ring certainly is consistent with the hypothesis
that the pyridine ring arises from the simple precursors
.{ mentioned above, These compounds, with origins close to the
v;fixation of carbon dioxide, would acquire an. early and high'

1abe1 which would ‘be reflected in the pyridine ring

The relatively slow incorporation of carbon into the

\pyrrolidine ring is consistent with entry of carbon via an

famino acid, since amino acids would be expected to become

;elabeled more slowly than the simpler precursors of ‘the pyridine

'?;ring. However, it isvery interesting to note the consistently
low actﬁvity of carbon-E' (Table v and Fig 7) and to attempt

‘to reconcile thew data with the currently accepted hypothesis




(58) R. B Roberts, D. B “Cowie, R, Britten, E. Bolton,
?nd P. H Abelson, Proc. Natl Acad ‘Sci. U.S., 22, 1013
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N Tomlinson, J Biol Chem., m~2’ 605 (1954)
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60) V Moses, 0. Holm Hansen
Mol Biol., 1,21 (1959) ~
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A.- CONNEGTION TO CHROMATOGRAPHY UNIT
B.~INLET FOR AUXILIARY COUNTING GAS (METHANE)
6.~ U6-5607U RECEPTACLE.

D.- TEFLON INSULATORS " =i’ .
,E.eg MIL STAINLESS STEEL WIRE SOLDERED T
R [ RECEPTACLE AND 0-80 NUT -
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This report was prepared as an account of Government
X sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or.employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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