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· · ABSTRACT . 

· 'Plant~ of Nicotiana glutinosa were grown in 

ph·~·E~'t~J~_.ta.ih.i_ng __ ,-1 .... 4_c __ o_
2
-. _f_o_r_p;::;-.e..,.r-i_o_d_s_. -v ..... ary ing : from;' .. 'twO: nours , 

:.·· th'~.:;~hortest time at which inco~poration 6fradl~~~:f~~kty 
into nicotine could be de tee ted, to twe 1 ve hours~" . ;~~~;~; 

.. ' , . . . . .. . · -:' .:·. ·:;;~::~; .. ~·:·iY·; \ 
· · nicotine, isolated separately from the root and aer~i'al:-~por~. 
· .. · · , ~:: t~~::;:~r;~!~>:·::·r 
.tions, was degraded, and .the activity in the pyri'd~r'l~:rc:l..ng,, 

·, . -~· ~:·:.":/i.:~l:•-1 ·' -.. ·:. ., . ( _-;,_ 

the N-methylgroup, and carpon~2' of the pyrrolid'~ri.-~.·:~ihg_wa~.· 

determined. These data were correlated in terms :Of~·Ji)> the .. 
' •: ·. . .:.· .. ,. '; ··: - ~ .' 

' ' .. _: ·-·~ 

.rate of incorporation of co2 into nicotine, (2) the site or.:·. 

··.nicotine syntheses, (3) the relative rate o~ N-m~thyl synthe 
J ,, 

I· •' -

and (4): the relative rate of syntheses of .the py~idine and 
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:. { .. · ~ ~ •;;..-. ' ' . . . .. .. ,·' · .. ' 
·•• ... ·, . . ..or-· . . •• ;"\.,, .•- ~ •· ·~·.:~<·:.;{~i·l; ;,.i:_··~ ·'/'. ; .. , ;_-::~. ··••. ~ .• :.; .. •· .: . .. . ', ,:--:~.:~~::·t:.~.?-~};:·:~. ;/~:·:·~,~ .. ·:.,;,\x·; ·: ;, c:Al· .. · :·~,, . . , ,c,. ,·:, ·<, '",.·. 

, :; p;r~ofict.~n7.~.;~~~~·!.~ ~~~-;,,i?ngf:~:i~~~~~~~~~l~;r~~~-h~t~ 9J~/.;~{~~g~, 
, . compared with. those iri the literature ··derived, from grafting:':<.><<'~( 

. -. - . . . . . . . ·= . > ·:-. . ,_ . . . . . . . .:: . · .. ·.:_·;\~k:~~_,··,:·r··/, 
, experiments .and from feeding precursors othe~. than_ co2 ~-._,.·: :: ·-~~n\:.:f:~·~::::'t;l 
~--~· · -,. // .. · ~ .... -· ;·_.. .. · .. ·· .. ~· .. ·.. . · · _·. <·-· _::_ ...... ,~t~i~~~t:~.;: .. ~r~~/.:>.;· 

· ·Evidence is presented for independent nicotine synthesis ii\'>·~·;:;1:<~:· ·: · 

. ·,:: both root and aer'ial portions, and ~orne questi~ns a~e raise~}~~¥~~:, 
· · ; . concerning· the glutamate-symmetrical intermediate hypothesis:.~·::··,.;:;:;; · 

............ -. 
'.:·" 

for p~rrolidine ring biosynthesis . 

. ·i-. 
....... _.,: 

.. ~-.~;~·;.>,:~ ·-·~·:/·~;~~,r·;;:; ·:> . 
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. '··.\~~-.: ·,-'.-. ', r~trod.~cti6n 
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.:, .. ·. '':' 

., · . < {:·Th'~"·:b:tosynthesis of nicotine;' .... and·.·or_:·relateq ':.tcib~c.ca'·.:~:.:i-~;~:{i_r:::•, •• · 

. . . ·. ·· .• ~~k~il,;q4~ij~P;~~a~~Y ·has been mor{;~x~~~ ~1y~ lY ~·t~.~~~d th:~. ~"•~};~I;.~ 
tbat :o.r·· any'~other'alkaloid. rrhe results and conclusions. in '';•:·f'·:>'·;).••''· 

.· ~~·h~s· ,~lrea: have- been summarized· in th~ee .comp;e~ens.iv·e r~vie~~~3:/H:~5. ' . 
,_.; ~· ~ .;• -. '.<'; 

' ~ ' .. 

'~(}~' R ... F. Dawson, Am. S¢ienti~t, 48, 321· (1960). 
' .,. ·' . . .. "'-"" 

"' ·· ··. (!+)_ · A .. R. Battersby, Quat: Rev.· (London) , . l!?_, ·_259. {:1.961) ~. ' 

.. :... ,':(:~\:::~··K. Mothes and H. R. Schutt'e,.Angew. Chern., i.i;·-265 
.. ·: (1963}:.; 

that have appeared recently. These results have been obta~rted • 

ing·results have been obt~ined in particular by.feeding nico-~~ 

tinic acid; 6 various amino acids related toglutamic acid;7,B,9 

.. : '. ; . ~ 
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-~¥. ~· 

·· (-1 ) .•. ·L; J . De1rey, -.R.o_.JJ. ·. Byerrum, anq 0 ~-- 'rY. Ball, Blocnim. !· ,:~.';; .•. _ :-

T,_,··. ·:,.: .•. ' f t·'· 18. 14·1·. '·{.1955)' -,~··.·.· .•.. . •·,:_ .... ···· .... ·-. .-.,;;S.~i!;. 
. ).LOPrl,y:),·. 1s,c a, ·, · _.··. .-,,_,_,.. ..·. .._ .. __ : .. <.-'·.,,,,._,;,_..;· .. 

'· '8~, (~hl{l~S)~ Ch em . and In~:. , 5 37. /1955) ; ·. Ch~~'[ dlc';l~~~ 
'-~ -~. -~-- :.-:_:/ -.· ... ·-. . . •. f, • . ..-.·- .. :.:~:-_:;;.:;;'·-~---~-

' 
9 
3

9 
(1~;~s~i L .. Lambert s. and. R . U , Byerrum; J . Bio 1. Chern ; , m;;;;~t~> 

._··.:·': ·; .,·._ .. _ . 

: ~?;~c-· 
. . 10 

the.· .usual N -methyl precursors; · and glycerol c;nd organic 

.· ~ . 
:.~ . 

····:.- '(10) R. u. Byerruni,·L.·:J. Dewey,·R. L. Hamill, and 
. ,·Ball,J. Biol. Chern., W,-345,(1956). 

· .... ' acids related to the. Krebs. 6ycl~. 11 ' 12 ,l3,14 
. ' ·' These 
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(11) T. Griffith, K. P. Hellman, and R, .U. Byerrilln, 
: J. Biol. Chern., w_, Boo (1960) . ···.·. ·. . . 

_(l2)·:T~ Griffith, K. P~ He1lmah,~ and R. b.~By~rrum, 
Biochemistry, l, 336 (1962). 

. "' . 

(13) T. Griffith and R. U. Byerrum, Biochem. Biophy~: Re~.~ 
Commun., 10, 293 (1963) . -·, 

(14) 
(1963) . 

t'V'\1 . 
~\ ' 

D. R. Christman and R. F. Dawson, Biochemistry:/·2, 
. . "" 

.• 
subsequently will be discussed in detail as they relate to 

our· data. 1 • .• • '~~{~; • 

Another approach to the·.study of alkaloid biosynthes:ts ·;T~•d".'i'_· 

is by exposure of the 1l1tact plant tO radioactive carbon .·. ) tf~~f~f~2., 
'"" dioxide. In this case,· the role of carbon dio'xide as precurs6l·:;~~:(·itt·> 
... ~ . ,. ' .· ; ·. ,. :~ -~:-~} /~' ;t?~·:<t"· .: : 

is obvious; the question becomes on~ of rate of incorporation ~:r::~''f;'~;;F,~::/ 

•., For this apprOach to be of any value, de novo alkalOid syn-:;;:~{:~~;~~· 
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·. ·, 

:> _·. -,\"1 :~ • . • .. ~ 1' • 

... .... ".,·_, '. 

~ : .. ·,· ' 

. . ;; -::.: .~ •' '>"' .... ~··::--.· ... 
t ··~ ; • 

~ ' .. 

thesis ,from'carbon\ dioxide must·~ be :•s\.lf'ficiently ··rapid. to ·:.:::\: .. ~ ···' 
. :.<' . , •. ·:·, ·' . :,_ . -- ·. ·., . ·.. .... . . . ·~,· ... ,\·-'In~+ 

allow a ·diffe~ential labeling ·patt~rn: among tne. various >·· ~~. >~·,(f;::>: . 
• ·.·:. ,. • p ~ ,_· • • : - ~ _, ..... ·, ·,· ,'-~ .: ·~- :.·_·:<~~:-'~· .:. ·.'! ·.·-.-~_.·.<·; :::~:,.-:~·-.:~~~---::_> .. ~:: ;~~~··.:::::::::;::;·' 

carbon atoms. of, the alkalo.id; · ·At least in Papaver somriiferuni. ,Y3>~:/ 
. . · · · / ·. · 1 · ·. · · · · ·. · · ·.;}:\i~~t'C::: 

this has been the :·case 5 ' 16 arid h·as· led to findings difficult:::a;""J;j;::.~J . 

.: J. 2~lch~~.R~~~~~r~'F27~5 7m~f:z, and D. R. Baker, ., :~~~~' 
. ·.Soc~76b_,H42~8P(i~6~{.N· Levy, and F .. R. Stermitz, J. Am. Chem:·-;?;1?·;-

....... · ·.·. ·. . . . ·. .·.. . :;{·~;·\ .· 
• • ' ' • ~ }:~ ., ·-~ 1 ~ 

. , 
' \ 
:.; 
tf.i,,. 

- ·~ t .-· 
I 

'l. 

. to obtain by other method.s .. ·' 
.. ' .. ~ . 

. J ·. 

'· .. " Encouraged by the results in P. somniferum, we have 

·.undertaken a detailed study· of 'the· b{osynthe~is of· alkaloids.··· :i~~·.:::-·1;.·; 
of Nj:cotiana glutinosa, l7 u·sibg 14co~·. Previous studies of:;:.· 

.... _;_ ··,,.·-.· 

(F(). ·A large variety of Nicotiana species have. been :.· ,,. :: <·: 
'· .. ' ~- ' 

,, 
f· . . . . : ~ , 

by others; usually the species selected has been a high 
:pr·oc1uccr- of the specific a1karoid under study. we. shall ad-. 
here tn N. glutinosa, since this species gives a good distri· !'· 

.. ,_;. ','' . 

... , 

' ·-
'-

,• '~·, ~ .. .. ,. . . . . ~ : 
·.t.:;"_· .... 

button· arnong the various alkaloids [E. Wada, T. Kisaki, and ·.· 
M. Ihida, Arch. Biochem. Biophys., f?Q,.258 (1959)] and aq- ··.· ... 
herence to a single species may bet'Eer reveal alkaloidal inter.-,.;:, ·,, 
relationships. ' : rt 

tobacco alkaloid biosynthesis with 14co
2 

have been sparse 

d 1 . . t d 18' 19 , 20 '21 b l t an ._Jml e , ecause ong- erm exposures 

' .. 
(18) S. Aronoff, Plant Physiol., ;u,, 355 {1957) . 

. . . 

Nauk . · .. (19) i A. M. Kuzin and V. I. Merenova, Dok1~ Akad. 
·~ S .S:.S .R), ~~ 393 (1952) . -.. . ' . . . ' · .. 

• <' •• ~ : 

' . 
. . I . 

(20) I T. C. Tso, R. N.'Jeffrey, and T. P.· Sorokin, 
Biochem. Biophys., ~' 241 (1961). 

(21) T. C. Tso., Arch. Biochem. Biophys., ~~ 248 

,.,· ;_ 
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' ... ' • ' : .. ; ,;; ' • ; ;~.:~! 1~~o·{f~~1;]Jtit:~~~;:::;t~•;':': ;:,'• 5~ ~·; ':}')Xi'~.; • . J 

•f -, ... ,,f?.""-~ .. ~h-1.:-~~t~· ~ ~-o,Jh.f,.;~~~f-h.'4'~'~-\~ ~~~~,: ;·'\!:;g:~-,.~:,1')..ArJ~~;(;r,t'"'/"'·'-Q~.fq{_...~ ':It~'<'~:<.~~"''""·~·· •{."''~~.tJ•' ·~~ "ilt .,(., v:"'i-'~f~...-1~~ " ,. 
:,l;~_>.. ~ ~. ~~ ~~~r. t-:~ ::, :;:~)r~~~fitrh~.""!·!··~: ~ .. ; ~~~~}~~~~~~~~:.~. {:;': )~,J~; r~t'"i::·~:- ~ ~' .4 1, ~ ~ t~::·:.:~£:/7, >. r. ~\~~~::::~~~-~ ~ •. ~ ~ ~.:;~~· ~ J ~ , ~, ., ~:~r;71; ~; ~,~L-~ ~:{~i~~}~~~}: ~ 

:ar{d .. few ;·degradat'fons::-were :made~ •. ·~::rn>the :P.resent· study e>f···...;:·:.; 'i£.~ ,:,:~~::; · _: .0 

.. · • n iC,~t +.n.~ iio~y ~ ~~~~·~~i~: ir~wtt{ P~;ff~~·%rY tJi\l~tPm·. o\~,;.to~~£f~~S~~j . ' · 
twe lv~ ·hours . were ·employed,·· the· aerial and root portions ~of},·~W~ .. ;:::.?: > ·.~ 

.. ,;, :::n: l:::ew:::e~x::::~w :::~::::~:~:~a::. ;o:~m:::a:.~·. d::;~~~1l\;:~~;i .. ·.~ .·· 
:, '·rat~ of nicotine synthesis; (2) the site of nicot'ine synthesi~;·'<:':> 

·C. ( 3} }h~ relative tta te of sy2th e sis of tli e N. -.methyl gr .. o~p.·.·· . a~2··.·········,:~···::; .. ~ .. ·., ... ·.~• .. :,•.:~:1·.·~:··",·-·~···_,·'··,·.:_ •. •_:_i_:·:'t:·····.·.;·o···:,······,)_,··:·~:···.·.,:···.··.·_· ... :.·:·.·,· .. ·. /?/·;:the::}'i/1~. system;._iapd ··_c~) .the relative rate of. synthesis' of· .. ··;· . 
·:: ' ~ -".-:"" ' ~ .. :··.-

. .~· 

: ... ~·. the .·pyridine and· '·pyrrolidine ·rings.·,_ Thes~ data and their . ::•.: ,;,;;ct;::;;. · 
• ." · ),-· ~ • ., •

1 
• l r , 7 : ··, .: . !: · .. ~· . _" ,. ~.-.. . ·.~ . <~~·:/;1~;-~}~-itl~~;·_·.:.: 

·:· .. · '::·.<:•:ev~lG~~{{:lon ~;e/ pt~semted ':in;'the:discussion section: following .r·(~:•£\fi:;:-,;r:·f) 
. ,· .. 

•, 

;. . . .. :._.·,:~.·. ' :.- • ..t: ' . ·. 

a ·de.r;~i'r·i:ptiori .of the :,methodQlor;y arid- a. summ.s.ry of the 
' ~ ... 

\ .. ··. 

.. ··.Me thud's · 
~· 

.. · 

·, .:j., 
.·.·1. 

. . :•, 
'. 

'·\ 

.. :. ·'. 
"' ':··:. 
··: •/·' 

~~. ~ 

. , .. - _; ·~: {r~·:;;: . , . 

. , .• ~ re~na!~a:: u~I::::·: ;; . ,·A~~·et~:a:•~:n::~~ ·:: .· ::n:h ~: ..•. ::r~:e::t!i!IJi 
": .. ·(22) We wish to thank Mr. Billy Roberts· and his staff of:.·<::;·,.~':t;;~;;;':. 

'the· v:.:.rus La bora tory Greenhol.lse, University of Californ.ia, .. · ·.';;~:·.):;~;:;: .· 
Berke ley, ·for furnishing us , w 1 th the Nicotiana glutino.sa -v;>.;;;i;;.ti;/ '-. 

·,;Plantc;.. . . . ';t~Wi~';L 
were grown in soil and were used for biosynthetic experiments ;: . · :·: .. ~~~:;· · 

•• , < ~ 

- ~ . ~~p>~;:-·i·: :· .. : 
when they had reached the stage of growth 

becoming evident.· This occurred when the plants were about 

2.5 months old,. at which time they we.re about 20 

had about 10":"12 major leaves. The leaf and stem portion of >t~~~ ;.;!<~>·.'· 

each plant weighed about· 28 g. and the root' portion which >}~~~::il:;( 
could be obtained from the soil weighed about 3 g. Removal of., .. : ~· ,._: ... -.. ,,. 

\' · ... ' ' . ,_ ... ~ 

, . · .. . .. . . .·.·••·. , · .- < . . ·. · H.:t:~~~~l1~~ ·. ··, 
''. ~. 

~ ...... ·.-

I 
"· . ~ ,. \ 

·:' 



~ 41~.·.-.,...,::::f,__." .,;·-;-·~···\/:· ;.'.·:t; .. -:::,.".-· .. ~~~~ .. 1--~,·-

: . <·: :. ~:.:<'·: :::.:)··:~:~:~~:'·_;-~~-z~~:~:~ 
.. '; . . ~ : 

-~.- ... 

th_e· roO.-~-~,/·of ~-~~s~:·~~pla,nts ·from.- the. ·.sQil:.was·"·a~ -tedious·, joof ,-;:-f.;.:,-·.-:~~<:·:, 

c· . 
. T 

.. , 1; .• ,_: . , < ,af~~~. , t~~~~_lndica te~- ;~~<t- o;~i 
•• • d 

.. 

•-.·. 

. : ·.• 

:-: 

·• 

•·; ,· 

.hour' was· required ~efore- the'roots were.killed in 

ni.troge~ .. · I~ ~~der to· shortehf;:this "kill t.ime," we 

_ N. glutinosa grown hydroponically.· 
',', 

For hydroponic grow-th, one month old .plants were 

· .·•. removed f~om the soil; the roots were carefullyr4ns~cl 
the plants were transferred· to· a .46 .x 18 · x 7 em;- white enameled.".'')'!'· 

. ·• tray .Containing lH of a nutrient solution .23 FOr the firat'};':~~Y 
. "<\ ; c..-~~::~.: .. ;:.;;:·::.< -~-

. . . ' ' ' ' .· ··. ·::•.:<"';;f): .: ' 
(23) • D. R. Hoagland ·and D, • I. Arnon,· California· Agric.ulturali:<: 

·-Experimental Station Circular 347,, revised 1950 ,· College of . ·. ;:·::'? .· 
,· .Agriculture, University of California., Berkeley. . ·<·:.::_~~ , 

· . .._i '"'- ~ :-·:t::~~.~:.·-~~ ~ 

•,:, ·,C • • : ~ \ ,,\ ' ' .. ' • •• ' ~ < •:->:;,',~, ~ .. · ::.·,:.' ./'' 
' .. ' . ::! ~. "' 

_1.,\.: -.:. 
. :if.· -:· weelc, the n.utrierit so.iutiorF was: made' up to only one half the -:·.,'( .. · 

. ~ . .. . 

\·.. indi6ated strength; Afte~ one.week, this solution~as ? ~' I'"'' , .• >,,·, .'' '' ' ...... ~,·~-~~~:~~~-t!~~ ..... ~..,. ,z~ . . ,. · _,..;,_~~.'·; . .',_.,w · ... :~~.,~,!.• 

siphoned off and new; full strength solution added. ·. ·The . 

.... ~ 

:nutrient solution also was·changed,every week thereafter. 

Iron.wa~ added daily, 1 ml. of a 0.5% ferric nitrate ~olution.~ ~ . 
. < . ·.·':-·!. . 

~ for each liter of nutrient solution. Distilled wat-er was al~o~· ·'"' -· 

added when required to maintain a constant level,. and. the solu.,;. ., _ 
~\-:-.J;.;_.-~~-- .. ~·: 

.•. ::::::::d ::::~:::::::::::::::::h :::::: ~:: 1: ::::~ :b:::: ::::::e , ~~t~]j. 
· ·. were grown in a greenhouse with supplementary lighting ·provided··:;:;\:·~'.;,< .. ~", 

; '.· 

from 6:00A.M. to 6:00P.M •. by G.E. Power Groove fluorescent 

lights l~cated 70 
I 

' ~-' . 

. ,'· 

.. ~ .. 
. -· . ~- ~;..;_·: 

... ; .. , .. ~-- , •t · l 1 ~ ~ 

em. aoove the.· plant trays. 

'\.' ''. ·~· 
' . . ~ 

• ·• f ·:• . ·' 
'· . ·-~ ·{; ·-: . ..-

'' 
: ' 

' ~ I . ' 

.(_ ..... 
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;:.:.._ 

',. 

-"• .. ·; 

. -: .... 

.-: ;. 

.. 
' ' 

! : . 

,:·, 

_ ~ _: _ :' ,~;i~~i;~·~~~t~·}i; ~;l}}2c;,·,- : , , , _... , , . . . . ' ,,,,;~ {t{~;;lr.i 
-_· ..• < .. : ~'.::The.;'·N .. ·: g1\itinosa'·plarits: g'row'i'hg :in nutrient ·.soluticin:~"'f-p.~~::';:.·. . 
. .... -·~· · •.. __ . '····· ;·;··.·. ·_: -·~:'.'·;-':_'>:,. _: .: .. :,._., · '-' ..... :·:'-··.·:~·-:~~f~r~x .. 

. a.lr;o'. ~Je-re. used' for. bi.osynthetie' experiments when they_ rea·ched: '{:;} ,'· ... 

·· ·.·.. , th~· ~;ai? or' ~rawth where bucis)er~ :~~co~Ing evide~J··:;Thr~· '~~{;~;,,; . 
. · usJaJD~§ o6curred 7-8 ·weeks afte:r bei.ng placed iri thE; nutrient:-"'.~:.;· : . " ~)~·> . ' ,. 

· ' · s'olutlo'ri / when the plants were about 3 months 
~- \. - ·. . - . . 

;' ·. 

were.::~s-ually 30-40 em. high and had 15-17 major leaves at>·. 

" · ,._ this.·.~tage ·of growth. '-The lea~ and stem portion of such . ·· · 
. ·. 

'' ' plan~s:.weighed 100-150' g. and the root portion weighed 
., ;" i·.,· 

···.16 g,/ 
' . ':. ~ ·_ ·, 

.,. , •. · -... ·.··.-• .· The four most uniform plants out of the group. of <' .... ··<t'. ·) ;~- ',. "'.... ., 

. ' 

. -. '·' 

:,t··-

-• .were ~tilized for bhe biosynthetic run. Directly before 

. . crun ,-·the pUmts were: re:moved from ,the tray and placed in 
•• #. 

500 ml. Erlenmeyer. flaskS which had been spray-pain.ted with 

black and then with white paint to prevent illum~nation of 

·the roots. The flasks were filled with freshly prepared 

nutrient solution and the ~ouths tightly plugged with cotton 

wads. The plants were then transferred to the biosynthesis~ 

chamber and supported in an upright position on ring stands~ 

Biosyntheses.-- The biosynthesis chamber was 

as that described earlier for multiplant biosyntheses w~th 

opium popple~, l5 with a few modifications. . The ~'daylight" 

fluorescent lights used,to illuminate the 

run have been replaced by Nu-Lite Ultra Lux fluorescent 

lights, the .spectrum of which more closely approximates 

sunlight. The 14co was generated directly into the system . 2 '. 
by adding coned. sulfuric acid to barium carbonate-14c 

/'. 

'. i ; '; .. '' 

,I .' ' . I , . . 

• • ~ • ' ' ·, • >< 

';_: : .. :~ 

'·''- · .. -:·t-
.. ·-· ...... 

! • ~ . 

I'·' :. ; ., 

·, 
·.... . ~ 

. ' ' . ' 

.::1.' ', ~·- I ·., ; .. ~··~~ 
u; .. ··:: ! :\r···_ . ·.,,· 1 •. .,_ .. 
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The plants growing in soil absorbed about 65% 

various concentrations of co2 . 

normal air (approximately 0.03% 

·-~' ~ 

f.' 
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' . . 
i 

,. 
'ly· 

·-..•• <.·· 

- '. ."_.:~ : • .,',~·,__.-;·.·... > " 

·.:· i" \ -·> .... 

·. ·; 
.·. . 

; ' I. '. ','' ·:~ 

'··. 
:,1 ' ..• ,. 

" -. 
. ,._._ .. :·: :<.~.Tw~.<:~typ~,~-- ·;~t ~·~G:~I~men,~.~:~;.w7:f:~· ··ca,~r~e~~;·~ut:_". .. :: .. :In /the., 
· __ :· first <series· (I-YII)', :no .addi tiona1. _.co2 _was aet(:le~. to the : 

_:··:·- .. • :}:..;-_ . .. : .··-~:_-~: .. t':_ •· _.· ..• _-_;·-: >_ •. _ .:_ ... _:·' .· -~--- .- __ · ·:.: .. .,l,:·. ·-· ,. 

··chamber. · In the s'econd series (VIII.:.;X) ·, after 1.5· _ho~rs 

. ~ ~ whe'i1 95% of the 14co- had been taken up, additional 12co 
-. .• • 2 2 . :~; . .' . 
... was added~ The 12co was added from a cylinder, 2 
., ' bubble flow meter directly into the biosynthesis cnamber-

~' ~ . . '.'· 

-~ ~:·.~a rapid rate un~il thi~nfrared analyzer indicated that a 

.·-· normal. co2 9oncehtration had been restored to the chamber, 

· ' then. th~ rate of 12co2 addition was decreased until the 

·~normal co2 concentration was just being maintained. 

': .: ; of 4~5 ml./min. was required for this purpose. 

--~ -

.. · ·.· _The biosynthesis chamber describe-d in the 

·also.· has ·been modified to contain 11hot box" glove ports. 
I 

, the end of the required.biosynthesis period, the plants we~e· 
•-. 

•: '·. 

'. 
·separated into root (R, below ground) and aerial (A, leaf and-:";·;. __ .,,:}:: 

;}~i-~-.~_ ... '/. :~r/·-.-~·-".<-

·stem; ~bove ground) portio'ns by using the· glove p~rts;. This :.<i·,;;;,~r:(J_,::'. 
, I 

I 
f . 
' -_I• 

' • . • ' . '! . ' ~-~--,~;:~: ~~~i~~ _:-~·-r.·.:.~- . 
requ:i 1·:~d about· f.i ve- minutes~ \.'Jhen the plant portions had been·'.:T)r:,·,· · -. 

' 

-~ .. 

': ~ ~ 

~- ' ~ . . ',:.· . '~ ,;·!.::·.!:/~ ~· . 

reparH~~6, simult~heously, the lights were turned off~- e~acua- '~ ,._. 

tion of the chamber was begun, and liquid N2 was poured into .• ·1·t/>·r~~: 

the Dewars con~aining the plant material in the chamber. Withfti·~';,~> : 
. ' ' . . . . ' . . '. . . ~ .·~·· :·.l~~t\0-~~ ... 

15 minutes after the indicated end of the biosynthetic period, '<I-:;(k··~·-.::;,>:. 

.... all_the_f~ant material had been frozen in liqu_id N 2 
·. - ,!· ·-Y.)U'f.:'~,~ .. ~:-

< except. ,_; <•· .:v·::l, .. ·.: 

·as· noted above in runs I-III) . 

Alk~loid Isolation.-- After the 14co2 had b~en fully 
I 

evacuated from the chamber·, the still frozen. plant 

,, ~<: was removed and •'the two portions blended. separately in a'·:· 

. I 
.r , . 1 •. ~ ..... :· 



.. ' ..... • 'I' ---~ 

.-.... '. 

• 0 -.,:-.:-~: ·:;:- ,.,.. .·r-:-:i-:"'""'.·i:~." 

. -'• \~::< .. :i-'. .. /.~~:1 ·: ' 
, '·:\:..\·>.·.~~","-" 

- ~ '": ' ·- .. ·-: 

.. .. 

. _· ;. '\.' . 

. . 

-' "·.:_'':\: ;;:_, .. ~. 

···. · · wa:rlilg. ble'ndor·'wfth:·-50% ·aq\.leou~:f:a9et.on~··,1· . .'.the.;\aqueous · contept; ',<·:.;. · .; . 
. . ' " ~:: : ;:.:.:r:':~ -~- :_·:~>: .· -.. ~ ... ,:::~:<:.·~·t:\:;/_::·.~~t,,';·--:' .. ti/>~~~-.)>·:. ;:.~,· . . .... ·;':·>·~T-:·: . 

~ -.' . '!. 

. ·\·:of th~ 'plant. mS;tter! being lijc·lu_ded; e .g\·~,.'J;.ne .root. p~~t1on. ·. -~i ~::··:;c· ·: 
· . . . : ·.·.:·.fro~ .:f~ur ·p~:nts' ·w~~: bl~~d-ed ·-~i{h·:~- i-~~l~'ti:6~:of · 3~5 -~i :.:·· o~_·' ·.:;,~.~;•:·:~:~::~~F:·.:· 

' . ~' ~- . l ·. .. ' . ' 

' - - - ·. ~ ';· 

wat~r-~rtd,375 ~1. of ac~tone. :The total aerial portion·was 

.... · >. '· ~->._:·treatect with a solu~io~. or 800 ml. of water and .1000 mr. 
:-- ' ~·: 

<, .·,-~acefor:l·e·. The blende·d Pl,ant material was allowed 
~ \ 

·· · .•...... ·•· .~, 2fcont«C witht.~e .a~~~~~.s·\~,Getono _ro~ 24 hl' .• The suspensi(>n:Ciic~f¥*l:(; 
e.red, the filtrate· ·ltias --~·cidified (pH>2) with phosphoric;:;<:".X: .. 

' ·-, 
·'• 

. ,. ~- ·, 

' ' 
. ....~ .. '. 

~· .:.. -.. ~.~- ~· 

.:, ., 

. ~- - . \ ' .· ::_',5_::~/:~~~~-~\.'' : 
.·acfd, and.the ·acetone was ;~Rrn~\/ed :at.· 30° oh· a rotary evapora~ ,:·./:'i/~2: 

., .. ··.: ·t~r .. 2~d·s·~·~uo·.. The·. r~~ul,t:i·L'~~:·:.~.J:idi~· ·~elution after being w·a··

6

·-...• _.~ .. ;-.·.-,-.·.··.:· .. ·.· ... ::·.···.:·'_:'·.·.: .•. :.·_'_· .• ~ .. ···.:·····.::····:··::_: .. ·:···:·:··-~.· .. :_·.·.· .•. ~ .•. •.::: .. ·:_,_· .. :· ... ·.":··:···i .... · . . .. . ' "-- .. :: < .· ' . . .·. . . . -~ ~--\.,>~,; ;,~~; . . . ' . '·_ .. 
· ·· -·:· .. extrac-ted. twice with equar·volumes of methylene chloride, 

, . • ;, :,:·'?>. :' . · .···· .. ·· . ·. ' . -~ . ,' , 0: ;;. ·. . •; ·: ), , ; '.. .. : . . .· .· ·. · · . ·· · •·' . · . ' :i:;iR~i;;,,j . 
··: .'made'.\3trongly.alk<Hine:py :tne:··~'dd'ition .. of 6N sodium hydroxide,;;wp::~:·/: 

. ,; 

· · _ .. ·;'.·: - - ~: · .--~.'-· ~.__ · .-_- ___ - · · ·- ~;r·: ~ · ~;_-... ~_-:-~ r~--_ ·;·~·:.--·t·~---·~·-<_ <:·/-- - · - -- -- - · · __ ,'"i:=.;\·~~~- :-_;_~ --~--:: 

. fl.nd 'th.en extracted contirlt.JOU~(ly'. v/i th methylene chioride for. ·.·'(';;';;:: ~·· 
. ·.· ; ·. . . . . . - .· ' . . . ' \ . . . . ' ' . '~:,,,~:::/;\ 

: '. 24 hts; ;_ The methylerte ·chloride ·extract was dried over sodium··,/:!~·> . ." :-... . .. : . ; .. -~ . <.·y;~:.:/<· : . .-
i ,·_, sul(O.te·a'nd evaporated~(rotary_·evaporator, in vacuo), .leaving':~-::~;fr" ! 

a -br{o_v/6 'oil' which constituted: the crude alkaloid fraction. i 
; . .;_ 

- '~ 
.... ·. 

alkaloid' fraction next was fractionated by 

.. ~·~as :,J,~ci4tct ch~omatography. :(g .1 ~9.) . 
... . ·' .. '~ ' . ' . 

A 1/2 11 
· x 5 1 staihlef?S 

,. 

(24) L. D. Quin, N. A. Pappas 1 J. Agr • :Food Chern. 1 10, · 
79 ·. ( 1962) • """ 

_used for 1 t_he ~ract,ionatio.n. At .169° c. w·ith a He flow'· of 

.·300 ml.)min ., th~ foll6w1ng J:>etention times were obtained:· 
~ . . . 

nicotine, 6 '. 1511
; · rn:micotine, 10 1 15 11

; anabasine,. 13 r 
\ 

~>· ·::.' anatabine, 16' 00" ~ 
. •.:-·'· 

' ' ; . . ' 

'Ihe alkaloids correspondi~g ·to each: of these peaks 
. . ~. . 

,. :· ·>' 

: . . . . · ...•. '., ~ :: . . _:._ ~ ,'.' •, ' : -~ ; : . 

.. _o 



_,. ·.t , 

' ., ,. 

' . 

. · ·):: 

. " ! .: . ,· . , ...... we're: ;ollecte(f"byJ,fc61o'l'ing. the\.e.I'f'lueht' 1r1 li~n\ni trogen t'<,;.;·~:;·~)j.:!~r;~-~{ . 
. ·., .. .'· , . ,.' ~ .. :.· ··: ..... ;,, :; . ..,_.::,; : .. :···;·.·,~··\;.·. '··.:·~(~· .·</·>' , .• '·,:~\~}: .. t~~kt::::·f(;:·.; 

. •. Berlzerie ·. wa:s.;.l,lS~d . :a:s . t.tie in j ec tion>.sqiy~ri t .. : ancf aliq uo't.s: ;we.re: ?-'V~i;~~~f\:, : . 
'· ·' -~ . . . ' ,.: .' ~ ':' : · .... -

, . ' ' ... \'" .... ~ .. ·. .. . 
added so that no more than:-.~~~~~ 

" ' 1f t .·,· 
·· .. t' · ... 

. .· material was injected at any one time.:. The peak ~areas i 
i· . 

. ···~. 

'. •. 

chromatogram were measured with a planimeter.· By using 

··!. ' .· ::::::r:~::~l::o:~:: ::::0 ::::a::d b :::e::: :8::0:0 o:e::::1~:e~:~;¥x· ... 
the amount .of riicotiQe: in each of .the crude alkaloidal .frac- .·.J<~.\t;i· ( 

iorys~::.· Tc;> pr.everit con,tamination, ,the g.l~c •. column was· .. 
... . . - -~ :.· 

laded several t'imesduring tne course of-experiments 
. · ... , 

·' ··-
> To check ·the pu~i ty of . the .various fractions, paper 

· ...... 

-'chroma-tography also was employed. · Whatman No .. 4 paper was :,:; 3\:;;:r.:;:r:::'' 

: . ::::::::e b:o :~::::g c ::e 6 ~~~e::d 1:1:o: ~:g Mt:::a::1:i:Y:::~e:~~~~~fr·r ·. 
·· .. ·. :.· . 

. .' 

-- -~ 

; ,' .. ~ 

···' 
Tert. -:amyl alcohol saturated with water was used -~.)\, .. 

,, phase. 25 ·.NO pZ.iqr equilibration time was allOwed before ·· . '(j~~l~: 
(25) T. C. Tso· and R. N. Jeffrey, Arch. Biochem. Biophys. l'~il~:!}~i~:, .· 

:~i::i::
9

::: chromato~raphy • The chromatographs were ~ll~we~tl~~~1 
to run for about. 10. hoprs ,during which time the solyent frol!t.:;;~<f ~~,{~:{ .. 

. . . ' . . : ··· .· . : > 11{:;~:j~;f~;_;{JL· 
advanc~d about. 30 em. ·Using ·t;he descending technique . the ·. ,;,,:(;i-~:··,~·~~\\.' 

' RF values ·observed were nornicqtine, : -~ 18;· ~0abasine, . 31; 
~ . . . . 

an~tabine,.48; and nicotine,, ;81-.·'·The Konig reattion26 

;(26) .: s • Aronoff, 'iTechniques .of Radiobio.chemistry," Iowa'·.: ~.;:r:·_; 
State University Press, Ames, Iowa, 1956, p. 165. · ... ~· .. '. Z;i::~l~~ :f.;;~;-(· 

. • . · ,.)> ·: ) '· , · · · · . · · · • .. < . ·. . ;i t::.~;w::,Kt f!\U 
to locate the alkaloids; nornicotine giving· an orange·: spot·:,~~:;r!}:;:\ 

. ~··: .::::·.,. · i:;~ ··· ·: .. ;··:· .~-.: • · · · ... ~j·:-:r:,{A\;r~fz~~~;:'~·r:::·. -1·: ·.,,. 



;.,· 

;-.. ·. ·r 
·f ,. 
I 
! 

.';} 
. , 
·;, 

' '·. ~ 
·' ·:-. 

.··- ,• 

···_,;. 

.. . 

' 

.. ·< : • 

. :~· 

... ' ·, ~· ·. 

l . ·.'" 

. f• 

- ~. . . 
-··~ . ,·., 

· ··• .~.·: · ~~~~~~~r-:.~~~~~2:1~;~~~, ,\}.1;~[r.;~~t~j~,:":" "~:·,~~~~·.• ·· () 
V't;~~ .~~>-"f;;;:~.n.~Jl.:.f,;."<,;..,:J,,\-''"~i;~ .,-1/~t~->;.\,r~ !~· .:-·~-;-~ :'t~i·;~,!i.1 .. -r..r.':_;"¢*"'1 ... ,~~/~'-;.h.~"• -~~;;_ev,r(~"~·)'~ ·~4-,.:'j;•'t'~~ 

~ ~~ ~~-\' -::~, ' . ,· ~::t~ .. . ; ~·,~., ~: ·~· ",~. . ' : i~~~ ... ~: ,r-·~;,. .~ -:'· ti. :· :;.~~ ), '\: '~:··~'{~/:· .. : ~ ·-~~:../ ·~ > ~~~:f·. ,.:~ ' ',,~ ;'i<\'!:1\' ~ ":,. ~~;~=~ . . 

anabasine-, a plnk ''spc)t / anatal:>lne' s/ rose. :spot; ··.and ic'otir-i'e. a~>,:;:~·:;·~.~; 
:, . _;.. , ,_··: . . ..-, .. , .. , .. :.<<::"':~ .':. . .· ,_. :;: :·:-:w;? <.:,< .. ,: · ~\';i::·:,, · _.;:· .~::·. . ''· ,i>·' .. , . , ·,,:::<:.~,;~.t~1·z:~·~.,\;, · 

... g?l.d: .spot:;.'. 'The ~adi<?,c_p~mical _pu~·i ty:.of' the· .va_rio~s· :s.:ll<;al~i~(?;:.,"$'\,~~-J~· . 
.. · ... ·. ·-:,~ . . ~. -~~-<- · .. ·- _ . .-.. ··t.._.~. ·~· . -;... . .·: .--_. ·_-·· .... -_". . .• ,~~:_l- .. ~~·.;. .. :~:-~::::'\·-~-.·~!1:.:·r .. :--.···~ 

· fr}wtions .was 'routin~ly ch·e.cked: 1)-y _radioautography ·of·'the F:·:,;:;f~~:!:1~f~\,;:,· 

, above P::::r::::::::g:;P::~i~a:tivity by GLC-Proportional; ~;till:' 
.. ·Counting.-- The nicotine th~t had be~n separated and eurifi~d}~·:.,:·~~;H;: ... > . 

. ; by g ~~.c. (as determined. by: reinje·ction, t~e total recovery-~··}~~{~i~"i;ib·~· 
';-was 80-90%) was utilized. for the specific activity 

tion described below.: -----·--·-- ---·---· ----

The apparatus used is illustrated schematically in 

Fig ~·1·, and consists of a chromatograph (Aerograph, Wilkens. 

. Instrument. and Hesea~ch'· Company), a dual pen recorder (Le~~s;~-·~ta;r:::'(i:'· . 
.. ~ . : f: ~. 

~" and Northrup Speedomax . .,.G) ·;. a scaler (Nuc lear.:.Chicag9 Model 182) · 
. • ' .: ·; •••• : • . ·,_'>_ 

a raterrieter (Nuclear-Chicp.go .Model 1620 B), and a printer · 
. . 'f' ·, . 

'(Digital Recorder Model 560.'A, Hewlett-Packard) .... The flow-

-~- thi60ih~proportional count~~' shown in ~ig .. 2, was designed 
' .. ~. ' . ' . ' 

0 
< <U 1~,-~ 

by Mr. ·rrville Whittemore of the Lawrence Radiation Laboratory,:,.···", .. · 
"· ·. . " ~ . ~ 's\~~; ~~~;~ .i~~· _. · . · · 
, . and is- ·a modification of the counter described by Wqlfgang and .. ;:L.~Si):~<'· 

Rowland, 27 who were the first to use this technique for the 

(27) 
( 1958) . 

R. Wolfgang and F. S. Rowland, Anal. Chern., ~, 903 

.. ',, ·! '· 

counting; of tritium '~~d ;i46-l;~~eled compounds; 
f . -~' . .. . • ' .. ' ' 

_·, •,, 

... ;~ . ·. 

........ 

T;he g .l .c. column used; was a. l/4 11 X 5_1 .·stainless steel. >.,, •. ,, .. l).'.:•.':· 
; . - · . ·· · ·. . . · · . . . . .· : · · ·· ~~?,~;~~;:~i~~~:~\r·· 

J?acked as above :·and held at_ about 198° with ·a He. flow :.',>;tY~·?':~·o:i·-: .. , , . · · . . . .. · ::~.~H-f:Nt.:;.,.;: 
. of. 75 m~ ./min •. T~e retention· time of. nicotine. under. these~- : :;.'; •. ;.:;:c-:j:;i;li:.;(·· 

.. condi tl:na :··wa.s -.~.:12'.'•,• ·._.~e .. proport~oria\ · cou,nt~r· ~Ube w~·~ .. 1Jillllf!t[j:· 



· .. :'· . 

..•. :. ;::• · 'z .' ·.·: :._·.:J:·~1:!':~,I~}It11li~~(~;~~l~~~:~~ .,:_· .. · :·: · .... ,: ·::~;:~~:,~,\ ..•.. 
~., ~ ~.~ ·.• 7t:.. ,- ~ · · ·.:. t ~ \ t "-.~~ ?-, tv)c;l.:;:~.,;t:: i~~~, ..,.;!.~ ~j.\~'~'l ~~ · fff,; ~~· ~ ·~: ,~~ .: :.--., .~ .:\ ;· 'l~ ; ~~~~~t.~~\!r·n~·;~ ,, ~. · 

.f "'"""'-~"" ~ o) f ~, • , > ~-~ :--<,~\ .l •. t,l>o ~ I ~ -/ ';. II;\• <f~ ' •: •' '' ,..lf:r \ ,A' 1 ' ~ 1<1 )! ~·~ ,_ ,J 

he a t(::d ·:;·~o·,·lT5 -:·1$5 ~~;:, Y,':~rie·~·r:(s~··<?r:}:J:l'e~a ft"ng·;~. ap .(~n .. _orcrer' to:~::·~.:>.·:::>::;::;:~;:· . · 
.. • . ' ' l-· '"" ~ ' ...;:~,...., 't ~ I>~ ~ - ' ·<!:i-- • ...._... ... 't<J,. ' ' .. .. • • ~ /;{ .,_, .. ~ ~ .:r~-... 'r ..... 

<pt~~~i-ae~.: a··:g~as·:.:~iii~'J~:e~~-ffi~ t:~~£s~ ;~tiit-:bi·~~Jf~-~ .. :.-·~a··. -~·6u~~ing ~ ·\·t~~;~~~:t1~~;;:_; .. :.': · 
· ·.~·~iinf~•~.s'i.~~;:~~·~~~ :~t:m~ t~lr;:~tif%~&.fJ'~~~;j~:~~:Al :?m~i£; c~~,~~:~~?~K.: ... 

the- ''carr.ier· gas ~-j~st qefore i t;J_;enter~cb the'. cou~ter tub~.~:;:;:~· .. ;:,:;A; .: 
~- ... ~ -:~ .. _· . ,·: . .. . • .. -.; .. -.. ~.· . _-.~:,: _ _.. . .· ' - ,. . ~ ".: .:-;; .. ~: -~ • ·.·~ ·; .... >:. ~ . -~: . '.·· · .. -.;~·~·· "/ . - ·.. . . : ·. . - . . -~-.:~/;/···~ •t ~~· :.;t~-: ---- . 1 .. ..... ~.... ~ 

.· ··. ~:-After .,the. high· voltage s~upply' hc;id beet? .adjusted; ~-?~~t~a:~~~¥r~f,~_;:~> 
- ·'···: ·.... . . /·· ·. . -. . .. ·. <:~- ·, ·_ .. · . ··>;::; . ,._.··-~ .·. ": ' .. -. -~ .. :_ .. _ .. _ ... : __ ( .. ,.;__.l"_>-4·;+~~~:-?:~1~.~· .. ·:::._. 

·the"·cbt/ttter. was operating in the cente~. of.' its platea':l·re~i9n'\~rJf;~}~;;;.~;;:.: . 
.. . . . . ~./·~;·>- 't: ·. . . . .• · c:. .·· ... · .. ·· ..... :o:·.:'P:~r:·;~cr:;~· .. 

. . ··Y::~.~ ,, (ab·out 200. v),. the proportlonal counter was standardized .. · ... ·.:.;i -;2/i:'· 

<" ~--

.·:·:·,".·:;::';t~~i:)se~~~f~·i.:i~j~qti6:~s of 5 ~i ·sample~ :~r he~ane;- 1.4c of know~·· :· .. ~~~:f.: ~:. · 

.. · ... ; '/,~actl.J.ity ti5.76 dpm,ill) were ~a~e. The counts registered by• ,,{~~i~;; ·. 
,' .:'the prop~rtional counter were Printed out at 20 sec. intervals~-<·:':)H' 

·:·,:·.;;,~·by. <~he '·~igital. recorder .. ·~he average background registered:.:;·;:tt~t~t{,: 
.. ,. 

, . ... ·ove:r:> several minutes was subtracted from the cou~ting 

, . correspohding t6 the sa~ples of hexan~- 14c to give the net 
.,;~·~ :.·, :· .... ·"'~··· ·~~ 

•• < "' .... ~ 
.· .• i; 

... ). 

-, 

... · .. · 

··.,·counts reg·istere·d per injection, and equation 1 was· used to 

~-calcuiate an efficiency-volume factor for the bounter • 
. , '' '"'' 

· ...... 
.. .. ; 

: :" ~ ' 

'-r' 
(1) .. e v A N = f 

'i' 
'• 

N 
e 
v 
f 

= 
= 
= 
= 

net number of. counts per peak. .: ' . 'r.:'fl'~··. ·· 
counter efficiency counts/disintegrfl_~ibnS',~:r·;;:·~, 
effective counter volume inml. . '~ ·>:'.~\14').: 
measured" flow rate through the'·C_()unter_:in·~:~.:.>,".' 

ml. /min·. ·: ~;:'', · 
A = absolute activity of hexane ad~~~ in . 

disintegrat;S?ns/min~· .. :-,~~:-. 

The ,·efficiency-volume factor varied from 25-35 cquiTi;'~.:::rril./dis-- . ·; ;·· ·· 
~- \. ' .. ' .·· " 

. ' .. integrations.: Since the counter was designed to ~hav~ an 
c ..... t· 

,effective count~ng volume of roughly 60 ml., the act\J~l· count!ng' 

.efficiency was about 50%. 

.•:.· The next step in the determination of the specific 

activity of.nicotine by this method was the standardizati6n·: 

of the thermal coriductivity detector of.the g.l.c. 
). 
('}' 

toward. nicotine. Several injections of. a standard 
·., ... 

. ~. 

; .-: 

,.•.'; I . 



'j 

l 
li 

-·1; . ~ . 
. ' 

.· lr. 
.. ··__ .. : ~ 

"_:1~~ ,: . 
_;, .· 

. i 
•t 

-~ 

· -. __ · ·-~; ·:~·.··::~:~~~~::~~faf~~i?~~i~~<,~~~r~";~{:;_::;·=~~:~~?~:;;~~:!·_·::~~,·~·:·:·{~::..~:;~ -~·. · . ---~<. < 
. -~ "f., .. t -- ;..,.J~.-f.P ~-~·"'" 4 - . · ·,-. -·-- :· ·· ''.t'· · -:·. • / · '.),: ·, · · _. ., ~ · 

. . · · .: • •· .. , :i ~:.;.::'<tf~{~~~~~~s£ ~ ;; ~;~~:~~;~ ;.,v£~" ~. >L~.f<) ;i, :.,;~;:~<\~t~ .. :ii;~:: . 
·-.of. nicotine ;in~~Qel}.~~_I}e:.:were .. mc:td~ ;·,: a_n~; .a~·pl·o::, of p·eak'_ ar,E!.a .:·.'}.:,"> <':-.. {!;~;~: 
• ~ . .' ~. · • -~ :, ~ : fl · <;i. ~ k - ~ ! ~ ·v~~lr~ : · ~~ ~·:;·· ~·~· · ~ ·:· ·~ ~~ .~~ ·- : , · \ . I • - ~ • ~- • •• • ~ .;·· ~~ ~~:~:~~~~·>~~f::;~.~t~;,~~;~_"~-'. ~ 

>. · versus mg. op ··nico.tine ,prepa~ ... ed '" · :Thi'!=>: plot· ·spowed good; ·-~·-~· ,. }:f,:·~i-.'·"t ... :~:: . 
: . ~ .. ,. · -: · -~ .. : .,._·. ~ · - :~ : ~~f·~- .:~-... ·, /. ·· · · · . : · .... \. : .,:.~:~~;~:- ·"-'~'z~:t~{} · 

· · ·. ~r . 1i~eaY.i ty · iri .the· regioq of ·interest fr?~ about. 50· lJ.g "":to!.}.:~'·· .. -~~;~,t.~~i-:~ 

. . . :·: i.5 mg. ' . •. . ' . ' . . . . . . :-'··~~~,.~~~r 
. . ·The two· standardizations described above allowed :the:.f; >~\:J,, 

·.' .- ... 
. ~ '. " . . 

.. .' a<;tlvity·,and mass of an unknown nicotine sample 
' .... 

~·> t 

'The cou~ts ~~~ t~· the ~nknown ni~otine injection 
; ~ '~ . ,;- ' . 

. . -·. . .. ~ ·{: '. . ' -
, • > ,_":}., • , • ; ,.; • , , :• ; .... I • , .' :· r ." , : . , I ... • ' ' : ' C ' • , • , ': ,.- • ' • • , • , • --: ; , • • ~ 

. ; .('''.'·>'''lat.ed<by subt'ractirig the: average backgrou~d from 
. ~ ,' .. - .. ·., :_: ; _-: ·_: _,; . .. -~(- ': ·:.. . . - . ~ .. ' . . . - . . . . ',f- ; . -~ ' '• . 

;··r~}'·;.::p.,e~;~·.;:~~\~'K; corre~~onded to -the -:~:icot)ne m~ss peale:, 
. ; :;,,prev-J:oui?1Y · calculated ev .rue toi' in eq. 1 then a.11ows. the },;Af~;.:~}·:·,·; 

·: :)·~·;r,:::'at;~~f~;~~ a'~ti'vtt; in <!pm t.O o~~·.~~t~r~J.rled fcir the giv~n. tnJ~7?~f'l~: 
, ... tion·;· . The mass of this nicoti[l'e peak ~as determined by compari":",-;,-·.t,; ; 

:.,:., ·. ;.,, ·::: ::t::e
0
;b:::v::s:::ea:::i:::: ::: ::::d:::::::::: ·plot. :::.;~(!' 

·. / ::::1:~Y gave the specific activity of the unknown rlico~:ne~.~r;i!J~r 
'f•.·. 

'!I .. ·: ·-·: • .. · . . _, ·, . .•. 

-··· : .. Except for the samples· .from run X, all nicotine samples •r: ~"·"·' ,_., · 
- i - . - ;.- :f_::;H~:_:.'~i~Y . 
,.t.. • ' 

. Were 'determined On at least tWO different OCCaSiOnS. When the '.:,.'r~:-~~j~~r:.;Y.;_ 
' ' i : . ' . . . . . '· :-';;:~i;l ;~} ·:: ... 

::;:: ·:•/.:< -,, .·· ·entire standardization procedure was performed independently~. ,~.:::~)~;'l:~(.;; 

: •.'Y~f,, . . Two. ~eParate determinations were made of the. nicotine samples '~IJ;l2' 
from run X, but these were made on one occasion with the same ;·::;,:i:~tJtc:;:.,, 

:: :h:: ::a:::::::::~:: ::1::: . va::: s r::r:::::b ~ ~ity or the. .1iii~~ 
·· In order to test the validity of this method of determih~t·l'l·''r':.-~r·' 

;;,\~;'1•; •i·*ii . . .·· •. .: ,~:::~!f:~~~i:~;;:· 
~!lit~~XJ ~ ,' ing the specific ac ti vi ty of the nicotine , in certain cases/ ~S[j/fW}J' 
,.~.,~t'ilr'" 1 _ · ·.· :the nicotine was collected on cotton as it left the. proportional'~;:;;~·;~~:·,~> 

The nicotine so bbtained was eluted with 
~;I 

the concentration of the resu1e1ng solution establi~he~ by·~ 
. ;.. 
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l 
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i. 

.. i 
I 

'1 
:.1 

:. -~---' . 

• f ····"h":'f"'.·."'..' - !· ........ 
+' ' . ·, .. '/. 

'* \,1i~ 'f ~ ~.,. ~ ¥~:,. .. .-._p '!t. j· ~ ·~ t.. ~_. "~~ 1~ ~ ~.. ..~ \ ~s ... ~""".,r_.. i( • .;,. ,. ........ ~... ·.~., ~ .. ,.; ~'""· ..... ?~1ri·" 'o~., 
" " .._ • ~ t. ., > ~' .. > , :;:tf;:r :.- ..... t • • ' • ~ • .. , .,. ,, , ~ ~ J ~ ... • , • • .. ( ·........ , • ; ·~, ~., ... 

;, . ultraviolet' ~b'so~ption·..,. arid·''th~e·'-activ+ty •.det'ermiried ,by· ·counting·:-·,. 
'•'.. ·-- '._j, <:}·;_'~ .• -;;> •'·';;;);.:.. ·:~},.,<.:>:~~:·..::·r.-::.<\~.: .. ·.;.(;'\;. <:~-.:,··;;·;:~.-:\<::;>·':;>:;~.'·.', 

·· .:. an alfquo·t:·of. th'e:.solu'tion in .a·'·scihtilJ.a~io+)· .. coufl~e~.:,:;, The_~:+:~:::./~.~:i>:\· 

. .~ .~ · . va~ues o~t~~n·~~ b·i· th~.· ~~o ~eth:~d~·:.·~~~ · co~p~~-~d ~n T~~;f~·· II:·::·;}.'·."~~r~~{:<:. 

·.:.; .'. , ' ; , ' ' ' . ' ' . TABLE I ... ' < ·. , , , j0; .. ~f:~;·,; 

·\' 

. ' ~~. 

:r,. 

,, 
I. 

~-- . 
I f . 

'• .· ~ .... -~;.· , ... 1.._ -~· . ·, , ___ _..;.;:..._ _ _..;,..,......,.....;.......; _ __,_..;..,-____ ..,... _ __,..,__--------------....... --.;.....o...:-~-· . ' 
' . .·· :~;·-<' -~~:< ~-·::~· -< / ·. 

··· ... · : a . D<7terlJ!iilatio~, 
·Sample.·':•·· ·· • .·. 1 ·,.· · · ·;. 

,· 

·.5 .72, 6 ."2l ·. ~c/mM 

···0.82, 0~70.JLC/mM 

De term in~ 
ation 2. ·~-· 

:Determination ,. : :,:> ~ · :<·": · 
<3 ,,. · .·. ' ." ;) ,. Averagei\':··,;{':;:; 

-•:if.' 

o .98 ~c/rriM o .71, o .99 0-c/mM ,o .86 iJ.c/mM"/ 
;.' ,·. 

':a Th~:roman numeral represents the e~periment number, 't~e super-
• script represents the duration of the experiment in hours, and 

the subscript, the portion of the plant. · 

,i-. ;-·' 

'III12 
. A 

·.·IX
6 

. 

,• .. 

.. _'( _., 

TABLE II 

Activity 
by 

GLC 

. 40:7 ~c/mM 

5.85 ~c/mM 

Ac ti vi ty. by 
UV/scintilla-. 
tion counting 

47 .4· ~c/mM 

6.23 ~c/mM 

.· . . 

Error 
· in. 
GLC , 

-13% 

-8% '.· 

. .·. ~:. 

. :< 

' . 

R 
-~---------.---------------__; _____ ,;._;..'"'-:-' .~ ,:;. . ': :._.-.·, ._ ~-:'; 

f'-··-·'1:-\. -· ·rx6-. A · · 0 .86 ~c/mM 0.95 ~c/mM 
. ,•.· 

...;11%'· 

... ~ ': 

. -~· .. /,; ___ -~ .: 
... -~ '_·· -~:.:/f'_~·-,:.· '·. 
' P ' : ~r, ,'' .,.._ . \ 

.· .. ,' ,; /·.·~.':;.t:·~··:·. 
Table II demonstrates that the specific activity of:~ 

nicot:i.ne can be determined· by the g.l.c.-proportional 
- . .i ,· 

method to· an accuracy of better than 15%. 
. I 

used varied from 50 micrograms to 1.5 mg., depending upon 

specifi~ activity. The lower J.imit of the method appeared to::.:~-J!;,~.,:.:t:.:;··;/, 
j . . I ..•• ;.; • .'\·Y~1tf:f/i.:;:·:~:'. 

about 0.1 ~c/mM •. In order to dEhermine the specific activity···'·.,.,· 

of the VII~G nicotine sample,. it was necessary to _collect the;'M:~t~~' 



· · · .. -·:; ~,~~r',~:·;~J~~~~,~~~~~'i\~r:~:jr~ t.6~;: ~ ·:· · · .. · . ·:: ·~:~t;~;i~:~:> · 
""tt' ~ •, '~~!I,~ 161'• r ........ ,,,,.,r,..o;-.,>' •-<4>'' '1'"• ~ ""'!>t •",;;. 1 ., '"!'~'' 

. . . : . :, .. .- :' t·:;:~~5~1{\;~·~~rf~:i ~~i}~~,_.:<X::: . · , .·. · .. (-:~:~~fl . · 
'nicotine as·ft'wa'~-~·-~1u 'ed,:fr'om.r..th'~· r/4 11 ''·g.r.(;::~: column a.nd-.'de.:; .. ::'·~::'.:;·.,:' . 

, . .. ·. · .~).~6?~ir:'+;;;.::~··J :/\;C,'<L::.~:\'•· · ·~~ .. · : .·"::.·~::: ·. · · · ·, -· ._·.· .. :syj:z.z~,:; . ~· 
.termine'.i ts !i~t:tvfty,,;Jt?Yttt'l~-·-···s:¢:~,~t;)Jlation~VY··fr1.~thod · descrip~ed::.}:·;2~:··::t:,·;1;{.·: · 

•.. ·.. . , ·:~~j~~"~~klt~~~;;tr}: .. · _. ': ··. ··· ' · · · · ·.··.·. · i?~r~~it 
'The g .1; c·.~proportfonal;···cOunting _method also: sed~;:.¢.:,:""*;;;;:_: 

above. 

,· 
. ~' '· .' ' . 
. '· ·l 

'··. 

··.· to determine .the. sp·~~:i;·ic '~ctl\;i ty' .. of. the· N~methyl group 
·~ 

the nicotine-~·· samples whi.ch had been counted. as .de·scribed 
.. · 

were ~.o1lected on cotto'n as .'th~-Y wer~ ~eluted from the 
... ·-_> • ·~-;~:~·- .-.. ~, _:_: ___ ... .:··~- ~.,, ___ ... , .~ ' ~ ' ' '. ' . :\.. ~ ! 

,. tube .... The nicotine was then_ removed and subjected to a 
(.~ 

' .... -~, " . . : ' :,.. • : i ' • ~ .. • • ' . . ., ·~ •. 

· •. .. · .. MeYer. :determination, collecting the methyl iodide generated: , 

·',·' 

, ... .I . 

- in 250 'ml. of toluene cooled in a Dry Ice-acetone bath~ · The 

. -, ·, :~ _ ':·~solution of CH
3
r in toluene Could now be inje.cted into the .. 

. ,. g .1. c ··~-proportional counter :apparatus and the mass ancf activity"·'·"·~,,.:. -o 

.. ··' , , . ,· . ·,. determi::: ::e t::~:::c::~::ed::::::::a:::n ~i:o:~:: .x 10 , .. · sta~~~~; ! . 
· "· · · · ·less steel column· o:f' 7.5% a~iezon L, 7.5% polyamine 6 (Wil}{eris

7 ::;:;:f~;;;~(·.: 
'. 

·. i' 

.; 
. t 

. , Instrument Company) on 6o/8o firebrick was .used. In this case,!i.J}j$;::. 
,;-_ . it proved possible to use pure methane as the ;carrier gas for ~ ''~~·!:\,::•. · 

'.'' the· g .1 .. c,; · hence, 1 t was not necessary to add methane for '· .• ;~tJ; 
. counting purpose:s.'' At 55° With a flow rate of 40 ml./min., ... :···t.~;r,- ,.A,. 

the methyl iodide was eluted. in about 4 minutes. ·Three 1nje~;:{;,~:&1~f::: .. 
1

:"'i 

tions could be made before the toluene was eluted: _The t~TI'IIl":~.J:,{{';', 
conductivity detector was standardized using a known soiUt!tm ·( .. ~):.:.!>?-· 

l . ' ! '~:·.~l,;-~1~~{( ~~:,k ·:-~' 
of ·methyl iodide in toluene and showed good linear 1resp6nse inX>tj}pJ.·.:fi? 

the region of interest from 10 ~g. to 200 ~g. 
"\.· 

.rf~~~-;:: ': ... · ~ ·, .. countin:p m:::::. :;e d::::~::n:f t::e s:~: ~;~: P::::::~:n:~ 

1f.~~l.·i;;it~ •. some standard 14cH~I in toluene solutions _were prepared, 
'~; . ~t'it.\o~- . ·:· .:. :;,.~; ·~ ~ . . ·J . . ,~ !·. 

~.··~·.,..~·:n;~~ .... ~··~ .... "~~ '/.~: ··:·· ·;.. . .. 
... ~.,·~· ·:·~.~·~"''./''~·.·.' .:.:~·~ ····~·;~-

... ,·,' . 
•,, j 

':; f. 

.... 
• .,'I.~ ' ,·; :··· 
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; ' 
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' 

' . ."· 

. -~ ' 

·.· .. .· .... 

' ,. ,. 

···· .. <' _;: , ... w' < ~' . .. 
~ ;,, ~ ]' . ' . 

.... ··-specific ·activities "we'r~ ·de.t~r!flin~d ·_byJ1;t)':!g .. l.!c ,_,method/·~~;,, ;;i~Y~·;_ 

. ; • and 2) :·tit~;hidn~, ;~{~~il~~~i~~ ~~~;,lfri{.{.'Th~$.~~lues:?~~~~;:;ff~%-
. tained_ by the two independent methods ,are compared -in .. · Ta')jle.:;IJ:J::~..:~.::;: . 

, TABlE III . . .. . .. . . . . }~f,~~:,t~{ 

.... l4CH3I Activity ··ActiVitY by Scintilla• Error. in · G ~L.~J'[~~i; ... : by G o•L. C . ·: t ion Counting . Det ; .·. · " . ··'~'~\•c-
. : 1.5 IJ.C/mM 2. IJ.C/mM -25% .·. 

··-37% 
., .· 

I> • ~ b' :. -~~-

~:..:=..---------=-~.;:::__-----~----.,...;.4~5% ___ ;o::~;;J~~> · ... 
.::::..::..::::.:::=-_________ ...::....:..::.;;1_ ______________ -~5.:;;2;.c..%;.._ ___ ~:·;ii~,(:·\.' 

.. They indicate that the g:.Lc_._-proportional counting method is :\~~:.:~· 
' 14 '.; ., ,,, .. 

•. 

<.~ . . ·,· ' ~. ·.~ 

·less precise when applied to-, CH3r than when applied to j .. :~_i:,: ' .. 

nicotine. This is probably due to quenching by methyl iodide .>.;:;t!_;·~ ; 
·.' .. ~:··i ::. .... ·. 

t The limit of detection was ·about .1- .2 IJ.C/mM, where, as listeci.\::?<' · 
' . . 14 _';,_;·· 

above, the determined specific activity of the CH3r was low .,:";:.~.:.,. 
4 . ··. •·' .. by a factor of 2. It J?equired 150 micrograms Of 1 CH3I of _)~~):i i 

specific activity· q .13 IJ.C/mM for the activity to be detected . '";;]~}~:·.·::: / 

by the g .1. c. -proportional counting method. In instances where n··,::. '• 
. . - ·\;:_~ ~\ :,. . --~·.L 

- .,_! 

~~~:::::::::e:::::: ::t::m:~: t::~:::: ~~::: :;:~:~::::::~ ~:ough g;~ifJl., 
'fo determine specific activities less than· 0.1 IJ.C/mM, · _,~:.).;\~~:S:~~tt:;·. 

• __ ! : - · _ . _ \ ., . _ t . _ • ~ ... _·. ~~f::?}:~.;}JJJ~:- ~- CJ 
the metbyl iodide generated in the Herzig-Meyer determination·::i't~'i:;5:i!,~;rf;,~, 

: . . ' .' . \ ' . :" J:~:~:!f:~::?9 . 
was colilected as before, the concentration in the toluene · ::·,~~:HJB.r/t:'. 

. '. •, :::::·::: ::

5 e::::::::et:o~ c:~~~:~~ .an:tt::o:cl:i ::t:owt:: ::~;::~iif~{~} 
..... · .. \.~;::.·: :( , · ~ :~·.· .;:· .. t · · ·: · , .. . j. :·. ~ ;:_>:·: · . . ; . .. ·: · ;·:~- ;.~·· ;;J·~;r.~[~t~·:~;r;rz. 



· ··· ··· : · · ;~iDi;J~&r'\ ::<~~, ·)~~,c~~~/;:::;;x :> · ~ .. ,,;;.::.;:·~~. 
t ~ -t.;~ ..,~, ~o~..,t~b_:\1' , ... 8~ r.~·,.~~ ~~ ; ~t~ , .. ~,, ~ • 'i . ~' "•"" '· 

·. · " . : ;~ · ~ -}:~:; ~:;f~M~f · 2~!: ~.7::~:-F ~J~J~;,<.:~;;, ~. i,;:;::c.;; ·::i~·~.:~~:i. 
,, '.t· .... ;,~·, ':<-''•:/-"''l't!t·;...;.:,"it't:·~ .. Br'~;~~. ..:~·,j~~.,~:\.:.k:-) )~:":~·i'~f.;;Y'!.·~~ ... .t,._~,r~·1 -~it ... r·~}J'f;''11Ji':.t-.. _~r:· I ~~- t:f.J;~·-~ ·,-·,.J,, · 
', _·"; .. ~t~ii :.J:.·· 'I ~t; "' "~~~'\ ' ~ "'~ \.r'<"Jr"~ !."'"if < •" 1 ..,. " ~~ -~~~, .\'·~·•,.,.';!"; "' t;"~" tv'1 ~ '""• ir' •'e • 1 \ ,-'"t < ( .. ' >..,. ·~ • .,... " • • 

·: this modified'' method js.•·ress- re'liable ·than;-' the.;'pre'vious~ inet.hod;" "!.L · 
... ·. .·.. ... ... : .. .. ..- >: · .... j • ···> ·; "'· . ;.~><>· '~t ,· · . ,_ ~·:·::-::·~+~\::.;:!~~~- ·~r:·· 

sin·ce all the· activity ·_generated )n· the: Jierzig-Meyer is :··:~.?{!::i·)~~;>, .:.':::. 
>_ •• , • • ·:·-~ •• .:·- '~~·..;_ : ··:_.,;_ ;·· _., ••• i ··,;,., .. , ·~·t.,:·:·· './·.; . 1 

•• ·~·.·.f· · .• :.::~<-<t~~·~i'{i_;,,{~{1:~:.:.:.t~ ~t\'.·· 

i- \• 
'l 

'' ., .· attributed to 14cH. I· •. ~The ~peci.fic .· act.i vitles determill~d 'ir{l~?~Z;';'(~·;;V;{'· 

:·\. ·•· ... : .. :::·a:::v::t~:· t::e~:~:::: be canside~ect an upper Hmt~~j~:r,. :~i'f: 
Degradations. A. Conversion of Nicotine to Methyl·;~ ·~~ 

.. ·.·.-. /f.:r, 
_·t 

(\' ='. .:. -~. 

.-. '"'r 

. );·_ .· .. 
. :· 

-z•' 

'' 

.'., ..... 
j .·• 

,. 
'· 

~ ' . 

-~~~~·;,... .,.... .... 

Nicotinate.-- The methods available for the conversion 

.. ,: nicotine to nicotinic acid involve oxidation with nitric 

'• 

' 28 29 30 , ·acid,· potassium permanganate, or chromic acid. The 
:·t, 

'· (28) (a) 
J. (b) E. Leete 

S. M. McElvain, Org. Syn., Coil. Vol. I, p . 
and K. J. Siegfried, J. Am. Chern. Soc., Z2, 

( 1957) . 

(29) (a) R .. Laiblin, Ann., J-99, 129 (1879); (b) B. L. · ~:,··:(<;;~r::,: 
Lamberts and R. U. Byerrum, J ~ tflol. Chern., ~~ 939 (1958). ·:iif~~~~/t~ji) .. : 

. :.: ~·~--~·~(f~~~- ~-: >:~~. 
(30) S. Hoogewerff and W. A. van Dorp, Rec. Trav. Chim., 1 ;; ;:•t·!: .. > .. _·: 

: ~::r::s:::~ :~1::::~ ::h ~e::a::::i:~~
5

:n! :g::~:micro •. rr:fllt; J 

,. degradation of radioactive nicotine to nicotinic acid accompanied·.:I:Ei> 
. -~·-·;.,.: ,•. . ~;'.;··· .-,~.:--~-~~~~~~/··-: 

. . ... :; :u::r:::::a:r i~:::::::5:~:;::::l~::::::~:~ia:h::e:::d . ·at~;~f 
generation with hydrogen sulfide led to a 31% yield of nicotinic,:>t\., · 

. . . . ·--(~~'< :::· ... 

·.acid .31 A similar purification via· the silver salt was deverobeJ29b ·.· 

. ~ . 

(31) E. Leete, J. Am. Chern. Soc.~~~ .3520·(1956) 
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·,·:::'•perrriahgabate·; to<;ni9o:t'tne: is' 8 ::to ·1:, .:,.' ( lii).~,-.tn~~:-·prefei'r~.t:F Ill~t,h.oth.·k:~,~~:::· · 
'}.~''· . : . .'··~ '.~·:< .. ':';<; <.i' ·:::~:;.).;~;·:;.£;_;·: .. < .~ ·. •" . . • ': ,, ·, __ ~· . . ?.''· ,• ; ·, :' ~.''·.·.· ') .•. ::::;<.~·:·,·"'<'; ,:; ~')~};::i~;::\tf~} .. . /· 

'· .. 

" ,1s.o)ati6mf"ot·:p1¢.otihi.c acid 'is as. its methyl ester.,·::l:lnd:.~;y:}_,:.~:~~t;/:' . ... ". >·<;.· .. ·,.~:::_<·;:·:~ir .. ·· ... ~~ · ·· ..• ·· ··:. ·";.·::· :;::.:f;:~,LY::~~~;;,r:! .. ::; 
· jiv) 'the·pref'err.ed·~met.hod of purification of. methyl nlcotin.oo::~·~·~::.-1:):~ti;r(J::·· . 
. -· · .. : -... ' .·.·.'~···, .< .~ 't_·:·!.~.f·~~·~ ,<' .... ' ·.· .. ·.- ·, :.:.~_-·.· ' .. ~.·· . . > ., • .-·-··:.~ •• ~:;~.:·--~:-._·<:;;;~~:0\~>~~~ .. -
. ate ts·.·. zone melting after an initial sublimation. · J?\:,~i~:'.$t!:··;;:r · 

··' ... ::.. . . ..:: i• ._ •. · ,,..,_ ...... "... . ·' • = ... .• ""':-.~---.:"."-.f)! ;·("{:: .' .. 

· A typic.al· .d~gr~dation involved gradual. ad<U tion' o·f _a)!i~{rJ; z;:~, 

.i··:~:solution of .jl45 mg ~ .· {7 .26 m~oles). of potassium permanganat~i~:;" . 
.,. . ._.. -~ ··~ . ,·.·· . "' -.~ ,,· ·,,, -~<;t.·.:.~~::t 

< .. in Oloo'•mf; 'of water. in 30 min. to a stirred sol'ution ·of 147~:mg<. 

(0 .9r~ITimoief· of -,~icotine 32 in ·100 ml. of water~···· The. mlxt~·r'~·:~t~i~x:l·;· .:,;,~: .. 

... . , • ·.· .. ' . ,.. . ' . •.. . . . ' .•... ' .. ·:::.~~~ilfi~·. 
· '(32} The :radioactive. nicotine as· obtained above. was: re;:.. (;~:;-~~ /t.: 

purif.ied ·by gas-liquid chromatography, diluted with inactive·]$;4\5~; ;;;::.·_.• 
., : .. nicotine,_ and counted by the. scintillation technique; · ·. · '<, ::;}~··.j, ''t.~~. 

\.EtOJ('262·m11 € 2910 ;, . 
max · ~""' ' 

,.· 
. ~. • ...... : 

·--~'. ., 

was heated on the steam bat~ for 16 hrs., treated with a 

drops of ethanol to destroy excess perm.anganate, filtered 
" ~ ·,. ' 

thro1~gh Gelite, concentrateci':·to :.dryness at. reduced pressure ,.:'.j;;·::>I::f~{:~~\ . 
. -·~: ·~:_ ~' . . ·. " . " ,·,·~·~;.:~~~~l:~~~~~{t~.'f·:~~ .. 

_treated with 1 ml. of cone; sulfuric acid and 10 ml. of an• .·::·.~·~;l:f,::~·.: . 
. ·. ~ . . . . . ....... · .... : . '. :._;>:':_··:~-~~·~~ t~-;~:~~J;:::<>' ;· 
· hydrous methanol, and heated at reflux for 2 hrs. The volatile·.:::~·~~tJ~;::.~: 

. . -:~:· ;'\{~,;~.7:~)~f~·i. ~.:-.\' 
sol vent was removed rapidly at reduced pressure"· and .the resi~ :T~Z~~};t~~(,;/:. 

. . . .• ' ·:: .f{1[;ft;; :/ 
due was treated with 10 ml. of water and excess sodium bicarbon~·;.'::\/l?li:}':; 

ate and extracted with four portions of methylene chloride~ . 

The extract was. dried over magnesium sulfate and concentr.ated 

at reduced pressure, .and the residue was s~_blimed at· 35°/30 
: ' '·, -~ 

onto a ~iold finger maintained at 0°3~·yie1ding 90 mg. (72% 
I .. . , . 
.I 
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··.j· 

Et;2: 
'., ... ( fl~sk:G~ing a water rinf:)e, treated with i-t 1 ml •. of 12 · N hydro..:..::,· , 

,y. 

. :,·, 

·chloric acid,. evaporated to dryness at 40°/10 mm., .and 

with 1 g. calcium oxide. The entire solid was transferred td 

a mechanical mixing device (Wig-L-Bug) , treated with ~ drops 

of wat~r, and ~haken for i ~in.36. HeatiQg,of th~ resulting 
i .· ·1 

~~:·, :: ~ : 

. >~ .:.......... ,.._.,., ... ~ ........... --~-· : 

(36)' {-This procedure· is necessary for reproducible. and 
successful decarboxylation. · .. ,. · , 

·.,,;-
,.: :' ~ .. 

in ·a, stream of 'nit'rog·e·n<.iri. a{glass: gre'aa·e~free· appara~~s"·" ··:d:·.· 

r,~; J\';~I~:i~~]~J 
( ...... 

·, ~ ' 

. ~I ' 

~ . ' ,, 
··.:·. r. 
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., .. ·.· 
·.,. 

.,··:.• .. . ·• .. ~he:.:pi~~t*n~:'i•~~~i vi ties ;~Ob~~ined,Jn : .. ·~_e2: ·-~~9synt.~e~ft1./~,;JJ~lf~:t:~:·::r_ 
} exp,e~i~ente i:" • ~reSented .in· Table. IV·' • }nla~r ~ '\~1' l'!~~;r<>i;,t:·.: ___ ~'' ~ 

. exppsure to co2 . was ·• for 2 hours or more, .. radioactive· nico~:;:~/~;t;.t:>.· <;.> 

, . ··•·· ··~;::t ~:::::e:~pe::m:::: t::::l t:::b::i :~::::e p:::e::d::u:nt:::~~(1i%~. 
·•; 2 , in the last three experiments, 12

co2 was added afte"::';;~4~{l:i:;;,, 
.. . 1.5 hrs. to maintain a normal carbo·n dioxide concentration.· ... ,..~ ''£: •• ~ .. ~•: 

,·;.· - .. ' 

,., 

carried out .separately on the. aerial and,,, ~~:. 
root p~ant .. sections in each experiment •• · \. ~Ef (.._,. 

ti-Y,!;p. 

i 
Nicotine assay was 

1The various data of Table IV are presented graphically. ;~1:{:·~·. 
: ,~;~· )~'1i\ ~ ;~ ::~ -~ f, • ..~ ~ •.;;';_:o' .{.-,;:~;: ·~-

. j~f~J~;t:(:?','';::·;In Figs • 3( ~d '4 ·~·£·Figure 3 ·· show~a :tie c~ange ,,in . ~pe~i~i~ \\tlll1l]lf1 
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, <' Bi::y,:t:e~is :(;e::i~rrr.o~;l4t;;F,E: ·· , ;]':~i:~~*') 

:,·_ < 
. -~-: -~ 

._ .. ' 

.,. . .. , ..•. / .· ·Total e~~::~>p.~;;~~.':.t;.. -;- .• 
·. · l?ianf· Jlfco (· .. ·'· ). .. pos\J·:re .. :ts·· ::~ :~~j~':i}otine~·,. 

· · 2 rnc · ;r: ··Ih ' ' · '·>· · •··.>'-''< ''.; "'P ... act i' 

.?'(1{8}:,:':~. . \h 
. Nicotine .. 

'. . . .. . ·:. . . ·'. 
Nicotine 
mass, A/R 

/_·"· -.;.·<;. -:..: 

N:ic~tine:·-· .. 
'··· . ' ·' ·• ., 

.. total··acti;...': 
~.-- ' ~- .. 

-,~--· 

;.: . 

;:~;;·· < -~-- . ' 

.·..... ... 
1:.~.:~ .. ~:~ ~~ : -·-- . -~ 

.:{.l~!.l·;:~t~:,:·~.<:· c. - '"'~ 

absorbed \' .. ·co2 ;in's ~·:_·~( ~~t~ ,p.c/m~' 
sp. · acti-
·Vity,. R/A vity} R/A':) 

<. 

24.0 

29.3 

. <:.:-. 29 .6 . 

' 

'30 .4 

,;.:_ 
... • 'A'" , ... ~ ... -. . v. . .. ·30 .6 

R . -. 
-~ ; .'::>{ 

·-./·"• 

VI~~ ~·-::f., ,:~:;-: , 

X A-:\>···'· 
. · R ... 

' . 

36.7 

30.4 

30.6 

36.0 

to the aerial 
. .;: l2:._ 

1.5;c;hrs ~, . co2 . ... ~ .... ~-. -
.... . ~-~ ·,. ... : .·; .... 

added and maintained at normal atmospheric concer1tratiO~ •.>. i.'·~ - ·. 
:~~·.~ · .. -~. -~~,'-~ ~-_. ··-~:- ~- :;' ~-:, -~~-, . . ~ 

was 
~~ --... . . ·; ~. ~.: ~. 
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•} ''•!, "¢l'l.' ~·h·< ~·"'~J'(•- ~ ' i<!)<~ • .,)11: • J)',.,; .. 'fo"''!;.'r,..- ... 1"/ t"\'"1 -+.::¥ r~y"'''.t'l~~~< ~'1.. 

Percentag~ ~~o~_:}T9_ta1. Nicotine ::Act+vity.:~Ju~:;_;t.s.-~-:r:',.,;~;"~f~~~~;; .. ~ -h~: < .\ 

Various· Degradation· Products· ' """ ·· · · '•" •. , v ·~· 

. .; __ ·_;;.:.........;..·_a"'" ~-Methylb Ni~~~~~!te 0 ~yridirie • , ..• ·:c~). .. ~~~"~ 
< · A <le · 8o 75 .,.., .. , 

.· 
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~· . 

•) ~- \-· r·"'': ... ~··':..f(l'.r ./t ""'~ 1'1 tr·.,.~j~,4'-t" :. 

, >:: iym fr :.' ·-· • ".. ';·· "· ,. . 4 ~f :~.:~!'"' :·:: ~Ji' .· .. /~ 
VIIIR 85 · .. ·%';,~i"· cirt~,l·:-86"'!:-... ~~-> '· · 2.7 -:.· t.~ .-· :..;.'·W:·1·,:·;:.>.<.-~·~>·{i: ~:-··· 4 · -·, .: .. 4 ... -t~~' .. :··P · ·i"'t ... "~.' .. ' "·~· ~ . ;,.~._ ·~~ .. t·#.~·._~.;_~...,;r_:-v:·:,.6 -~;..,.,.,::.,...; · ·A .\.-,:.··:~:· ... : 1, t'--..t f\~r-.:·1!"• ~~"';j ~'·001. .::t ..... •r.J ~~ ~, .. l,..l ., ,"1 'l""';rt.::i ~~":.-.,-:... ;· ;::;:_._;"'·~.,f: f 

IX~·~·~ . . . 8o ; '::~;;:~;f'~;~ 82 ·.~· ''/~\~;;o. 8:~~i~:;:f-'t:ti;f,~~~lf!1)~:~~· j 
. IX6 2 7 ' -'~"·~ m··~t77 '1 ~'': ~r·. 68g:? l•;;;, ··o. 3 '· ''i''~ ;. '···"Y'}~,t-, •. ,. •I, 1 !',:,.•(• e' ;· 

' ... 

Ti1e. Roman riu~bE§r 'ctesigna't'~~- chronological sequemce:,,·:the };:~:~::;;::::.:·. 
. ' subs(~:L·.i.pt designates'- the houris.: of' metaboli.sm frbm .the be~ . . ;.'!~~::~1:(?;~~-~',. y 

' 

/' < . : ~ihri:i:.n)s· Of 14co2 feeding, anct··the· superscript refers':,to' the-~;"~~~.~!.~~;.;t;:.~~-t_;:~ 
a(;rJtil and root portion of the plant. b Determination .of· l :.' .• ,:~fi:,:·:~;;·:~~,1.;::':.t'-~'i _ 
N-methyl activities was made with undiluted nicotine of ·· - ':·:·:-~:. ~'-:t!:;I 
specific activity as given in Table IV. c Obtained from a .,-.:.~·:f.t,;;-/:·~~(iC 

;'·/> " portion of the nicotine of speciJic activity as given in :~',~v:A;~"·-
?;~i~ .. :f{.,;_:.-~~-:~_~:.'.:,~i- , Table IV diluted with approximately 150 mg. of inactive >~'f~r~(t~~;~:fif;;.::, 

·:·~-~.:.·•:;.·:.:;:·~:. , .< nicotine to a final specific activity of 1-0 .1 1-J.c/mmole in /;i{i~ ~;,:;t~:~;C?" . 
·, .. J,:;:.::}L.''r\•· '.';,' ··.,~most cases .. d The carbonyl carbon of methyl nicotinate, _:,.:)~ "'·''·J:·;~~r~·:·. 
r::~j;~>fl·.~(:\;i:·:(;:·. · counted as barium carbonate. e This arises from the experi~~(f~ ·~~Wt; 
;~ ::~,~K.1·',_; ·:-."~· .. ;\::"·;',mental. error in detecting low levels of methyl iodide acti-:.-;,Y,;1, },10;_;:_}." · ~r· "!.,:., ...... · fl j .,.. · ,:. ·:~:~"'~). · .. ,.· .... <· vi ty. _ The concentration of methyl iodide was determined. :t,Ti'_::~ ;~~?h.;'. 

' \ 

· · by v .p ·9.; determination of activity includes everything .~}i.)iK ~·;f~",:·;~. 
volatlle that results from the action of hydrogen iodide on/::~/(' i~/::':~~-. .! 

· nic<;>t:ine, since the quantity of methyl iodide was too small;:it'f~-~ :·ti)*1~:·. 
to J.solate. Therefore, these values should be considered· '<:;w,.1~,;l?~)··.". 
only as upper limits. fi This represents a minimum value and ,is:~.n~~P, . 

. used .:in any further computation. <:·:;;~_;-:::\~i;(}::t:·r.\:~l/: 

, -,I . , , • : , , ~~~fi~~1~WL 



.-_.· ~ ~:,:";~r&~{f:f:;_:, ~~::;::?~;1-i-*1 ,~~{~~~r· ~~ ~:;?§::: ~:1;:.%~ ~~-~:-:~,~·-
, • ~ ~ ;,1'.. (''-.· \. ' ' ._;,.~. • • --.\. ! _. ~~ 2 4 .. ~t;.U tj 'ii • "" 1 ~ "~~.., ~ ,.:v.,~ : i ·, , .,. ~ . _ • ~ \" ~ . , • f,.; ~· ' 

:,_ . --· : -. _ .,:::JH~;:~~-· ._ .. ~~Jf' :r: ;:·.;~Z~f]C:::·, ,,_-<_)ft~tt:~;;e-' ~ . -~: 
.~..i · .~. activitY.:.of:. the:·t .. nicotf_n~~.in~:both PC?~ti<.?ns~_of .i~he '.Plant·,.a,s.: ~,:·: 

. · ;< .·. ·. ·r~:,,,~·;:!;:~.:;.~:;:\;;:~:~\·?.~~~)r,:.~· .. r::fYz0;<::: ,:;.·;··:r:"i···· · ~;::·~:~;·"-~i:.:,<,~t>t~:.·~~·::::. · .·.:,~r{:~·>,.::?;)i~ ~\i.~·: 
.. , ... · · ·:functiqn of:.tirJ1€l:qf:exposure(and· Fig· .. 4:·.JShows:;tpe same:<>·,·:t 1;;::,:·· 

.;'!·· " _ ., .. • ·· func t1~r( ;o'i th~. ;ra Hd: ;,f tot~ 1. ac t1 ;,; tYi>-.; J10ot1ne ;·~~-:~ ~ft, 
· .. 

1
, ~. Distribution of radioac.~i vi ty' amohg various ·por.tions<' . 

. ··~·f·: ,·.<·~. ,~'·ofO:t~e 'n··~:cot1rie ·~olecule :is p~ese~ted i~· ·T~~le V 'as>a: p~~~·~i~· 
'l: entage of the total ~icotine acti vrt;.r. _ The portions ~~.r~:~ ~-t 

·: ' which data are presented are the N -methyl group and the py~id.ineN:;rc. . · · · · ·. - · · . . ·· · .·. · ··. ·<::j~i~:-~:ri.-;· 
''lr,/.:. 

<,, .ring and carbon-2 1 , the latter being presented collectively as·:::·};•l_,;:,;;; .. 

_ ' ~ . methyl nicotinate, and separately after decarboxylation. . : 'f:'~f::L 
Figure 5 shows the fraction of activity incorporated .· "[.~':1flf})'::''. •'. 

! ~. 

• •" : . . I . . • ·: . • /_:~\~I,~~t/~~:~.~- ' .... · 
·· · · · .. : >into . the N -methyl group. ·The percentage of the total nicotine )':·~~7?t(;,: 

· , ; activity found in the pyridine ring is plotted in Fig. 6 a~ }:~J[{;; • 
:·. ., .. :a function of exposure time. The value for the pyridine ring >!;!;~11:1:; . .. 

. ·is the. average of the pyridine value and the methyl nicotin- A~li'4:::·; 
.~·ate minus carbon-2 1 value for each experiment, and each point· /ic~·~::·t,': 

.. ,··~.t .~; 

._ ~ . i . 
. t.~ .. ;: 
-~ 

·1~ 

.::· ·' 

·~ ·~" 1 ~..-lt.,·t:· ... ~ 
. ·. ·.... . '.. ' ·.. .' -~·t.j.>._t~- .. ~ .\ ... 

·· ·should l;lav·e an accuracy well within ±4%. In the same fashion,::::;~)fzi~i:.ci 

_the percentage of the total activity found in carbonc2' is - w.:~~Mr 
plotted in Fig. 7. · ::~J:'·zl'~·~,v 

_. ~ 14 . _ · _ -•• ~I!ifll!!·i 
Incor oration··or·· co2~.-~·In.spite;.;~:'ft~:~ .. 

. . _. -·; .tor . . th~~-. large number ·or. exp~rime~t's. ~concerr~ling the biosy~thesi~',::;~'~f~\;:.1~:· 

·•··· _.· .... · _. ::r:~::t: 'o;h::: . :::i::: ·_ ::::::':;:n ~:::~:T:::i:: t:a:\::: . '::til;:; 
. ~ ~ . \ examine~. This lack is particularly true fo\r short term experi~1Y;.' '•:':A · 

I 

.. ments in which· incorporation· of a. potenti13-l precursor into· .-· 
. :: ~;, 

.. , ·nicotine is examined during ,the first few hours after 

·,. 

. ,··.'. 
... ; 
·•' ,,·· 

• 'I ' , ' ~ • 

1, .. 

.• · ...... ! 

. ·.l'\ . : 
; ~ .. .. . : '.;. ~ . . ·~ 

... ,. \ .<··'."',. ·:· ...... ·. : 
. ·J~ . ,.. ' .. , ... ~. ,• : ~ . .. ··· .. ; ·'· 
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.. · ·· . :-: :<· _{~ ... ;.:~~:~~~~tl(·~:i:~:;.f:?.=g:{f~w;~1;1;Jiit.~~1i~;,~~·~;t::~J~1; ~~:~{t: ... 
only .' reqen t ~y,:,_qas\:th is· .''t.ype_ ... Pf:· ~exper.ime~ t_ :.be,~~ ~arried :out:n~\;~ :~:;K/\~ ::· ~: 

. . \~t· :...- .w.··~ . . .,_:!>: ···.;;1.- . ' ·,, ~... -::- ... ">:.-.....· .... ~~~~ .. ,..ilt ..... ~· 

Active 'nic~tin~;--;~~- ·is~lated38 ·'o·n~ h;~~~--~rter~ .f·~~ding ~·cet-~t~~2.L:J.~_c;-' . · · ... · · · .. · ··· · · .. :. · · : .· ··~~~w:~$:~u, . 
.. · .· .. W.~3~b7 1 19~2 ) Wu, T · Griffith, and R • U •. Byerrum, J • Bio 1; Ch<im. :? 

. , 

·.-·· .·' .~ ... · .. ~ ...... ----------,---- ·. ~. ,. '1.:·. < ; 

'. •' 

' ~. ' 

' . ':, ' ~ ' 

'"· 
two hours after 

14, 
aspartate-3- C; 

feeding· glycerol-2-~4c·>- propionat~.:.2_l4c·, ~:r.·· · :' ··· ······ 
and three hours af.te~: .. f~eding acetate-1.-14~: 

~ .' ·., 

14 ... '"':;_·;':.<•::,'":> 
i. to the roots of N. rustica ~ In the caf!e. of aceta te-l-. . C 1 - the_,.:,:: '.,;i·: .. : 

····• ~::::::::t~::m r:::e:Y t: :::t::u:: • 6 ·:h:s i:::r:::::::: ::e.• ~~Jtfl'~, 
· •. ~cetate-2-14c after two hours was found12 to be about 25% of--· ·:.-f, ·."' · 

·~ •... •·• . ::: t 8::::rd::v::v::~ s :::r:::e: a o::e::: 'w::a::;r~:n:::a~n::J~?;;;;}t.· 
.... · . . •. J •,, ~· ::c::: t :::o::::a :~::e::e:c;:::e ::: l::u:n :: . :::o::::" :s w ::: .. ··•··• Y~~~t 

the ·level at six hours being about· double that at two hours. , ..•... , ""l''"-''' 

The most rapid incorporation reported39 to date is t~e:,fllf!t;~, 
(39) T. C. Tso and R! N. Jeffrey, Arch. Biochem. Biophys.';. :,'(!~<·· 

~' 4 (1962) . ' 

. . '-~ , ..•. 
···;' 

·;· 

, .. 

detection of tritium in the alkaloid fraction 30 minutes 
' . ' 

after the roots of N. rustica we~e exposed to. tritiated water.~~~$\§j~ 
' j j:~;~;l7.~J~?:fJ for one Ji1inute. However·, this result is difficult to interpret .. ; ,,J,;:·-·> .,. 

in terme/ of de novo ni~otine synthesis because of the possi- '.-.:;.;.~-~~~~•'•' ;· 

, bility ±ef::~:e i:r~:::: :~c::::e t:::h a::::i::e:::::r:~ ,}}gi~{~~~t~tf 
. . . detected in nicotine two hours after exposure of intact.-:· ... ;.; ; .. ~~,.:··:={~~~..:.:~.,., ~-:· 

. ·: :.;, -· · - . . : -~-; :;·~t;~~~l:~r~;.~rf~~<+ 
•• ' [<, .!~ ~ ... \~1,:,;..\':i~-,.~,~·" J~:\" ::"' . , . ~-· ~· ··" \··~<·.~.<~\YJ~t /t·~ ;;t~1r ~t:..~:,~·~· 

· ~) ·
4
·.' :, · ~ · c', -.~~, ·~ 1 \1 J~ -:, ~~' 'l" ,)>/,~ .. (dj rj;>~·~rJ,-) · ' 
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• ( 1 .-,('~ ~2 ~ ....,,,~-. 't ! 1, l ~ '"'"'-.:-' t.~. '; ! r\-•,·.. • .. ,. 'f. -~""",..I- -tw, ,.., 

' ,._ ·~ ~ , ~ • ••' ~ ~""' ~·"1 ~ ""'"' • ', f !f ii.,. " 1 ~ • , "' ~ ·~·-.·~ ~~~, • r' 
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· .. 'f·.-. '· .:, · · :·:·· · .• • .: ::;· -·~: \ -3. •·•·. ·· .. · '·. d: .. ,:)~t-4 -~·,:.·:~·?:;:.~- >t··-~~·:;i:·;":; .:_,·_;<:-r: \-:\·P-l-r::: .. ····.\·:::r:::f .•. · ::tH~··;:: ·. 
.. . :: N_ .. :·g1uti~osa·; plax;ts ;:~.~~.~--~ co2X~f~~~~~~-: 3·.~;.+ .. nd~cat_es_:::~ha~·.·::~!1:; ... ~~~.s~:Wl,~~~:. 

- ... : ... · 

' .. 

-. ,,'!,: 

, ..... 

• ~ ',.;, ~~ ' 12 ~ • -< ~ .:;.. ' - ~' '• _.., iA ' 'I • ••ljo, _., ., ' '" ~ I "i- .. ~~"'"; '~~ "').'/ • ' 

· runst~he~e rio. co2 )s_··.-intr~dtj~ed· irito ~he sealed expo sur~ ···c·:;· :;'·?';{~~~··I(: 
chamber' the. ~axtrrium iri~orpora~ion. into -'root nicotine.' 

' . . ·. . ' . . 14 .: ' 
place between four and seven hours after exposure to co2! 

. . . ,: In those runs where 12co2 . was added after 1 .5 hours t;o 

> tain the. co2 concentrat.ion at about 0 .03%, Fig. 3 indicates ':(..:'.>P·it:L•· 
. ; : ;~"~>?;(:i?f ~j: ~: :. 

·. · -~ two regions of rapid incorporation, the first occurring betwee~.;'~::;?'g,J.: · 

· · .two and four hours and the second occurring between six 
14 :/ ··.> ,.. twelve hours after exposure to co2 . Since very little 

••. :'c . 

. '' '· corporation of 14c has occurred by two hours after' exposure . ~ . 
. :·:·, ' to 14co2 , in· the case of the four-hour run, only a small in- ·:·;~i:'i;}\~:~•h,-:;. 

· .. ;/ :corporation of 12£ can have occurred from the 12co
2 

added · '·'~:::tr~~\:1~t!1~}k~·( 

·,.' 

:;,, 

' (; 
(;· 

' 

,., 

.. 

¥ ·- • • ? ... ::Fr~·~::·~~1~~fi:)/~,~-: · · 
2.5 hours earlier. For purposes of the following discussions;;,:~,QFPr 

>·therefore, the four-hour run · (VIII) is considered to be 

·a 12co2 added a.nd·a 12co2 not added type experiment. In the 

runs where no additional 12co2 is introduced into the 

, ·the metabolism of the plant, and thus the synthesis of nicotine,i,.;\::i;,:_·:: . 

' . ,,would be -expected to come to a halt after a time,. a~ the pre- :;:·~~if::, 
cursor pools become depleted. ·After the rapid rise in activitY:i·::;t;:·~; .. :.· 

. . . . . ' •. 1 }: [::::~;;~/;. _.: . 

· · between four and seven hours in these runs, the specific acti..:. ~:::;;;:(./'·., 
. . . . . . ~ . <;:~:·~~;~-,l{~:};;. ~ ·:-: 

vity curve becomes level, indicating little new incorporation·: :n~.:~'.:;t·: · 

into the root nicotine during the remaining of the 
.... ,. '~ 

j.' ·experiment. 
' '. 

.. In those runs where the co· concentration was 2 
tained, I the plant 1 s metabolism ·would· be expected to continue··· ,·_,·;;'"l:.,j:·. •.··· 

, .· I o . . . • t ;-.:~ f(·~tii:Ji!':::~~ ~:·.'·' 
· · at its ~or~al rate. Figure 3 indicates ~he firs~ effect _of' .. ·.:!;~rf;J;~~!~:;~}?;:,.:<· 

i 12 . . ~ 14 ,' ~·~,~~ ... t~ ... Jt .... ,Jf;.14.•. 

·, the added co2 is to caus·e rapid incorporation of · C into·:'~~; :J1:/l;:t:\? 
• f' - ' ~\:i.\'it ;~f·~·v ~~f ·:~~ ,· 
'' root nicotine at' 2-4 hours versus_ :the ··4..:7 hcnirs' fn the runs .;:~~~ :;;:1ri:·.~:.i\· 

; ·. •. . . . . ' . . . ; . • . /if~ll~if:~·: 
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'' "< '~ • ·. ' , ,·. .. ,, f, : ', ' } '• I' ..._. .._t ~ ~· 'N., 1\~~ r ' .,.~ ~~~ .,..;u .$1 ,b-r .' h:tlt~~~1f.-~1i ·~,1'~ •.,'•-: { ", ._:• .J'!""'~· t">\J '' ~. "' .J.1" ~ '.-\ ., • I ~:)~ ''~'I'' :t;jl I. ' , ' 
- r ·-... .({;'.t~-,.,.; ..... ~ ........ ~~-·'"'i,"'i-1"'1-."r""·~·t ·1" ·~>f~ •• ··~~:f· ... •;:-t~ ·~i;.,r, 1!,,,~'<'' ,'~<·~~··~ .. 

·, +.'• • ~'l.~·c~ '12 '").•:...,.-~~~~:J,Yf11S.-~'l>.;', ,,al~<lo,f•~\:f"'~·,.u.,.~·~<'12•o~"'~"f~t ,..~.._,'-~.·t,h'~"!. 'dd'.,d,_'_..,.'!,,,.~ )l-:,;-.,"'ot;t•/' (,; 

. : .where. po oo2 ··is\ a4qed:,;~·<How~v~z::,,tas_"' ...... _ j rom· ... e ·.a _e r:~:~~·\,~-t-~~?<\.· -\ h 

,• 

i .. ; 

···L. 

.. ·. ··. · 12 Co.
2 

_a1 .~ ~e~~n~-: i~~~~ '; in~~rJ~r~~!~l:tJb~ : t~~ -~i;,;,~iPe ; ' th~~{}1~;~;{ ! 
.. ·•··. .._;_ .·.' ,.·· . -:. ·. =.' , ...... ·~;.'"·::.'.:-·~~~ ··~·.V~~:~t.:·~·.: ·-: 

, 
·'· '· 

- ~ . 

' periocr of:.rapid-incorporation'is :not·. sustained. for as 'long>.a:: l,•<:-;;~;;'7':: Q 
• •,,:: ' ' • • • • • . • ·'. j • • .- • •. ::, •• ·:;~i ~:·~,~;;;' Q 

..-time, and the activity does not rise to so high a -level as~· .. :;~-y :~:'.<? 
. •. .· . 12 . . .· · .... --;+~?~, ..... '~;~.~7 
·when no ·. co

2 
is added. The plateau from 4-6 hours represeritsj}~;:;.'i'~ · y-

.· .· . · · · · :: ;;;~~'"?:H~~·r . 
the combined effects- of 12o. and 14c .. incorporatiorl into ,root -~:A\·).~J,.~:;>', . 
nicotine. :Duririg the period fr6m 6~12 hours, Fig. 3 s~ow~ 

~.the ~~ecific activity of the root nieotine iricreased again~­

'.Figure 6 shows that during this period, the percente3:ge of .. 

< , .·,-.. >.activity in the pyridine ring of the. root nicotine fell : ;~··:':~ .. :::i::~If.i~s.i;.;'-', 

. ,,-.' . .· ' ' sharply, ·despite the increased incorporation. This . second'{;}~;~t[;·~\-i 
' '' '··· : ·: region of rapid incorporation is, therefore, cons:Lstent with,~f:~·~;~tl.S; ~~~? 

' >"· ~.. " .. · ~· ·. . .· _(.' ' ., _'·· . . . ·. . . . . ~ ' . - { -; : . .--: .. ~·:::;_;] ...... ~ ,':·--,~~:}~~;;>..::':'" 

'. ,;::· the formation ~~· ~ew acti v~ nicotine in t~e root' r.?ere. the;'.~;<. ~/f• ·!.i~ir~~)' 
. - ., '~--:·· 14c enters the .pyrrolidine ring of the nicotine molecule m:rn;;~::z.j: 

... ~ . ..~ ·\~,. ~!zt;~.·-~ ,:;~· ~:· 
different,_ .slower. responding,. precursor pools .• ·. In the case . .:,.•,;t<;'if.,:-;; •• • 

~·wh~~e no 1~oo2 was added, this type of incorporation !nto 
· .. ~ ... 

,nicotine was not observed, since ' the slowing down of the 

-all me.tabolism prevented t~e 14c 
. :. . . ' - from advancing 

· ':.(. ·slower:. respond:ipg precursor' pools into nicotine withih the:. , .?! 
.;::??~i}t! '. . ', :: ;;,,,; ' . . .. . . ' ,.., ;. ' ·,: 
,. , ·· period of the experiment. In all cases, the incorporation ·-~~~1~-~[j;. 

of 14c .into the aerial nicotine is significantly slower than · ,.,",,.,, .. ,, ... · 

in to the root nice tine . '-·-" - ·- ,;;,:~¥~~~~: 
>,· In· their study on the incorporation of acetate-2:-..14c·;i.'.· ''''·r(:!::~(·· 

·-~Gr.1ftith,1, Hell~an~ and Byerrum12 ·r<?u~d- 'that, inco~po_rati~n ~j-;;1~;~~ ..... ,, .. 
• ' . t. . , • • , , . • . ~~>r'~... ~·\, •"""~. " ~: 

after- oJe hour of incubation was largel~ <6~%) 1nto ~he 1 py~~,d1~3thV 

: :~1,,'~<> , ring. ~e incorporatiOn into the pyridine r~ng continued_t~ff:~~~;;;fJ; 
:'.L.~~r;;;;/.;'. . c!.t~ ·increase at a slow rate. Incorpo:r'ation into the pyrrolidine· ·:;·'t·h':~·-i/.:i · 

·:.::-~:tir,r';.~_.:t, . .. · :-: · ·. .·· ·: . 14 . . · .·<:T(~~~i~;~~.!~·~;v 
.·,;-';:y; .. ~·;:~' . r.ing .t;rom.acetate-2- C; how·evep;-'-~.increased at a rapid ratei:,·,·~·~·~-;;~\~t·~/'1·:::·-

J ... ~~~ .... h .• ; .. • • • ~'~1:.J: ~~r~:.1 ~ • • .: 
~~·~:~ ,· -~· _,... ·.'.'~ ' ·< j ·,. • ·~ [, ·;J;r,~J;'fJt;1{ • ~.· 

' :.~:~~:.·.:·,~.-.;:···,·.·~.·.;·~;-.i.·~.:_; .• ' ___ l,:.~.-· .. ·~ ' ... ;. '•. ····; 1 ·•· ,, • • : '.·. ·~· :\!J:/1~• .. ,;:.,:::•t:'i'~~:. 
~·· - .'! - ·-~ ; ••• .", • ; ' • ;., . '• •• ' •, j • .-:.:. )' • .'' ·' ::• • ; i.' ' :' • ~~~II ~~~·,~·~\~,,~t~>::;~:;:;l;:\~:( _.: ' 
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l.. · · that ·atP s1x·,;tlours·~~the two.>·~!!.ings':-wev,e. nearly;;e.quaJ,ly~'l; 
<: ! , .· .. ·. ·· · .... :· . .. :~~··.i>~:r;·.::_i'~~;:/~:·":·'~./::H ... ,:\ .. \;~.:i.;:~,Af~·~;Sft~Btl6:\:·,t:~;:5< :::;, ····:::.//:,,· 
,:;{':>,:· .;.> ::: .·~ iabeled ... ·:.our 'data'·;··indicate . that ~the~::rela.tive' :ra.te • oO·in~. 
, L~· :.·., .. ·· · ... · .. <~·~_·'!'~·.·14.;~.: : ... · . _: :.···-~~r:·:~.";::·.·.· ·'::. \. ·.::·y.~;/.,./., ..... :·•··· -.· 
·r~· .. ~ · ·· 1 • corporation ·or. c 1nto. the pyridine:'ring;versus .:the .. py~:i;-_6ii4iflet~~~(: · . 
. ~ ., r·· ring is ~~ch·~r~~te~ with 14co

2 
'tha~:;, ~t was with ·a6~·t'a~~.l~-c~~tW·f!~;1~;t·~<: 

. · .. · ::t::e t::::o~: c:::::u:: ;:u:: c:~' t::6::r~::n:f r::: ,a:::v:;:2(l\~fl· 

... ·.·;. 
·, 

_.1 ••••• 

,. ,·, 
I ~. !'. 

• .. · 

·•·12:...hour exposure, the ·pyridine ring still contains about 60% :.,•·;' . .o\·:C; .· 

12 ~of the activity present, even when . co2 , which would be 
. . 

.expected to iricorporate ~apidly into the pyridine ring, has 

been added . 

. The only previous work concerning the rate of 14co2 
· · '· ··<:.:.incorporation into nicotine is due to Tso, Jeffrey, and · 

.'l: 

Sor;okin . 20 · Working with N . rust ica, they found no 

.... ·· · one hour after a half-hour exposure t~ 14co
2

. Eight days later lfch:;:, 

. .• ··;::w:::::t t:::e d:::c::d a:::::::: ::t:i:::::e ~ea::::. ::: :::3~~~1~1~ 
cation of the earlier work, namely, that it re'quires a long . ·{:!~;>,' · 

. . . ' ·.·' ·/ :~:~1..~?.~·:.~{:' 

' .. incubation .Period to .. obtain incorporation of 14co int.o ·;,t>;'tH>~ '· 

· _ .· nicotine, is not true. Our data show that activity can be 

detected in nicotine two hours after exposure to . 14Cfo~·> 'and 
. . .,.,. '·.-, 

that after six hours of exposure' a substantial amou~t ·.of 
',. ·~ ,; .. :>"" i: 

ac ti vi ty can be found in the nicotine. We find that .co :.;~l~);;;~}l~.:~·~··, :-. 
. . . . ... ·.. .. ., -.. ~ . ~:/;;mgi};'·':.~~~:f.;r, 

·· ··.incorporates into nicotine at a rate nearly comparahlec:';with :;~~ ·;!;{:{:>·· 
' . . .. ·. . ,.. .. . . ll· -~;;:~: .... ~~. 

, ,that fol;lnd for the incorporation of a c~tate; 14co2 ,:_,.h~~ever}':~h;;Jf~}~.::.:;·;i' ;· :~· · · · -~! · • : · · • · • -·· • ~ ... ~~~-:.·i:f~;; ...,.,.,~ r~~;h : .. 

" ·. · has a greater tendency to incorporate into the pyridine r~ng_'t~1~:Y!t~t-r~. 
···1 , · 14 ,",··~:''-~~::-;:Jtt·~~;~H;·,'· 

~of ni~dtine than does acetate-:-2- c. . -·~. ~'C,\·:-~ •. lf.·~.lt;;~·!; 
I '• - '~;W-~ ~,~·~): t 

""•' ~-. . . / 
-:~. 

' ' 

·.·· .:··1·:ii~,;. j : ' 

: ·'. 

~ .. ' .~ . 

··. :• 

. . 
~ ; ·:~:_..; ;-:~ *f' ,'l!:~ ;]''~r:· 

O O, t ~A~·:!t:'.-:~·ff;ff~i 1l of?.~:.~~ 

. · .:~ ::~ ~~t;im1:ii~%wt1tf-
. ~ .• !"~~:t~e-;f .... ~~~·fp•1lt· 

• ~ .t i ('~: .. ~ :~~'}·::·:(~;: f~~.{.\r 
~ j ... : 1 ~ :;{· ;;;~ ;.£~~~;~;.ii ):?i·;~;·;.· 

.:<~ :~"!. Ft~:t:~;:::;~!)f,J·~: 
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~- of th~ ,early results were misinterpreted, but by 1942, 

(40) R. F. Dawson, Am. J. Botany, ~,_66 (1942) 
,.,.•;,.,,; 

.. ' ... ---------------.... ·:~ -~ i: .. \' -~' "~ 

.. ' ~·; 

' ' .. 

and Hie~e41 had concl~ded that the tobacco root playe<i the ... 

(41) K. Hieke, Planta, -~,. 185 {1942}. 

., 
' 

.~ •. •· l' ·•·• 

··,_ 

primary role in nicotine synthesi~ ·and .that nic.otine was 

,',:". 

. translocated from the ·:root to the stem and ·leaves:-. 
· ... ~ 

demonstration42 of nicotine production in isolated ro~t cultures~~:~ 

(42) R. F. Dawson, Am. J. Botany,~~ 813 (1942) 

the remaining question was whether-any independent nicotine 

synthesis was carried out 

Careful examination of N. rustica scions on tomat-o 

43 vealed that traces of alkaloids were present. 

(43) K. Mothes and A. Romeike, Biol. 

error arising from the·>alkaJo1d present· ~n th·e· . ~ . . . 

.;· 

t:l,me or the gr~f~ was eliminated-by 
.;; 

. ~i!:< .' 
·~ .. 

\:. 
·)~. ". . . '·' ';, 



,.:·,, 

· .. 
~ • L o 

.·, ,, 

w&re~indica~ive of sYnthesis of nicotin~ 
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criticisms .were raised lf.lhfqh, prevented' them 
. . . . 

accepted as conclusive proof, ·:·• ,·.:· 

.·.The tomato plant itself was. f~und45 to prod1.1ce: small.> 
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·R. Wahl, Tabak-Forsch., 10, """". 3 (1953) 
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.compared to in~act tomato. 

ments, particularly in the embryo grafting, 

·quently forms roots which may ~row inside 

esqape detection. 46 
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stock and therefore 
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a serious source· of error·. 
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:of tobacco 
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. ,_\r' '"'; .... •:-~.·;: .. 

scions on tomato; ;~;tock rose 
."' '· · .. · .I . 

· .. ~ 
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·}_ 
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.. the· level present in the scUm at the time· pf ;grafting. ·By 

placing the roots. in nutr'ie'nt sol~tion containing l5N · enri~~~~-.,. . J ··· 
· - · · : . \~')~r~-;~\~i)l:t-·::. 

nj_tra~e; they showed :that the grafted plants could incorporate,'!;.;.;;,_;;j['l·r:: .. · 

nitrogen from nitrate into .. nicotine. The amount of 15
N enricr~~~·rftt 

ment of the isolated nicotine i-ndicated, however, that more-- · ''·-'i·t"'~':'"'· ..... 
,~., .. ·,, 

than oni: half of the nitrogen·::rotind in the newly formed 
~- • p .~ .. :~ <~··:·~:: ~- -
either~~efore ;the grafting o~ during 

··:· .... · . . J ~ ~ 
.,,.,.· -r''(''< 

the ~l~~eeks directly following the grafting~ before the 
' . 

.\:-~-'.;' .. · <-' •' • .·15 . ·. ·; .. ·;:f•'i'•lr,••:-..O<.c',.-, 
::1·;; > · four week period spent in the·· N enriched nutrient. . · -:f~:;~~·}s;:·:{f~!> 
. :·~;>' '·:. . 48 . .f,:d: .. ~,tJ, .. ;:;i:•' i ';~~( / ,. Sol t also carried out a study on the nicotine prodUc~ -:~'Fl!!ifi· '• 

>::-,:.:· (48) M. L. Solt, Plant Physiol. ~' 484 .(1957). _ '-

-~' '. 

tion of tobacco scions grafted on Solanaceae stocks, finding·;,'-~·-"'-''·'·.:.·~··· 

I :,. / ,; • • . .t~~t1;·@l,~~ tf.t::~;·, 
that the amount of nicotine accumulated in the first segment. ,~··.~1:!,3:w··~;~ .:·r ......... 

,,· 
. , 

· .. ·. 
of the scion adjacent to the graft union was 

J-1A '.fl,,~tjt:_., ,,. .. ,.1~ :j 
. ::·· . ' . ''\l:(;:;~i~f~~-~ .. :·:: .. ;, 

far in excess . .:;:Cr.••:~...-,,, -~·!Ji";:. 
-"\-;.~ 1tl.'!-:.}_ ~Y.'J~' 1 •• I. 

.,.:~"' ~~~t !;t· 'P<--.V~ ~. '· . 

of the total in the other segments, . even though the dry weigh'tU.t.{'~~(l::~~~;{ 1:-'· 

cc,.~"''i!.·i\•1, • :.·::::::::ld t~:te::: :::;:n;t~:l; :::r:y p::~:::~ :;;:::,on~~: ~~t' it~~ 
~'·:·.' productlpn of. nicotine .0:. Also, N .. tabacum scions from tomato ··i'l';,..,·:;:-;. .:.:t~.,··,:. 

· ; · · i ~ {i~i1.~~~ r~f;[:~~~: 
· .. · ;·,:;:root stocks ~orme~ radioacti~e~- nico~ine .. when s~:plie:,wl:h,',;;;~~:i;:;:lr 



. . ~· ·: ~· ~-. ~~f;'qf. . . .~~,·~~~XiW~fi!?l~~;7;0.t~f~~~j}\!YJ::·,:,;~t:~~~~t~~:,. 
,, 1.; \ jo.,· ~t·,-.~ ...... ~~i~"/.·N,'...::;.'it--~· .• 32 ~. ~···~'-.~·~-/p··· ... / .. ~~-~'· ,,._,·"~··v• .~,~t·~~-~~~~· ~~,. 

'~,.. ,;·,~~''., f' /">-";;",?\;:-t/':,~:~"";-/t>_ ,.'-,·oltJ~.)~~-..., ~~-. • I! - .. ~~:;.,"f:t-<~~~"'~·};,lj:;:;fro ·~·~·,-: _,;~ ',/""'~~;1-\;';~,.{,-,~h ... , •'•"'•f,: , 
,•..,' ", ~-~~""[- ·~,(":.. •.,..,r/,,b ;,.$~....:~~r·...:~.~~,~~&f~~~~;;! ... , • ~' ... 0:';.. '!~~;r:.~''l'!t{~~,.._,;.::tv'if,.;!!Jfl/:1 ·¢':'•"'"~~; $. i•~Jt .,"',':"·~·~1,:':.-,~ .w.~~·\(1, ,J.,~' ~~; 

. '.' · ":. 7 .. : .~ ·.: ~ ·:~:. :::?:.,~}f~:· ~:.;:J?,? ·~··· ,,_, .:. ~ ... -.;~h_, · ,.: .:' ::,-~h . ..: .<~i·-<:>~ i' .. :c··~ ,:,;_}~· /~;:·~:2~f ~v:.~ .·, ·L · · 
.t•, , ~--~ .... ~ .. _ _.,,J- -.~~ • ; ( "':a ;~",-,r."':.,.~I'·~M-$ .;>-.t r' ,. ;, ,.. . ~'t,f;-) t"~ ¥' ft_•tr.,}.;f' ~ • ~.v} '' "t,.-'). ... "[ .. ;~~ ~ ;.,. ~ .£.-~:~~ !~ .. /~ -

, 4 \ ~h;rc ::~ .. ~ .. -~~·~t~. ~{ ~"" ~:·, ~~t~:,i~.:Ji;,\;~~: ,\ . :<) ·~-·:.>·J ~-~:·. ~-:i ··~L· :.-:~;t:: .. ;::· -:~.~; ~.t<~·: "4 •• ~-";:·~ ... _.~7~~· ~-~:;··;tr~ ::~~ 
· · ... ,~~recoi~;,tr~ti~m~labeA~·d:fnlcotini.~' acid ~hrou~n· .th~il: ·«9ut.·· ~t~J'!l.~.~ .~'lf.:~\; . 

;·~ "': ~ ' !< '::~ .. ;r-~4,' ~. ,<, "!•;.':~: ~~' '/Ji~ ~f:'·,:! , . -! ; ~F.'"~'" .[;'·<~ .. :·-~. ;:·.-. 1~~ .. ~: f ... :.~.:!:~: .. \:~~~~~;' 
.. ·.: ·:ror,:eight·:·.ciays. _'·~ ·';rh:d3'. s'eems to ,be. the ::stropgesf.~.evi.denc!3 :.rep6.r,~e.C:l'.t,!J:. 

·:~· ·:. . I . ' 

,!';.·to dat~ for. nicotine :synthes,is:'in the. shoot.' On 

J .· 

,. . . > . 49 
.. •, 'hand~ .. ·no .. active nicotine was formed when rootless shoots, 

•.' 

~ :'' ... ..... 
:•. 

... . -:· 
·, ·.\, ( 49) · G. S: Ilj in; Abhandl. Deut. Akad. Wiss. Berlin, 

.'":. Chern., Geol., Biol.,: Z,; 111 (19""'"5..,.6-.-)--------~-........ --
~ .' •• ~ '; > :) • ' • ' • • " • 

. • . · .. c . ~. ;.· , . :1( ti~;-:r}.· 

't •' I 

; ~ .:~ ,, ' 
,; 

~ ·rz: ·. 

·· The data presented in Table IV indicate that the primary.:.)t~~'~ .-

. ·site of nicotine synthesis is the root. Though the .14c in' ~~~~~1JW 
experiments must enter the plant through the aerial, portions ··';:l,;;:i{!i\:1:':;;~. ·· 

::o:::o~n r::::: i::s:n:h:h:: c:: i::a::~:::::d r::~ t::e r:::t P::: i~~~[~· 
a higher specific activity than that from the aerial portion)l'~~~:~~f,J-ffiiH'· 

Figure 4, where the ratio of the total activity in the root :.}:';;,~~~::iJ!:~::.:.:-: 
· . ..:J~ :J.n:·;ri~! .. :.,': 

.. nicotine to the· total activity in the aerial. nicotine is ~ ~~tq~ 
l .·:;(~.\" -~ · .. r···. 

plotted, leads to the same conclusion. Even when the much ."),~~:ltf ~:'· y· :.·.·· 

"-f' ,. ... . '·\~ ~~t.'" .. , ~ .... ·~ . ~ tit: larger nicotine pool present in the aerial portion is con-. ;lH~!~tllt: 
sidered, the roots contain more activity in the form of nico-'/.j';:•':'V f.~;·''(::·: 

tin~~ 14c during the first. six to seven hours after exposure;:~J~fi~~it~;·; 
to CO • The R/A ratio is maximum: at four hours .~nd then:'.>·.;~.~~); i\~)V/:i:) 

. . : . 2 f . . . ' . ·.. . . : : : . ' . : . ..· . ,. . . . .· . ·.. .•. : .. ~ ::l~:':~:;f~i~ ~i/f:::t~· 
falls ,st1eadily until it becomes~ .unity at about seven hours .• :.;·~;( 'i."-cH)';;;;;.· 

.;'. • • • . • • ' ;. ·, • ,, i ' • ·, . . . . t! ::·~ h:!~Y.<i;;·: 
This .i.s lthe general trend that would be expected if. the ni~q~z~ :~~r.:~~~·:~!' 

;: ~Jt+ . ..f~~/~.>~·I,(·: tine. ~:~lie .s .. y.nt~.esi. z~.d ~n·.· the root ...... a,nd ·.·.·_translo. ~- a.t~d-. ipt .. o ... th·'···.~ ... :.·::·.'.~_l._ .. _I .. ~!.:.~,~.~.h~~.·.~.: .. :·:;·~·.·~~\·.:;,·' .. ;,.::~.·_:·:.~.-_i.~.:_:··.,f.~.·~.· ... :···;.·.·.v.: 

;\~1~M?~:i:::;:~:~. ~-;·.:·::'·. .. · . · . · . ~··; ~:·~}: ~-
•. ''~-',.,.,,,,.·,h.,;:-~~.,~·· , .. stem. and leaves. · The subsequent .. r,ise .in R/A ratio' ·in those·~ ... ';l; ·~).~)·~!~~-~,_.:-
:f··;};lt~t~:~~.~:~t· .. ,·.}~;;,::-.~ .... ~.,.,: ... ~ ··~.·.~' •,·· .. :.;:). -,,., ' ' ,·t ', •b'ji~ '~'ij"!M',f"'r;\".,•' 
~ •!-'"~ H" "-v ~ ~ ~· · . :· J;~; • .l'i-.· . : .- ~. '·.: ... ··.:.'.·.·, ·,:·:·'.·._;-,.,·~.10.,) .ii:, •. 

1 
•. ~~.~.·',t·!~·},."'.·. (i.~'.{"t,r~·~;ll";.·: .. l' .... "''.· .. ~,:··. •" .r • l. '\t, .1 '--• 

~·.-•.)Jl'.fN~: ~ <'"' +·~·.'t· ~ .,. • l' ., ,..... . ,':'1'./! • ... '" '..- {I·~ t!J~' .,1;1'~ ,.{;~.• 

: .. 1:1 JW·t·~ .. \':.::.-;• ~<·' :;·.~ · · ·,. ,: : :.·.·.'.•.:.:.,.:;·,·.
1
.;}.,':.;.<.... ~. ~ r: [. '; .f· :~~~-~·:~r,~ll;·,\R:~~~~}ij~·~~. · '.>~r.:f~~;::t>~~::H~·:.::::: .. ~·. · i \:~: :.-:. ·· · . . .. ;~::·.· . ., . . .~ ·• :_· .:,t. ~- ,~ ... :· ... :: · .. :·:::{k -~~<1.{\:z~:~t-;;·i·.; .. 
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In Fig. 6, we find compelling evidence for 
• 1_. 

· .. ·\·:~ .. :~.,;A·~ h:~ 
independent{ 

·~ . . ·:: .. 
·· _ .. nicot:':Lne synthesis in ':the~·aeria'l portions of intact N. · 

:;/The :percentage o~ 14c. in .the· pyridine ring of· nicoti;;.;n.;.;.e_.· ~i.;;;.n~th.;;;;.;e...,...;..~ 
'P, ,· 

root clearly decreases as~:-:a fuFH3:\7!--en-~-e-f~·-time ;-·-after-··two · 
,· 

...•.. hours, it.is over 90%,ancl'after four hours, it is ?-bout 
. . r • 

The nicotine obtained from the .aerial portions after four .. 

hours, however, contains only 74% of. its activity in the .. 
, .. "·' 

··· pyridine ring . It is.notpossible to alter the proportion 

·. of ac ti vi ty in the two rings· of the nicotine molecule merely ';f·~·i?\~~t1·~I~<· 
·. · · . ~ .;:;·)~~wst;i~·ie~ ~f 

;' 'L. by translocation. Therefore 1 the active nicotine obtained:.,;~;~;li¥-)·l~:k~fl;t,~::), 
... 
I { 

from the aerial parts after four hours of exposure must be· 

unique compared to the ni~otine that was obtained from the 

root after either two- or four-hour ·~xposure ~o 14co~. 
Consequently, the N. glutinosa plant must have the capacity .,,:,··~:;hP>".<': .. !·r~· 

.·. · ···.~·~;·:~J~N~~~;~i;~_;y,;?.: 
to synthesize nicotine in its aerial portions, . where different'''' .... ,,, ···:- · 

' .. . '~· ' 



.·::~~~::•· r,_~~~,:;J~~}4i~G:~;1m \,~f::22:;~~i3~~:f::\:,~·f:· ~:§t~~~~iL J 
l ';3 ~· );:·~·' ~ ... ~ )' R, .. ~:. .. ~~~·.-~;1"'~":1'1- ~t•'4 ._ 

: t ' ~!' .·, >~;~ j ,. ! : :~ ... :.:;: " _;~~ ·' ~>:J:~:?~!:}~;:~~~- ~~,,_ , q 
,· ,• ···:' ~~~- <J,l"._!.._l·, f;~;. J'IIIr,' \~'li-~ ':~ .. ..;.: .. ;t - 1 .... :;:.~1 \Ji~:"' ~ 

·., .·{.:,;:·,.:· · ··h -lr···'Y ~-"·11 ·'·· ·· ,, " ~- -······ , ...... o -· "·.;:·! ·: ·· . , ? .• ,: .. 1,.-~ . • -..;. ~ \~ •• '"'";> • .. "" ,~ r It. ... ..J";,t ~- ~ :"~{4'"-,1.!:" , ... ::- ·~ .... 1,. • -~' ~'"'"t ;· ,f./'r -

· ·· ·· i,Ci.~ to_. iA·r:trii ty>:as. ;ftk~;-· e~'~o·~\I~~7<lime::·ai>t>raach~d 'l-'~-~ 
.... · .. ···.· ... · ... ·· :;.~·<,':-~ .:::."~,·<. ~:;~_::~4~-·~:Y?·, .-.~~::.·>·~,~r~-:.;· .. _.::.·:;/· ·~::·:·:<k:- }·. 
zero;-•. After. ·.only .·two _ _. ho'ur·s /'whe·n~ acti vity',W~s: 'fi;ros1; .. detec_t~ 

,··: · :t;_·',·\. ·.:~ .. :· : .... ~-. '"t_:;i· .·,~.· ·.,.:· J; .. . <',.,~:-·~ ...... · .. ·:··;''•. ··: ·:· _.:.-.·:;)~---'~~;~-· .. · .. !·~~:·.·:,;,;./ .Y' ···-·-~:':··> .. X:· .. ('f{r .... 

' ' '•:- in the' root' r1icotirie~: it ~as' alsb: possibl~ :to'' de,te~t a -s~aii~~ 

: . . .'' amoun~~of activity-in nicotine;.from the aerial p~;t·i~ris ~ >~"~-~;':: ,;r;J'. 
r.. :rvt··q 

" From Fig. 4, it· can be s~en ·that the R/A ratio has its maxi~·\ ..... -~·:·:. · 
·--~ . . · _ ... ::p;:!~J~~~:~ ,=;:1:-:~?~~r ~!. 

mum value .after four hours and decreases slightly as the ·-:-·:· ·t:_:r .. ,~-;:,-_· 

...•.. exposure time is shortened to .two hours. This behavior ot: ·:' ;.;~:'K,C 
. the R/ A ratio at the shorter exposure· times is most readily ,.:;.~i' ':JJ1~.·: ·. 

.. . . . .- .. ·:··~jf~~tN$;ff''· .· 
expl9-ined by assuming independent synthesis in the aerial .,(,:':~.;r-:~;~);:'f<-;,;;-.. 

'.. • •> ·,_·('J.';1!~-r --~-"1··~.·.~- .-.,· ·' 

'.) 

'. ~. ' 

, , • · .... · ::::i::s ~ra:::o:: :e:n ::r:h:h:o::r::~o::r:~:: v:r::~t:~~: :::~;:1r;:;t~f!; 
..•. · " · be formed there. Though the root is the major site of nicotine·iA/:6·);.: 

.;,~, ..... sYnthesi.s in the plant, after two hours, the site of aerial';]j!,\~J~~·~j r·, 

.. ·, ··r.,. synthesis has .been in contact with ·14c-contatning 
:;· 

·-;,;:.·_ ... for a longer time, and, therefore, the more limited aerial 

.~·· .... synthesis has incorporated a considerable amount of 14c 
', ·,· ,y;. 
}:L•>· · '!· nicotine. relative· to the root. After four hours of exposure ,\:~~·:.,·i.t;:;;'~!.\:.: .:-

-~:~A-~ .. ·,: _;~, ;:.~5~. ;;!-f:':'; ~ .. :··':~ \. ~ .·,·. 14 ' ' ·;i :;';, '. 

' ..•. ' •. ::::g:nit:a:a:o::::t:::::~o-::::: t~::~~~::;:::t t:: ::::c::e '~~~J~i~~~~; 
· ,.:_ aerial synthesis, and the R/A ratio rises. When exposure ti~~~:;.S?rilf·p.;: ~ 

become longer than four hours, the R/ A ratio falls rapidly, .,f:;.~;:,(?!;r;t:.Y:): 
-·· . -.' ·· .. : . ~~::;, ·:r{ : . 

:;_; 1.' ••• ~~ ~.~)liJ} ·.• 

re fl::::;:::::: ::::::::::~:' :: t ::::: 
1

::u::o:n t::e r:::t::· i;~·!,il~~itl"r 
portions! .four hours after exposure is due to· independent •i~J·~t~{~~;' 

; ::.;~':~X: ;;i : syn'thes;s (~e have nOt .studied the rate ~f iranslocati~~ '%~Jil 
;~::~l~:}~/}:~~~;:'':· -~-.~~/'·the nicdtin~ directly,. -~u·t we do know' .that aft~r .: f~ur ~ouJ~~: :~.:·, 

.t!?J~;,\~jft!~1~]:~r~·· .. e ri;:~g: .n~co tine· .~a~11.:.~~; :·t~:nsiz.o:c.~t~d: .::~~m.·.·the r;~o~. f-jl~~~~i~t~;: 



· · · .: · · · .· ',;,;::-r:~~f:J~:~~::-0F ;,; i';; -'~·~~~}~;:j~tJ;'f~~~ ·- ., · ·. :~ ?·;,[~?~ 
""'.: , . . '\ o~.~ ·,. T····J Jt{;'-M.?-- 35 ~ ~ . ·~ !,. ,_ .,..., ........... ~ ~... , , , ~ .. ~ "".-"''t:~.;" .,_ 

' ' , .;·.~ : ~ :t:~~~·:~ . ~~: . ., ~ "'::, i1i. J:--~:-~: f ,~i··;<t~~:~'k,}.:::~;~~{i ' . ::: ::~t~ .. ;~~~ :·r_ E;.::.~··:; ~{~:. ~J/;;,f~~;; {((~'-. ~: . 
.. f" •• ~ t ,..., ,_,>~"it ..-.\t '~·· ~ 1, ·s:"~.t.· ..._ "'~,....:~~,Jt- ~~~ '\' •?\~ fr_ ...,..~·' • ~··, .... .;,:.:; '1.&,P" ~<- ,'l."t'"'~-f!.::._~r:-:/ ~r -~-.,.··• ,J.. .~ 

- • -~~~T ~ ·.·~· .... ~ ' 1t~4.,·t ;t~.~~;t.~ .. ~: ,. .. ~~ ~. )~~ ~J';!~· .. i~t,:.,:i~'-: .. ~~ ~ .. -:.,.t..r.~,;~~t~: "~~-~~,~:~ .. ;. · .; ... ,;J.i.r.r·· .. ~(: 
~ l- ... ,..., ........ •' {'·'.4''t•t "~?~..; .• ~1~-· t ... ~¥~~ l''/-r~:..,·•~ .. ~<~\ •.!J.<"l·l ....... ·"'-</'•> .... 1(0 J.,.~J 

the._: a~riaf .Port~q~;v~ifi .. ~;.t,~,l,~m~~a~~.,··~tt\~f:·~.iff~~~~IJ.~·¥.:,~n~ .la~:e.~~~~ ~:::)J 
· · -: ~, ~-. ~ 'Jt~·:.~~-trt~~.~~~-f·f. ~ ·:~t~,;.·,:~( t..~~~· .. :r~i:·--./·'-::·;t . .. ~.14p ~ (~·'.:."-~ ·~-~ -;.;>t .. 

pattern diacussed··aoo.ve.), and f.'.urtner that·. the - .C .·is .inc.o~.-Pi•:) ~,,- .. 
· ·:> ..... ·· .. t::<~·.·'~.JJ-~-~l:;~·:··:~_.·.·~·~· .·:. ... ,-_,~; _·\~ ~-~_-:- < .::-:-.-. :J- ., J:.:.:.-~ .· -:-~Tt~·:.:, ... ::.-<:::~~~-·r::~ . .-.. :·-~er,~~-~~rt1Zt:z:;~~:~·· ~· 

a similai\:mechahism througnout 'the·plant; the R/M ,;::r~.~ir: 

ratio of 5.2 ind~;a·ti{that the root has formed 5 t:iroes ' ··~~;.;j; 
.much nicotine as the· leaf and stem during the four- . .. · :•' 

:!·1 

hour 'period.· This would ·mean that about 16% of the 

'in N. glutinosa is synthesized in the aerial portior~s •. · 
. :· ...• 

·,instead of the four-hour value~· one takes .the R/A. ratio orr~ 
• • ,· • ' 1 • • •• •• • • .. • 0 ' •• ·' • • ·' ' ... • ' • • ~< .'.!·:' ~;.::.· 

.,,_ "::'3 .8 afte.r two hou~s and subtracts one hour transport- time{,{jf~~i' 

··. :the apparent exposure time . of the root ~;, 14~, . the · · £t~l, . 
. computation ind:tcates about 12% of the nicotine inN. glutinosa 

synthesized in the aerial portions of the plant. 

As was anticipated from previous work, the-~4co2 
'-ments confirm.the roots as the major site of nicotine 

·~-, " ,):i' synthesis. ' However, we were able to detect a marked difference,.;;r".:,\'-'··. 

. . ... ~:i~:~~::::l::::::nr:: :::tr::::t:::e a:: :::::: ::::::::a;·:(·~l~i~;(. 
independent synthesis of nicotine· in the leaf and· st.em of the.·:~: ]i~r1b 

.·. : · · · · · · · · · '· ,.>:· ·' ' .·. ?rt. l1A(::-.; 
plant.· Finally,. by making some assumpti9ns about. the rate:~f;i~·(;,· ;;::; . 

)' t,ransport. of 14~. ~recursors to the· root and t~e ·t~~n~f~ca~{6~~~i ~:{MJ:.'_.· 
· · · ; · · > · : '::f':~~~~r~t~:,; :! '; · 

of nicotine from the ro·ot, we can estimate that independent ·· .:.:r;!:;:;~f~;,;,':·; ··. 

, .. :~c:::n:0::: t:::::1~: ::eN ~e:~:~1:::: ~ons a~ c~:~ts • ~or i~ -l~::rn~(~~;~~ 
. ~-: l-. ?\/: 

.[:~if {;~\:-~·>u·~l~i:r.: : · . ·.,. ·. ; 
1 

. . • . • nthesis of theN -Meth ~ Grou • ~:..:::f~i; Jl~~··:, 
:;~·;.:!' '··· >~:)::+< ... :·: Altf1ough the N~methyl of nicotine. has. re9eived ·considerable~:.~:; · ~ 
;J,'' ~::~3:~~.:\.'!. J ·:- ", ; • - ' '. ·..• • . ,' . '~. :' • ~·: '.; •. ' '- ·:;';~· 
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the known methyl precursors have not yet been 
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This report was prepared as an account of Government 
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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